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‘BOOK II. or PART I. coNTINUED.

s .GHAP, IV, A
OF ACIDS.

: THE word Acp, originally synonymous w1th Sour,
and applied only to bodies distinguished by that taste,

has been gradually extended in its signification by che-"

“mists. and now comprehex;ds under it all substances
possessed of the followisg properties :

1. When apphed tc the tongue, they excite that sen-
sation which is called sour or acid.

2. They change the blue colours of vegetables to a-

red. The vegetable blues employed for this purPose

Chap. IV,
e

Properticg.

are generally tincture of litmus and syrup of violets or

of radishes, which have obtained the name of reagents
or tests.  If these colours have been previously come
Vo II. & : A






ACIDS.

countenanced by - Macquer. At last its defects began
o to be percewed Bergman and Scheele declared openly
< against it ; and ‘their dlscoverres,*togeﬁer with those
of Lavoisier, :demonstrated the falschood of both parts
-of the theory, by shewing that sulphunc 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, hovvlever'L tha} acidity is owing to some
'prmmple common<u” all the’salts, was not abandoned.
Wallerius, Meyer, and Sage, had advanced different
theories in succession about the nature of this prin.
ciple; but as they were founded rather on conjecture
-and analogy than direct proof, they obtained but few
advocates. At last Mr ‘Lavoisier, by a number of in-
gemous and accurate experiments, proved that several
_ combustible substances when united with oxygen form
vacxds, that a great number of acids contain oxygen ;
and that when this principle is separated from them,
they lose their-acid properties. He concluded, there-
fore, that the acidifying principle is oxygen, and that

Supposed
ovygen,

acids are nothing else but combustible substances come .

- bined with oxygen, and differing from one another ac-
cording to the nature of the combustible base.

. This, conclusion, as far as regards the greater num-
" berof acids, is certamlv true. All the sxmple combus-
tibles, except hy_dwgen, are convertible into acids ; and
these acids are composed of oxygen and the combus-
tible body combined. This is the case also with four
" of the metals. It'must not, however be’ admlted with-

‘out some limitation. R Bt

1. When it is said that oxygen is the a‘cidifyihg'prin-
ciple, it is not meant surely to affirm that oxygen pos-
sesses the ptopertws of an acid, which would be con-
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trary to truth ; all that can be meant is; that it enters

as a component part into acids, or that acids contain 1t"'1
as an essential ingredient.

2. But, even in this sense, the assertmn cannot be
mitted : for it is not true that oxygen is an essennal n-
grediént in all acids, or that'no body possesses the pro-

perty of an amd unless it contains oxygen. -~ Sulphure-
ted hydrogep, for Lastance. no‘sesses all the characters‘
of an acid, yet it contains no oxygen»: = -
3: When it is said that oxygen is the acidifying prin-:
ciple, it cannot be meant surely to affirm that the com-
bination of oxygen with bodies produces in all cases an -
acid, or that whenevera body is combined with oxygen, -
the product is an acid; for the contrary is known to
every chemist. Hydrogen, for i instance, when combi-
ned with oxygen, forms not an acid, but water, and the’

“greater number of metallic bodies form only oxides.

All that can be meant, then, when it is said that 'oxy4 :
gen is the acidifying principle, is merely that it exists -
as a component part in the greater number of acids;
and that many acids are formed by combustion, or by .
some equivalent process.. The truth is, that the class -
of acids is altogether arbitrary; formed when the great-
er number of the bodies arranged under it Sene wHke:
known, and before any precise notion of what ought
to qbn-)stitute the characteristic marks of an acid had
been thought of. New bodies, whenbk,they were disco-
vered, if they possessed any properties analogous to the:
known acids, were referred without scruple to the same:

- class, how much soever they differed from them in other:
.particulars.  Hence we find, under the head of acids,

bodies which -have scarcely a smgle property in com-

-mon except that of combining with alkalies and earths. -
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 What substances, for 1 mstance, can be more dlssmnla,r ChaP v. -
than sulphumc, prussic, gnd uric acids? Hence the dif-:
ﬁculty of assigning the general characters of the class
of fisids, and the dlsputes which have arisen about the
probtiety of classing certain bodies among “acids T

we lay it down as an axiom that oxygen is the acidify-

ing prinéiple, we must cither mclude among acids a
great number of bodies whish have not the smallest re-
semblance to ‘thosé substances which are at present .
reckoned dcids, or exclude from the class several bodies 3
which have the properties of acids in perfection. . The

- class of acids being perfectly arbitrary, there cannot be

‘sucha thmg as an acidifying prmmple in the most ex-
tensive sense of the word. e :

A good deal of this ambiguity may be removed by Division of
subdtvxdmg the acids into three classes. For (wu:h S
exceptxon or two) every one of the acids arranged un-

‘der the same class will be found to possess the same set

- of properties, and to graduate as it were into each other:

for all bodies to whléh the properties of acids havc. :
beenﬁ ribed, are either products o? combustion, or sup-
porter's: of combustlon, or combustible. And upon exa-
mmatlon, it must appear evident that each of these clas- -
sés possess such characters of distinction as to warrant.
" their being considered separately. T shall therefore di-"
vide the acids into the three following classes : 1. Pro- e
ducts; 2. Supporters; 3. Combustibles. The acxds be-
longing to the two first classes have only 3 smcle base;
but those belonging to the third have usually two or
more bases, and are sometlmes destltute of oxygen. o2

-~
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first class of acids, and does not applj to the other two Chap.1V.
A 5 ‘-—vd

classes *.

The acid products at present known are only five in Names and

number ; but I am obliged to add to them, from analo-
gy,‘two other acids which have not hitherto been de-
compounded, but whose properties bear a much closer
tresemblance to the products than to any of the other
classes of acids. The followjng_TyBLE exhibits the

€omposi-
tion,

names and constituent f:art_s of ‘these acids as far as they

have been ascertained.

N | e | Ppmend
D R
ggg_:ggz;?us_‘ Phosphorusv’ : : _0-61‘
“Carbonic A'Cax’*boxix o e
Beote | o

* From this Table it is obvious that the acids belonging
° to this class are named from their bases. The two last,
the component parts of which are unknown, are deno-
minated from the substances which contain them most -

abundantly.

# For nitrous acid is merely a compound of nitric acid and nitric oxide

Ag
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SEOT i sos vhiviosti s Aesbinibimis
OF SULPHURIC ACID. . & T

,.THOUGH the ancients"Wer-é acquaiﬁtéd with some of
the compounds into which sulphuric acid enters, a/lum,
for instance, and green witriol, they appear to have been -
1gnorant of the acid itself. Tt is first mennonedgn the
works of Basil Valentine, which were pubhshed about
the end of the 15th century. . It was for a long time.
obtained by distilling green vitriol, a salt composed of
sulphuric acid and green oxide of iron; hence it was .
called oil of witriol, and afterwards mtrwlzc acid. An- :
other method of obtammg it was by burmng sulphur
under a glass bell 5 hence it was called also oleam sul-
pburz: per campanam. The, French chemists in 1787,'
when they formed the new chermca] nomenclature, gave :
it the name of sulpburic* acid. : ’

B I. At present it is generally procured by burnmg a -
tion. .m1xture of sulphur and nitre in chambers lined . w1th

lead The theory of this process Teguires no explana—
tion, The nitre supplies a quantity of oxygen to ‘the

A _sulphur, and the air of the atmosphere furmshes the
rest. The acid thus obtained is mot. Juite pure, con- .
taining a little potass, some lead, and pe_rhaps also ni-

tric and sulphurous acids. At first it is very weak,

bemg diluted with the water necessary for condensmg i

but it is made stronger by dlstlllmg off 2 portmn of

this water, By this process it is made quite transpaa



SULPHURIC. °

‘rent; butit still contains a little lead, which .it dissol-

‘ved from the vessels in which it was manufactured, and

2 little potass which it acquired from the nitre employ-
ed in burning the sulphur. To obtain it in a state of -

~

‘complete purity, the sulphufie acid of commerce must
be distilled.  This is easily done by putting it into a
small retort with a long beak. The bottom of the re-

-, tort is placed upon a fire of charcoal, and fixed steady by

means of an iron ring; ‘while ifs beak is plunged half
way into a receiver, whose mouth it fits nearly, but not

cexactly. The acid soon boils, and is gradually conden-

9

Chap. IV.]
———

-

sed in the reeéive.r; Too great a guantity should not

be distilled at once, otherwise the retort generally

breaks ‘in consequence of the violent agitation into

which the boiling acid is thrown. :
*o¥ Su‘lphuric acid is a liquid somewhat of an oily con-

' sistence, transparent and colourless as water, without

any smell, and of a very strong acid taste. “When ap-
plied to animal or vegetable subsrances, it very soon de-

stroys their texture.

Tealways contains 2 quanhty of water ; part of which,
however, may be driven off by the application of a mo-
derate heat. This is called concentrating the acid.

; When as much concentrated as possible, its specific gra-

vxty is said to be 2.000 3 but it can seldom be obtained

denser than 1.85.  °° ;
It changes all vegetable blues to a red except 1nd1go.
According to Erxleben, it boils at 546° ; accerding to
Bergmar, at 540° *.
When exposed to 2 sufficient degree of cold, it cry-

- % Bergman, ii, 152

Properties.

&
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stallizes 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 ap.

pearance of frozen snow. After the process began, it

went on ina‘'cold not nearly so intense. The acid
melted slowly at 27.5°5 butit froze again at the same
temperature, and took five days to melt in the tempera-
ture of 43° +. ~Chaptal, who manufactured this acid,

once observed a large glass vessel full of it crystallized
at the temperature of 48°. These crystals were ia
groups, and consisted of flat hexahedral prisms, termi.
nated by a six-sided pyramicf.  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 observa-
tion 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 §. When as concentratgd as possible,
I find that it may be cooled"down in thermometer tubes
to the temperatures of —36° before it congeals.

3. Sulphuric acid has a very strong attraction for wa-
ter.  Neuman found, that when exposed to the atmos-
phere it attracted 6.25 times its own weight. Mr
Gould found, that 180 grains of acid, when exposed to

o e s z e

* The freezing pomt wasascertained by the Duc d’Ayen in 1776. See |
\!acquer s Dictionarsy,.

\ % Encycl. Method. “him. i. 376 R ?our. de Phys. Xxxi, 473
§ Poil. Trans, Lrxvii, Part ii. .

s
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‘ thezétgnosphere, attracted 68 grains of water the firft Cl;ap.‘W.

_ day, 58 the second, 39 the third, 23 the fourth, 18 the
fifth, an.d"at.last'oan 53 45 35 4» 35 &c. . The 28¢h day
the augmentation was only half a grain *. The affinity

sherefore between sulphuric acid and water, as is the

case in general with other substances, becomes weaker

“the  nearer they approach to saturation.  He does not
specify the specific gravxty of his acxd%ut as it ouly
attracted 3.166 times its oWn Wexght, it could not have
been very concentrated.

The affinity between sulphunc ac;d and water be-

comes still more smkmg when these bodies are mixed
together.  If four parts of sulphuric acid and one part
of ice; both at the temperature of 32°, be mixed toge-
ther, the ice melts mstantly, and the temperature of the
mixture becomes 212°. On the other hand, if four
parts of ice and one part of acid, at 32°, be mixed toge-

ther, the temperature sinks to about —4 % The cause

of thls change: of temperature 1 has been already explain-

ed.  When four parts of acid and one part of water are

mixed together, the temperature of the mixture tises to
about 300 + The density of this compound of acid
“and water is much greater than the mean. Heat is al-
's0 evolved when other proportxons of acid and water are

~ mixed together, though not in so great quantity. La-

voisier and De la Place found, that when ..625 1bs. troy
of sulphuric acid, of the spccxﬁc gravity 1.87058, were
mixed 'with 1. 969 ro0s. troy of water, as much calonc

was evolved as melted 4.1 226 1bs. troy of i ice, ot as much :

. ®Ibid 1684 "} Fauréroy, il 65-
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caloric as the acid and water would have given out had

they been heated without mixture to 155.9° *.*
“We have no reason to suppose that sulphuric acid, at

the density of 2.000, is free from all mixture of water;
so far from that, we know for certain that it contains -

considerable proportion; for when it is combined with
other bodies (barytes, for instance, or potass), there is a
considerable aantlty of water which remains behmd
and does not enter into the ‘combination. Now, s
possible to determine how much real acid and how much
water are contained in a given quantity of acid of a gi-

_ this important question by Homberg, by Bergman, by
Wenzel, and by Wiegleb; but the differences between -

their determinations were too great to place any confi-,

dence in their accuracy. The subject has lately been

resumed, and prosecuted with much induftry and skill

¥ ‘

ven specific gravity ? Attempts weré made to answer

by Mr Kirwan, whose results may be considered as ap-

- proaching as nearly to perfect accuracy as the present

state of the science admits. His method was as foll ows:

He dissolved 86 grains of potass in water, and saturated

it exactly with sulphuric acid of a given specific gravi<
ty (we shall supposeof 2.00), and diluted it with wa-*
ter till its’ specific gravity was r.ox il be’ whole :
weight amounted to 3694 grains. Forty five grains
of sulphat of potass, dissolvedin 1017 grains of distilled
water, have the same specific gravity at the same tem- |

_perature ; whence it follows, tha. the proportion of
salt in each was equal. But in the last solution the

quzinti'ty of salt was _IE of the whole 5 therefore the
: 22.6 : -

® Mem, Par. 1780,
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quantrty of salt in the first was 369; = ! 59- <or grams.
22

Now of thls we1ght 86 grams werc alkali ; the remain-

der therefore, which amounts to 73:5% grams, must be
‘arid. -~ Butthe Qquantity of acid employed was 79 grains;

of this there were 6.52 grains which did not enter into
the combmanon, and which must have been pure water =

79 parts of acid, of the specific gravityiz, therefore

contain ‘at least 6.52 parts of water’; and-consequently

100 parts of it contain. 8. .25 paTts ¢ of water. It only
Temains now to consxder how much water sulphat of

potass contains.. . Mr Kirwan thinks it contains none, .
because it loses no weight in any degree of heat below
ignition, and even when exposed to a red heat for half
an hour it hard_ly loses a grain. This is certainly suffi-
cient to prove, at least, thatit contains very little water 3

and consequently we may conclude, with Mr Klrwan,
 that 100 parts of sulphuric acid, of the specific gravity

| 2.000, are composed pretty nearly of 9! 5 5 of pure:acid

and 8.25 of water.

Since there is such-a strong afﬁmty between sulphu-(

,13_

Chap. IV.
b—-v'-u‘

ric acid and water, and since the density of the mixture

is different from the mean density of the ingredients, it

| becomes a problem of the greatest importance to deter-
nming how much of. the strongest sulphuric acid that can
be prepared exxsts in any given quantity of sulphurlc
acid of inferior spec;ﬁc gravity, and which consequent-

ly consists of a determ Jate quantlty of this strong acid

diluted with water. -

Thxs problem has been solved by Mr erwan He ;

»

_ % Irish Trans, iv, 18.

e . e
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took sulphuric acid of the speciﬁo gravity 2.000, which

is the strongest that can be procured, for his standard,
and the point was to determine how much of this stand.
ard acid exxstcd in a given. quanuty of acid of inferior
sxty : : { .
He concluded, from a nimber of expenments with
sulphuric acid, of the specific gravities 1.8846, 1.8689,

1.8042, 1.75c0 (for he could not procure an acid of the

specific gravity 2.0vo at the temperature of 60°, in
which his experiments were performed), that when

equal parts of standard acid and water are mixed, the
density is increased by *-th part of the whole mixture. -
Then, by applying a formula given by Mr Poujet*,

. ® Mr Poujet undertook the examination of the specific gravity of al-
cohol mixed with different quantities of water. He took for his stand-
ard alcohol whose specific gravity was 0.8199, at the temperature of
65.95°. He then formed ten mixtures; the first coptaining nine mea-

sures of alcohol and one of water, the sccond cight measures of alcohol |

and two of water, andso on till the last contained only one measure of
alcohol and nine of water. ~ He took . care that each of "these measures
should contain equal bulks, which he ascertained by weight, observing

10000 grains of water and 8199 of alcohol formed a mixture containing
equal bulks of each. From.the specific gravity of each of these mixtures
he discovered how much they had. dummshed in bulk in conseque 1ce of
mixture, by the following method :

Calling A thereal specific: gravxt) of any of thc mixtures ; B its spe-

cific gravity found by calculation, supposing no diminutiop of bulk; » |

the number of measures composmg the whole mass; 7—x the number

to which it is reduced in consequence of ‘mutual penetration—it is evis |

dent, since the increase of density does not diminish thc wexght of the

whole mass, that n B — n—xX A, Thereforc x =

—

2 : > A—B A—B. :
{making » = 1) = T e e 1s therefore the dinsinution of vo=

lume produced by the mixture.

7, OF
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e calculated, that the increase of density, on mixing Chap. Iv.

; different quantities of standard acid and water, was as
in the following T4BLE : e, 2l

. The following Tasre contains the result of Mr Poujet’é experiments,
calcnlated according to that formula ; the whole volume or » being = 1.
iy S R, 4 o s

, : Diminution of B
Measures of - -the wholc vo- . :
lume = 1 by By calculation.
Water. | Alcchol. | experiment. ‘
52 % 9 00109 | 0.0103
2 Qi : ‘0.0.187 ‘ 0.0184
-8 ‘7 c.0242 . |- Vo.ozéz
4 6 - 0.0268 00276,
5 Al 0.0288 ;
-6 3y o D e | 00276
Ty v 3 : ., 00207 . ‘0.0241,—‘?
8 . 4 2 '740.0123 < © o.0184 5
9 P 00044 0.0103 :

Tt is evident, from this Table, that the diminution of the bulk of the
mixture follows a regular progression. It is greatest when the measures
of water and alcohol are equal, and diminishes as it approaches both ends
‘of the series. -Mr Poujet accounts for this by conceiving the alcohol to
be dissolved in the water, which rétains a part of it in its pores, or absorbs -
it. The quantity absorbed bught to be in the ratio of that of 'th_c solvent
and of the body dissolved, and each measure of water will retain a quan-
tity of alcohol proportivaal to the number of measures of alcohol in the
mixture. ‘Thusin a mixture formed of nine measures of alcohol and one
of water, the water will contain a quantity ‘of alcohol =93 in one of
eight measures of alcohol and two of water;" the water will containa
quantity of alcohol — 8. Therefore the diminution of bulk in each mix=
ture is in a ratio compounded of the measures of alcohol and water which

. form it, in_the Table given above; as 1 X 95 2 X 8,3 X 754 X6

&
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Number of [Number of Augmenté—‘ :

parts of  |parts of stan- | tion of den-

water. |dard acid. sity. o} T
W G5l oL
Jo | 9o | 0.0479
Ty 85 0.0679
£205 5% 80 0.e856
25 75 0.0699
30 =70 0.I1Ig
35 FE0g Y 61213
40 ~6o .0.1279

o s 55 OSIRED =i

5O subes 507 < " OMZ83 Sl

&c. And in general, ‘taking the diminution of bulk A;when the measures _

of both liquids are equal for a constant quantity, and calling it ¢, calling
the number of measures #, the number of measures of alcohol x, the in-

crease of density or diminution of bulk z 3 we shall have ¢ Z 51 —: X “

o —xX %, andz:%x n x —x?, or (making 7=1) =4 c x—4 ¢ %% -

The diminution of bulk, calculated according to this formula, make ;

the last column of the Table in this note. They correspond very well

* with experiment, while the measures of alcohol “are more than those of

water, but not when the reverse is the case. - This Mr Poujet ‘thinks is
owing to the attraction which exists between the particles of water, and

which, when the water is considerable compared with the alcohol, resists

the union of the water with the alcohol.
_ 4enx—geox*

By the formula z = =

standard may be determined in any muture wherc the alcohol excecds
the water. : s
Let the number of measures, or the whole mass = =71

The measures of alcohol - - et X Xobrn e e
The diminution of bulk at equal measures = - - - .=
The diminution of bulk of a mixture containing x

measures of alcohol - - =4 cx—pcxt
The specific gravity of water - =a ]
The specific gravity of the alcohol = -, —
The specificgravity of the unknown mixture Rl=y

= the quantity ‘of alcohol of the
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By addmg these augmentatlons to the spec1ﬁc grav:ty Chap. IV.
——V—J

of the above mixture, found by calculation; and taking

the mean for the intermediate quantities, he drew up a

table f the quantity of acid of the density 2.00 con-

“tained in a given weight of acid of inferiof*density, from

"} to 1.4666. Sulphuric acid of this last density con-.
t ins just 0.5 of sulphuric acid of 2. The quantity con-

tamed in acids of inferior densities was ascertained
from dctual observation. = He found by the first part of
the table, that oo paits of acid, of the specific gravity
1.8472, contained 88.; 5 parts standard ; consequently
400 grains -of ‘this acxd containi 354 grains standard.
He took six portions of this acid, each containing 400
grains, and added to them as much water as made them
contain respectively 48, 46, 444 42, 40, 38 grains stand-
ard. The quantity of water to be added, in order to
produce this effect, he found by the following method :
Suppose » = the quantity of water to be added to 400
parts of acid, that the mixture may contain 48 per cent.
of standard acid.. Then 400 4-x : 354 :: 100 : 48; and

consequently & = 337.5  After finding the specific
gravity of these, the half of each was taken out, and as

*

Then since the increase of density does not change the \vc3ght of Ehé
w_holc,i—x)‘(a-i-bx 1—4cx+4cx2>(y

: oo g == ( = )
—0), 8 —— —_— 5
Hence x == 0.5 St_y J =t 7
, i d—axbx :
J-I—4cx+4cx'
And makmga =1, b = 0.8199; c = 0.0288
e S 0.1801 By I—w 0.1891 —o.5>
~ 62304y ou_,z_y 02304_'y
i 1 0abors See Irish Trans
1—oxt5zx+ou5z:~2 i

Vor. II ; B

-
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much water added ; and thus the specific gravitics, cor=

responding to 24, 23, 22, 21, 20, 19 were found.

Then six more portions, of 400 grains each, were taken, |

of the speci;iggravjty 1.8393, and the proper quantity
of water addedl to make them contain 36, 34, 32, 30,
28, 26 per cent. of standard. Their specific gravitics

were found, the half of them taken out, and as muc

water added ; aad thus the specific gravity of . 18, 375

16, 155 14, and 13 found. Cure was taken, after everv

addition of water, to allow the ingredients sufliclent time
to unite.

By ‘mpltiplying the standard acid, as—xascartamed in |

this Table, by 0.8929, he obtained the quantity of real
acid contained in sulphuric acid of different densities.at
the temperature of 600. This may be seen in the fol-

. lowing TABLE*.

‘ 100 Parts Real 100 Parts “Real
Sp. Gravity. Acid. Sp. Gravity. A cd.

2.0000 | 89.29 | 179591 %5.—

1.9719 | 8%.50 E.77386 1 73:22
1.9579 | 86.61 1-7629 | 72:32
1.9439 | 8s.71 J 1.7519 | 7T.43 |-
1.9299 | 84.82 12436 | ‘ho sa—-
1.9168 | 83.03 1.9312 | 69.64
1.9041 | 83.04-{| 1.7208 | 68.%5
1.8914 | 82.14 1.7104 | 6%-86
1.8%84% t Bi.ag 1.7000 | 66.96
1.8660 | 80.36 1. 689> 66 oy
1.8542 | 479.46 1.6800 | 65.18
1.8424 | 78.57 1.6701 | 64.28
1.8306 | 7%.68 |l+1.6602 | 63.39
1.8188 | %6.79-[ 1.6503 | 62-50
1.8070 | 75-89 1.6407 | 61.01

# Nicholson's Fournal, iti. 213.

1.9859 | 88.39 £.7849 | 74.1% 2
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100 Parts Real 100 Parts Real
Sp. Gravity. Acid. || Sp. Gravity.|  Acid.
L0512 60.91 1.284%7 | 30.35.

1.6217 | 5982 1.2759 | 29:46

1.6122 | '§8.93 1.2668 | 28.5%

1°%:6027 | s8.03 |l 1.2589 | .27.684

T.5932 |- 5 1.2510 | 26.78

1.5840 | 56.2% 1.2415 | 25.89

1.5748 | §5.36H 1.2320 | “25.—

¥ 5058 S0 460U Bddro | 3410
L. SisPanilias iy IHCEal  23.21

1.5473 | 52.68 1.2000¢| 92.32
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4. Mr Lavoisier attcmfated to ascertain the propor~
tion of the constituents of this acid, by measuring the
quantity of oxygen absorbed by a gwen ‘weight of sul-

phur during its combustion. His result was 7% parts

of sulphur and 29 of oxygen. But this method was
not susceptible of sufficient precision to warr: nf mery

confidence. Mr Thenard had recourse to a much bel
ter method *, wnich was employed still more lately fo

the same purpose by Mr Chenevix with much ada’ressf

Nitric acid was distilled off 100 parts of pure sulphur:
repeatedly till the whole sulphur was converted into an
acid. The sulphuric acid, thus formed, was separated |
by means of barytes, with which it forms an insoluble.

compound. The 100 parts of sulphur, thus -acidified,

yielded 694 parts of dry sulphat of barytes. Hence
1co parts of sulphat of barytes contain 14.5 parts of
sulphur. By another set of experiments, to be descri-
bed hereafter, Mr Chenevix ascertained, that 100 paris
of sulphat of barytes contain 23.5 parts of sulphuris
acid. Hence it follows that 23.5 parts of sulphyric
acid contain 14:5 of sulphur; the remaining 9 parts

‘must be oxygen. Therefore suiphuric acid is compo-

sed of 14.5 parts of sulphur and g of oxygen ; or, which
is the same thing, of 61.5 sulphur
~ 38.5 oxygen

10c.01

- 5. Sulphuric acid is not altered b"}‘,the action of light
nor calorie. It does not combine with oxygen. It was
affirmed indeed by some chemists, that sulphuric acid
might be combined with oxygen by distilling it off the |

* Ann. de Chim. x3xii 265,- t Irish Trans. 1802, p- 233-
% Chenevix, Ibid.
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black oxide of manganese; but the assertion was re-
futed by the experiments of Vauquelin. ;

' 6. None of the simple combustibles act upon it at th

usual temperature of the atmosphere, or at least their
_action is so slow as not to be ‘perceptible : But when

t ey ar'c«_;‘assisted by heat, they are all capable of decom-
-7 oSl e k

‘When sulphur is boiled in fhis acid, it absorbs a por-.

tion of its oxygen, or at least combines with it, and the
whole is converted -into sulphufous acid. Phosphorus
also" absorbs oxygen from it by the assistance of heat,
sulphurous acid is driven off, and phosphoric acid

formed. At the boiling temperature charcoal also ab-

sorbs oxygen from it, and converts. it into sulphu-

rous acid. At a red heat it even converts it into sul-

phur. When hydrogen gas and sulphuric acid are

made to pass together through a red hot tube of porce-

lain‘, the acid is completely decomposed, water 1s form-
ed, and sulphur deposited *.

7. Azote has no action on sulphuric acid ; but this
acid readily absorbs muriatic acid, émc?_forfns with it a
liquid of a brownish finge, which emits the dense and
suffocating odour of muriatic acid, and corrodes vege-
table and even met,éllic bodies near which it happens to
" ke placed. R ;

8. When zinc or iron is thrown into sulphuric acid,
a violent action takes place,
ter is decomposed- ”rc_s’hydrogen.ﬂie's off, and its oxygen
combines with the metals. ~ If the acid be concentrated,
the action is much less violent, and sulphurous acid ex-
hales. Upon tin and copper the acid acts very slowly

* Fourcroy, ii. 62,

B3

o
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and feebly, unless its action be assisted by heat
oxidizes and dissolves them. On silver, mere
mony, bismuth, arsenic, and tellurium, it dogs 1
except at a pretty high temperature. These metals
stract part of its oxygen, and convert one poi'"‘ :

_ to sulphurous acid, while another portion .amhm

Of alkalies
and carths.

]

@ fnities,

idizes lead, and dissolves cobalt, nickel, and mol :
num : But it has no p-reeptible action on gold not i:tla-
tinum at any temperattire to which it can be raised.’

10. It unites readily with all the alkalies and earths ex~
cept silica, and with most of the metallic oxides, and
forms: salts denominated sulpbats. Thus the combina-
tion of sulphuric acid and soda is called sulpbat of soda;
the compound of sulpheric acid and lime, sulphat of
lime, and so on.

with the oxides thus formed. When boiling | het it o g
Jﬁ

11. It absorbs a very considerable quantity of nitrous
gas, and acquires by that means a purplish colomg*
12. Its affinities are as follows : I

Barytes, A s
Strontian, E

Potass,

Soda,

Lime,

Magnesia,

Ammonia, :
Glucina, -

g . Yttria, \
Alumina, 5
Zirconia, IR
Metallic oxides.

¥ Priestley, i. 389. -
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- This is one of the most important of all the acids, Chap. Iv-
not only to the chemist but ‘_to, the manufacturer also ; TS
being employed to a very great extent in a variety of
manufactures, especially in dyeing.

SECT. II,

OF SULPHUROUS' ACID,

T'noven some of the properties of this acid must have History.
been known in the remotest ages, as it is always form-
ed during the slow combustion: of sulphur, Stahl was
the first chemist who examined ir, and pointed out its
peculiar nature. ~ He gave it the name of phlogisticated -
sulpburic acid; from the supposition that it is a com-
/potind of sulphuric acid and phlogiston. His method of
procuring it was to burn sulphur ata low temperature,
and expose to its flames cloth dipped in 2 solution of
potass. By this method he obtained a combination of
potass and sulphurous acid; for ata low temperature
sulphur forms By combustion only sulphurcus acid.
“==-Scheele pointed out, in 1741, 2 method of procuring
sulphurous acid in guantities *. On Stahl’s salt he
poured a portion of tartaric ‘acid, and then applied 2
gentle heat. The #ulphurous agid is in this manner dis-
placed, becausc its affinity for potass is not so strong as
that of takaric acid ; and it comes over into the recei.

* Scheele, i. 43;. '
Ba %
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- out death. It has a strong and suffocating odour, pre-

ACID PRODU C’Eﬁ.

ver dissolved in water. Dr Pnestley, in 177 ,
ed it in the gaseous form, and examined its
while in 2 _state of purity *. - Berthollet publis!
dlssertatlon on fits formatmn composition, a
1782 and 17891, and in 1597 appeared a R
plete dissertation on its combinations by Four ;;6’!' o | 4
Vauquelm %
I Sulphutous acid 1 may be procured by thc f:;)yc pos
ing process : Put into a glass retort.two parts of sul-
phuric acid and « one part of mercury, and apply the heat |
of a lamp: The mixture effervesces, and a gas issues
from the beak of the retort, and may be received in
glass jars filled with mercury, and standing in a mercu-
rial trough. This gas is su/pburous acid. |
2. Sulphurous acid, . in the state of gas, is colourless
and invisible like common air. Itis incapable of main-
taining cpmbustxon nor can animals breathe it with-

cisely the same with that exhaled by sulphur bugr.ae
with 2 blue flame : sulphur, by such a combustion, be -
ing totally converted into sulphurous acid.  Its specis
fic gravity, according to Bergman, is 0.00246§ ; aceond.
ing to Lavoisier, o. 00251 [l It is therefore somgwhat
more than twice ag heavy as air. Ohe huncfred- cubig
inches of it WClgh nearly 63 grainst ;

3. This acid reddens .vegetable blues, and graduaﬂ :
destroys the greater number of- them. It exercises this

A

* On dir, ii. 295. .

4 Mem. Pur. 1782. Anp. de Chirta s 54-
* ¥ dnan. de Chim. xxiv., 229.

§ Bergman, iii. 343.

J Lavoisicr’s Ghem. Appendix.

1
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power on a great variety of vegetable and animal co-
lours. Hence the use of the fumes of sulphur.in bleach-
ing wool and in whitening linen stained By means of
fruits. ‘ i S "

4. Dr Priestley discovered, that when a strong heat

) plic 1 to this acid in close vessels, a quantity of sul-
Y ar’is ﬁrecipitated, and the acid is converted into sul-
pharic *.  Berthollet obtained the same result: but
Fourcroy and Vauquelii could 1ot succeed .

According to Clouet and Monge, when this gas, in a
state of condensation, is exposed to the temperature of

—189, it 15 condensed into a liquid .

g Water absorbs this acid with avidity. According
to Dr Priestley, 1000 grains of water, at the tempera-
ture 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§. Ice ab-
sorks this gas very rapidly, and is instantly melted. Wa-

 ‘tes caturated with this gas, in which state it is known

by the name of Jiguid sulphurous acid, or sulphurous a-
cid, is of the specific gravity 1.0409[. It may be fro-
zen 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 yast number of bubbles, which conti-
nually increase and rise to the surface. These bubbles
‘are a part of the acid separating from it. It freezesa
few degrees belovﬁfgz° Il

* On Air, ii. 330. 1 Nicholson’s Fournal, i. 313.

1 Fourcroy, ii. 74. § Itid p. 77
9 Berthollet, Ann. de Chim. 1. 56. &

il Fourcroy and Vauquelin, Nicholson’s jorzrnz;l, i 313,

7
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" prisms. This singular compou

and when the atmosphere 1s moi

1d gas 'cmd oxygen -gas
a red h@ -spmcelam tube, the two
s_p-lphurw acid s formed *.
7. Of the simple comnbustibl
rus have no action on it whateve ‘
charcoal do not alter it while co
they decompose it completely :
8. Neither azote nor muri
QI
o Sulphurous acid does not see:
or dissolving any of the metals
mangaﬁese. : '
w10 It combines with alkahes
1des, aqd forms salts known
11. Sulphuric acid abserbs.
quax}uty It acqmres a yello

posed to the air.
first vapour which comes over,

pound of the two acids, cry

the name of glacial sulpburic aci

7 ¢ Priestley, ii. 332 Foﬁramy', fioy
+ Fourcroy aud Vauqueliz,

COF
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cence. When thrown into water, it hisses like a red Chap- V.
. \—-—V

hot iron. It has the odour of sulphurous acid *. This
curious compound, first mentioned by Kunkel, and af-
. terwards by Bohn and by Neuman, -attracted a great

£ deal of the attentum of chemists, who attempted to in-
R R
\ U\) .

e al opinion, in consequence of the experiments of

?at the cause of its singular properties.. The ge-

Héﬂot ergel Meyer, and Gottling, was, that phlo-

glston, some how or other, contributed to its produc
tion. Dolfusz{ made a set of experiments on it in
1784 ; from which he concluded that it was peculiar

to sulphat of iron, 'by the distillation of which it had

beeen usually procured. These experiments were re-
‘peated and varied by Morveau t; and this philosopher
considered it as probable that the glacial acid is merely
sulphuric acid, totally deprived of moisture. Four-
croy has lately demonstrated that it is a compound of
51}’1; uric and sulphurous acids.

2y

ezt

é’i‘iz The affinities of sulphurous acid, as fax as thgy Affinitics.

have been investigated, are as follows § :
LY &5 Barytes,
,Lime,
Potass,
Soda,
o Strontian,
Magnesia, . §
Ammonia,
o Glucina,
~ Alumina,

Zirconia.

* Fourcroy, ii. 78. + Crell’'s dnnals, 1785, i. 438
3 Encyc. Method. Chim. 1. 390-
§ Fourcroy and Vaugquelin, Nicholson's 7ourrml 1. 3L3e
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* Fourcroy, ii.
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mist who mentions it ; but Margraff first examined itg
properties, and demonstrated it to be a peculiar acid.

Its properties were afterwards more completely 10Ves=~

20
Chap. IV.
.

tigated by Bergman, Scheele, Lavoisier, Pearson, Four-

¢

\ch“

_-qy_and Vauquelin, and several other dxstmomshed

-1t may be formed by setting fire to 2 quantity of
phq;phorus contained in a vessel filled with oxgen gas.
The ‘phosphorus burns with greas rapidity, and a great
number of white ﬂakes are deposited, which are phos-
phoric acid in a state of of purity. It may be obtained
too by heating phosphorus under water till it melt, and
then causing a stream of oxygen gas to pass through it
by méans of a tube. In this case the acid as it forms
combines with the water; but the liquid may be evapo-
rated off by the apphcatlon of heat, and then the acid
remains behind in 2 state of purity. But the usual
mefi od of procuring itis to throw phosphorus in small
pmcw.\e at a time into hot nitric acid. A violent eﬁ'er-
vescence: takes place, the phosphorus combines w1th
oxygen, and nitrous gas is ermtted After the whole
of the phosphorus is acidified, the liquid is to be eva-
porated to dryness, in order to drive off the xemams of
nitric acid which may not have been decomposed This

==—aracess was first put in practice by Lavoisier. Care

must be taken not to apply too much heat, not to add
too much phosphorus at once, and not to have the ni-
tric acid too stroyf ; otherwise the phosphorus takes
ﬁre, and usug! L»»Dreaks the vessels in pieces.

 "2.The af Ld thus prepared, may be put into a plati-
num crucible, and heated to redness to drive off all the
water. It is then in a state of purity. It is solid, co-
lourless, and transparent, and not unlike glass in ap-

Prepara,

Propetties.



parent ]elly If hie |

bles up, owing to-

» water accompanied with
: ~ared heat it remains in the fo

qﬁid,"and when cooled 2
crystal. -~ In this state
phosphoric glass. This glass’is
It

‘totally depnved of water.

state. of dehquescenc

Action of 3 I‘ his acid s véfy

waters

slowly,, The heat e,volved‘:‘
this acid and water is muc!

# Bergman's Sciagrapbia, p
+ Hassenfratz, Ann. e Chim.
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ed with 4n equal quantity of distilled water, a@quu:éd Chypaltty
so little eat as to raise the thermometer only one de- i
gree, as  Mr Sage observed, Mr Lavoisier raised the
thermometer. from 50° to 63° by mixing phosphoric
‘u::d boﬂed to the consistence of a syrup with an equal
X quai [ity of water; and from go° to 104° when the
at w was as thick as turpentine *.
4. Oxygen gas has no action on phosphoric acid, Action of
. whatever be the temperut'ure. - Neither is it decompo- Eﬁfxﬁf :ubu!,':
sed or altered by any of the simple combustibles, if we
except charcoal +3 which, though it has no action on it
while cold, at a red heat decomposes it completely ; car-
bonic acid is formed, and phosphorus sublimed. This
is the common process for obtéining phosphorus.
5. Neither of the simple incombustibles have any
particular action on it.
6. This acid, when in a liquid state, is capable of oxi+ Of metals.
diz’ ‘g some of the metals, cspecm]ly when assisted by
hws ; at the same time hydrogen gas is emitted. Heqce
we see that the Qxldlzement is owing to the decomposi-.
tion of water. In this manner it oxidizes irom, tin,
. lead, zine, antimonj’, bismuth, manganese; but' on
some of these it acts very slowly. When fused with
several of these metals, as tin, iron, and zing, it is con-
~yerted into phosphorus; a I‘IOOf that they have a strong-
er afﬁ'nty for oxygen.
It does not act upon- gold, platmum, silver, copper,
mercury, arsenic,’ cobalt, nickel. It appears, however,
to have som- ction on gold in the dry way, 25 it 1s

«

* Keir's Dictionary,
+ And pcrhaps alsc hydrogen; but the eprrmnnt has not been -

made.
.

I
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° - PHOSPHOROUS
This acid is too expensive to be brought into common
use. If it could be procured at a cheap rate, it might
becmploya:d with advantage, not only in several import-
ant chemical manufactures, but also in medlcme, and

- ngrhaps ‘even for the purposes of domestic economy »

oL

‘w-p -

Y(’ a3

(3

=¥ SECT. IV.?
OF PHOSPHOROUS ACID.

THE acxd obtamed by the burning of phosphorus dif-
fers according to the rapidity of the combustion; or,

" which is the same thing, accordmg to the temperature’

in which the process is conducted. When heated to
148°, it burns rapidly, and the product is pbosphoric
acu}} When allowed to burn gradually, at the common
temperature of the-air, the product is. phosphorous acid,

33

Chap. IV.

History:

which contains a smaller proportion of oxygen. The ..

difference between these two acids had been remarked
by Sage, by Proust, and by Morveau ; but it was Lavoi-
sier who first, in 1777, demonstrated that they form
different compounds with other bodies, and that the

-.difference between them is owing to the different pro- -

portions of Qxygen whxch they contain *.
1. Phosphorous ac:d is prepared by exposing phos-
phorus during some’ weeks to the ordinary tempera-

ture of the atmy ),;sphere Even in winter the phos-
phorus undq.goes a slow combustion, and - is gradually ‘

: Sl Mm; Par. 1777
Vor. II. : C -

o

Preparza-
tion.
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£

mgly slow, and the conversion is never tomplete. It
succeeds better .when the acxd 1S dlluted with a great
proportion of water *. ;

5. Phosphorous acid is not acted upon by any Qf the

simple combustibles except charcoal, and perhaps also

‘ hydrr‘gen ‘Charcoal decomposes it at a red heat as
well, as phosphonc acid. The products ‘are carbonic

> acH and phosphorus. It does not act on the sxmp]e

1ncombust1bles. b e T '

35
Chap. IV. *

+ 6. Its action on metals is exactly similar to that of "

phosphorxc acid, excepting only that the hydrogen gas
. evolved durmg the oxydisement of the metals has a fetid

_smell, and holds phosphorus in solution.
5. It combines with alkalies, earths, and metallic ox-

Phosphites.

ides, and forms compounds dlstmguxshed by the name

* of phosphites.

8. Sulphuric acid produces no change upon it while
‘cold ; but at a boiling heat it parts with some of its
oxygen, and the phosphorous acid is converted into
phosphoric acid. © Nitric. acid also, when assisted by
heat, converts' it readlly into phosphoric acid. This

Action of
acids.

- furnishes us with by far the best process for obtaining |

phosphoric acid' at present known. Mix phosphorous
acid, obtained by slow combi_;.stion, with 6ne.eight of
its weight of nitric acid of the specific gravity 1.3, and
distil. The nitric acid is decomposed, and pure phos-
phoric acid remains behind. For this process we are
indebted to Fourcroy +.

9. The affinit.cs of phosphorous ac1d as ascertained
'by Bergman, Fourcroy, and Vauquelin, observe the fol~
lowing order:

* Fowcroy, i, 55, 4 Thid. ii. 86,
; e Ca :
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, e »Limel,

& ’ ' Barytes, B

A e | -Strontian, B ke kR

S s Potass; o g

Soda, )
‘Ammonia, : ;
Glucina; sl Shsiie i g
Alumina, :

- eirconia.

This ac:d has not hitherto been: put to any use. The.
history of its preparation is sufficient to convince us,
that it is composed of the same constituents as phosPhoric
acid : But the exact proportion of these constituents has

, not lutherto bcen ascertamed

M

SECT.V, .

' OF CARBONIC ACID.

As the rapid progreés of chemistry, during the latter

part of the 18th century, was in a great measure owing
to the discovery of this acid, it may be worth while to
trace the history of it somewhat particularly.
Paracelsus and Van Helmont' were acquainted with.
the fact, that air is extricated from limestone during cer-
tain processes, and the latter gave to air thus produced
the name of gas. Hales ascertained the q-inntity of air

“that could be extricated from these bodies in different

processes, and shewed that it formed an essential part -
of their composition. Dr Black proved, that the sub-
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stances then called Zime, magnesia, and alkalies, are com- Chap. 1V .

pounds, consisting of a peculiar species of air, and pure
lime, magnesia, and alkali. -To this species of air he
gave the name of fixed air, becausg it existed in these

* bodies in a fixed state. This air or gas was afterwards

investigated by Dr Priestley, and a great number of its
propetties ascertained. From these properties Mr Keir *
first: concluded that it was an acid ; an. this opinion

was soon confirmed by tune expe.I‘ments of Bergman, .

Fontana, &c.: Dr Priestley at first suspected that this
acid entered as an element into the composition of at-
mospherical air; and Bergman, adopting the same opi-
nion, gave it the name of aerial acid. Mr Bewdly cal-
led it mephitic acid, because it could not be respired
without occasiotiing death; and this name was also a-
dopted by Morveau. Mr Keir called it calcareous acid ;
and at last Mr Lavoisier, after discovering its composi-
tion, gave it the name of carbonic acid gas.

For the investigation of the properties of carbonic
acid we are chieflyindebted to thelabours of Cavendish t,

Priestley , Bergman §, and Lavoisier ||.- Valuable dis--

sertations on it were also published ‘by Macbride 1,
Lane **, Jacquin 44, Landriani ff, Fontana, and many
other distinguished chemists. -

* Keir’s Macguer, art. Zir. .

+ Pbil. Trans. 1766, 1vi. 141. 2 1 Priestley, i. 43-
§ Opu.vt A i : || Mem. Par. 1776.
€ Experimental Emzy:, 1764. **¥ Pricstley, i. 5.

++ Examen.. Chem. Doct. Mfyzr, de Acl«lo Pi}rgm' ¢t Dlackiang de Aere
Fixo, 1769.
$ Crell’s Annals, 178 5, 1i. 139.
C3
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dy Carlidnic_:f" acid being a compouid of carbon and

oxygen, may be formed by burning charcoal; but asit
. exists in great abundance ready formed, there is no océa-

sion to ‘have recourse to that expedient. | All that is ne-
cessary is to dilute with water a quantity of chalk ‘which
is a compound of carbonic acid and lime, and to pour
upon it sulphuric acid.  An effervescence ensues car-
bonic acid is evolved in the state of gas, and may be re-
ceived in the usual manner.” :

2. Carbonic acid, when in the state of gas, is invisi-

ble and elastic like common air. It extinguishes a
~ candle, and is unfit for respiration. © It has no smell.’

Tts specific gravity is about 0.0018 *; but this varies
according to its dryness or moxsturef 3 100 cubic mchcs
of it weigh 46.5 grains. : & g

4

It reddens thc tincture of turnsol but no othcr vegc- :

table colouri

Atmospheric air is supposed to contain aboutm

part of this gas||. :
3. Carboniic acid is not altered by exposure to heatin

“close vessels, or by passing it through a red hot tube.

But when electrxc sparks are made to pass through it

for a long time, its bulk is increased, as Dy Priestley

e

#* Bergman, i. 9. :

'$ It is usually almost twice as heavy as common air, chcc it may be
poured from one vessel into another, When pourcd from a wide mouth-
ed j Jor npon a ‘burning candle, it extmgmshes it hkc water.

{ Bergman, i. g.

{| Acdeast near the surface of the carth. Lamanon, Mongez and the
other unfortunate ‘philosophers who accompanied La Perouse in his last

voyagu, have rendered it not zmprobable that at great hexghts the quan- ik
tity of this gas is much smaller They could detect none in the atmos-

yhere at the summitof the Peak of Tencnﬂ'e —See Lamanon's M:_M"

"gl 2he end of La Perouse’s }’ayngt.
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first observed ; and in that case, as Monge discovered, Chap.IV.

an mﬂammable gas is always evolved. By 18 hours
labour Mr Saussure junior produced an -increase of
5 parts of the whole ; one tenth. of the carbonic acid
had dxsappcared and a quantity of carbomc oxide had "
been formed. The copper wires employed to transmit
the ‘sparks were oxidized at the expence of the acnd

which was thus partially converted into carbonic oxide. *

4. Water absorbs it gradually when allowed to remain Action of

long in contact with it. The rapldnty of the absorption,
as Mr Lane first discovered, is much increased by agi-
tation. At the temperature of 41° water absorbs  its
~ownbulk of thi"s*gas The specific gravity of water sa-
 turated with itis r.oox5. This water, at the. tempera-
ture of 35°, has little taste ; but if it be left a few
hours in'the temperature of 88°, it assumes an agreea-
ble acidity, and a sparkling appearance t. SR
Ice absorbs no carbonic acid ; and if water containing
it be frozen, the whole separates in the act of freezing 1.

- This gas also separates from water at the boxlmg tempe- ,

Fraturely s e A
By means of ‘artificial pressure, the quantity of this
gas absorbed and condensed by water is much increased.
. Some of the aerated alkaline water, prepared in London
as a medicine, is said to contain about thnce its volume
of carbonic acid gas . : ;
‘When this liquid carbonic acid is left exposed to the

% Phil. Mag. XiV. 350.~ : : -}Be;gman, i 9.

1 Priestley, it 120. g B S Ibid. A

§ A very convcment apparatus for this purpose has been contrived-by
Mr Gilbert Austm, and described in the Trish Tronia: cions, Vil 33T

Cia

‘water,
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air in an open vessel, the acid soon makes its escape in
the form of gas, and leaves the water in a state ‘of puri-

" ty.  This is owing to its a{fmify for oommdn air; which
“is so strong; that air, as Welter observed, is capable of

abstracting it from water *. Bergman left a bottle fil-
led with carbonic acid gas uncorked; and found that in
a few days it contained nothing but common air. -

5. Carbonic acid is not: acted upon by oxygen, nor is
it altered by any of the sxmple combustibles, incombus-
tibles, or metals. Charcoal»»mdced absorbs  it, but it
gives it out again unchanged. . .From the experiments
of ‘Rouppe and Van Noorden, it appears that this ab-
sorption is exceedingly rapid, provided the charcoal be
sufficiently freed from air, by allowing it to iceol'from, a
red heat in a vacuum. They found that-charcoal is ca-
pable of absorbing rather more than fourteen times its
bulk of carbonic acid gast. :

Phosphorus is insoluble in carbonic acid gas . But :
phosphorus is capable of decomposmg this acid by com-
pound affinity, when assisted by a sufficient heat, as has
been demonstrated by Tennant and Pearson. . Irondlso
and zine, and several other metals, are capable of pro-
ducing the same effect, as has been-discovered by Priest-
ley and Cruikshank, In the first case the phosphorus
is partly acidified, partly combined with lime, and char-
coal is deposited : in the second, the metals are oxidi-
zed, and gaseous oxide of carbon evolved.

When carbonic acid is mixed with sulphureted
phosphureted, or carbureted hydrogen gas, it renders

* Ann. d Chim. iii, 91. § Ibid. xxsii. 13,
.} Fourcroy and Vauquelin, Ibid. xxi. 205.
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them less combustible but produces no farther sensible Chap. IV.
e —

\cllange

6. This amd is capable of combu;mg with alkahes, and Carbonats,

.wuh several of the earths and metallic oxides, and forms
with them salts, distinguished by the name of carbonats.
All the earthy carbonats are insoluble in water. Hence
the reason that*catbomc acid renders lime water, bary-
tes water, and strontian water turbid, The earth held
in solution  in these waters comvines rapidly with the
carbonic acidy which is of course absorbed, if in the
state of gas, while the carbonat formed precipitates
slowly in the form of a white powder. This occasions
the milkiness which immediately ensues. As-carbo-
‘nic acid is the only gas not instantaneously absorbable by

water, which renders lime water, or barytic or strontian

water; turbid ; its presence may be always ascertained

by means of these liquids. = As it is'completely absorb- -

ed by them, it may be easily separated by them from
other gases with which it may be mixed, and its quanti-
ty ascertained by the diminution of volume: “which the
residuum of gas has undergone.

». The affinities of carbonic acid, as far as they have Affinities.

been ascertained, observe the following order :
: - Barytes,
: Strontian,
\ Lime,
Potass;
~ Soda,
Magnesia,
Ammonia,
Glucina,
Zirconia, '
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*8. From the experiments of Saussure, it appcars that
carbonic acid scarcely combines with alumina * :
Water containing a little soda, and supersaturated
with carbonic acid, has been employed with much ad-
vantage under the name of aerated alkaline water, as a'
palliative in cases of urinary calculus. :
9. The opinions-of chemists concerning the composi-

tion of carbonic acid have undergone as many revolu-

tions 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 com-
pound, 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 phlogis-
ton ; and when bydrogen and phlogisten came (accord-
ding to Mr Kirwan’s theory) to signify the same thing,
it was of course maintained that carbonic acid was com-
posed of oxygen and hydregen : and though Mr Lavo:-
sier demonstrated, that it was formed by the combina-
tion of carbon and oxygen, this did not prevent the old
theory from being maintained ; because carbon was'it-
self considered as a compound, into which a very great
quantity of hydrogen entered.  But after Mr Lavoisier
had demonstrated, that the weight of the carbonic acid
produced was precisely equal to the charcoal ‘and oxy-

‘gen employed ; 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 oxy-
gen. Accordingly all farther dispute about it scems
pow at an end. At any rate, as we have already exa-

1

¥ Four, de Plys. lil. 250,
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‘mined the objections that have been made to this con-
clusion, it would be improper to enter upon them here.
If any thmg was still wanting to put this conclusion

- beyond the reach of doubst, it was to decompound carbo-
nic acid, and thus to exhibit its component parts by
analysw‘.as well as synthesis. = This has been actually
done by theingenious Mr Tennant. Into a tube of glass

he introduced a bit of phosphorus and> some’ carbonat -

~of lime. He then sealed the tubt hermetically, and ap-
plied heat. Phosphat of lime was formed, and a quan-
- tity of charcoal deposited. Now.phosphat of lime is
composed of phosphotic: acid and lime; and phos-
- phoric ‘acid is. composed of phosphorus and oxygen.
The substances introduced into the tube were phospho-
rus, lime, and carbonic acid; and the substances found in

it were phosphorus, lime, oxygen, andcharcoal. The car-

bonic acid, therefore, must have been decompesed, and it
must have consisted of oxygenand charcoal. This experi-
. mentwas: répﬁatcd by DrPearson, whoascertained thatthe
weight of the oxygen and charcoal were together equal
to that of the carbonic acid whxch had been introduced :
and in order to shew that it was the carbonic acid which
had been ‘decomposed he introduced pure lime and
phosphorus ; and instead of obtaining phosphat of lime
and carbon, he got nothing but phosphuret of lime.
These experiments *. were also’ confirmed by Messts
Fourcroy, Vauquelin, Sylvestre, and Broigniart {.

* Ann. de Chim. xiii. 312. < s

14 Count Mussin-Puschkin having boxl:.d a solution of carbonat of pot-
ass on purified phosphorus; obtained charcoal:  This he considered as
an jnstance of the decomposition of carbonic acid, and asa conﬁrmauou‘
of the experiments related in the text. See Ann. dt Cbin, 3xv. 305

43
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_ OF FLUORIC ACID,

- T ue mineral called Sfluor or ﬁuible"spkzr,vand' in' this

country Derbyshire spary was not properly distinguish-
ed from other spars till Margraff published a disserta-
tion 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 decom-
pose it, by mixing together €qual quantities of this mi-
neral and sulphuric acid, and' distilling them. By this

" method he obtained a white sublimate, which he sup-'

posed 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
experiments three years after; ; by which he proved, that
it is composed chiefly -of lime and a partlcular acxd
whlch has been called fluoric acid. -
The composition of fluoric acid is equally unknown
with that of muriatic acid, Mr Henry tried in.vain to
decompose it by means of electricity. It is always ob--
tained from fluor spar, in which mineral it is found in
abundance. For the investigation of the properties of
this acid, we are i_ndebtéd chiefly to Scheele and Priest-

: lcy.

X X may be obtained by puttmg a quannty of the
spar. in powder into a retort, pouring over it an equal
quantity of sulphuric acid, and then applying a very
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gentle heat. - A gas issues from the beak of the retort,
which may be received in the usual manner in glass
jars—standing over mercury. This gasis fluoric acid*.
‘The acid, may be obtamed dissolved in water by lu-
_tmg to the retort a receiver containing water. . The
distillation' is to be conducted with a very moderate

heat, not only to allow the gas to condense, but also to -

prevent the fluor itself from subhmxng » After the pro-

cess, promded a glass retart has Leen employed, a crust

ok white earth is found in the ‘receiver, which has all
the properties of silica.- - :
Scheele supposed that the sxhca produced was form=-
ed of fluoric acid and water; and Bergman adopted the
same opinion. Buthegleb and Buccholz showed that
the quantity of silica was exactly equal to what the re-
tort lost in weight ; and Meyer completed the proof
that it was derived from the glass, by the following ex-
periment : He put into each of three equal cylindrical

tin vessels a mixture of three ounces of ‘sulphuric acid -

and one ounce of fluor, which had been pulverized in 2
mortar of metal. Into the first he put one ounce of
pounded g]as: ; into the: second, the same quantity of
quartz in powder ; and into the third, nothing. Above

each of the vessels he hung a sponge moistened with -

water ; and having covered them, he exposed them to
a moderate heat. The.sponge in the first eylinder was
covered with:the crust in half an hour; the sponge in
the second, in two hours ; but no’lcrust was formed in
 the third, though it was exposed several days. - In con-

# In order to obtain this acid pure, platinum or silver vessels ought to
be employed ; for thc acid dmolves a pomon of glass and even of leaden

vcssels

45
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sequence of this decisive exper:ment Bergman gave up,"

his opmlon, and wrote an account of Meyer’s experi-

ment to Morveau, who was employcd in translating his

wo-rks, to enable him to correct the mistake in his notes.

Soon after the discovery of this acid, difficulties and

* doubts concerning its existence as a peculiar acid were
~started by some French' chemists, disguised under the
name of Boulunger; and afterwards by Mr Achard and

Mr Monnet. To reniove these objections, Mr Scheele

instituted and published a new set of experiments;

- which not only completely established the peculiar ‘na-

ture of the fluoric acid, but once more displaycd the

,unnvalled abilities of the illustrious dxscovercr* It

would be needless to enumerate these objections, as they
originated entirely from want of precxsxon, and did not

' produce a single convert. i
2. Fluoric acid gas is invisible and elastic like air;’

it does not maintain combustion, nor can animals breathe
it without death. It has a pungent smell, not unlike
that of muriatic acid. It is heavier than common air.
It corrodes the skin almost instantly. ¥
3. Neither caloric nor light produce én‘y alteration on
it. 25 ; :

4. When water is admitted in contact with this ga5

it ‘absorbs it rapidly ; and if the gas has been obtained

by means of glass vessels, it deposites at the same time @

quantlty of silica.

‘Water absorbs a conmderablc proportion of thxs gasy

but the precise quantity has not been determined. The
compound is usually termed fuoric acid by chemists.

a Schecle, if. '38. and Crell's dnnals, 1786, 1. 3. -

<
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It is specifically heavier than water, has an acid taste,
reddens vegetable blues, and does not freeze till cooled
down to 23°*. When heated, the acid gas is easily ex~

pelled, except the last portions of it, which adherc with

great obstinacy. ~

5- Neither oxygen gas nor any of the sxmplc combus-
tibles or incombustibles produce any change on. ﬂuorn:
ac1d either in the gaseous or liquid stat~.

6. Fluoric acid gas do2s not act upon any of the me-
tals, but liquid' fluoric acid is capable of oxidizing iron,
zinc, copper, and arsenic. It does not act upon gold,
platinum, silver, mercury, lead, tin, antimony, cobalt.

4. It combines with alkalies, earths, and metallic ox-
ides, and forms with them salts which are denominated
SHatsiis s o ;
~ The most smgular property of fluoric acid is:the fac;«
i ‘hty with which it corrodes glass and siliceous bodies; e-
specially when hot, and the ease with which it holds si-
lica in solution even when in the state of gas. Thisaf-
finity for silica is so great, that the thickest glass ves-

47
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: sﬂs can only withstand i its action for a short time ; and -

the greatest precautions are scarcely sufficient to obtain
it entirely free from siliceous carth. |
8. It produces no change, as far as is Lnown, upon
any of the acids already described.

9. Its. aﬁimtxes are as follows :
Lime,
_Barytes,
o Strontian,
. " Magnesia,

® Priculey, i 365«

Affinitics,
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. Potass,
% Soday,
‘Ammonia,
Glucina,
Alumina,
Zirconia,
SeaeSilicas :
10. As fluotic acid produces an insoluble compound
with lime, it may be umployec with great advantage, as

Pelletier has observed, to detect the presence of that -

earth when held in solution. A drop or two of the acid

causes ‘a milky cloud or precipitate to appear, if any
lime be present. The property which this acid has of !

corroding glass, has.induced several ingenious men to
attempt, by means of it, to engrave, or rather etch upon

glass. The glass is covered complcteiy with wax’; and
then that part where the letters or figures are to appear
-is laid bare by removing the wax. The whole is then

exposed for some time to the hot vapours of fluoric
acid. - This simple process is employed with advantage
in writing labels on glass vessels, and in graduatiig
thermometers, and other similar instruments. The dis-
covery is by no means new: It has been shewn by

Beckman and Accum, that this acid was employed for ‘
that purpose by Henry Swarnhard, an artist of Nurem-
berg, as early as 1650. He seems to have kept his art

for some time secret; but the 'recei,pt was made public
by Pauli in 1725*. : :

# See Beckman’s History of Inventions, and Accum, Nicholson's Foir

nal, iv. 1.—The following advertisement, published by these gentlemed |

from a German publication of 1725, will give an idea of the method em*
ployed by that artist. * Fake spiritus nitri per distillationem, put it int®

a
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- MeTREen R R S SR ORIV i :
OF BORACIC ACID.

THE word borax first occurs in the wOrks of Geber,
an Arabian chemlst of the 1oth century It is .a name
given to a specxea of white salt much used by various
artists. Its use in soldermg metals appears to have been
known ta Agncola.
~ Borax is found mixed with other substances in Tln-
bery ¢ seemsrto exist In some lands adjacent to lakes,
from which it is extracted by water, and deposited in
those lakes ; whénce in sitmmer, when the water is
shallow, it is extracted and carried off in large lumps.
Sometlmes the water in these lakes is admitted into re-
servoirs; at the bpttom of Whlch, _Wh»\.n the water is ex-

.

@ 3 TS LR e

a retort, and apply a strong heat -thﬁ‘ it has passed over into the re-'

_ ‘ceiver, throw into it some powdered green Bobemian emerald (which,
‘when heated, sliineg in the dark), otherwise called fesphorus. © This be-
_ing done, place the receiver, containing the mixture, on a heated sand-
bath for about four-and-twenty hours, and it will be fit for the purpose.
To use this cotrosive acid, take a pane of glass of any kind, clean it well,
and free it from grease by washing with a ley ; and when dry, trace out
" upon it, with sulphur and varnish, whatever you choose. Puta border

of bees wax round it about one inch hzgh and then pour the cerrosive -

acid, prepared as bcfme directed, carefully over the whole strface of the
glass, and let it stand undnsturbgd for some time ; the longer the better.
The glass will become corrodeds; and all you had traced before will now
appear as if raised, or elevated, above the surface of the glaés, in a very
distinct and pleasing manner.”. ‘The hesphorus here mentioned was evie
dently flugr spar. A L
Vor. IL D 7

»

. History,
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haled by the summer s heat this salt is found Hem:e

TR carried to the East Indies, where it is in some me:«

sure punﬁe& and. crystallized ; in this state it comes to -
Europe, and is called t/ncal. In other parts of Tlnbet
it seems, by accounts received from China, they dig it
out of the ground at the depth of 2bout two yards,
where they ﬁnd it in small crystallme masses, called by

the Chinese mi poun, bout pouﬂ, and pm poum, and the' 1

oy
earth or ore is called pounxa* A =

Though borax has been in common use for nearly
three centuries, it was only in 1702 that Homberg, by
distilling 2 mixture of borax and green vitriol, disco-
vered the boracic acid. He called it narcotic or ‘fedalz"éze'
salt, from a notion of his that it possessed the proger—
ties indicated by these names. In his opinion, it was
merely a product of the vitriol which he had used; bnt
Lemery the Yourger soon after discovered, that it could
likewise be obtained from borax by means of the nltrlc
and muriatic acids. Geoffroy afterwards dlscovered ‘
that borax contained soda; and at last Baron proved; ’
by a number of experiments, that borax is composed
of boracic acid and soda; that it may be reproduced by

combining these two substances; and that therefore the

boracic acid is not formed during the decomposmon of
borax, as former chemists had 1ma~r1ned butis a pecu— .
liar substance which pre- existed in that salt. :
This conclusion has been called in question by Mr Cz-
dett; who affirmed, ‘that it was composed of soda, t//e -
mtr;ﬁable earth of cobper, another unknown metal, aml
muriatic acid. But this assertion has never been con=. ‘

n

# Kirwan’s Min, ii. 37. - 4 Four. de Physo 1782
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ﬁtmed by a smgle proof Mr. Cadet has only proved Chip. IV
L——v--,.,g

. that ‘boracic acid sometimes contains copper; ~and Beau-

mé’s experzments are suﬂiment to convince wus, that this

. metal 1s merely accxdentally present and that it is pro-,
bably derlved from the vessels emplo_y ed in crystalli-

zing borax ; that boracic acid general]y contains a little
“of the acxd employed to separate it from the soda Wlth
“which 1t is combined in borax ; and that crude borax
contains 2 quantity of earth 1mpe1fectly saturated with
boracic - acid.—All which may be very true ; but they
are altogether insufficient to prove that boramc acid is
not a peculiar substance since it displays propertles
different from eve1y other body. ;
Messrs Exschaquft and Struve* have enr_'ieavoured ; on
the other hand, to prove, that the phosphonc and bora-
cic acids are the same. But their experiments mere.ly

shew, that these acids resemble one another in several .
particulars ; and though they add considerably to our

: knowledae of the properties of the phosphoric acid, they
" are quite 1nadequate to establish the prmc1ple which
these chemists had in view ; since it is not sufficient to
prove the identity of the two acids; to shew us a resem-
blance in a few particulars, while they differ in many
others., Boracic acid must therefore be con51dered as a

dlsnnct substance. ' ' b

1. The easiest method of procurmg boracic acid i Prepafi:
the following one: Dissolve borax in hot water, and fil- tion:
ter the solution ; then add sulphuric acid, by little and .

little, till the liquid has a sensibly acid taste. Lay it
asuie to cool, and a great number of small shinin g lamia
nated crystals w1ll form These are the boracic acids

e jwr de Phys. xxvm 116
D2
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They are. ‘to Be washed W1t11 dold Water and dramed' ;

upon brown paper. , _
- 2, Boracic acid, thus procured is in the form of thim

hexagonal scales, of a silvery whiteness, having some

resemblance to spermaceti, and the same kind of greasy -

feel. . Tt has a sourish taste at first, then makes a bit-

terish cooling impression, and at last leaves an agreeable

sweetness. It has no smell; but when sulphuric acid

is poured on it, a’transien‘t odour of musk is produ-

ced s : : .

It reddens vegetable blues Its specifie gravity is
1.479+ while in the form of scales; after it has been
fused it 15 1. 8031 r ;

3. It is not altered by 11ght It is perfectly 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. ; 3

. It is much less soluble in water than any of the

ac1ds hitherto described.  Boiling water scarcely dis=

solves 0.02 ofboracic'acid, and cold water a still smaller

guantity. When this solution is distilled in close ves= -

sels, part of the acid evgporates along with the water,

and crystallizes in the receiver. Water, therefore, ren- |
ders it in sonre measure volatile, though i it is perfectly o
‘fixed when in a state of dryness. =

£ Neither oxygen gas, the simple combusnbles, the
simple incombustibles, nor the metals, produce amy
change upon boracic acid, as far as is at present known.

6. It is soluble in alcohol ; and alcohol containipg 1t

burns with a greenflame. Paper dipped into a solution
of boracic acid burns with a green flame.

* Reuss, de Sale Sedat. 1778. t Kirwan’s Min-. il. 4.
t Hassenfratz, Ann. de Ghim. Xxviii. I1.
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Though mixed with fine powder of charcoal, it is'ne-
vertheless capable of vitrification; and with soot it melts
into.a black bitumen-like mass, which is, however, so-

luble in water, and cannot be easily calcined to ashes,
but sublimes in part *,

With the a531stance of a d:stlllmg heat it dissolves in
oxls, especially in mineral oils; and with theése it yields

fluid and solid products, which give a green colour to

spirit of wine. ’

‘When boracic acid is rubbed with phosphorus, it
does not prevent its mﬂammatxon ; but an earthy yel-
low matter is left behind t.

It is hardly capable of oxidizing or dissolving any of
the metals except iron and zinc, and perhaps copper.

Boracic acid combies with alkalies, alkaline earths,
and alumina, and most of the metallic oxides, and forms

' compounds which are called borats.
Its affinities are as follows :
28 -Lime,
Barytes,
Strontian,
Magnesia,
Potass,
“Soda,
Ammoniz,
Glucina,
Alumina,
Zirconia,
~ Water,
~_ Alcohol.

¥ Keir’s Dictionary. - $ i

.D3 \
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_ The comiponent parts of thls acid are stxll bt Impers
fe ctly known. Fabroni has announced. that he considers A-""
itasa modlﬁcatlon of muriatic acid, and that it may be
prepared from that acid; but he has not yet published
the experiments upon which these opinions aré found-

‘ed*. A very curious set of experiments have been
1ately made on it by Crell. By digestiag Oxy-muriatic
' acid on it for 4 very long. time, he succeeded in decom-

posing 1t, and obtamed from 1t a substance exactly re»

~ sembling charcoal in its properties ; and a volatile acid

resembling the muriatic in the greater number of its
properties, but differing from it in not precipitating lead
from its solutiont.

5

* Fourcroy, 1. y28.

+ Arn. de Chim. x5xv. 202,—Crell COﬂpldﬁl'n this valatxle acxd :ss ver;
w_n'.lal to the sebacic,’
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CLASS 1. e,

ACID SUPPORTERS. -

: l HE ac1d suppor ters are dlstmgulshed by the fo]low.
ing propertxes ks
; 1. They cannot be pmduced by - combustlon Hence
7 their base 1s elther a sunple 1ncombustxb1e or a metallic
oxide. . :
2. They: are capable of supportmg combustlon. Hence
they readily acidify the combustible bases, and convert
most of the rheta]b into oxides, 5
* 3. They are decomposed by exposure to'a high tem-

i pemture g thelr oxygen in that case makmg its .escqpe
Jin the state of a gas..

~ The only acids which. _possess these properties in per-
fection are those which have the simple incombustibles
_and arsenic for their bases; ; but from_ analogy I refer
the whole of the metallic acids to this head. None of
them can be produced by combustion ; and as they

contain a maximum of oxygen, they are of course in-

_combustible : They‘can‘not.thc‘lefore be referred toany. .

- of the other two classes. In compliance with the usual

custom of chemvsta, T have reserved for this place an.

'~ acconnt of thie properties of liquid muriatic acid, which
constitutes the base of two. of the acid supporters. :
Dy :

5
Chap. 1V.
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I)Bﬁok “I The follov(zing TABLE exhibits a view of all the acid
1vision 2
by~ supporters, their composxtlcm, and the proportion of
their constituents, as far as they haye been ascertained,

Number e i T Propertion of

and compo- Aqu. . Bases. rg};(;g;onx'l o

smon Vo S i
Nitrie Azote 0.705%
'Oxymurlatlc { Muriatic acid | oF0 ;
Hyperoxymurlatlc : - 0.65
Arsenic +Arsenic - .0.346
Tungstic : Tungsten o020
Molybdié .Mfolybdenum A
Chromic . Chromium . Q.67

| Columbic - Columbium

Saome of  these acids are of great importance in che-
mistry. - This is chiefly owing to their activity ; for
which they are indebted to the state of the oxygen
which they contain. The theory of Lavoisier applies :
with precision to this class of acids as well as to the

ﬁrst f
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Nirric acin seems to have been first obtained ina

separate state by Raymond Lully, who was born at Ma-
‘jorca in 1235. He procured it by distilling a mixture

vy of nitre and clay Basil Valentme who lived in the

15th century, describes the process minutely, and calls
the acid water of nitre. It was afterwards denomina-

ted agua fortis and spirit of nitre. The name witric acid -

‘was first given it in 1787 by the French chemists.

- 1. It is generally obtained in large manufactories by
. distilling a mixture of nitre and clay ; but the acid pro-
~ cured by this process is weak and impure.- Chemists
generally prepare it by distilling three parts of nitre
and one of sulpfluri_c acid in a_glass retort. This me-

thod was first used by Glauber. The neck of the re-

tort 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 safe-
ty *. From the:“other. mouth of this bottle there passes

»

% 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 reaches down
through the tube and prevents any injury to the vessels. On the other
hand, if air is generatcd in the vessels, it forces the water up the tube,
the height of which betomies thus the measure of the elasticity of the air

in the vessels. By this contrivance the apparatus is in ne danger of be-

ing broken, which etherwise might happen.

57
Chap. IV.
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-a tube into 2 pneumatic apparatus to collect the gas

which is evolved during the process. The apparatus | 'u?
is represented in fig. 12. The retort is to be heated
gradua]ly almost to redness. The nitric acid ‘comes:
over and is ‘condensed in the receiver, while the coms
mon air of the vessels, and a quantity of oxygen gasn

which is evolved especially towards the end of the pro. -

_ cess, passes into ‘the pnenmatlc apparatus, and the wa-~

- ter in the bottles is 1mpregnated mth some acxd whmh. %

. most always ‘contains muriatic and sometimes sul_phur.,-‘-;. :
“ous acid.  These may be removed by distilling it over

-1s not condensed in the receiver.

The acid, thus obtainéd, is of a yellow colour, and al- <%

again with a moderate heat, and changmg the receiver
after the first portion; which contains all the forelgn a-v.
cids, has passed. = It still contains a quantity of nitrous
gas, to which it owes its colour and the'red fumes
which it exhales: This gas may also be eipelled by
the application of heat. = Pure #itric acid remains be-
hind, transparent and colourless, like water. - i
2. When newly prepared in this manner, it isalie |
quid as 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 ra part of its ox-
ygen in the form of gas ; and thus, by convertlng.lt
partly into nitrous gas, to make it assiime a yellow co-
lour. Its tasteis exceedmgly acid and peculiar. Itis

very cotrosive, and tinges the skin of a yellow colour,

which-does not disappear till the epxdermls comes off.
It is constantly emitting white fames which have an 2= |
crid disagreeable odour. :
3. It has a strong affinity for water, and has never yet
been obtained except mixed Wxth._that liquid. When

<
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quehtly 'wés 1439

16.901‘ 5 !
of alkali was 50.05 — 14 = 36.05. - The quantity of
standard acid employed was 66.7. The whole of which

amounted to 102.7§ grains; but as only 85.142 grains

entered into the composition of the salt, the remaining
17. 608 must have been pure water mixed with the ni-

e s 3.142 grains. The iiuantityl

tric acid. “Buy if 66.7 of standard acid contain 17.608 -
of water, 100 parts- of the same acid must contain

26.38*.

One hundred parts of standard nitric acid, therefore, .

" is composed of %3.62 parts of pure nitric acid and

26.38 of water, But as Mr Kirwan has not proved
that nitrat of soda contains no water, perhaps the pro-
portion of water may be greater. He has rendered it
probable, however, that nitrat of soda contains’ very
little water. : i
Mr Kirwan’s real acid, then, is nitric acid, of that
degree of strength which enters into- the composmon of
nitrat of soda. = The proportion of this real acid, con-
tained in nitric acid of different specific gravities, has
been given by Mr Kirwan in the following TABLE:

 * Irish Tyans. iv. 1.

S i

lesulle L
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" 100 Parts Real - 100 Parts Real
Sp. Gravity. Acid. |l Sp. Gravity. Acd. -
1.5543 17354 1.3364 | 41.91
_T.5295 4 69.86 1.3955 W4 1.18
25083 L6g.na M 1.3204 | 40.44
I.5070 | 68.39 1.3212 | 39.71
1.4957 | 67.65 1.3160 | 38.97

“1.4844 | 66.92" | 1.3108 | 38.34

SR ag2 P66 a8 W igos6 19D

- 1.4719 | 65.45 I 1.3004 | 36.77
1.4707 | 64.71 I.2011 | 36.03

- 1.4605 | 63.98+ Il 1.2812 | 35. 30—{—
F.4683 | 63.22 || 1.2795 | 34.56

“ 1.4691 | 6250 i 1.2979 | 33.82
L1.4640 3 61.77 1.2687 | 33.09.
I.4611 | 61.03 ‘Il 19586 | 22.55
1.4582 | 60.30 " I 1.2500 | 31:62
1.4553 | 59-56 |l 1.2464 | 30.88
I.4524| 5383 1.2419 | 30.15
1.4471 | 58.09 1.2374 | 29:41
1.4422 | 57-30 k2o log68:

| 1.4373 | 56.62 1.2209 | 27.94
1.4324 | 55.89 1.2180 | 27214
FEags s 5 g sl 1o | 26 4% :
1.4222 | §4.12- 1 12033 | 25.954|
L.4ig1.| 5368 N 52015 | 25.00

' 1.4T20 | 52-94 1.1663 [724.96
1.4069 | 52.21 L EGLE. JEazics
1.4018 | 51.47 1.1845 | 24.99
1.3975 | 59:74 " | T.1779 | 22.06
1.3g25 | §0.00 “aoLgon | adis o
1.3875 | 49-27 1.1639 20‘.59
B3825 4853 ol r e8| 108
1.3775. | 4780 Eiiso4 | 1902
1.3721 | 47:00 T.1421 | 18.48
1.3671 | 46.33 1.1319 | 17.65-
1.362% | 45-59 ' jl-1.1284 | 16.91

c r.gtnL | 44.864 1" 11241 4 16.17
T.362F | 44.12 1.1165 | 15.44
1.3468 | 43.38 G Ol T o)
1.3417 1742.65 T.1040% 13421

62
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DBwkﬂl : Mr Davy considers as pufe a°1d the perman'\
s o elastic vapour or gas formed by saturating nitrous gas

with oxygen gas. This gas is of a pale yellow dﬂt; ;

and a specific gravity 2.44 times that of air. It is not
pure acid, containing undoubtedly a portion of nitrous -
' gas The follow:mg TaBLE exhibits the proportion of
this acid contained in nitric acid of different densmes,
according to the expenments of that mgenmus che-

mist*."
| 100 Parts L T
| Nitric Acid; | True Acid. Water..
ofﬁP.‘Gr. ; !
1 155040 | 91535 8.2%
1.4475 | 80.39 19:00 % 5
dagadsiil 90660 e 28c8 .
1.3906 | 62.96 | 3704 | =
f 1.3551 | 56.88 "] 33.12
©, T 113186 | g2.03 47- 97
| 1.3042° | 49.04 | 50.96 e
1.2831 Jeeab.03. ki 520l v
1.2090 | 4§5.27 5473 :
Actionof 4. When nitric acid is exposed to the action of heaty

it boils at the temperature of 2484, and evaporates com=

pletely’ without alteration; but when made to pass »f’
through a red hot porcelam tube, it is decomposed and
converted into oxygen and azotic gas:[: ‘When cooléd

down to —66, it begins to conoeal, and when agita-
ted, it 1s converted into a mass of the conslstence:r of
i butter§ :

. * Davy’s Rescarches, p. P i + Be;gman, 1l T42s
.} Fourcroy, ii. 82. :
§ Fourcroy and Vauquelin, Ann. de Chim. XXix. 282+
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5. Oxygen gas has no action whatever on nitfic acid;
but all the simple combustibles decompose it, unless

 weare to except the diamond. When poured upon

sulphur or phosphorus * at a high. temperature, it sets
them on fire; but at a moderate temperature it con-
verts them slowly into ac1ds, while nitrous gas is ex-
haled. It inflames charcoal also at a high temperature,
‘and even at the common tempe‘atute, provided the
charcoal be perfectly dry and minutely divided +. Hy-
drogen gas produces no change on it at the tgmperature
of the atmosphere; but when passed along with it thro®

~a red hot porcelain tube, it detonates with great vio-
lence ; 'water is formed, and azotic gas evolved 1.

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 go 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 this acid was
first taken notice of by Borrichius and Slare ; 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 coritain watery which must be previously

{

% According to Brugnatelli, when 2 bit of phosphorus is wrapt up in
paper, dipt in nitric acid, and struck smartly with a2 hammer upon an
anvil, a detonatiou takes place.® Four. dz Chim. iv. 11 3 —With me, how-
ever, the experiment did not succeed. ‘

t Proust. i © f kourcroyyii. 82, «

Chap. 1v.
e ——
Action of

simple sub-
stances,
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Dlzggﬁ)xl‘l-,_ removed. The sulphuric acid combines with "th'is Wa.
: ter, and allows the nitric acid, or rather the o1l and ni-
“tric acid together, to act. The drying oils do net re«
qmre any sulphurlc acid : they have been boﬂed and
consequently deprived of all moisture.

53 izote has no action on nitric 2cid ; but muriatic
acid decomposes it by combining mth a portlon of its
oxygen, nitrolis gas and oxymunatlc gas bemg evole
ved. i

i

6. It is capable of omdlzmg all the metals except’
gold, platinum*, and titanium. ° It appears, from the
experiments of Scheffer, Bergman, Sage, and Tillet,
that nitric acid is capable of dissolving (and conse-
quently of oxidizing) a very minute quantity even of
gold: : f

It even sets fire to zinc, bismuth, ‘and tin, if it be
poured on them in fusion, and to ﬁhngs of iron if they
be perfectly dry+.

#. Nitric acid combines with alkalies, ear*hs, and the

oxides of metals, and forms compounds which are call= -
ed nitrats. -

Affinities. 8. The order of its affinities is as follows :
; Barytes, ‘

Potass, o e
SOda,- : 3 . .
Strontian,

A5
seenE Sl e

Lime; e p
Magnesia,

#* Nitre, however, acts upbn i:latinum,, as Mr Tennant has p!'OVCd-
Phil. Trans. 1797—Morveau had made the same observation in the £k
mens de Chimie de I’ Academie de Dijon.

+ Proust, Dijon Academicians, and Cornette.

.
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Ammonia,

Glucina,
59 t Alumina,

Zirconia.

Chap. IV.

9. Nitric acid is one of the most important instru- COmPOS'*

ments of analysis which the chemist possesses ; nor isit
of inferior consequence when considered in a polmcal
or commercial view, as it forms one of the most essens
~ tial ingredients of gunpowder. Its nature and composi-
tion accordingly have long occupied the attention of
philosophers. - Let us endeavour to trace the various.
steps by which its component parts were discovered.

As nitre is often produced upon the surface of the
" earth, and never except in places which have a commu-
nication with atmospherlc air, it was natural to suppose
that air, or some part of the air, entered into the com-
posmon of nitric acid. « Mayow having observed, that
nitre and atmosphencal air were both possessed of the
property of giving a red colour to the blood, and that

air was deprived of this property by combustion and

respiration—concluded, that nitre contained that part of
the air which supported combustion, and was neceuary
for respiration.

Dr Hales, by applying heat to nitric acid, and what
he called I/Valfon mineral, obtained a quantity of ait
possessed of singular properties. When atmospherical

" air was let into the jar which contained it, a reddish
turbid fume appeared, a quantity of air was absorbed,
and the remainder became transparent again *. Dr
Priestley discovered, that this air could only be obtain-
ed from nitric acnd ; and therefore called it nztrous air's

e — e b —_—

* Peget. Statics. il 284/;
Vou. IL. E
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He found, that when this gas was mixed with oxygen

gas, nitric acid was reproduced. ‘Here, then, we find

5

FE

el as

that oxygen is a part of the nitric acid, and consequent- -

ly that Mayow’s affirmation is verified.
Dr Pnestley, however, explained this fact i in a diffe-
rent manner. According to him, nitrous gas is compo-
‘sed of nitric acid and phlogiston. When oxygen is add-

ed, it separates this phlogiston, and the acid of course

is precipitated’  This hypothesis was adopted by Mac-
quer and Fontana ; and these three philosophers endea-
voured to support it with their usual ingenuity. But
there was one difficulty which they were unable to sur-
mount. When the two gases are mixed in proper pro-
portions, almost the whole assumes the form of nitric
acid'; and the small residuum (;%th part), in all probabi-
lity, or rather certainly, depends on some accidental im-
purity in the two gases. What then becomes of the

: Siyaen and phlogxston ? Dr Priestley supposed that they

ormed carbonic acid gas; but Mr Cavendish proved,
‘that when proper precautions are taken, no such acid
appears *.

Dr Priestley had procured his nitrous gas by dlssol-
ving metals in 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 re-
ceived theory, must have lost phlogiston) during its for-

‘, mation. Mr Lavoisier proved, that this supposition was
ill-founded, by the following celebrated experiment+.
“To 945 grains of nitric acid (specific gravity 1.316) he

>

& Phil. Trans. 17%4s . +M Par. 1776, p. 673-

e
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added 1104 grains of mercury. During the solution Chap. 1V.
‘-—d—v—_l

273.234 cubic inches of nitrous gas were produccd

- He then distilled the salt (oxide of mercury) 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 incheés. All that

‘had happened, therefore, during the solution of the mer- .

cury, was the separation of the acid into two parts ; ni-
trous gas Whlch flew off, and oxygen which united with
the metal. :

Mr Lavoisier concluded therefore, that the who]e of

the nitrous gas was derived from the nitric acid ; that
nitric acid is composed of oxygen and nitrous gas; and
that the proportions are nearly 64 parts by weight of
nitrous gas, and 36 of oxygen gas.

But there was one difficulty which Mr Lavoisier ac-
knowledged he could not remove. The quantity of

‘oxygen obtained by decomposing nitric acid was ofte

much greater than what was necessary to saturate the

nitrous gas. Mr De Morveau attempted to account for

this ; but withoutsuccess *. Nitrous.gas itself was evi-
dently a compound: but the difficulty was to discover
the ingredients. Mr Lavoisier concluded, from an ex-
periment made by decomposing nitre by means of char-

_ coal, that it contained azote ; and several of Dr Priest-

ley s experiments led to:the same result. But what was

the other ingredient ? 2
Mr Cavendish had observed, while he was makmg

_experiments on the composition of water, that some mi- -

. Encyc Metbad Chim. Acide Nitrigue,
B !
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BookIL  tric acid was formed during the combustion of oxygen
Division -
e and hydrogen gas, and that its quantity was increased by
adding a little azote to the two gases before'the explo-
sion, Hence he concluded, that the formation of ithe
acid was owing to the accidental presence of azotic gas. .
To verify this conjecture, he passed electrical sparks
‘through a quantity of common air inclosed in a glass
tube: the air was dummshe&d and some mmc acid
formed. He repeated the experiment; by mixing toge- i
ther oxygen and azotic gas ; and found, that when they
bore a certain proportion to each other they were total- j
ly convertible into nitric acid. In one experiment the
proportion of azote to oxygen (in bulk) was as 416 to %
914; in another, as 1920 to 4860 *.

"These experiments were immediately repeated by
Messrs Van Marum and Van Troostwyk, and with near-
ly the same result. '

The most convenient method of performing them is
the following : Take a glass tube, the diameter of which
is about the sixth part of 2 an inch; through the cork
that shuts one end of which let a small metallic con-
ductor pass with a ball at each end. Fill this tube with
mercury, and plunge its open end into a bason of mer-
cury : then put into it a mixture of 0.1 3 of azotic and
.0.87 of oxygen gas, till it occupies three inches of thc,
tube ; and introduce a solution of potass till it fill haﬁ
an inch more. Then, by means of the conductor, make
electrical explosions ! from a very powerful machine) to
pass through the tube till the air is as much diminished
as possible. Part of the potass will be found convert :

AVE

c * Phil. Trans. 1783
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a ‘go,od'dgal more gas had disappeared than in the expe-
riments of Mr Cavendish. This difference evidendy

. depends on the quantity of potass contained in a given

weight of the solutien. The solution. whrch Mr Van
Marum used was no doubt strongcr than that which Mr

, Cavendxsh employed. e 4

* Dr Priestley had observéd several years before these
experiments were made, that atmospherical air was di-
minished by the electric spark, and that during t the di-

‘minution the infusion of turnsole 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, enounced the alteration

“of hme-water by it asa proof of hisopinion. It wasto

refute this notion that Mr Cavendish undertook his ex-
periments; Hc has since that nmc repeated them with

‘the same success *
It cannot be. dmubted then, that nitric acid is compo-

sed of, azote and oxygen ; consequently 11:§rous gas 15 al-

Tar L ¢ z 2 - .
so composed of the same ingredients, = And as nitrous
gas absorbs oxygen, even from common dir, and forms

_with it mtrxc acid, it 16’ ev1dent that nitric acid contams

more oxygen than nitrous gas. ‘But it is excccdmbly‘
difficult to ascertain the exact proportions of the compo=
nent parts of this acid. Lavoisier concluded, from his

_experiments on the decomposition of nitre by charcoal,
shat nitric acid is composed of one part of azote and

j % Phil. Trans. 1788,
E 3

y

6y

'ed.i‘nto nitre.  Mr Cavendish actually saturated the .Chap. V.
 potass with this acid. Mr Van Marum did not, though:
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four parts of oxygen *. But Davy has shown, that this

“decomposition is more complicated than had been sup-

posed ; and that Lavoisier’s experiments by no means
Wwarrant the conclusion which he drew from them t.
Cavendish, on the other hand, coneluded, from his ex-
periments, that the acid which he formed, by combmmg
together azote and oxygen by means of electricity, is
composed of one part of azote and 2.346 of oxygent.
W1th this result the late expenments of Mr Davy cor-
respond very nearly. He formed his: standard acid by
combining together known quantities of nitrous gas and
oxygen. According to him, ico parts of pure nitric
acid are composed of 20.5 azote
; i S 50.% oxygen

100:0 §
or 1 part of azote and 2.39 of oxygen.,

This, in all probabxhty, ‘does not differ much from.

the truth. If there be an error, the proportion of oxy- .

gen is under-rated for Mr Davy s standard acid cer-

; tamly contamed nitrous gas combined with it, the pro-

portion of. whxch it was 1mpossxble to ascertam exactly.

Nitric acid is seldom in a state of absolute purlty,
holdmg usually a certam portlon of nitrous gas in solu-
tion. In this state it is distinguished by the name of
nitrous acid ; 2 compound of ‘such 1mp01tance that T
sha]l conmder itina separate Section.

¥ Mem. devSav. Etrang. 3i. 226, + Davy’s Researches, Ta 44s
3 Prid. Trans. lxxm. : § Davy's Researches. p. 11s

Slmbie.
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_OF NITROUS ACID.
e HE hqu:d at present called nitrous zzmd by chemists

may be formed by causing ‘nitrous gas to pass through
- nitric acid. The gas is absorbed, and the acid assumes

~a yellow colour, and its specific gravity is diminished.

It is then denominated nitrous acid. Tt is 'always in
this state that it is obtained by distilling 2 mixture of,

sulphuric acid and nitre. The acid of commeree is al-

ways nitrous acid. ' The ni'tric and nitrous acids were

yacied
C?‘m'p. s

Histor y-

first dlstmguxshed with accuxacy by Scheele. The lat-

ter was for some time known to chemists by the name

of p/a/ogwnrated nitrous mad because it was considered
as a compound of nitric acid and phlogiston. 4

The nafure of nitrous acid was first investigated By
Dr Priestley, who demonstrated, by very decisive ex-
periments, that it is a compound of nitric acid and ni-
trous gas. This opinion was embraced, or rather it
was first fully developed, by Morveau®. But the the-
ory of Lavoisier, which suppo's-cd the difference between
nitric ‘and nitrous acids to depend merely on the firgt
; contammo' a greater proportion of oxygen than the se-
cond, for some time drew the attention of chemists
from the real nature of nitrous acid. Raymond pub.;
lished a disserration in 1796, to demonstrate the truth

® Eneye. Metbod. Chim. i. 38,
Egq

A com-
pound of
nis rxc Acid
¢ mitric
o:i_ide,
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of the theory of Priestley and Morveau ; and the same
thing has been done still more lately by Messrs Thom-
sonand Davy*. At present it is allowed by every one,
that nitrous acid is in‘erely nitric acid more or less im-
pregnated with nitrous gas. .

This being the case, and nitric acid being capable of

-absorbmg very different proportions of nitrous gas, it
“is evident that there must be a great variety of nitrous

acids, differing from each other in the proportion of
nitrous gas which they contain ; unless we choose to
«confine the term mitrous acid to the compound form-

‘ed by saturatmg nitric ac1d completely with nitrous

gas. £ : i
"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 con-
siderable portioﬁ 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 fu‘lly saturated, it be-
comes blue green. Its volume and its volatility also in-

crease with the quanuty of gas absorbed 5 and when .
Fully saturated it assumes the form of a dense vapour,

of an excecdmgly suffocatmg odour, and dxﬂicultly con-
densible by water. In this state of saturation it is dis-
tinguished by Dr Priestley by the name of aitrous acid
vapour. It is of a dark red colour, and passes through

* water partly without being absorbed.  The quantity of

nitrous gas absorbed by nitric acid is very great. Dr
Prxestlcy found, that a quantity of acid, equal in bulk ta

. * Davy’s Researches, p.i 3‘0.

ol

3
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four pennyweights of water, absorbed 130 ounce mea- Chap. 17,

sures of gas without being saturated*. The component -
parts of nitrous acid, of different colours and densities,
may be seen in the following TaBLE, drawn up by Mr
Davy, from experiments made by him on purpose, with
much prccxsxon-r , g
2 . . Léonﬁponént Parts, Varicties,
1c0 Parts Sp. Gray.\— _ i
: Nitric Acid] Water | Nitrous Gas
Solid nitric acid | 1.502 | 91.55 | 8.45 —_
| Yellow nitrous | 1.502 | go.§ 8.3 2
Bright yellow . |1.500 | 88.94 | 8.10 96
Dark .orange .. |1.480 | 86.84 | 7.6 5.56
tLightolive .. .|1.479 | 86.00 | 7.55 6:45 :
Dark olive .. . |1.478 G 45,35 R
Bright green . . |1.476 | 84.8 744 7476
Blue green ...|1.475 | 84.6 7.4 8.00"

*Fhe colour of nitrous acid depends, in some measure,
.also on .the proportion of water which it contains.
When toiyellow nitrous acid concentrated, a fourth
part. by weight of water is added; the colour is chan- -
ged to a fine green; and: when equal parts of wa-
tér are added, it becomes blue{. Dr Priestley obser~
‘ved, that water impregnated with this acid in the state
-of vapour became first blﬁe, thep: green, and lastly yel-
“low. A green nifrous acid became orange-coloured
while hot, and retamed a yellow tinge w hen cold. .A )
“blue'acid became yel ow o1 being heated in a tube her-
megically sealed. . An orange-coloured acid, by long

# Priestley, 1. 383. + Davy’s Researches, Py 37+ 1 Bergman.
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keeping, became green, and afterwards of a deep blue;
and when exposed to air, resumcd its ongma] colour, -
‘When nitrous acid is exposed to heat, the nitrous gas
is expelled, and nitric acid. remains behind.. The’ gas,
however, carries along with it a quantity of acid, espe~
cially if the acid be toncentrated. But nitrous acid
vapour is not altered in the least by exposure'to heat®,

It is not altered by oxygen gas, common  air, nOr by
azotic gas. ' : :

The simple combustibles and metals act upon it pre-
cisely as on nitric acid. It answers much- better than
nitric acid for inflaming eils and other similar bodies..

It converts sulphurous and phosPhomus acids into
sulphuric and phosphoric.

Nitreus acid vapour is absorbed by sulphuric’ acxd
but seemingly without preducing any change; for when
water is poured into the mixture, the heat produced
expels it in the usual form of red fumest. The only
singular circumstance attending this impregnation is,
that it disposes the sulphuric acid to crystallizet. This
fact, first observed by Dr Priestley in 1777, was af-
terwards confirmed by Mr Cornette.

# Fourcroy, il 95- t Priestley, iii. 144. t 1bid. p. 156.

§ Bernhardt, however, relates, in 1765, that once, when he was distik
ling 2 mixture of ten pounds of nitre with an equal quantity of calcined
vitriol, which he had put into a retort, to which was fitted an adopter
between the retort and the receiver, which contained a quantity of wa-
ter— he obseryed a considerable quantity of a white crystalline salt form-
ed in the adopter, while the liquid acid passed as usnal into the receiver-

“This salt was very volatile, smoked strongly when it was exposed to the

air, and exhaled a red vapour; it burnt, to a black coal, wood, feﬂﬂ)ers, i
or linen, as sulphuric acid does ; and where a piecé of it fell, it evapora-
ted in form of a blood-red vapour, till the whole of it disappeared. Half
an ounce of these cr,ystals dis <olv'=d n water with spurting: and hissings



- It is' absorbed also rapidly by nitric acid, which as-
sumes the different colours which: distinguish  nitrous
acid, according to the proportion which it imbibes. :

Nitrous acid combines with alkalies, earths, and pro-
: bably also with metallic oxides, and forms salts known
by the name of mstrites ; but as these combinations can-

not be made directly, the aﬂimtles of thls acid are un-

known. e ;
“ It is this acid, or this compound of nitric acid and
‘nitrous gas, which is usually employed by chemists in

their experiments; and for the greater number of pur- -

poses it answers even better than nitric acid.

.

\

SECT. TII.

'OF MURIATIC ACID.

As the composition of this acid is still unknown, and
as it has the property of combining with oxyge'n, it be-
fongs, in the present state of chemistry, to the class of
simple mcombustlbles. I have accordmgly described
its distinguishing properties in the first Division of the
first Book. But in compliance with the usual custom
“of chemists, 1 have reserved for this place an account
of ligrad muriatic acid, or muriatic acid combined with
water, in which state it is usually employed.

‘

Jike that of a red hotiron dipped in water, and formed a green nitrous
acid.  Some of this salt being put into a bottle, hich was not well stop-
ped, entirely vanished. These crystals Were evxdently the same with Dr
.Px!cstley s. See Keir’s Dictlonazy. -

MURTATIC. =~ * i

75

Chap. 1v.
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Book IT. Muriatic acid appears to have been known to Basil
Division I
».._.y_. Vakmme but Glauber was the first who extracted it
. from common salt by means of sulphuric acid. It was
firs: called sparit of salty afterwards marine acid, and
now, pretty generally, muriatic acid*.. It is prepared
for commercial purposes, by mxxmg together one part
‘of common salt and seven or eight parts of clay, and
distilling the ‘mixture; or by dxsnt% the wsual pro-
portion of common salt and “sulphuric acid, and re-
ceiving the product in'a receiver containing water. By
these processes it is obtained combined with water and -
forming a liquid; the only state in which it was known
till Dr Priestley discovered the method of obtammg it
perfectly puze in a gaseous form. :
Prepara- 1. Liquid muriatic acid may be procured in a state
2ot of purity by the following process: A hundred parts of
dry common salt are put into a glass matrass, to which
there is adapted a bent glass tube that passes into a
small Wolf’s bottle. - From this bottle there passes also.
2 glass tube into another larger bottle, containing. a.
quantity of water equal in weight to the common salt
employed.  When the apparatus is properly secured by
kuting, 75 parts of sulphuric acid are poured into the
commen salt through a mouth of the matrass, furnished
with a proper stQppcf. . Heat is then ‘applied. ‘Bhe ¢
sulphuric acid displaces the muriatic acid, which passes, ~
over and is condensed in the water of the large bottle,
while any sulphuric acid that .may be driven over by the
hieat is condensed in the smaller bottle, and thus does
* aot injure the purity of the muriatic acid. -

Fen grains of water are capable of absorbing ten

)
¥ Yrom muriaa.
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grains of the gas. The solution thus obtained occupies

the space of 13. 3 grains of water neaily. Hence its

 specific gravity is 1.500, and the dcns:ty.of the pure

muriatic acid in it is 3.03*. During the absorption of
the gas, the water becomcs hot; and its bulk is increa-
sed  Ice also absorbs this gas, and is at the same time
liquefied. . The ‘quantity of this gas absorbed by water

_diminishes as thesheat of the water increases, and at 2

bmlmg heat water will not absorb any of it. When

Wwater impregnated with it is heated, the gas is again-

expelled unaltered. Hence muriatic acid gas may be
procured by heating the common muriatic acid of com-

merce. It was by this process that Dr Prmtlcy first

obtained it. :

2. The acid thus obtained is colourless : it hasa strong
pungent 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, meg tg a small quantity of oxymunatlc acid,

with which it is impregnated* T

* For let D = the density of a mikture ; 7 the weight of the denser
ingredxent 5 dits density; /the Welght of an' equal bulk of water; and

I+7

: 20
-above case, m+m":_- 20, and /42 =13.3. Then D:-l—s—s- =15

oty d'y; d /2 the same eiemenrs of the rarer: Then D = 2 4 ln the

‘Now to find the speéiﬁc gravity of the cox\xde'nsed muoriatic acid gas, we

SLorery
‘have from the ~above equation 1 = + WD = ;is' =333 and 4
= mT= % = 303.—See Imb ‘Tnlm-action.r, vol. iv.

This calculation, however, is formed wupon the supposition’ that the
water suffers no condensation at all—a supposition certainly contradicted
by every analogy, and which, as Mr Keir has shewn, the experiments
mentioned in Mr Kirwan’s first paper =ve insufficient to prove-

+ In general it contains also a little : u-on

-

Propertics.
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3. As muriatic acid can only be used conveniently

&~ when dissolved in ‘water, it is of much consequence to

Strength.

Action on
icsy

know how much pure acid is contained in a given quan-
tity of liquid muriatic acid of any particular density.

Now the specific gravity of the strongest muriatic
acid that can easily be procured and preserved is 1.196:
it would be needless, therefore, to examine the purity
of any muriatic acid of superior density. Mr Kirwan
calculated that muriatic acid, of the density of 1.196,
contains 4% parts of acid of the density of 1. 500, whxch
he took for the standard, or 0.2528 of pure acid : the_n,
by means of experiments, he formed the following
TasLE:

" 100 Parts Real 100 Parts | - Real
Sp. Gravity.| Acid. Sp. Gravity.| Acid.
1.196 25.28 1.1282 | 16.51
1.191 23.96 . 1.1244 | 15-99
1.18%5 24.2§ 1.1206 | 15.48
1.183 23.73 1.1768 P 14.96
r179 | 23.22° || 11120 | 14.44
E.175 - led2.50 1.1078 | 1393
Ligr | 22.18 1.1036 | ‘I3 41
1.167 21.67 1.0984 | 12.90
LGz e 1.0942 | 12.38
1.I159 20.64 ' | 1.0910 | 11.86
AT 20.12 | 1.0868 | 11.3%
1.151 19.60 1.0826 | 10.83
1.147 19.09 1.0784 | I0.32
1.1414 | 18.57 1.0742 9.80
11.1396 | 18.06 1.0630 | 8.25
1.1358 | 17.54 1.034% 5-16
1.1320 | 17.02 1.0169 2.58

4. This‘ acid does not act upon the simple combusti~ ¢
bles nor incombustiblcs..
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5. Tt readily: oxydizes and dissolves iron and zinc. Chap.IV.

Copper is slowly dissolved by it in open vessels ;. but in
close vessels its action is limited by the quantity of com-
mon air present. By the assistance’ of Heat it dissolves
copper, tin, bismuth, cobalt, n«ickel manganese, anti-
mony, and arsenic. Ata bmlmg pmnt it acts upon
lead, and even on silver, though but feebly. It hasno
action on gold, platinum, mercury, tungsten, molybde-

num, tellurium, and titanium. It dissolves metallic

oxides more, readlly and completely than any other
acid.

6. It combines Wxth the alkalies, earths, and wath * Moriare.

most of the metallic oxides, and forms salts, known by
the name of mureats. :

7. The affinities of munanc acid are as. follows - Affinities.

Barytes,
Potass,
Soda,

. Strontian,
Lime,
Ammonia,
Magnesia,
Glucina, ,
Alumina,
Zirconia,
Metallic oxides.

8. When electric explosions are made to pass through Action of
muriatic acid gas, its bulk is diminished, and hydrogen electricity-

gas is evolved. At the same time, if the experiment
be made over mercury, a quantity of muriat of mercu-
1y is formed. These changes continue to take place
for a limited timé only, after which electricity ceases to
produce any farther change. - They are always propor- .
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tional to the moisture of thegas; and have been shewn
by Mr Henry to be owing to the decomposition of the
water held in solution by the gas. The oxygen of that
water combines: with part of the acid, and forms oxy-
muriatic acid, ;fwrhilé its hydrogen is set at liberty. Mr
Henry has shown that 100 cubic inches of muriatic acid-
£as, after being made as dry as possible by standing over
quicklime or tther bodies which absorb moisture, still .
contain 1.4 grains of Water in Solution.  But this water
may be completely decomposed and removed by means
of electricity. Here then is a method of depriving this

: 'gzs'_'altogether of water *. 'When muriatic acid gas and

«earbureted hydrogen gas are mixed, electricity decom- |
poses the water, and carbonic acid and hydrogen gas are
evolved. After the water is completely decomposed
electricity produces no farther effect t.

9. Morveau first shewed, that muriatic acid, in the .
state of gas, neutralizes putrid miasmata, and by that
means destroys their bad effects. 1n 1773, the cathe-
dral of Dijon was so infected by putrid exhalations, that
it was deserted altogether after several unsuccessful at-
tempts to purify it. Application was made to Mr Mot-
veau, at that time professor of chemistry at Dijon, to
see whether he knew any method of destroying these
exhalations. Having poured 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 precipitately,
and shut all the doors. The muriatic®acid gas soon
filled the whole cathedral, arid could even be perceived

% Nichelson’s Fournal, iv. 209. + Henrys Ibids
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at the door. - After twelve hours, the doors were thrown
open, and a cur®nt of air made to pass through to re-
.move the gas. This dest’royed com_pletely every putrid
odour *.

9. By particular freatment muriatic acid may be '

made to combine with oxygen. The resulting com-
pounds are the two acid supporters, called oxymuriatic,

and hyperoxpmuriatic acids. Thess we shall examme',

in the following Sections- -

“SECT. 1V.

g OXYMURIATIC ACID.:

)

3z

Chap. IV«
xasgy

T'ri1s acid was discovered bj' Scheele in 1774, during ' Hisory.

his experiments on mangancse. He gave it the name of
: depb/ogzstzcated mupriatic acid, from the supposition that
it is muriatic acid deprived of phlogiston.. The French
chemists, after its composition had been ascertained,
called it oxygenated muriatic acid; which unwieldy ap-
pellation Kirwan has happxly contracted into oxymu-
riatic. ‘
The properties of this acxd pointed out by Scheele
were so peculiar, that it ,vlmmedxately attracted attention,
and the most distinguishéd chemists hastened with emu-
lation to enter upon a field which promised so rich a
harvest of disaeveries. Bergman, Pelletier, Berthollet,
Hersmtadt, Morveau, Fourcroy, Scopoli, Westrum, &c.

. ; & Four. de PI:;)':. 1. 436.
Vov. II. . F



S

B2

* Book II,
. Division I.

G

Prepara-
tion.

~ Properties.

= % JACID SUPPORTERS.

su_ccessfully‘ex,amined its properties, d ascertained itg
action on other bodies. And more lately Mr Chenevix
has publisheéd a most mterestmg dlssertatlon on this

“acid and its combmatlons *,

1. It may' be procured by the followmg process : Put

into a tubulated retort a mixture of three parts of com-

mon salt, and one part of the black oxxde,of manganest
in powder. Rlace the retort in the sand bath of a furnace,

funnel into its mouth, When the mixture has acquired
a moderate heat, pour into it at intervals through the
bent funnel two parts of sulphuricacid, which ought tobe
somewhat diluted with water. An effervescence ensues, 2

yellow eoloured gas issues from the retort, which may
- be received in large phials fitted with ground stoppers.

2. Oxymuriatic acid gas is of a yellowish green co-
lour. TIts odour is intolerably acrid and suffocating. It
cannot be breathed without proving fatal. The death
of the ingenious and industrious Pelletier, Wh‘ose che-

mical labours have been so useful to the world, was oc- *

casioned by his attempting to respire it. ‘A consump-
tlon was the consequence of this attempt, which, in a

* plunge its beak into 2 small wcter trough, and lute a bent .

s

short time, proved fatal. = When atmspheric air con-

taining a mixture of it is breathed, it occasions a violent

and almost convulsive cough, attended with much pain -

in the chest. This cough usually continues to return
at intervals for a day or two, . and 1s accompamed with
a copious expectoration. ‘ ~ ;

3. Ttis capable of supporting combgtlon in many
cases even more capable than common air. When 3

#* Phil. Trans, 1803.
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jjurning"taper is -plunged into it, the flame is diminish- Chap.IV.

ed, and acquires'a very red colour; a great quantity of

smoke is emitted, and at the same time the taper con- -

sumes much more rapidly than in common air *. The

faciligy with which bodies take fire in this gas seems to
depend on the ease with which it parts with its oxy-
. gen. ; i -
' 4. This gas is nelther altered by exposure to hght
nor to caloric. It passes unaltercd through red hot
_ porcelain tubesf : :

5. It does not unite readxly with water. Scheele
found, that after standing 12 hours over water, 4ths of
the gas were absorbed: the remainder was common air,

which no doubt had been contained in the vessel be’foré

the operation. Berthollet surrounded several bottles

contdining it with ice : as soon as the water in - these
bottles was saturated, the gas beca'ne concrete, and sunk
to the bottom of the vessels ; but the® smallest heat
made it rise in bub les, and endeavour to escape in the
form of gas 1. estrum obselved that it became solid
when exposed in 1arge vessels to the temperature of
40° ; and that then it ‘exhibited a Lmd of crystalhza-
tion§. The specific gravity of water, saturated with
this gas at the temperature of 43 °, is 1.003 |- From
Berthollet’s experiments it appears that a cubic inch of
 water is capable of absorbing about 1.6 grains (French)
of this acid gas. Water 1mpregnated thh this gas 1Is
usually distinguished by the name of oxymurmtlc acid.
It has a pale greemsh-yellow colour, and a suffocating

-

L

* Fourcroy, Ann. de Cblm IV 25T H ot Four;roy, ii. 110,
:7aur de Pby: 1785 ~§ Ihid. xxxvii. 282
j| Berthollet, Ibid. x785. . é o e

Fa2

Action of
water.
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odour like the gas; its taste is not ac1d but astringent.
It is usually prepared by causing the' gas to pass thro’
a succession of Woulfe’s bottles, nearly filled with pure

water. nght decomposes this acid, as Berthollet dis

: covcred though it has no action on the gas.

Action of

simple com- -

" bustibles.

6. Tt renders vegetable colours white, and not red; as
other acids do; and the colour thus destroyed can nei-’
ther be restored by acids nor alkalies. It has the same
effects on yellow wax. If the quantity of vegetable co-
lours to which it is applied be sufficiently great, it is-
found reduced to the state of common muriatic acid.

) Tias < ¢ : ’
Hence it 1s evident, that it destroys these colours by

communicating oxygen. This property has rendered
oxymuriatic acid a very important article in bleachiné

s Oxymunanc acid is not altered by oxygen gas;
but all thg simple combustibles are capable of decom-
posing it. '

- When one ‘measure of hydrogen gas is mixed Wi.th‘
two measures of oxymuriatic ac1k and_kept for 24
hours in a phial closed with a ground-stopper, and the
phial is then opened under water, the whole of the ga-
seous contents disappear. Hence it is obvious that they
act upon each other:: the hydrogen absorbs the oxygen
of the acid, and is converted into water, while muriatic
acid is evolved 4. When a mixture of oxymurlanc
acid gas and hydrogen gas is made to pass_ through a
red hot porcelain tube, a violent detonation takes place 1.
By electr1c1ty a feeble explosmn 1s produced.

* This gas was obtained By a method to be described in the next

Section, and obviously contained 2 portion of hyperox-ymunat:c acid.
{ Cruikshank, Nicholson’s j’aurnal I802,

4E outtroy; 1i. 170,

202
¥
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When melted sulphur is plunged into it, inflamma-

 tion also takes place, and the sulphur is converted into
sulphurlc acid*; ‘but cold sulphur, thourrh it is partly,

acidified by this gas, does not take fire in it.
When phosphorus is plunged into this gas, it imme-

diately takes fire, burns with considerable splendour, -

and is converted into phosphoric acid.  This was first
described by an anonymous German Wr&teri, and af.

terwards by Westrum, Schmeisser, Foux*cro_y and Vau-

quelin§.

When charcoal in fine powder is thrown into thls gas,
heated to about/go®, it* also” takes fire, according tc
Westrum ; but thlS expe.lment has not succeeded in

the hands of _other chemists. If we beheve Professor -

Lampadxus, the diamond alsq, when heated to redness,
and plunged into oxymuriatic acid gas, burads in it with
great splendour ; but this experiment has also failed in
the hands of other chemists.

Sulphureted, phe%phureted and ca1bureted hydrogen

gas likewise decompose this acid; but none of them, .

except phosphureted hydrogen, produce spontaneous
inflammation with it. \

 When one measure of carbureted hydrogen, from
ether or campor, is mixed with two measures of oxy-
muriatic gas, and allowed to remain for 24 hours in a
* phial closed with a ground-stopper, the gases mutually

Chap IV
b

decompose each other; water, muriatic acid, carbenic = .

acid, and carbonic oxide, 2re formed. Accordingly

t

* Fourcroy, i ii. 110. 5
+ Westrum, Crell’s dnnals, i. 150. Enorhsh Trans]
§ Crell’s Belh‘ﬂrt, vol. 1. part 3.
§ Ann de Cbml V. 253-
F 3
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when water s admnted the Whole 15 abSOrbed except
about .43 of a measure 0.09 of this residue is ab-

‘sorbed by lime water; the rest is carbomc oxide. When

there is an excess of oxymunatlc acid, the resulting sub-

- stances are water, muriatic acid, and carbonic oxide *.

When a mixture of two parts oxymuriatic acid gas, and
one part carbureted hydrogen, is fired by electricity,
charcoal is déposued and the gas diminished to .6 of
a measure ; 0.5 of which are absorbed by water, the
rest is combustible t. oy

8. Oxymurlatlc amds@ ‘not acted upon by elther of
the simple incombustibles.

9. Oxyn,urxatlc acid oxidizes all the metals Wlthout
the assistance of heat. Several of them even take fire
as soon as they come into contact with the gas, as Wes-
trum first discov ergd. All that is necessarry is to throw
a quantity of the metal reduced to a fine powder into a
vessel filled with the gas. The inflammation takes -
place immediately ; the metal is ‘oxidized, while the
.acid, decomposed and reduced to corhmoﬁ muriatic acid,
combines with the oxide, and forms a n’huiét Arse-
nic burns In oxymuriaticacid gas with a blue and green

‘ﬂame, bxsmuth with a lively bluish flame ; nickel,

with a white flame, bordering: on yellow'; cobalt, with
a white flame, approaching to blue; zinc, with a lively
Whlte flame; tin, with a feeble bluish flame; lead, with
a sparkling white flame ; copper and iron, with a red
flame i Several of the metallic sulphurets, as cinna-

~ bar, realgar, sulphuret. of antimony, take fire when

thrown in powder into'this gas.

= ==

# Crujkshank, Nicholson’s Fournal, 1802, V. 203, ¢ 1 1d. Tbid:
$ 5 J‘our dz Phys. XXXV, 38 i ; : :
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10. When oxymuriatic acid gas and ammoniacal gas
are mixed together, a rapid combustion, attended with
a white flame, instantly takes place ; ; both the gases are

: decomposed, water is formed, while azotic gas and mu-
riatic acid are evolved *. The same phenomena are ap-
parent, though in a sma]ler;degrée, Ywﬁen']iquid ammo-
nia is poured into the acid gast. The same decompo-

87
Chap. 1V,
o —t
On ammo-
nia,

sition takes place though both the acid a2d alkali be in

aliquidi state. ]f four»ﬁfths of glass tube be filled -

with oxymurxatxc acid, and the remaining fifth with am-
monia, and the tube be then inverted over watex, an

 effervescence ensues, and azotic gas is extricated §. Tt/

was by a similar experiment that Berthollet demonstra-,
ted the composxtxon of ammonia.

‘z1. This acid has not hitherto ‘been combmed Vnth
the alkalies, earths, ot metalli¢ oxides ; nor have any
sufficient - proofs been adduced ‘that it is capable of
combiring with these bodies. . B

12. Oxymuriatic acid gas reddens “nitrous gas, and

' .converts it into nitrous acid, It produ«.es no. effect upon

Does not
form.salts,

: any of the: acids hitherto described, except the sulphu-

rous and phosphorous, whlch 1t converts into sulphuric
~ and phosphoric. - :

13. When muriatic acid is mlxed with nitric acid,
the Compound has precisely the smell and the qualities
of oxyrnurlat.c. Th1§ mixture of the two acids was
formerly called agua. wgza but at p1esent it s usually
‘denominated gitro-muriatic acid. Y is first mentioned
by Isaac Hollandus, and scems to have. baen known

* Fourcroy, Ann. de Chim, uz, ;‘J{
+ Watrum, Crell’s Amml:, i 161 Enghsh Tranul Seb
B ]our deil' E wle Polytechn. 2
¥4 L

Aqua sz,
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before the muriatic acid itself. It was prepared by
pouring nitric acid on common salt. The'nitric acid

-decomposes the salt, and part of it unites with the mu-

riatic acid thus set at l‘iberty..“ As soon as these two
acids are mixed'they begin to act upon each other. The -

-muriatic acid decomposes part of the nitric, combines

with its oxygen, and is thus partly converted into oxy-
muriatic ‘acid.© Hence the suffocating ‘odour of that
acid which the mixtufe exhale$: The nitrous gas, thus
set at liberty, is absorbed by the undecomposed nitric
acid, and conyerts it into. nitrous acid. When these

-mutual combinations are completed, the action of the

two acids on each other ceases. Thus nitro-muriatic
ac1d 1s a mixture or combination of nitrous a(:1d mun-
atic acid, and oxy muriatic acxd* ,

Mr Lambe some time agof announced, that when
iron is acted upon by sulphurcted hydmgen gas, a.sub-
stance is produced which possesses all the properties of
oxymuriat of iron (oxymuriatic acid combined with
iron). In a\solution,of this gas in distilled Wa’cer,‘ he
digested iron filings, pré_viousl}r purified: by repeated :

* washings with distilled water. The bottle was filled
 with the solution, and corked. = The iron was presently
- acted upon ; numerous bubbles arose, whxch drove the

cork out of the bottle; they were strong]y inflammable,
and probably therefore pure hydrogen gas. The liquor
gradually lost its odour of sulphureted hydrogen gas,
and. after some days smelled very much like stagnant
rain-watgr. As the bubhjes ceased to be produced,’ it
recovered its transparency. On ‘evaporating a small

# Foyrcroy, 1. 107.- + Manchester Memirocy¥. 194
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quan,txty of this solution in a watch-glass to dryness, 2

bitter deliquescent salt was left behind.  On this salt a
little suthu_rxc acid was dropped, and paper moistened
with ammonia was held over the glass; white vapours
were immediately formed over the glass; and conse-
quently some volatile acid was separated by the sulphu-
ric acid.  Mr Lambe evaporated about eight ounce-

measures of the same liquor, and, as before, dropped a -

little sulphauric acid onthe resiuum ; a strong effer-
veseence was excited, very pungent acid fumes arose,
which, from their smell, were readily known to be mu-
- riatic. The same truth was established beyond a doubt,
by holding a bit of paper, moistened with water, which
made the vapours visible in the form of a grey smoke;
a distinguishing charactensnc as Bergman has- obser-
ved, of the muriatic acid.— When manganese and mer-
cﬁry were dissolved in sulphureted hydrogen gas, the
salts formed gave the same unequivocal marks of the
presence of munauc “acid.

This experiment of Mr Lambe has been lately re-
peated with every poc51ble precaution by Vaugquelin,
and also by Guyton-Morveau, and Boulllon-Lagranve

« but these chemists did not succeed in obtaining a par- .

“ticle of oxymuriat of iron *. We must conclude, then,
that in the experiment of Mr Lambe, muriatic acid
must have insinuated itself into his solution by some
unknown channel. © A fact mentioned by Berthollet
may perhaps contribute something to explain this ipsi-
nuation, and maj? also suggest a valuable hint.towards
. the investigation of the real ‘component parts of this

# Aun. de Chim. xxxvii. 195, ;

89
Chap. IV. ,
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obstinate acid. He converted a quantity of iron: into.
filings with all possible care. - The filings, when wash-
ed with water, gave no marks of c0ntammg muriatic -
acid ; but after being exposed for some days to the air,
they furnlshed when again washed, ev1dent traces of
the presence of muriatic acid *. .

* 14. From the action of oxymuriatic acid on combus-
tibles above described, and the compounds produced by
it, no douht can be eniertained <hat it is a compound of
muriatic acid and oxygen. This was first demonstrated

by Berthollet, by a great number of ingenious and deci-

sive experiments. :

‘He attempted. 2lso to ascertain the proportxon of
its constituent parts. For this purpose he saturated
5o cubic inches (French) of water with oxymuriatic
acid, énd exposed the liquid for some days to the

-light of the sun. The oxygen gas disengaged a-

mounted to 15 cubic inches (French) or 8 grains. The '
r'nuriaticA acid which remained in the ﬁquid‘ amounted -
to 65.grains. Hence it follows, that oxymuriatic acid
is composed of 63 parts muriatic acid, and 8 parts oxy=

gen, or of about . . . . .. 89 murxatlc acid

1I oxygcn

100,

But thzs method, ‘though exCeedmgly sxmplc and mge—
nious, was scarcely susceptible of precision. The ana-

lysis of Chenewx,madc ina dxfferent way, deserves much

more - confidence. Thls celebrated chemist caused a

® Ann. de Chim. xx3Vii. 194. —Sumlar facts had been pemted out long

bcfm‘e by Margraff,
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gurrent of oxymuriatic acid gas to pass through 2 dilu.
ted solution of potass in water, till it contained an excess

9r
Chap. IV.

of acid. ' He then evaporated to dryness, and procured

a saline mass containing all the potass and the oxymu-

riatic acid. But when oxymuriatic acid is made to.

act upon potass in this manner, it divides itself into two
‘portions; one portion consists of common muriatic

acid, the other contains all the oxygen, and is therefore

*in the state of hyperoymuriatic acid. . The potass in
the dry salt was therefore partly combined with muria-
tic acid, and partly with hyperoxymuriatic acid. - Ni-
trat of silver precipitates the first of these acids
from all solutions, but not the second. Hence an
- easy method of ascertaining the: relative proportion of
these two acids in a given quantity of salt presented it-
self. *“Accordingly Mr Chenevix ascertained, that in
100 parts of the dry salt, 84 consisted of §56.12 parts of

potass combined with 27.88 of muriatic acid, and 16 of L

3.8 of potass combined with r2.2 of hyperoxymunatlc vt

‘acid.  But he had ascertainéd, by a method to be de-
scribed in the next Section, that 12.2 parts of hyper-
oxymuriatic acid, contained 9 parts of oxygen, and 3.2
of muriatic acid. Therefore 27.884-3.2—=31.08 muria-
tic acid, and 9 parts of oxygen form 4o. 08 of oxymuria-.

tic acid. Hence it follows, .that oxymunatlc aCld is

composed of ... .+ . .84 muriatic acxd
' 16 0xygen.

lCO it

1 5 Though oxymuriatic acid has hitherto been pla-
ced among acids by chemists, it does not possess a single
property which characterises that class of bodies. Its
taste is not acid but astrmgent, it does not convert ve-
getable blues to red, but destroys them ; it combines

Not an a-
cid,
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very sparingly thh water, and is incapable of combx- :
ning with alkalies, earths, or metallic oxides. It ought

‘therefore to be placed among the oxides rather than the
" acids. - Bot Scheele, the original c dlSCOVCYCl’ of it, was

induced, from the theory which- then prevailed, to con-
sider it as merely muriatic acid deprived of phlogiston

-and after the mistake was discovered, the theory of La.

voisier respecting the acx&pr1n01ple, which then became
fashionable, 'was considered as-a ‘Sufficient reason for
continuing it in its place among acids in spite of its
properties. It must be confessed, however, that such'

“arbitrary arrangements are no small 1mped1ments to thc

progress of the scmnce. it %

SECHE Vo dis o

OF HYPEROXYMURIATIC ‘ACID.

T e ekistence of this acxd was ﬁrst suspected by Mr
Berthollet, though he satisfied himself with little more
than strong analogy. It has been litely put out of
doubt by the experiments of Mr Chenevix,

1. 1f a solution of potass in 6 times its wexght of wa-
ter. be put into a Wolfe’s bottle, and a stream of 0Xy-
muriatic acid gas be made to pass through it in the usual
way till the potass is saturated, crystals in the form of
fine white scales are deposited in considerable ‘quantity.
These crystals have reccwed the flame of byperoxyge-
nized muriat of potass. They possess very curious and

important properties. If the liquid from which this
salt is deposited be cvaporated to dryness, another salt”®

“will 'be obtained; composed of muriatic aad and potass.
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These facts were all discovered by Berthollet. He con- Chap. IV.
cluded from them, that the oxymuriatic acid had been -
decomposed during the process ; that one portion of it

lost the whole of its oxygen, and was reduced to the

state of munatxc’ﬁi~ while another portion combined

with an additional dose of .oxygen, and was converted

into hyper axymurwtzc acid. Hence the appellation of

the salt which comamed this last acid.

<. 2. This teory vr B--thollet was very plau51ble and Opmlon of
it induced the greater number of chemists to believe Berthollet:
that the substance. to which hyperoxymuriat of potass

‘owes its peculiar properties, differs from oxymuriatic a-
- cid by contaixiing an additional dose of oxygen. But

the opinion rem&med destitute of sufficient proof, till

Mr Chenevix published his important dissertation on

th_g sub]ect in 1802. Mr Chenevix exposed 1co grains

of hyperoxymuriat of potass to the heat of a lamp; it
lost 2:5 parts of its weight, which he ascertained to be -

water. When heated toredness, a violent effervescence Conﬁrmed
took place, and 112.5 cubic inches of oxygen gas, or hz’x_Chm"'

38.3 grams, were extricated. The salt which remam-
_ ed in the retort amounted to.53.5 grains, and 5 grains
had been volatilized during the process *. Hence it
follows, that hyperoxymuriat of potass is composed of

i 2.§ water. :
38.3 oxygen, -
: 5_8;5 muriat of potass

993

But Mr Chenevm ascertam»u, thit the muriatic acid re-
maining in this saline residue amounted to 20 grains.

* Tt had been long known that this salitie residue is a compound of
posass and muriatic acid, i
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Thérefore 38. 3 parts of oxygcn, and 20 parts of murizs
tic acid, constitute 58.3 parts of the acid which exists in
hyperoxymuriat of petass. That acid of course is com=
posed of about WSS 65 ygen B

i i ra’ﬁc acid.

_XI00

The acid whlch constltutes a part of hyperoxymunat of

1
| potass: cdntams, we see, neaa‘y*nmc times ds much

oxygen as exists in ‘oxymuriatic acid. Thus the thcory

of Berthqllet is confirmed in the fullest'manner.  We

Cannot be

obtained se-

parate,

_see that muriatic acid combines with two doses of oxy-

gen ; with the first dose it constitutes oxymuriatic acid,
with the second the acid that exists in hyperoxymuriat
of potass, which has been called hyperoxymuriatic acid. -

Oxymuriatic acid contains =~ 0.16 oxygen
Hyperoxymuriatic acid 10.65 :
* Hence it follows, that -
Muriatic Oxymur.

acid. Oxygen. acid.

1.00 4 0.19 = I.I9 Ozxygen. Hyperoxymunatlc acid.
1.19 4~1;67 = 2.86

3. But though the peculiar nature of hyperoxymu-
riatic acid has been thus demonstrated, all attempts to

. procure it in a separate state have hitherto, failed. Its

propertles therefore are but imperfectly known. From
the amazing energy. with which hyperoxymuriat of
potass acts upon combustible bodies, it is obvious that

it possesses in perfection the property of supporting

combustion. It combines ‘also with alkalies, earths,
and metallic oxides; and forms salts of a very peculiar
nature, which we shall afterwards examine. Mr Che-
nevix has rendered it probable, that it converts vegefas

* ble’blues into red. It cannot be doubted that it com~
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“bines with water. Several phenomena mdlcate, that

when pure it assumes the gaseous state. :
When sulphuric acid is poured upon hyperoxyge-

¢ mzed muriat of potass, a violent decrepitation takes
. place, and sometlmgs a flash of light is visible. The

sulphuric acid in this case combines with the- potass,

95
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and disengages the hyperoxymunatlc acid. This dast -

_ '3c1d rises ‘in the: state of a heavy vapour of a greenish
. yellow Coldtir ; its¥iffelishas some resemblance to.that of

nitrous gas, but peculiarly fetid : it is compared by Mr
Chenevix to the odour emitted by ‘brick kilns mixed
with that of nitrous gas. At the bottom of this vapour
is a bright orange-‘cbloured liquid, consisting of the sul-
phuric acid, the potass, and a portion of the hyperoxy-
muriatic acid. ~ But the acid thus separated is net pure,
being partly decomposed by the process, and being mix-

edswith a portion of sulphuric acid. If we attempt to_

separate the hyperoxymuriatic acid by distillation, the

moment the mixture is-heated to about 120°, a violeng

explosion takes place which breaks the vessels in pieces.

This seems to be owing to the rapidity with which the®

acid is decomposed by a maderate ‘heat *.  Nitric acid
produces nearly the same effects as the su]phurxc.

5. When muriatic acid is ‘poured upon the salt, a
violent effervescence takes place, and gas is emitted a-

bundantly, which has the smell and cclour of oxymu-

riatic acid, but is much more rapidly absorbed by water.
This process was first pointed out by Mr' Cruikshank.
He obtained in this manner the gas which he employed
in his expenments on carbomc oxide. When two mea-

* Hoyle, Manchester Memoirs, v. 220.~—Chenevix, Pkil. Trans! 1802,

Of muriatic
acid.
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stires of hydrogen gas are mixed with 2. 3 measures of
gas procured in this .manner, Mr Cruikshank found
that the mixture explodes feebly with the electric spark,
and is totally converted into water and muriatic acid.
But two measures of hydrogen gas require one measure
of oxygen gas to convert them into water.  Hence Mr
Cruikshank infers, that 2.5 parts of the gas procured
acéording to his process, © mtam 1 part of oxygen and

1.3 of muriatic acid; which gives s .5 component parts

56 .§ muriatic acid,
"43.5 Oxygen.

100-0 *

This shews us that the gas ‘extricated from the salt by
muriatic acid is not pure hyperoxymuriatic acid. Mr
Chenevix has rendered it probable, that it is a mixture of
that acid and oxymuriatic acid gas: a portion of the first
acid being decomposed by the muriatic acid, with which
it comes in contact at the moment of its disengage-
ment. -
6. The affinities of hyperoxymuriatic acid, as ascer-
tained by Chenevix, are inf the following order :
Potass,
t Soda,® e |
Barytes, : )
Strontian,
" Lime,
Ammonia,
Magnesia,
; Alumina.

&

# Nicholson's Yournal, 12, ¥. 206,
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Much still remains to be done before the properties of

this interesting acid be fully developed. Mr Chenevix

_has ascertamed that it is always formed when nitro-
‘muriatic acid is boiled upon platinum, and likewise

when oxide of utamum is precxpntated by potass from

SECT. VI.

OF ARSENIC ACID.

ARSENIC as we have seen former]y, is capable of com-
blnmg with two doses, of oxygems; and both the com-

pounds which it forms with that body possess acid pro- ;

i perues. The first, dxstmgulshcd by Fourcroy by the

name of arsenious. aczd ‘but more usually denominated
white oxide of arsenic, has been already described *: The
second, called arsenic acid, was discovered by Schecle in
1775+, and its most remarkable properties investigated.

; Pelletler afterwards published avaluable dlssertatlon on

. “And more lately its properties and constituent parts
have been more completely mvestlgated by Proust and
Bucholz . : :

" 1. Arsenic ac1d is usually prepared by the process p

97

Chap. 1V.

Prepara~

pointed.out by Scheele Three parts of wh1te oxide of tion-

arsenic are-dissolved in seven parts of munatzc acid, and
. . -

<

* Sce Bo.ok.l. chap. iii. sect. 14. s ok Scheele, i. 129
§ Four. d: Chim. iv. 5. ' -
Vor. II. . G
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the solutlon 15 mlxed with five parts of nitric acid, and
dxstﬂled to dryness. What remains is arsenic acid. But
this method has been considerably improved by Bu-

.cholz. His method is as follows. - Mix in a retort one

part of muriatic acid of the spec1ﬁc gravxty 122, four
parts of the white oxide of arsenic, and 12 parts of ni-
tric acid of the specific gravity 1.25. Boil the mlxture
till the oxide dlsanpear and nitrous oas ceases 1;0 be diz-
engaged. Then evaporate to dryness, and _expose the

mass for a few minutes to a low red heat.  What re-
mains after this is solid arsenic acid. :
2. Arsenic acid, thus prepared, is 2 white solid mass,
dearly tasteless. Its specific gravity is 3.391. Itis
very fixed. When heated strongly, it melts and re-
mains transparent, 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 con-
verted into white oxide.

3. It dissolves very slowly in six parts of cold wa-
ter; but two parts of boiling water dissolves it almost
instantly, and it remains in a state of solution even tho’
a considerable portion of that water be evaporated.
With half its weight of water it has a syrupy consist-
ency ; and by farther evaporation it deposites crystals.
ingrains *. Its taste, when liquid, is acid, caustic, and
metallic.. ‘ i il

4. Oxygen has no action whatever on thls acid ; nel-
ther is it affected by exposure to the open : air,

* Bucholz, Sour. de Chim. iv. 5.
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5. The simple combustibles decompose it by the as-
sistance of heat: And in these cases, as we learn from
the experiments of Scheele and of the Dijon Academi-

cians, combustion sometimes takes place; ‘a proof that

arsenic acid is a supporter of combustion.
6. The simple incombustibles do not appear to pIo-
duce any alteration on it.

<=2 Seve »a\l)of the. m@tals decompose it when assisted

by heat.
mercury.

It does not act upon gold, platinum, silver,

muth, antimony, cobalt, nickel, manganese, and arsenic,
and in a strong heat mei'cury and silver.

8. It ‘combines with alkalies, earths, and several of
the metallic oxides, and forms eompounds which have
been called arseniats. )

9. Its affinities are as follows: :

Lime, -

Barytes, o o

: Strontian,
w5 Magnesia,
Potass;
Soda, ,
Ammonia,
‘ Glucina, -
Alumina,
Zirconia.

10. From the way in which this acid is formed, it

" cannot be doubted that it is composed of the white ox-
ide of arsenic and oxygen.
ascertain the proportion of these constituent parts ; for
the oxygen must be equivalent to the increase of weight
which the oxide experiences during its acidification.

: TR G2

It oxidizes copper, iron, lead, tin, zinc, bis- -

99
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Nor is it yery aifﬁcult to
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%@@fq%‘l ‘Lef‘&ung:t:c acid by Sc‘heele and Berg- History.

. man was discovered ' by ‘Scheele in 1481. This philo~
sopher obtained it from tungstat of lime, by treating it
with nitric acid and ammenia alternately. The acid

dissolves the lime, and the ammonia combines with the
- tungstic acid. The ammoniacal solution, when satura-

ted with nitric or muriatic acid, d_ep'déites a white pow-
* der, which is the tungstic acid of Scheele.” ‘
Thls powder has an acid taste, it reddens vegetable
blues, and is soluble in 20 parts of bmlmg water. The
De Luyarts have demonstrated, that this pretended acid
is 2 compound of yellow oxide of tungsten, the alkali
employed to dissolve it, and the acid}’used. to precipitate

it Thus, when prepared ‘according to the above de--
scribed process, it is a compound of yellow oxide, am-

monia, and nitric acid. ~ Their conclusions have been
-more lately confirmed by the experiments of Vauque-
lin and Hecht. This substance must therefore be erased
from the class of acids, and placed among the salts.
The real ac:d of tungsten is a yellow powder ; the
metholl of procurmg which, and its pxopernes, have
been already described under the denomination of Ze/-
low Oxide of Tungsten®. It ought rather, as Vauque-

% Vol. L p.25o.
G3
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SECT. VIIL
 OF MoLtBnic‘ ACID.

<VLOLYBDIC ACID h}:h is a compourni of molybde- Prepara-
pum and _oxygen, was discovered by Scheele in 1778.. tion-

It is commonly procured from molybdena, or sulphuret
of molybdenum, by distilling off from it nitric acid re-
“peatedly, till both the sulphur and metal are acidified ;
which is known by the conversion of the whole into a
white mass. Hot water carries off the sulphunc acid,

and leaves the molybdic in 3 state of purity.
Molybdic acid, thus prepared, is 2 white powder, of
a sharp metallic taste, and a specific gravity of 3.4.
When heated in a close vessel it melts and crystallizes ;
but in an open vessel it sublimes 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 so-
lution is pale.yello{;v ; it has no taste, but reddens lit-
mus papér The. molybdic acid is precipitated from this
solution by sulphuric, nitric, and muriatic acids*.
Molybdxc acid is not affected by oxygen gas ; but it
is decomposed by sulphur and charcoal, and several of
. the metals, -
- It combines with alkahes, earths, and. several metallic
_oxides, and forms salts known by the name of molybdats.

Properties.

# Hatchett, Pbil. Trans. lxxxvi. 323.
g e
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‘Sulphuric acid. diséolves'molybdic acid when assisted

—— by heat. The solutmn 15 cplourless whilé*hot; but ‘when

also d1ssolves 160 Ehe s.qltm bnt s

_cold it assumes a deep blue colour, which is helg‘)tencd‘

by saturatmg the solunou with soda. When this sulphu-
ric acid solutmn 1s lleated strongly, the sul
evaporated, and molybdlc acid remai

This acid, when combined with po
lourless salt. e :

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 excessof
muriatic acid has been added and the l1quor assumes a
brownish colour. = 4 '

With the solution of nitrat of lead it forms 2 Wh1te
precipitate, soluble i in nitric acid,

- When mixed with a lictle' acohol and nitric acid, it
does not change its colour. i :

With a solution of nitrat of mercury, or of mtrat of
s1lver it gIVCS a white: flaky precipitate. .

- With the mtrat of copper it forms a greemsh preCI-
pitate. | & ,

With solutions of sulphat of zinc, muriat of bismuth,
muriat of antimony, nitrat of mickel, muriats of gold
and platinum, it ‘produces white prec1p1tates when these
solutwns do not contain an excess of acid.

. When melted with borax, it gives it a blulsh colour.

Paper dipt in this acid becomes in the sun of a beau-
tiful blue colour e : .

* Hatchett, Phil. Trans. lzxxvi. 323. I Vauquelin, Pbil.iMag-‘ i.28%
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(‘HROMIC AC Ib dlSC(; ;ered lately by Vauquehn, hason~ Prepar

1y been found, in any qﬁantlty, in the red lead ore of Si- tion-
beria, and in chromat of iron. Its properties have been
investigated by Vauquelm and Mussin Puschkin.

It may be obtained by‘»bqllmg the red lead or¢ with
carbonat of soda, deéanting off the fluid solution, and sa-
turating it with one of the mineral acids; a red powder
precipitates, which is chromic acid. .
- Chromic acid, thus obtained, is a red or orange-yel- Propertics.
low powder, of an acrid and strongly metallic taste. It
is soluble in water, and crystalhzes in the form of elon~
gated prxsms of a ruby colour.‘ g T :

- When heated Jt glves out dxygén gas, and is con-
verted into g»reen ‘oxide¥of chromium. :

When mixed with filings of tin and the muriaticacid, '~ «
it becomes at first yellowish brown, and afterwards as-
sumes a beautiful green colour. ¢ V :

When mixed with a little alcohol and nitric acid, it
lmmedlately assumes-a bluish green colour, which pre-
serves the same shade even after desiccation. Ether
alone gives it the same colour. Sl

Wlth a solution of nitrat of mercury, it givesa pre-
c1p1tate of a dark cinnabar colour. .

With a solution of nitrat of silver, it gives a precipi-
tate which, the moment it is formed, apbears of a beau-
tiful carmine colour, but becomes purple by exposure
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to the light. This combination, exposed to the heat

of the blow-pipe, melts before the charcoal is inflamed.

It assumes a blackish and metallic appearance. If it

be then pulverlsed the powder is still purple ; but af-

ter the blue flame of the lamp is broughx 1
with this matter, it assumes a green ¢
ver appears in globules dlssemma:tea 3
stance. \

- With mtrat of copper, it g%g@

tate. :
With the solutxons of sulphat of m , muriat of bis-

muth, muriat of antimony, nitrat of mcke] and muriat

“of -platmum,‘}t produces yellowish precipitates when

these solutions do not contain excess of acid. With

_ muriat 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 ac1d assumes’in the
light a greenish colour. : : ,

When mixed with muriatic acid, the mixture is ca-
pable of dissolving gold like aghia regia; when this mix-
ture of the two acids is distilled, oxymuriatic acid is
disengaged, and the hquor assumes a very beauufulr
green colour,

Sulphunc acid, whlle cold, produces no effect upon
it; but when warmed, it makes it assume a bluish green
colour, probably by favourmg the d1sengageme.nt of
oxygen.

When this acid is heated along with charcoal, it is
reduced to the metal called chromium.



¥ COLUMBIC.

SECT. X.

. OF COLUMBIC ACID.

n_'

, spccxmen only, in whnch it is-combined with the oxide
of iron. Mr Hatchett, to whom we owe the .dxscovery
of its peculiar properties, separated it from the iron by
fusing it with potass. The alkali combined with a por-
tion of the acid which was separated by water. Muri-

 atic acid dissolved the oxide of iron thus deprived of its .

acid 3 and the ore; after this treatment, yi‘elded ‘an ad-
. ditional dose of acid when fused with potass. By re-
peating this process, the whole of the acid was com-

bined with potass: the solution was hmPld Nitric .

acid precipitated the columbic acxd from the potass in
the state of white flakes. :

107
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hxthcrto been detected in one Prepara-

tion,

1. The acid thus obtained is of a pure white coIQut,J Propertics.

and not remarkably heavy. It has scarcely any taste.

1t is'insoluble in water ; but gives a red colour to paper

stained with litmus. ‘When exposed to a strong heat,

it does not melt, but loses its lustre. -
] 2. Sulphuric acid dissolves it, and forms a transpa-
rent colourless solution : But when the liquid is diluted
with water, it becomes mxlky ; a white precipitate falls,
which becomes layender blue ; and  when dry, brownish
grey. It is semitransparent, and breaks with a vitreous
fracture. This substance i is a compound of sulphunc
- and celumbic acids. :
3- Nitric acid does not dissolve this ac1d 5 nor does it,
produce any change on its properties,
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" CLASS IIT.
COMBUSTIBLE ACIDS.

Wy

T ke acids belongmg to this class were formerIy distin-
guished by the appellation of vegetable and animal acids,
because almost the whole of them are procured from the

ammal and vegetable kingdom. They differ essentlally-

from the other two classes of acids in several particulars.
1. If they be combined with potass and distilled, they

Tare, completely decomposed charcoal is usually evolved,

and a considerable quantity of carbureted hydrogen gas

extricated ; Whereas no combusnble substance can be

procured by exposing the other acids to heat*,

- 2. All of them contain at least two simple combus-
tible substances as a base ; whereas the others never con-
tain more than one. These two substances are always
carbon and hydrogen. Some of these acids contain like-

_wise azote, over and above these two simple combus-
“tibles. Oxygen also usually enters, into their composi-
tion in considerable quantity, but not always ; for some
of the combustible acids are destitute of it altogether.
To them, therefore, the 'theory of Lavoisier, respecting

* Sulphurous and phosphorous acids excepted, which emit sulphur
and phosphureted hydrogen when exposed to heat.  Hence it is probable
that these acids are composed of sulphuric acid and sulphur, and phos-
phoric acid and phosphurcted hydrogen, respectively. -
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o\ s

the neccssxty of oxygen as the acxdxfymg pnncxple, does :
not strictly apply. ;

3. They do not seem capable of combmmg with dif.
ferent proportxons of oxygen. Whenever the quantxty
of oxygen is changed, the proportion of the
stituents changes also. Of course the ¢

ygen which tney contain ; bu’

4. They are decomposed by the
powerful acid supporters, and |
other combustible acids; or each of their constxtuents
is saturated with oxygen, and converted into oxide and
acid products. : : ' :

5. The combustible acids may bc very convement]y
subdivided into four orders, which are dxstmgmshed'
from each other by the following properties.

The acids belonging to the first order are crystallx'
. zable, and they may be volatllxzed by heat thhout un:
dergoing decomposition.

Those “belonging to the second order are: likewise
crystallizable, but they cannot be volanhzed without de-
composition.

Those belongmgto the thxrd order arenot crystallzzable.

* The French chemists who formed the new nomenclature were mis-
Iéd here. They made some of the names’ of the combustible acids end
in iz, as if they were saturated with oxygen; and others in ous, as if
they were capable of combining with an addmonal dose The fact is,
that none of them are, strictly speaking, saturated with oxygen forall . |
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.. T have adopted the rule proposed by Mr Che-
nevix, which is calculated to avoid all ambiguity ; the names of all the

combustible acids are made to end in iz, and this without reference to
theory.
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- Under the fourth order are placed three acids, which’,i

from the singularity of their properties, ought to be se-
. parated from the rest. , For want of a better name we
_shall distinguish them by the term anomalous.

The following TaBLE contains the names and com-

‘ponent parts of all the acids belonging to each of these
orders, as far as they have been ascertained.
Y i ‘

" —~SuvExI~ Cryssallizable. Volatilizable.

¢ Names. ' . Constituents.

1. Acetic
2. Benzoic
°] 3. Succinic

Carbon, hydrogen, oxygen.
4. Camphoric B : :

Orper II.  Crystallizable. Not volatilizable.

. Oxalic

. Mellitic
~artaric. . v : R
. Citric , [ Carbon, hydrogen, oxygen.
. Sebacie i = 3
. Saclactic
. Laccic

SO B R

OxpER III. Not crystallizable.

I, Malic - .
: ;é‘jﬁgﬁc Cafbf”b h‘y‘droge_ﬁ,’ oxygen.
7 OrpEeR IV. Anomalous.
| . Gallic | Carbon, hydrogen,.oxygen.
1 2. Prussic Carbon, hydrogc‘n,_ azote.
o E;él; i\g.ergge‘d" Sulphur, hydro‘gcn.v ;

I1k

Chap. IV.
hw—-&

Table of
the consti-
tuent parts.
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Let us consider the proportion of each of these acids in

Sy thc order of their arrangcment in the Tables.

Vinegan, |

Prepara-

tion.

" '“. ":-

Tl-us acid is employed in three;_ , nt 'statcs, 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 possxble by peculiar pro-.

cesses, it is called radical vinegar, and by chemists ace-
tic acid. Tt will be necessary to dcscnbe each of these
states scparately v :

1. Vinegar was known many ages before the discovery -
of any other acid, those only excepted which exist rea-
dy formed in vegetables. It is mentioned by Mosces,
and indeed seems to have been in common use among
the Israclites and other eastern nations at a yvery early
period. It is prepared from wine, from beer, ale, and
other  similar liquids. These ‘are apt, s every one
knows, to turn sour, unless they be kept very well cork-
ed. Now sour wine or beer i s, precxsely the same with
vinegar.

Boerhaave describes the followmg method of makmg
unecar, which is sald to be still practised in different

_places.

Take two large oaken vats or hogsheads and in. each

; i\'




; ACETIC:

of these place a wooden grate or hurdle at the distance
of a foot from the bottom. Set the vessel upnght, and
on the ‘grate place a moderately close layer of green
twigs or fresh cuttings of the vine. Then fill up the
vessel with the footstalks of grapes, commonly called the
rape, to the top of the vessel, which must be left quite
open.

& Havmg thus preparcsi 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 twcnty-four bours, 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 al-
ternately full and half full during every twenty-fotir 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 fermentation 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 asign that the fermen-
tation is finished ; and therefore the vinegar is then to
bt put into casks close stopped, and kept in a cool
place. ; ; :

All that is necessary to convert wine or beer into

vinegar 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 belqnigs to

Vor. II. . H

'
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the second part of this Work ; our business at present is
not to investigate the method of maklng vinegar, but to
examine the properties of acetic acid. -

Vmegar is a liquid of a reddish or yeﬂo\msh colour,
a pleasant sour taste, and an agreeable odour. Its spe-
cific gravity varies from 1.0£35 to 1. o2 gL :
fers also in its other properti€s accore
from which it has been procure, &R A
decomposition; but Scheele discovered, thatﬁ ade
to boil for a few moments, it may be kept afe rardy
for a long time withount alteration. Besides acetic ac1d
and water, vinegar contains several other ingredients,
such as mucilage, tartar, a colouring matter, and often
also two or more vegetable acids. When distilled at a
temperature not exceeding that of boiling water, till a-
bout two thirds of it have passed over, all these impus
rities are left behind, and the product is pure acid dilu-
ted with water.

" 2. The acid thus obtained is a hqmd as transparent
and colourless as water, of a strong acid taste agd an
agreeable odour, somewhat different from that of vine-
gar. In this state it is usually called acetous acid or

distilled vinegar.
It may be preserved without alteration in close ves-

sels. + When exposed to a moderate heat, it evaporates
completely 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 ascertamed that the acid 1tsclf how
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much soever it be concentrated, crystallizes or congeals |

at the temperature of —22°.

- 3. When acetat 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. Lhe acid proauct, which should be received
;n 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 obtained is exceeding-
ly pungent and concentrated. It was formerly distin-
guished By the names of radical vinegar, and winegar'
of Venice. g 5

This process was known to the alchymxsts, and had

often been repeated by chemical philosophers ; but the
product was considered as merely highly concentrated
acetous acid, till Berthollet published his experiments.
onitin 1785 *. Thatskilful philosopher affirmed, that
it differs from acetic acid in taste and smell, in its affi-
nities for other bodies, and in the compounds which it
forms with them. When it is obtained from acetat of
<opper by distillation, the powder which remains in the
tetort consists chiefly of copper in' the metallic state.
Hence he supposed, that the acetic acid gave out phlo-
giston to the copper and received from it oxygen.
When the existence of phlogiston was disproved, this
theory was a little altered. It was concluded, that du-

# Mem. Por. 1783.
H"2
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ring the distillation, the acetic acid deprived 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 réason it received the
name of acetic acid. _ : ‘.

"This theory was generally admitted by chemists, till
Mr\Adet published his experiments on acetic acid in
1797 *. He observed, that when acetat of copper

dlstllled the products are not only acetic acid and wa-

ter, but likewise carbonic acid and carbureted hydro- :
gen gas; and that the residuum consists of copper and
charcoal. He found that acetous acid didsnot 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 mot differ from each other except in concentration.
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, and as he had nei-
ther 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 ex- -
periments on the same subject . This phxlosophcr
endeavoured to demonstrate, as Berthollet had done be-
fore him, that acetic and acetous acids, even when of
the same strength, possess différent properties, and have
different effects on other bodies. From the effect of
sulphuric acid upon each, and from the quantlty of

" ¥ Ann, de. Chim. xxvil. 299. S Thid, wevili, 123,

¥
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-

_ ¢harcoal which remains in the retort when equal quan-
tities of each saturated with kpotas‘.s are distilled, he con-
cluded 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 a new set of experiments on the same sub-
ject was published by Mr Dabit of Nantes*. This
chemist er}deévoured to- prove that aceticacid contains

~ a greater prgportionpf“qugen than acetous. \Vheu
he distilled a mixture of acetat of potass and sulphuric
acid, the product was acetic acid 3 but when he substi-
tuted muriatic acid for sulphuric, he obtained acetous

il 7
Chap. IV.
e )

acid 3 but when to this last mixture a little black oxide *

of manganese was added, he assures us that he obtain-
ed acetic acid. And in none of these cases was there
any carbonic acid emitted till towards the erd of the
distillation. :

The experiments of Darracq haye at last finally set-
tled this dispute, by demonstrating that acetous aﬁd,a-
cetic 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 proportion of oxygen. He
next tried the opinion of Chaptal respecting the proPor_-
tion of carbon in each. When equal quantities of ace-
tic and acetous acids are combined with potass orso-
da, the dry salts distilled leave the same quantity of
charcoal, and yield the same quantity of other products.
When reduced to the same specific gravity, the two

* Ann. de Chim. xxxviii. 66. -

H3
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acids form precisely the same salts with all alkalme and
earthy bases. Finally, acetous acid gradually becomes
acetic acid when distilled repeatedly off dry muriat of
lime ; and in this case no gaseous body whatever is e-
volved. 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 quaatity of water with which acetous acid *s ‘
diluted, and the ‘mucilaginous matter which it still
retains *. : : : e ‘

The same results were obtained also by Proust, who

had drawn the same conclumons before he became ac-

quainted w1th Darracq’s paper t. Henceforth the term
acetous acid must either be wholly dropt by chemists,
or employed in a sense different from what was former-
Iy afiaedieoie 10 ' ; b

4. This acid is transparcnt and colourless like water.
It has a pecuhar aromatic smell when in the state of
acetous acid ; but concentrated acetic acid, when pro-
cured in the usual way, has an empyreumatic odour,
mixed with the natural smell of vinegar, owing to 2

~ small portion of oil formed during the process.

A much easier method of obtaining acetic acid than
that commonly used has been lately pointed out by Mr
Badollier apothecary at Chartres. All that is necessary
is to distil a mixture of equal parts of acetat of lead
and sulphat of copper in a glass retort. The acid corhes

~over perfectly pure on the apphcat]on of a moderate :
heati 5 -

% Darracq, Ann. de Chim. xli. 264.. t Jour de Phys. Ivi. 210.
{ Ann. de Chim. xxxvii. XTI, i)
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The specific gravity of distilled vinegar varies from
1.007 to 1.0095; but radical vinegar is much more
. concentrated.  In that state it is extremely pungent
and acrid ; and when it is applied to the skin, it red-
dens and corrodes it in a very short time. It is exceed-
ingly volatile ; and when heated in the open air, takes
fire so readily, that one would be tempted to suspect
¢he presence of ether init. 1t unites with water in
any proportion ; and when concentrated the mixture
evolves a good deal of hes,t.

- 5. Courtenvaux had long ago observed, that the last
portions of acetic acid, which come over during the
distillation, were susceptible of crystallizing in a mo-

derate cold. Lowitz has employed a very ingenious -

method to obtain this acid in the state of crystals. He
makes distilled vinegar into a paste with weli-burnt
charcoal, and exposes the mixture to a heat not above
252°. The watery part is driven off, and the acid re-
mains. A stronger heat drives off the acid itself in a
very concentrated state. By repeating this process it
~ may be obtained in crystals. - '
6. Neither oxygen gas nor air have any wvery marked
action on this acid: nor do the s:mple combustibles or
~incombustibles. alter it at the common temperature of
the atmosphere.
" - 7. It is capable of OdeIZIDO‘ iron, zinc, lead, copper,
‘nickel, tin. It does not act upon gold, silver, platinum,
mercury, bismuth, cobalt, antimony, arsenic. Its action
on tellurium, tungsten, molybdenum, uranium, titani-
um, and chromlum, has’ not been tried.
8. It combines with alkalies, earthis, and metallic ox-
" ides, and forms compounds known by the name of
geerats.
Hyq

Tig
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Book II. 9 Its affinities are as follows : )
Division I. - : g .
—— L Bal;ytes,
Potass,
Soda, ' ;
Strontiqn,
: o Lime;
Ammonia,
e Magoesia,'
Metallic oAxdes,
Glucina,
: Alumina, :
Zirconia. * :
YO. It 1s decomposed by sulphuric and nitrjc acxds.,
The action of the other acids on it has scarcely been
examined. It dlssolves borac1c ac:ld and absorbs car-
bonic acid. : : !
r1. It has the property of combining Wlth a great
number of vegetable bodles, such as 0115, mucﬂa?re, and
aromatics. : 5
tComposx- 12. When nitric acid is que to act on this acid, it
100,

_converts it into water and carbomc acid. - When acetxc
- acid, combined with a fixed alkali or earth, is exposed
to a strong heat, it is almost completely decomposed
el Water, carbonic amd and carbureted hyrogen gas, are
emitted, and the base remains mixed with a quantity,
of charcoal. From these facts it follows that it is com-
posed of carbon, hydrogen, and oxygen, into which all
these products may be ultlm'itely resolved. But the
proportion of these mgredxents has not becn ascertamed
with precision.

By distilling 7680 grains of acetat of potass, Dr ng-
gens obtained the followmg products *:

- * Higgens on doetous Acid, p. 26.
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' Potass. P s 3862994 graiss,
Carbonic doldioade L 1473, 564
Carbureted hydrogen gas.. .. 1047. 6018
Re51duu'n ; consisting of charcoal * 78.0000

_Oil............‘..18"o.oooc
Wat_er...;.......,‘,'° 340.0000
Deﬁciency‘.". Y 726940*

Thls deﬁcxency Dr Higgens found to be owing to 2
quantlty of water and oil which i is carried off by the
elastic ﬂmds and afterwafds deposited by them. He
calculated it an the present case, at 400 grains of wz

ter and 26.9402 grains of oil. Now since aceta cf
- potass is composed of acetic acid and potass, and gince

) the whole of the potass remained uraltered it follows,
that the ac1d was converted into carbomc acid gas, car-
. bureted hydrogen gas carbon, oil, and water ; all of
which are composed of oxygen, hydrbgen, and carbon
Now 1473.564 grains of carbomc acid gag are com-
- posed of 1060 966 grams of oxygen, and 415.598 grains
of caxbon.
1047.6018 gralns of carbureted hydmgen gas, fiom
a comparrson of the experlments of Dr Higgens and La-
voisier, may be supposed to-consist of about 714.6008
_grains of carbon and 333.c010 of hydrogen

200.9402 grains of oil contain 163. 4828 grains' of

i calbon aud 434574 grains of hydrogen.
1040 trrams of water contain 884 grams of oxygen
and 156 grams of hydrogen.

* For 29.1 grams of oXygen gas had also dxsappeared from the air of
the veisel&

IZE

Chap. 1V,
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‘Therefore 381%.006 grains of acetic acid are com.
posed of 1944.966 — 29.1 = 1915.866 grains of oxy-
gen, 532.4584 grains of hydrogen, and 1368.6816
grains of carbon. ~ Consequently 100 parts pf acetic
acid are composed of

50.19 oxygen
13.94 hydrogen
35.87 carbon

% s \

These numbers can only be ponsidered as very impers
fect appr_oximatioﬁs to the truth; for the object of Dr
Higgens was not'to ascertain the proportions of the in-
gredients which compose acetic acid ; and therefore his
experiments were not conducted with that rigid accuracy
which would have been necessary for that purpose. Mr
Proust has rendered it probable that azote likewise is 2.
component part of acetic acid; an opinion which had
been entertained by Lavoisier.

SECT. 11.

OF BENZOIC ACID.

BENZOIN, or BENJAMIN as it is sometimes called, is 2
kind of resin brought from the East Indies; obtained,
accordmg to Dr Dryander, from the styrax benzoe, 2

~ tree which grows in the island of Sumatra. This sub-

stance consists partly of a peculiar acid, described as

long ago as 1608 by Blaise de Vigenere, in his Treas
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tise on Fn'e and’ Salt under the name of flowers of bene Chap. 1V,

Zoin, because it was obtained by sublimation ; but it is
now denommated Benzoic acid.

G The usual method of obtammg this acid is to put Prepara.

a quantlty of benzoin, coarsely powdered, into an earth-
en pot, to cover the mouth of the pot with a cone of
thick paper, and then to apply a very modetate sand
-heat. rTjhe benzoic acid is sublimed, and attaches itself
" to the Paper. But Scheele has published a different
process, which is far preferable *. This process is as
follows : Upon four parts of unslaked lime pour twelve
parts of water, and after the ebullition is over add g6
~parts more of water; then put 12 parts of finely pound-
“‘ed benzoin into 2 tinned pan ; pour upon it first about 6
parts of the above milk of lime, mix them well toge-
‘ther, and thus successively add the rest of the mixture
‘of lime and water. If it be poured in all at once, the

tion.

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 off the
supefnatant limpid liquor into a glass vessel. *Upon the
- remainder in the pan pour g6 parts of pure water ;
boil them together for half an hour, then take it from
the fire, and let it sectle ; add the supernatant liquor to
the formet; pour upon the residuum some more water,
boil it as aforesaid, and repeat the same process once
more. At last put all the residuums upon a filter, and
" pour hot water several times upon it. During this

* Scheele, 1. 124. .
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process, the calcareous earth combines with the acid of

S e benzoin, and separates it from the resinous particles of

Properties.

this substance. A sofall ‘quantity of the resinis dis-
solved by the lime-water, whence it acquires a yellow
eolour. All these clear yellow leys and decoctions are

' to be mixed together, and boiled down to 24 parts, which

are then to be stramed into another glass vessel.
After they are grown cold, muriatic acid is to be add-J :
ed, with constant stirring, till there be no further pre-
“ cipitation, or till the mass tastes a little sourish. The
benzoi¢ acid, which was before held in solution by the
lime, precipitates in the form of a fine powder.
2. Benzoic acid, thus obtained, is a fine light whitish
-powder, which is not_brittle, but has rather a kind of
ductlhty Its taste is acrid, hot, and somewhat bitter.
Its odour is slight, but- peculiar and aromatic *. . Its
specific gravity is 0.667 . It hardly affects the infu-
sion of violets, but it reddens that of turnsole, especially
when hot 1. : ] -
Heat volatilizes this acid, and males it give out 3
strong odour, which excites coughing. When exposed
to the heat of the bmw-pxpe in a silver spoon, it melts,
becomes as fluid as water, and evaporates without ta-
king fire. It only burns when in contact with ﬂamE,
and then it leaves no residuum behind. When thrown
upon burning coalsy it rises in a white smoke. When
allowed to cool after beihg melted, it hardens, and a ra-

¥ This odour is owing to 2 small portion of aromatic oil which ad-
heres to the acid. It has been obtained without any smell by Giese.
‘See Phil. Mag. 3iv. 331.
: + Hassenfratz, Ann. de Chim. xzviii. 11.
§ Morveau, Encyc. Meibod. Chim. 1. 44.
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éiated 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 con-
verted almost entirely into oil and carbureted hydrogen
gas: ‘ ' : .

‘ 3. This acid is not altered by exposure to the air.
Cold water dissolves no se-nsible"quantity of it ; but it
is soluble enough in hot water : 480 grains of boiling
water dissolve 20 grains of it; 19 of these are depo-
sited; when the water cools, in long, slender, flat, fea-
ther-like crystals +. ;

4. It is not affected by oxygen gas, nor by any of the
simple combustibles or incombustibles. It does not
seem eapable of oxidizing any of the metals §.

5. It combines with alkalies, eary:hs,van‘d metallic ox=
‘ides, and forms salts known by the name of benzoats.

6. Concentrated sulphuric acid dissolves it without
hea‘i:, or any other ehange, except becoming somewhat
‘brown: when water is poured into the solution, the ben-
zoic acid separates and coagulates on the surface with-
out any alteration §. Nitric acid presents precisely the-

Action of
simple ho:
dies.

same phenomena, and also the sulphurous and nitrous -

acids. = 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 || :
7. Alcohol dissolves it copiously, and lets it fall on
the addition of water .

* Lichtenstein, - f1d. } Trommsdorf
§ Lichtenstein. f Id. q 1d.
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DB).:TBIX‘O}ILI 8. Its affinities, from the experxments of Trommqn‘ '
— — dorf, appear to be as follows :
* Affinities, : White oxide of arsenic, .
ki Potass, ,
Soda; -
Ammonia;
Barytes,
% i} & Eime,
Magnesia,
Alumina.
~ This ac1d is sometimes used as a medicine, but much .
less frequently than formerly.

i

SECT.TTE:
OF SUCCINIC ACID.

History. Azer is 2 well-known brown, transparent, inflam-
mable body, pretty hard, and susceptible of polish, found
at some depth in the earth, and on the sea-coast of se-
veral countries. It was in high estimation among the
ancients both as an ornament and a medicine.-——When
this substance is distilled, a volatile salt is obtained;
which is mentioned by Agricola under the name of salt
of amber ; but its nature was long unknown. Boyle
was the first who dxscovered that it was an acid *. From

® Poyle abridged by Shaw, iii. 369.
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$uccinum, the Latin name of amber, this acid has recei-
ved the appellation of succinic acid. - :

- 1. It is obtained by the following process: Fill a re<
tort half way with powdered amber, and cover the pow-
der with a quantity of dry sand; lute on a receiver,
and distil in a sand-bath without employing too much
heat. The;;e passes over first an insipid phlegm ; then
a weak acid, “which, accordlng to Scheelé, is the acetic*
then the succinic acid attaches itself to the neck of the
retort; and if the distillation 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 hittle cotton,
previously moistened with oil of amber : this substance
retains most of the oil, and allows the solution to pass
cleax. The acid is then to be crystallized by a gentle
evaporation ; and this process is to be repeated till the
acid be sufficiently pure. A Guyton Morveau has disco-
vered that it may be made quite pure by distilling off it
a sufficient quantity of nitric acid, taking care not to
employ a heat strong enough to sublime the succinic

acid 4. »

2 The crystals of succinic acid are transparent whxte,
shmmg, and of a foliated triangular, prlsmatxc form :
they have an acid taste, butare not corrosive: they
redden tincture of turnsole, but have httle effect on that

of violets.
. They sublime when exposed to a considerable heat,

but not at the heat of a water-bath. Ina sand-bath they

# Bergman’s Notes on Scheffer. + Ann. de Chim. x5ix. 165.
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melt, and then sublime and condense in the upper part
of the vessel; but the'coal which remains shews that
they are partly decomposed* L ;
3.'One part of this acid dissolves in 96 parts of wa-
ter at the temperature of §0°, according to Spielman+;
in 24 parts at the temp‘ératu’re of 52°; and in 2 parts
of water at the temperature of 212°, accordmg to Stock-
ar de Neufori; but the greatest part crystallizes a-
the water cools.’ According to Roux, however, it still

_ retains more of thie acid than cold water is capable of

dissolving §.
Two hundred and forty grains of boﬂmg alcohol dis-

.solve 177 of this acid 5 but crystals again shoot as the

solution cools |} ; .

4. The compotinds which this acid fgrms with alka-
lies, acids, and metallic oxides, have received the name
of succinats. Scarcely any of them have been examined
with attention. ;

5. When combined wu}* soda; it crystallizes in four
and six-sided prisms. When this salt is distilled in a re-
tort, the succinic acid'is completely decomposed. There
passes over 1into the receiver an acid liquor; which is the
acetic much diluted, and a quantity of brown oil. At
the same time carbonic acid gas, and carbureted hydro-

-gen gas, are disengaged, and there remains in the retort

soda and charcoal §. Hence it follows that this acid,
like the others of the same class, is decomposed by
heat, and that it is composed of oxygen hydrogen, and
carbon.

v

* Pott. t Inst. Chem. § xii.
t De Succino. _ § Morveau, Encye. Method. Chim. i. 7.

| Wenzel. € Morveau, Ann. de Chims. SXIX. ‘165 &
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6. The affinities of sucmmc acid, accordmg to Mor-
Yeauy are as follows 7
; Barytr S5
Lime, o
Potass,
- Soda,
Ammonig,
- M«gnesia,
: Alimina,
- 1Metall1c oxides.

P

shelbiwe Y -

OF CAMPHORIG ACID:

>

3>29
Chap. 1V.

(,Amrmza is 2 well:known white erystalline substance, History.

of a stronf taste and smell, obtained from a species of
laurel in the East Indies. Itis so volatile that it can~’
not be melted in open vessels, and so inflammable that
it burns even on the surface of watet.

. When camphor is set on fire in contact with oxygen
gas, it burns with a very brilliant flame ; much ealoric
is dxsemraged watet is formed, the inner surface of the

“vesscl is covered with a black matter, which 1s undoubts

edly charcoal, and 2 qdantuy of carbonic acid gas is al-r
so produced *. Hence it follows, that it is composed of
. hydrogen and carbon; at least pfincipally.

% Bouillon La Grange, Ann. de Chim. x3iil. 153 -
¥ Vvor_. 1L 1
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Mr Kosegarten, by distilling nitrié 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 Bouil-
lon.La Grange. The process for obtalmng camphonc
acid, as described by this chemist, is as follows: Put
into a retort one part of camphor and eight parts of ni-

tric acid, of the specific graity 1.33. Distil with a

sand heat. A great deal of v."‘.irtrous gas and carbonié
acid gas is emitted, and a little camphor sublimes. This
process must be repeated three times on the same cam-
phor ; so that 24 parts in all of nitric acid are neces-
sary. After the third distillation, when the retort is
allowed to cool, 2 number of crystals make their appear-
ance in it. These are camphoric acid. They amouat
to somewhat less than the half of the camphor, em-
ployed. ' :

2. Camphoric acid thus obtained is in snow-white
crystals, of the form of parallelopipedonst. These
crystals efloresce in the air . :

Camphoric acid has a slightly acid bitter taste, énd a

-smell like that of saffron.

It reddens vegetable colours.

3. It is soluble in 200 parts of cold water, accordmg‘
to Kosegarten; in 96 parts of water at the temperature
of 60°, according to Bouillon La Grange. Boiling wa-
ter dissolves ;th of its weight§. .

According to Kosegarten, it is insoluble in alcohol;
eccording to Bouillon La Grange, alcohol dissolves it:

¥ Koseg\rte,n de Camphora, &e. 178 5 4 1d-
$ La Grange. < § Kosegarten.
{ e .

-
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and when the solution is left in contact with the air of Chap. 1V,

the atmosphere, the acid crystallizes.. It is not preci-
pitated from its solution in alcohol by the addition of

»

water *,

4. When this acid is placed‘o'n ignited coals, it emits Action of

a dense aromatic fume, and is"entirely'dissipated. By heat.

2 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
_xs sublimed.

By mere distillation, it first melts and then subhmes,
by which process its propertle_s are in some respect
changed. It no longer reddens the tincture of turhi-
sole, but acquires a stro_ng' aromatic smell; its. fcaéte
becomes less penetrating, and it is no longer soluble ei-

ther in water or the sulphuric and muriatic acids, .

Heated nitric acid turns it yellow and dissolves it. Al-
- cohol likewise dissolves it ; and if this solution be left
in contact with the an' of the atmosphere, it crystal-
lizes. ,

5. Camphorlc acul does not produce any change on

sulphur ; alcohol and the mineral acids totally dissolve °

it; and so likewise do the volatlle and the fat oils.

Camphoric acid does not precipitate lime from lime-
water. It produces no change on the solution of indi-
go'in su]phunc acide='=

6. It forms combinations with the alkalies, earths; and
metallic oxides, which are called camphorats.

7. Its aﬁimues, as far as ascertained by Bouillon La

Gxange,_ are as follows 1 :

* Bouillon La Grange, Ana. de: Chim, Xxvil. 40 % Ibid. 21.
- .
Iz
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mist ¥, and Hermstadt and Westrum assign the disco-
very to the same author4. The assertions of these
5 'géntlemen, who had the best opportunity of obtaining
accurate information, are certainly sufficient to establish
the fact, that Scheele was the real dxscoverer of oxalic
acid. ; \
1. Bergman gives us the following process for ob-
~aining this acid. ¢ Put one ounce of white sugar pow-
dered into a tubulated retorf ‘with three .ouncgs of
strong nitric acid, the specific gravity of which is to
that of water as 1.567. When the solution is over, du--
ring which many fumes of the nitrous acid escape, let
- receiver be fitted, and the liquor: made to boil, by
which abundance of mtrous gas Is expeﬂed When the

lxquor in the retort acqmres a reddish-brown colour,

add three ounces more of nitric acid,yand continue the
boiling till the fumes cease, and the colour of the liquor
vanishes. Then let the contents of the retort be emp-
tied into a wide vessel ; and, _upoﬁ’ cooling, a crystalli-
zation will take place of slénﬂef‘,ddadxila;eral prisms,
* which are often affixed to each other at a'n"‘anglev'of
45°. These crystals, collected and dried on blotting
Paper, will be found to weigh 12 dr. 19 gr. By boil-
ing 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, L dr, 13 -

gr. of solid acid will be obtained. If the process be re-
peated once more upon the resrduum, which has row 2
glutmous consxstenoe, w1th the successive additions of

%

# ¥ Elwert’s Mogazine for Apnibmnm, 1585, part i. p 54
'? ¥eir's Dictionary.
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small quantities of nitric acid, amounting in all to twg
ounces, 2 saline brown délftplescent.mass will be form-

ed, Weighing half a dram, of which about a half will be

lost by a farther purification. ‘The crystals obtained
thus at different times may be purified by solution and
crystalhzatlon, and by digesting the last lixivium with
some nitric acid, and evaporation wath the heat of the
sun.” ; x :

By the same process Bergman obtained it from gum .
arabic, alcohol, and hdney = Scheele, Hermstadt, Wes-
trum, Hoffman, &c. from a great variety of other ve-

~ getable productions ; and Berthollet from a great nums

ber of animal substances. S,

It is of great consequence not to use too much nitric
acid, otherwise the quantity of oxalic acid will be dimi-
nished ; and if a very great quantity of nitric acid be

~used, no qkalic‘ acid will be obtained at all®.. On the

contrary, Hermstadt affirms, that if too small a quanti-
ty 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 experiment.

2. Oxalic acid, thus prepared, is in the form of four-
sided prisms, whose sides are alternately larger, and
they are terminated 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. © :

3."'When this crystallized acid is exposed to heatin

- an’open vessel, there arises a smoke from it, ‘which af- -

fects dlsagrceably the nose and lungs. The resxduun}

% Bergman.
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is a powder of a much whiter colour than the acid had Chap. IV
been. By this process it loses ;3;ths of its weight, but i
soon recovers them again on exposure to the air.. When
distilled, it first loses its water of crystallization, then li-
quefies 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 ;th of the
whole, which has an empyreumatic smell, blackens sul-
- phuric acid, renders nitric acid yellow, and dissolves in
muriatic acid without alteration. That part of the acid-
which sublimes is unaltered.  When this acid is distil-
led 2 second time, it gives out a white smoke, which,
-condensing in the receiver, producés a colourless un-
crystallizable acid, and a dark coloured matter remains
behind *. - During all thrs distillation a wvast quantlty of
elastic vapour makes its escape.  From 279 grains of
oxalic acid; Bergman obtained 10g'cubic inehes of gas,
half of which was carbonic acid, and half carbureted
hydregen. Fontana from an ounce of it obtained 430
cubic inches of gas, one-third of which was’ * carbonic
acid, the rest carbureted hydrogen. From these facts,:
it is evident that oxalic ac1d 18 composcd of oxygen, hy-,
drogen, and carbon. :
*. 4. The crystals of oxalic acxd are soluble in theu' BWR! of water,
wclght 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%- One hundred parts’
of boiling alcohol dissolve 56 parts of these crystals;
but at at a mean temperature only 48 partsf. Liquid

s

# Bergman, § Ibid, i 255. $ Ibid,
, i3 .
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li??:OLTI oxali¢ acid has a very acrid tdste when it is concentra.
—— ted; but a very agreeable acxd taste when suﬂicrently di=
‘ luted with water*. s
It changes all vegetablc blues cxcept mdxgo to a red.
- One grain of crystallized acid, dissolved in rg2e grains
of water, reddens the' blue paper'with which sugar
loaves are wrapt: one grain of it, dissolved in 3600
grams of water, reddens paper stained with turnsolet.”
According to Morveau, one part of the crystallized agid
is sufficient to commuhicaté a sensible acidity to 2633
parts of waterg. ;

Its fixity is such, that none of it is sublimed when
water containing it in solution is raised to the boxlmg
temperature. “u :

- Dfsimple 5. Ozxalic acid is not affected by exposure to the air,
S hodien ¢ the action of oxygen gas. The effect of the
simple combustibles on is has not been tried.’

It is capable of oxidizing lead, copper, iron, tin, bis=
muth, 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
oxalaty : ;

#. Muriatic and acetic acids dissolve oxahc acid, but
without aitermg it§. Sulphuric acid decomposes it
partly by the assistance of heat, and a quantity of char-
coal is formed.  Nitric acid decomposes it at a boiling
heat, and converts it into water and carbonic acidf.
From this result, and from the products obtained by

R

# Bergman. t Ibid. $ Enzyc DMethod. art. Acide Sq“barm-

§ Bergman. || Fourcroy, vii. 224,
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distilling pure oxalic acid, it follows, that this acid is
composed of oxygen, hydrogen, and carbon. Fourcroy
informs us, that Vauquelin and he have ascertained that
77-0xygen
- 13 carbon
‘10 hydrogen

1: is composed of

106*

But the experiments upon which this result is found-

“ed have not been published 5 so that it is impossible to

judge of their accuracy.
8. The affinities of oxalic 4cid, according to Berg-
man, are as follows : 7 R ‘
' Lime,
sagiel ¢+ Barytes, ¢
. Strontian,
Magnesia,
Potass,
Soda,
Amm@nia,’
Alumina. -

This acid is too expensive to be employed for thy

purposes of domespc economy ; butit is extremely uses
ful in chemistry to detect the presence of lime held ify
~solution.  For this purpose, either a little of the pure
acid, or of the soluticn of oxalat of ammonia, is dropz
into the liquid supposed to contain lime. If any be
present; a3 white powder immediately precipitates .

* Fourcroy, vii. 224
1 Provided the liquid does not contain an “excess of any of the more
powerful acids. In that case the excess must be saturated with ammo-

pia‘before adding the oxalic acid.

137
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The reason of this'is, that oxalat of lime is altogether

‘——— insoluble, and oxalic acid in consequence is capahle ef

History.

takmg lime from every other acid.

SECT. Vi.

OF MELLITIC ACID.

Turre isa mineral of a honey-yellow colour which
is found in' small solitary crystals among the layers of
‘Woodcoal at Arten in Thuringia. At first sight it has
some resemblance to amber ; but Werner recognised it
as a peculiar substance about the year 1790, and gave
it the name of honmigstein (honey-stone), which foreign.
mineralogists converted into mellite. ‘This mineral is
very rare. Hitherto jndeed it has been found only in
Thuringta and in Switzerland *.

Mellite has usually a honey-yellow colour, but some-
times a straw-yellow. It is always crystallized in octa-
hedrons, but they are rarely entire ; sometimes indeed
almost the whole of one of the pyramids is wanting.
Their surface is gencrally smooth and brilliant, and 1 m-
teriorly they have a glassy lustre. . They are semitrans-
parent, brittle, soft, and easily reduced to powder.
‘When pounded, they assume a yellowish-grey colour.
Their specific gravity is about 1.550 .

Mineralogists soon discovered that mellite is partly

# Brochant’s Mineralogy, i, 75. X t Klaproth's Beitrage, i 35
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~ combustible ; but they did not agree about its compo- Chap. IV-
nent parts. Lampadius and Abich undertook its che-
- mical analysis about the same time. According to the
first of these gentlemen, it is composed of
: 86.4 charcoal
3.5 bitumen
2.0 silica
3.0 water

. 949" :
According to Abich, it contains the following ingre-
_dients ! . . .. . 40 carbonic acid

’ (i 28 B WALEE _
16 carbonat of alumina -
52 benzoic acid -
5 benzoat of alumina
.3 oxide of iron
AR ekpesingi

ooy g

o g :
The results ‘of these analyses differed so _mu_ch from

- each other, that little confidence could be placed in
either.  Besides, it was evident from the way in which
their experiments. were copducted, that the original
component. parts-of mellite had been altered by fire. i
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 mellitict: And this analysis was soon

after confirmed by Mr Vauquelin §.

e b e -

% Crell’s Annals; 1797, - 0. © 1 1bid. p.x6
*} Beitrage, i, X14: " § dwnde Chir. XXXV, 203
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1. Hitherto mellitic acid has been found only in the
mellite. It may be procured from that mineral by the
following process : Reduce the mellite to powder, and
boil it in about 72 times its weight of water. The acid
combines with the water, and the alumina separates in

flakes. By filtering the solution, and evaporating suf-

ficiently, the mellitic acxd is obtained in the state of
crystals.

2. These crystals are exther very fine necdles, some-
times collected into globules, ‘or small short prisms,
They have a brownish colour, and a taste at firgt sWeet,
ish-sour, and afterwards bitterish.

3. This: acid is mot very soluble in water ; but the
precise degree of solubility has not been ascertained.

4. When exposed to heat, it is readily decomposcd,
exhaling an abundant smoke, which however is desti-

‘tute of sniell. A small quantity of insipid ashes TE

main behind, which do not alter the colour of lltmus
paper. ;

5. All attempts to convert it into oxalic acid by the
action of nitric acid have failed. The nitric acxd merely
caused it to assume a straw-yellow colour.’

6. The effect of the simple bodies on this acid has npt
been tried. o , ) :

j+ It combines with alkalies, earths, and metallic ox-
ides, and’ forms with them salts which are distinguish-
ed by the name of mellats. 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

- 109"
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Noéw. when melhte 1s‘dxsnlled ina retort, tfxe acid is  Chap. IV.
compietely, decomposed, and its elements combine to- -
_gether in ‘a different way. By this method Mr Kla-
proth obtamf*d from 100 grains of mellite
54 cubxc inches of carbonic acid gas
X3+ ¢ o ww oo hydrogen gas
38 grains of acidulous and aromatic water
. I% s . « arematic oil ;
"9« v & .« charcoal ¥
165 o). o o alagiing '
From this analysis it is obvious, that mellitic' acid is
composed of carbon, hydrogen, and oxygen, like most
of thc combustible acids. It deoes not, ho wever, fur-
 nish us'with sufficient data for ascertammg the proporo :
tion of these constituent parts. .
- Mellitic scid bears a great resemblance to the oxalic;
but it differs from it in many particulars, especially in
Tthe nature of the compounds which it forms with diffe~ -
. tent bases. :

iiaenie SSBCTEVEL, <
S ..
OF TARTARIC 4CID.

T‘ARTAR, Or CREAM OF TARTAR as it is commonly Histergs
called when pure, has occupxed the attention of che-

mists for several-centuries. “Duhamel and Grosse, and -

after them Margraff and Rouelle the Younger, proved

that it was composed of an acid united to potass'; but
Scheele was the first who obtained this acid in a sepa- =
rate state. . He communicated his provess for obtain-
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ing it to. Retzius, who published it in the Stockhelm
Transactions for 1770. ~ It: cansisted in boiling tartar

with lime, and in decomposxng the tartrat of hme thus— '

- formed by means of sulphuric acid.

1. The process employed at. present for obtammg tar-

taric acid, which is the same with that of Scheele, is the -

following : Dissolve tartar in bodmg water, and add to
the solution powdered chalk till all effervescence ceases,
and the liquid ceases to redden vegetable blues. Let
the liquid cool, and then passiit through a filer. A

quantity of tartrat of lime (which is an insoluble white
- powder) remains upon the filter. Put this tartrat, pre-

viously well washed, into a glass cucurbite, and pour

on it a quantity of sulphuric acid equal to the nght af
the chalk employed, which mustbe diluted with water.

Allow it to digest for 12 hours, stirring it occasionally.
The sulphuric acid displaces the tartaric : sulphat of lime

remains at the bottom, while the tartaric acid is dissol-

ved in the liquid part. Decant off this last, and try whe-

 ther it contains any sulphuric acid. This is done by

dropping in a little acetat of lead 3 a precipitate appears,
which is insoluble in acetic acid if sulphuric .acid be

~ present, but soluble if it be absent. If sulphuﬁc acid

be present, the liquid mug he digested again on some
more tartrat of lime; if not, itis to be slowly evapo-

rated, and about one third part of the weight of the tar- --

tar employed is ohtained of crysfallized tartaric acid..
2. The form of its crystals is so irregular, that every
chemist who has treated of this subject has’ given a dif-
ferent description of them. According to Bergman,
they generally consist of divaricating lamelle * ; ac-

% Bergman, iii. 362.

57
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cording to Van Packen, they assume oftenest the form
- of long pointed prisms * ; Spielman and Corvinus 1 ob-
tained them in groups, some of them lance-shaped, o-

thers needle-formed, others pyramidal. Morveau ob- -

- tained them « 'needle-form . Their spccxﬁc gravxty is
1,5962 §.. ,

3 Crystallxzed tartanc acid does not experience’ any

_ change in the open airj but heat decomposes it altogc-

" ther: in the open fire it burns without leaving any

133
Chap, 0

“other residuum than a spongy charcoal, which general- -

ly contains a little lime. When distilled in close ves-
sels, it is converted into carbonic acid gas and carbu-~

reted hydrogen_ gas, a coloured oil, and a reddish acid’

liquor, which was formerly distinguished by the name
of pyrotartarous acid, but which Fourcroy and Vauque-

lin have lately ascertained to be merely acetic acid

impregnated with oil [|.
4. Tartaric acid dissolves readily in water. Bergman
obtained a solution, the specific gravity of which was
1.2309. Morveau observed, however, that crystals.
formed spontaneously ina solutxon, the specific gravi-
ty-of which was 1.084. It is not liable to spontaneous
decoxﬁposition when dissolved in water, unless the so-
Iution be considerably dxluted :
5+ Neither its action on oxygen gas nor on sxmplc
. ,vombusubles and mcombustlbles has been examined ;

but it is probable that it is not capable of producing any
3 / - :

"% Dz Sulle Ectent, Aosdi Tarteri. 1 Analesta'dr Tartare,
} Broyc. Method. Chim. i. 323 i
§ Hassenfratz, Ann. de Chim. xxzviii. 11. {| Thid. xxxv. 131"

9 Bergman, 1. 250.

Action of

" simple bo~

dies.
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Dﬁook 1L sensible change on them. It is capable of p"};‘idizi’ng

m iron and zinc, and even 'mercury 5 but it’ddeé not act .
upon antimony, bismuth, tin, lead, copper, sxlver, gold, -
nor platinunt. Its action on the other metalhc bodxes‘
has scarcely been examined. . % ¥

6. It combines with alLahes earths, and metallic ox-
ides, and forms salts known by the name of zartrats,

7 The action of the greater‘part of the other acids)
on it is unknown. Hermstadt has ascertained, that i¢
~may be converted into oxalic ;Qd by d:stxlhnv 1t Iepeits
edly with six times its wexght of nitric acid. By this
‘process he obtained 560 parts of oxahc acid from 360

: parts of tartaric acid *. o gl
Composi- 8. From this result, and from the products obtained
sion. thn tartaric acid -is distilled, it is evident that itis
composed of oxygen, carbon and hydrogcn. Tourcroy
informs us, that Vauquelin and he have ascertained that
these ingredients are combmed in it in the followmg
proport'ons Ao
90.5 oxygen
. . 19.0 carbon
1 6.5 hydrogen
g L

I00.0

- 9 The affinities of this acid follow the same ordcr
as those of oxalic acid. e

l

Tartaric aicid, in a state of punty, has scarccly been
put to any use ; but some of the compoundsinto which

* Crells N. End. in d. Claerr 1782. p. 76
S Fourcrcy, vii. 261. »
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it enters are nifich employed in medicise. Thxs acid ~ Chap. IV.

has the property of combining in two different propor-
tions with a great number of bases.. - With potass, for

instance, in one proportlon it forms a salt pretty solu- 2

‘ble in water, called tartrat quota.u 5 but when added
in a greater proportion, it forms tarvtar, a salt very ime
perfectly soluble in water. By this property, the pre-
‘sence of tartaric acid, in any acid solutxon, may easlly be
detected.  All that is neccssary is to drop in slowly a
llttle solution of potass if tartaric acxd be present, tar-
tar immediately precxpxtates in the form of a - white grit-
ty powdcr j

' SECT. VIIL.

OF CITRIC ACID.

CHf-}stTs have always considered the: juice of oran- tigery.

_Bes and lemons as anacid. This juice contains a quans

tity of mucilage and water, which renders the acid im«
pure, and subject to spontaneous decomposition. « Mr
Georgias took the following method to separate the mu-
cilage. He *filled a bottle entirely with lemon-juicey
corked i, \and placed-it in .a cellar: in four .ygars 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 crust had formed under the cork. He ex-
posed this acid to a cold of 23°, which froze a great
part of the water, and left behind a-stnm,&gnd pretty

Vor.II, DR :
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pure acid . It was Scheele, however,dthat first pointe

‘—v--' ed out a method of obtaining this acid perfectly pure;

Prepara-
tion,

and who demonstrated that it possesses peculiar proper-
ties. .
" 1. His process, w}uch is still followed, is t;hxs Satu-
rate lemon juice, while boiling, with powdered chalk.
" A white powder falls to the bottom, which is lime com-
‘bined with citric acid. _.Separate this powder, and®
wash it with. warm: water till the ‘water passes off co-
lourless. 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 sulphat of lime. < The liquid is then to.
be evaporated to the consistence of a syrup, and’ set
aside to cook. A number of crystals form ift it : thesc
are citric aced - i ‘
Mr Scheele advises the use of an excess of sulphuric

.acid incorder to- insure the separation of all the lime s

but according to Dizé, this excess is necessary for ano-
ther purposef. A quantity of mucilage still adheres

~ to the citric acid in its combination with- lime, and sul-

phuric acid is necessary to decompose this mucilage;
which, as Fourcroy and Vauquelin have proved, it is ca=
pable of doing.  His proof of the presence of mucilage
is, that when the solution of citric acid irr water, which
he had obtained, was sufficiently concentrated by evapo-
ration, it ‘assumed a brown colour; and even became
black towards the end of the evaporation. The crys=

.

¥ Stachbolm Trincaciions, Y774 . *+ Schecle, ii.;io;j i
t Nicholson’s Fournal, ii. 43 G ‘
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tals also were bilck. By repeated solutions and evapo:

rations, this black matter was separated, and found to

be charcoal. ‘Hence he concluded that mucilage had

Chap. V.
A—‘—-v-—.d

been present; for mucilage is composed of carbon, hy-

drogen, and oxygen ; sulphuric acid causes the hydro-
gen and oxygen to combine and form water, and char-
coal remains behind. It is not certain, however, as Mr
-Nicholson remarks very justly *, that the sulphuric acid
may not act upon the citric ‘acid itself, and that the
charcoal may not proceed from the decomposition of it 3
at least the experiments of ‘Mr Dizé are insufficient to
prove the contrary. In that case, the smaller the ex-
gess of sulphuric acid used the better. :
Proust, who has published 2 memoir on the prepata-
tion of citric acid in the Fournal de Physique for 1801 5
has observed, that this is actually the case. When too
‘much sulphuric acid is employed, it acts upon the citrie
acid, chars it, and prevents it from crystallizing. This
error is remedied by adding a little chalk. This che-
mist has ascertained, that 4 parts of chalk require for
‘saturation g4 parts of lemon. juice.  The citrat of lime
‘obtained amounts to 7% parts. To decompose this, 20*
parts of sulphuric acid, of the specxﬁc gravity 1.4, are
necessary. : .
g2 The crystals of itric acid are -thomboidal prisms,
the sides of which are inclined to each other at angles
of about 120 and 6o degrees, terminated at each end by
four trapezoidal faces, which include the solid angles 3.
They are not altered by exposure to the air. Their
taste is exceedingly acid, and even excites painj but

. ' . i
% Nicholson's Fournal, ii. 43 < } Four. dz Phys. lu 366
i D.lze, Nicholson's Fowrnal, ii. 33 % =
K2
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when- the acid is properly dxluted thh tater, the acxdlty
is cxceedmgly pleasant.

3. When exposed to the open ﬁre, it ﬁrst melts, then
swells up and exhales an acrid vapour, and leaves be-

" hind it 2 smalf quantity of charcoal.  When distilled in -

close vessels, it partly evaporates without decomposition,

; and is partly converted into aCEth '&Cld carbonic amd

and carbureted' hydrogen gas, which pass over; and’
charcoal which remains in the retort.

4. Citric acid is exceedingly soluble in water, Ac-
cording to- Vauquelin, 100 parts ¢ of it require only 75
parts of water. Boiling water dissolves twice its weight
of it *.  This solution may be kept along time in close
vessels 3 howevén, it at last putrifies, and is decompo-
sed. ' : ‘ |
5 Nexther oxygen gas nor_the sxmple combustxbles
or incombustibles produce any effect upon it. Itis ca- .
pable of oxidizing iron, zinc, tin. 1t does not act upon
gold, silver, platmum, mercury, bismuth, antimony;
arsenice - : :

6. It combines with alkalies, earths, and metalhc 0%
sides, and*forms salts known by the name of eitrats.

7. The action of none of the acids on it has been ex=
amined, if we except that of the su*l'ph{rri'c and nitric.
Sulphuric acid, when concentrated, converts it into a-
cetic acid +  Scheele satd that he could not convert it
into oxalic atid by means of nitric acid, as he had done
several other acids : but Westrum affirms, that this con-
version may be affected ; and thinks that Schcel_c had

& Dizé, ; _ } Fourcroy, vii- 206.
1 L 3
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‘probably failed" from having used too Iarge a.quantity of .

‘nitric acid, by which he had proceeded beyond the con-

version into oxalic acid, and h_ad changed the citric acid
into vinegar : and in support of his opinion, he quotes
his own expeiiments; from which it appeared that, by
treatmg 6o grains of citric acid with' different quanti-
ties of nitric acid, his- products were very different.
- Thus with 200 grams of nitric acid he got 30 grains
of oxalic acid; with 300 grains of nitric acid he obtain-
ed only 15 grains of: the oxalic acid; and with 600
grains of nitric acid no vestige appeared of the oxalic
‘acid.  On distilling the products of these experiments,
especially of the last, he obtained vinegar mixed with
‘nitric acid. The experiments‘of Westrum have been
.conﬁrmed by Fourcroy and Vauquelin 5 who, by treat-
ing citric acid with a great quantity of nitric acid, con-
verted it into oxalic and acetic acids. . The proportxon
of the first was much smaller than that of the second.

From these expenmems it is evident that its compo- :

nent partsiare oxygen, hydrogen, and carbon; but the
proportions of them have not been‘ascertainsd.
8. Its aﬂinmes are as follows: .
Lime, :
Barytes,
' Strontian,
IWagnesia,
Potass,
; Soda,A
Ammonia,
Alumina,
) Zirconia.
The use of this acid, as a seasoner of food, and in
preparing an agreeable cooling drink called Jemonade; i§
well known, K3 :

149
Chap V.
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BECT IX.

OF SEBACIC ACID.

CHEMXSTS had long suspectcd that an acid could bey -
obtained 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 particular-
lyin a dissertation De Ossium Medulla, published in

1748F. Mr Rhodes mentioned it in 17535 Segner

published a dissertation on it in 1454 ; and Crell exami- -
ned its properties very fully in two dissertations pub--
lished in the Philosophical Transactions for 1 780 and

1782. It was cal[ed at first actd qf ﬁzt, and afterwarda
sebacic acid. e
But at the period when these chemists made their

experiments, the characteristic properties of the different’
acids were not sufficiently known to enable them to dis-
tinguish acids from each other with precision. T henard
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 employ-
~ed in the process. Real sebacic acid had hitherto e-

scaped the examination of chemists. It may be pic
cured by the following method, for ‘which we are in-
debted to Thenard +. % o %

1. Distil hog’s lard, wash the product thh hot water;
separate this water, and drop into it acetat of lead. A

b LCODh&l‘di. ? T dAnn. deChim. xxxix. 194.°
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Haky precipitate appears, which is to be washed and
dried, mixed with sulphuric acid, and heated. A ‘melt-

- ed substance, analogous to fat, swims on the surface,.

which is to be carefully separated.  This substance is
sebacic acid. It may be dissolved in hot water, and on

5y -

Chap. IV,
\—-—v—-—d

cooling crystalline needles are deposited. This acid |
_may be obtained also by svaporating the water employ-

“ed in washing the product of distilled hog’s lard. " Or

this water may be saturated with potass, and afterwards

precipitated with acetat of lead as above. Its proper~
ties are the following.

2. It has no smell, its taste is shghtly acid, and it
veddens the tincture of turnsole. When heated it melts’

Properties,

like tallow. It is soluble in cold, but much’ ‘more solus

ble in hot water. Boiling water saturated with it be-
: comcs solid on.cooling ; alcohol also dissolves it abun-
‘dantly It crystallizes in needles ; but by proper pre-
‘cautions it may be obtained in long, large, and very bril-
liant plates. - e ;
It occasions 2 precipitate in the acetat axyl nitrat of
5 1éad, the nitrat of silver, the acetat and nitrat of mer-
cury. It forms peculiar salts with the alkalies and
earths. It does not render lime water, barytes, or
strontian water turbid.  Sebat of potass has little taste,
does not attract moisture from the air; and when sul-
phuric, nitric, or muriatic acid is poured upon it, seba-
cic acid is depo‘Sited when its solution is concentrated
and mixed with any one of these acxds it becomes so=
lid. ; '

R
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OF SACLACTIC ACID.

T s acid was discovered by Scheele in 1 780. Afer

having obtained oxalic_acid from sugar, he wished to

examine 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
mitric acid, and put the mixture in a large glass retort,

‘which he piaced in a sand-bath. A violent effervescence

ensuing, he was obliged to remove the retort from the
sand-bath till the commeotion ceased. - He then conti-
tinued the distillation till the niixture became yellow.
Asno crystals appeared in the liquor remaining in the
retort after standing two days, he repeated the distilla-
tion as before, with the addition of eight ounces of ni-
tric acid, and continued the operatign till' the yellow
“colour, which had disappeared on the addition of the i+

trous acid, returned. The liquor in the retort contain- -

ed 2 white powder, and when cold was observed to be
thick. Eight.ounces of water were added to dilute this

111‘1“01’: which was then filtrated, by which the white

powder ‘was separated ; whichbeing edulcorated and
dried, wexghed 7% dr. The filtrated solution was eva-
porated to the consistence of a syrup, ' and again sub-
jected to distillation, with four ounces of nitric acid as
before ; after which, the liquor, when cold, was observed
to contain many small, oblqng, sour crystals, tOgCthe*
with some white powder. This powder being separated,
the liquor was again distilled with more nitric acid as
before;; by which means the liquor was rendered capa-
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ble of yxeldmg crystals again 5 and by one distillation

‘more, with more nitrous acid, the whole of the liquor

was converted into crystals. These .crystals, added to-
gether, 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 tode an acid of a peculiar nature ;
he therefore called it the acid of sugar of milk*. Tt
was afterwards called sgeluctic acid by the French che-

- mists. Four'croy-has‘latcly given 'it the name of mucous
acid, because it is obtained by treating gum arabic, and
other mucilaginous substances, with nitric acid.

Mr Hermstadt of Berlin had* made similar experi-
ments on sugar of milk at the same time with Scheele,
and with similar results; but he concluded that. the
white powder which he obtained was nothing else than
oxalat of lime with excess of acid, as indeed Scheele
himself did at first. After he became acquainted with

Scheele’s conclusions, he published a paper in defence -
of his own opinion ; but his proofs are very far from

estabhshmg it, or even rendering its truth probable *
He acknowledges himself, that he has not been able
to decompose this supposed salt: he allows that it pos-
sesses properties distinct from the oxalic acid ; but he
,.,'ascnbes this difference to- the lime which it contams i
yet all the lime which he, could discover in 240 grains
. of this salt was only 20 grains ; and if the alkali which’
he employed was a carbonat (as it probably was), these

20 must be reduced to 11. Now Morveau has shewn,

- that oxalic acid, containing the same quantity of lime,
exhibits very different propertics. Besides, this acid,

% Stheele, ii. 69, ¢ 4 Crell's dnnals, 1784, i 508

153
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whatever it is, vhen united with lime, is separated by
the oxalic. and must therefore be different from it: ag

~1t would be absurd to suppose that an acid could dis-

place itself *.  The saclactic acid must therefore be cons
sidered as a d»lst‘nct acxd, since it possesscs peculiar pros
perties. !

1. Saclactic acid may be ohtamed by ‘the followmg:,
process : Upon one part of gum arabic, or other simi- -
lar gum, previously put-into a retort, pourt two parts of -

_ aitric acid.  Apply a slight heat for a short time, till -

a little nitrous gas and carbonic acid gas comeover ; then

~allow the mixture to cool.. A white powder gradualiy

precipitates, which may be easily separated by filtration.
Thzsp owder is saclactic acid . i

2. Saclactic acid, thus obtained, is under the form of
a 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 red coloured acrid eil, carbonic acid’ gas, and

carbureted hydrogen gas. There remains in the retort
a large proportion of-charcoal,

* Saclactic acid, according to Scheele, is soluble in 6o
parts of its weight of boiling water ;' but Messrs Herm-
stadtt énd§ Morvean found, that boiling water only
dissolved Foth part: it deposited about Zth part on.
cooling in the form of crystals [ . ] L ;

The solution I*as an acid taste, and reddens thé infu-
sion of t\.msoleﬂ Its specific gravity, at the mmperac
ture of §3.9°,is T.0015%%,

% Morveau, Encyc. Metbod. i. 291, ° -} Fourr,roj, Vil 146.
{ Pbys. Chem. § Encjc. Method. i. 290, J} Schecles
9 1d. -~ ** Moryeau, Ibid. :
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- The compounds which it forms with earths, alkalies,

and metallic oxides, are denominated saccolats. These
salts are but very imperfcctly known, no chemist ha-
ving examined them except Scheele. The facts which
be ascertained are the following 7
With potass it forms a salt soluble in eight parts of
boiling water, which crystallizes on cooling. The sac-
“colat of soda also Erystallizes, and is soluble in five parts
of water. Saccolat of ammonia loses its base by a mo-
derate heat, while the acid remains behind. The com-
pounds which it forms with the earths are nearly inso-
luble in water. It scarcely acts upon any‘of the me-
tals, but it combines with their oxides: it forms salts

155
Chap. W,

-almost insoluble in water. When poured into the ni- .

trats of silver, mercury, or lead, it occasions a white
precipitate. It produces no change in the sulphats of
jrbri, copper, zinc, manganese, nor in the muriats of tig
and mercury. - - : :

e SECTLXL

'OF LACCIC ACID.
Aot the year 1486, Dr Anderson of Madras men-
tioned, in a letter to the® governor and council of that

place, that nests of insects, resembling. small cowry
shells, had been brought to him from the woods by the

»

¥ Scheele, 1. 76.

History.
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natives, who eat'them with avidity. These supposed
nests he soon afterwards discovered to be the coverings
of the females of an undescribed species of coceus,

~which he shortly found means to propagate with great

facility on several of the trees and shruhs growxng in

‘his neighbourhood *. ) R

On examining this substan-e, which he called white
lac, he observed in it a very considerable resemblance
to bees wax ; he noticed also, that the animal which

 sectetes it provides itself by some means or other with

a small quantity of honey, resembling that produced by
our bees ; and in one of his letters he complains, that
the children whom he employed to gather it were tempt-
€d by its sweetness to eat so much of it as ‘materially to
reduce the produce of his crop. Small quantities of
this matter were sent into Europe in 1789, both 1n its
natural state and melted into cakes; and in 1793 Dr
Pearson, at the request of Sir Joseph Banks, undertook
a chemical examination of its qualities, and his experi-
ments were published in the Philosophical Transactions

for 17944

A picce of white lac, from 3 to 15 grains in weight,
is probably produced by each: insect. These pieces are
of a grey colour, opaque, rough, and roundish. When
white lac was purified by being strained through mus-
lin, it was of a brown colour, brittle, hard, and had a
bitterish taste. It melted in alcohol, and in water of

#* The Chinese collect a kind of wax, which ghey call pe-ia, from 2
coccus, deposited for the purpose of breeding cn éeveral shrubs, and
manage it exactly as the Mexicans manage the cochireal insect It was

ghe knowledge of this that induced Dy Anderson to attempt to propa-
gate his insect. !
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"thc temperature of 145°. In many of its properties it
‘tesembles bees wax, though it differs in others; and

455
Chap. IV.
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Dr Pearson supposes that both substances are composed °

of the same. mgredlents, but i different proportions.
~ 1. Two thousand grains of white lac were exposed in
such a degree of heat as was just sufficient to melt
them. As they grew soft and fluid, there cozed out
- §50 grains of a réddish watery liquid, which smelled
like nc.ly baken bread*. To this liquid Dr Pearson
has given the name of laccic acidt.
izl %osseéses the following properties :
It turns paper stained with turnsole to a red colour.
After being filtered, 1t has a slightly salnsh taste with
bxtterness, but is not at all sour.
‘When heated, it smells precisely like newly baken het
bread. :
" On standing, it gI'OWS somewhat turbid, and deposits
a small guantity of sediment. .
Its specific gravity at the temperature of 6o° is
1.0235. :
A little of it having been evaporated till it grew very
turbid, afforded on standing small needle-shaped erys-
* tals in mucilagi}m;us matter.
Two hundred and fifty grains of it were poured into
‘3 very small retort and distilled.  /s.the liquor grew
‘warm, mucilage-like clouds appeared ; but as the heat
increased they disappeared again. At the temperature of
200° the liquor distilled over very fast: a small quantity

* The same liquid appears on pressing the crude lac between the
fingers; and we are told that when newly gathered it is replete with
}mce B

+ Pearson’s Transl. of the Chemizal Namﬂulah:re, N

Properties.
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of extractive matter remained behind.. The distilled {s

quor while hot smelled like newly baken bread, and was
perfectly transparent and yellowish. A shred of paper
stained with turnsole, which had been put into the re-
ceiver, was not reddened ; nor did another which had
been immersed in asolution_of sulphat of iron, and alse
placed in the receiver, turn to a blue colour upon being
moistened with the solution of potass *.

About 100 grains of this distilled liquid l‘,mg eva-
porated till it grew turbid, after being set by for 2 .
night, afforded acicular crystals, which under 2 lens ap-
peared in a graup not unlike the umbel of parsley. . The
Whole of them did not 2mount to the quarter of 3 gram.
They tasted only bitterish.

Another 100 grains being evaporated to dryness in
a very Tow temperature, a blackish matter was left be-
hind, which did not entirely disappear on heating the
spoon containing it véry hot in the naked fire ; but oa
heating oxalic acid to a much less degree, it evaporated
and left not a trace behind. :

Ca,rbongt of lime dissolved in this distilled liquid with
effervescence. The solution tasted bitterish,.did not
turn paper stained with turnsole red, and on adding to
it carbonat of potass a copious precipitation ensued. A
little of this solution of lime and of alkali being eva-

. porated to dryness, and the residuum made red hot, no-

thing remained but carbonat of lime and carbonat of
potass. v 3
This liquid did not render nitrat of lime turbid, but’
it produced turbidness in nitrat and muriat of barytess

-

* A proof that the acid was not the prussic,
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up, exhales an acrid fume, and leaves behind it a very :

voluminous coal. 'When distilled, the products are an
acid water, a little carbureted hydrogen gas, and a larg
proportion of carbonic acid *.

3. It is very soluble in water. It gradually decom-
poses spontaneously, by deercromg a kind of ferment=.

tion in the vessels inwhich if is kept.. S
4. Sulphuric acid ¢ a‘is it, and niiric acid conérts iv

into oxalic acid+. Hence'j* i~ e¥ident thet it 1§ com-

posed of oxygen,. h1yirogen, and carbon, tho:gh the
oF

proporticas of ne.c S'hstances have not been ascer-

s 3AML o

tained. j A

Malic acid combmes W *h alkalies, earths, a#nd me-

rhllhc oxides, and forms salts known by the name. of

malats.

Its affinities have not yet been ascertained.

This acid bears a strong resemblance to the citric,
but differs from it in the following particulars :

. The citric acid shoots into fine crystals, but this
acxd does not crystallize.

2. The salt formed from the citric acid with ]1me is
almost insoluble in boiling water; whereas the sait
made with malic acid and the samiebasis is readily so-
luble by boiling water. . ;

3. Malic acid precxpltates mercury, lead, and silver,

from the nitrous acid, and also the sol‘iitlen of gold when.

diluted with water ; whereas citric acid does notalter

any of these solutions. g
3. Malic acid seems to have a les~ affinity than citric

o ,M

acxd for lime ; for when a sl “on’6f lime in the for- |

# Fourcroy, Vil 199. } Scheele and Hermstadts
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~ To o0 grains of the reddish-coloured liquor obtain-

ed by melting white lac, carbonat of soda was added tilt

the effervescence ceased, and the mixture was neutral-
ized ; for which purpose three grains of the carbonat
. were necessary. During this Acombi_n‘ation a quantity
of mucilaginous matter, with a little carbonat of lime,
was precipitated. The saturated solution being filtra=
sted 4nd evaporatéd to the due degree, afforded on stand~
ing de;. nescent crystx-ﬂs, which on exposure to fire left
enly 2 remduum of carbonat of poda.

lee-watet bemg added to t,hls reddlsh coloured li-
standing’ there were clouds jus percgptlb]e.

Sulphuret of lime octasioned a white precipitation;
but no sulphu.reted hydrogen gas was pe! LCGpthl@ by'the
smell. :

Tmcture ‘of getlls produced a green precipitation.

Sulphat of iron produced a purplish colour, but no

precipitation ; mor was any precipitate formed by the
addition first of a little vinegar, and then of alittle pots

ass, to the mizture. :

Acetat of lead occasioned a reddish prec1p1tatlon,
: which redissolvedeon adding a little nitric acid.

Nitrat of mercury produced a whitish turbid liquor:

Oxalic acid produced 1mmedlately the prec1pnatmn of
white acicular crystals,e owing probably to the presenve
of a little lime in tie hqu]d

Tl potass prodzeed a precipitation not unlike
what ‘takes place; on adding tartaric acid to tartrat of
potass; but it dld ‘ot dissolve again on addmcr potass..

Such were the properties of this acid dlscovqred by
Dr Pearson *. Before this acid cau be admxtted as a

*Pbil. Trans, 1794, p- 383.

159
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Prepera. 1. Tms acid, Whlch Wag: dlscovered by Scheele in
SR 178 5, has received the name6f malic acid, because it
may be obtained in abundance from the juice of apples,
in wh:ch it exists ready formed. Scheele has given us
the following process for extracting it: Saturate the
juice of apples with potass, and add to the solution ace-
tat of lead till no more precipitation‘ ensues. Wash
the precipitate scarefully with a sufficient quantity of
water; then pour upon it dxluted sulphuric acid till the
mixture has a perfectly acid taste, without any of that
sweetness which is perceptible 4s losg as any lead re-
mains dissolved in it ; then separate the sulphat of lead,
which has prempltated by filtration; and there rcmams
_behind pure malic acid *. SE NS
Vauquelin has lately sscentaified) that it may be ex-
tracted, with greater advantey=, from the juice of the
:emperwvum tectorum, or common hi use-lcek where xt,.
exists abundantly‘, combmcu with lxﬁne. The process

i . % Swedish Trans, and Crell's Annals for 1785,

=
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mer acid is boiled one minute with a salt formed from Chap.IV.

_volatile alkali and citric acid, 2 decomposxtlon takes
,place and the latter acid combines with the lime and is
precipitated.

] milk be kept For some mx(; it becomes sour. The
vacid which then .appea;ks‘& in it was first examined by
Scheele, and found by him to haye peculiar properties.

Tt is called Jactic acid. In the whey of milk this acid

 is mixed with a little curd, some phosphat of lime, su-

gar of milk, and mucilage. All these must be separa-
ted before the acid can be ‘examined. Scheele accom-
plished this by the following process. :
I. Evapomte a quantity of sour whey to an eighth
part, and then filtrate it: this separates the cheesy
part. Saturate tl‘féﬁﬁquid with lime-water, and the phos-
phat of lifue precipitates. Filtrate again, and dilute the
Banid with three times its own bulk of water; then let
fall into it oxah%\amd ;drop by drop,, to precipitate the
lime which it has dlssolved from the lime-water ; then
add a very smalls luantltyhof lime-water, to see whe-
ther too much oz\ahc acid has been added. If there has,
oxalat of lime immediately precipitates. Evaporate
the solution to.the consistence of honey, pour in a suffi-

- cient quantity of alcohol, and filtrate again; the acid

passes through dissolved in the aicohol, but the sugar
L2
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SECT. XIV.

x OF SUBERI.C ACID.
=
&
O 4
ORj; 2 substanc‘ too 'v..ll l)nown to requne any de-
scrlptfbn‘ »is the bark of g ere Whlch bears the same
name. | ) By Theans of nitric ac1d Brugnatelh converted
it mto an acid *, which has beérr calIe ! the wfrerw acid,
from Suber, the Latin name of e corkm 2. Several

chemists affimed-that this 2c™ was the oxzlic, because

=y Ca ey ey - -
it possesses several propeities in common with it. These

assertions induced Bouillon La Grange to undértake a
set of experiments on suberic acid. These experiments,

_ which have been published in the 23d volume of the

Annales de Chimie, completely establish the pecuhar na-
ture of suberic acid, by shewing that it possesses pro-
perties different from those of any other acid.:

1. Suberic acid may be formed by pouring six parts of
nitric acidiof the specific gravity 1.261 on one part of
cork grated dowss; or simply broken down into small

Niiae - eyys . . !
pieces, andadistilling the mixture with a gentle heat as

long as red vapours continue to escape. As the distil-

lation advances, a yellow matter like wax makes its ap-

pearance on the surface of the liquid. While the mat-
ter contained in the reteit is hot, it is to be poured into

a glass vessel, ph’ ced upon #sand-bath overa gentle fire,

and constantly smged gziﬁ’x a glass rod. By this means

* Crell’s Annals, 1787.
L3
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cold water, a sediment, which proved on examination to Chap. 1V,
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 wa«
t&r, redissolved in hot wat\@;?‘ﬁi;rated and evaporated
e vef »glowly, ylelded an acid’ 52
sandif. - :
Déveux teys proposed a much speedier metliod of ob-
tamm& gallic i}mdf but it does not_ succeed w1thout a
good deal of pi‘ecautlon It consists in expesing pound-
ed nut-galls in al@rge glass retert to a heat cautiously
and slowly raised. A number of brﬂhant white crystal-
line plates are sublimed, whlch possess all the proper-
{t1es of galhc ac1d Care must be taken not to apply

b in crystals as fine as

too greatwa heat, and to stop the progess before any oil

beglns to come over otherwise the cryatals wxll be re-
dissolved, and the whole labour lost.

: Mr Davy has lately pomted out gnother method

which yields gallic acid in a state of considerable pu-

tity. Boil for-some time a mixture of carﬁonat of ba-

Tytes and 1nfu51on_,9f nut-galls. A bluish green liquid

~his. ﬂbtaxngd “which consists of a solution of gallic acid

» and burytes. Filter and saturate with diluted sulphu-

_rxc acid. Sulphat of bar_ytes is dCPOSIth in the state of

: Y Sy
* Stocklolm Trans. g;f%é.—’rhe l;\fystals obtained by this method al-
ways contain @ portich of tan, ap are of a brown colour. :
"4 This method was Gaefesdiscovered by Scheele; but Deyeux re-
peated it, and pointed out the proper precautions. ——See Crgll’s Almal:
129, Eng Transl
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phlogisticate the alklali, withouf attempting to ascertain
what this phlogistication was. At length, in 1772, Mor-
veau announced his suspicion that the colouring matter

was not mere phlogiston, but probably an acid. This

seems to have led succe’eding chemists to direct their at-

tention towards an examination of its properties. Sage

affirmed that it was. phosphonc acid; but this opinion

was refuted by Lavoisier*.. Bérgman also announced
his supicions that it was an acid, but an unknown one+. .

Deyeux and Parmentier, Bergrﬁan, Erxleben, Delius,

and Scopoli, submitted prussian blue to distillation,and

obtained a quantity of ammonia. Fontana asce rtained
that prussian blue detonated with nitre. = Landriani ob-

tained, by distillation, a little acid liquid and oil, and a . "

great quantity of azotic gas and carbureted hydrogen

gas. Such was the knowledge of chemists respectmg

the nature of this colouring matter, when Scheele all at
once removed the veil, and explained its prof)erties and
composition. This he performed in two. dissertations
on prussian blue; published in the Stockholm Transac-
tions.for 1582 and 1783 1. .

He observed that the prussian alkali, after being ex-

posed for some time to. the air, lost the property of -

forming prussian blue; the colommg maucer must there-
fore have left it. :

He put a small quantity of it into a large glass globe,
corked it-up, and kept it some. time ; but no change
was produced either in the air or the prussian alkali,
Something must therefore displace’ the ‘colouring mat=

-~

B e

% Mem. Par. 1777, P- 77 : 4 Notes on Scheffe, § 18%.
£ Scheeley i 141, )

|

v
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tér when the Sl exposed to the open alr, which is
ot present in a glass vessel. Was it carbonic acid gas ?
+ To ascertain this, he put a quantity of prussian alkali
‘into a glass globe filled with that gas, and in 24 hours
the alkali was incapable of producing prussian blue. It
is therefore ‘carbonic acid gas which displaces the co-
louring matter. He repeated this experiment with this
(difference, that he hung‘ in the globe a bit of paper
which had been previously dipped into a solution of
| sulphat of iron, and on which he had let fall two drops
of an alkaline Lixivium in order to precipitate the iron.
This péper was taken out in twp hours, “and becarne co-

Chap. IV

vered with a fine blye on adding a little muriatic acid. :
Carbonic acid, then, Has the property of separating the

_ colouring matter from alkali without decomposing its
‘He found also that other acids produce the same ef-
fect. Hence he concluded that the colourmg matter’
might be obtained i 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 suc=
~ ceeds perfectly
Mix together ten parts of prussxan blue in powder,
five parts of the red oxide of mercury, and thirty parts
of .water, and Boil the mlxture for some minutes in a
glass vessel. The blue colour dxsappears, and the mix-
ture becomes. yellowmh green. Pour it upon a filter ;
and after all the liquid part has passed, pourten parts
of hot water thro'ﬁg'h the filter to wash the residuam
completely The oxide ot mercury decomposes prus-
sian blue, separates its colouring matter, and forms
with' it a salt.soluble in water, 'The liquid therefore
which has passed through the filter containé the colour-
ing matter. combined with mereury. The other com=

M 2
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Igo‘;?s%og-x. ponent parts of the prussxan blue, bcmg msolub]e, Jé’
#—— — nmot pass through the filters Pour this mercurial hquxd
: upon 2% parts of clean iron filings, quite free from rust, /
Add at the same time one part of concentrated sulphu-
‘tic acid, and shake the mixture. The iton filings are
_ dissolved; and the mercury formerly held i i solution is
A precipitated in the metallic state. The cause of this |
- sudden change is obvious vI“h_,e iron. de-oxidizes the
mercury, and is at the same instant dissolved by the.
sulphuric acid, which has a strongcr aﬁimty for it than
the colouring xpatter has. There remains in solution
& therefore only sulphaf of iron and the colourmgimatter.
Now the colouring matter being volatile; which the
sulphat of iron is not, it was easy to obtain it apart by{w A
 distillation.  Accordingly he distilled the mixture in 3
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 quanti-
ty of sulphuric acid; from which he separated it by *
distilling a second time over a quantity of carbonaf of,
lime. The sulphuric acid combines with the lime and
remaijns behind, which the colouring matter cannot do,
because carbonic acid has a strongsr affinity for lime
than it has. Thus he obtained the colouring mattes in
a state of purity. : :
Composi- It remained now to discover its component ‘p:ar't's.‘
tion. He formed a very pure prussian bluey which he distil-

- led, and increased the fire till the vessel became red. -
The small quantity of water which he had put into the
receiver contained a portion of .the blue colouring mat-
ter and of ammonia; and the air of the receiver con-
sisted of azote, carbonic acid gas, and the colouring mat<
ters He concluded, from this and other experimentsy

’
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~ that the colouring matter is a compound of ammonia and

A\ oil. But when he attempted to verify this theory by

combmmg together ammonia and oil, he could not suc-

ceed in formmg colouring matter. This obliged hxm“
to change his opinion’; and at last he concluded that'

the colouring matter is a compound of ammonia and
charcoal. He mixed together equal quantities of pound-

: ‘ed charcoal and potass, put the mlxture into a crucible,

~ 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 solutxon possessed all the properties of the
prussmn alkali, Thus Mr Scheele succeeded in form-

¥ xng the colourmg mattcr.

This colouring matter was called prussic acid by Mor-
veau in the first volume of the chemical part of the Ez-
cyclopedie Methodigue ; an appellation which is now

- generally received, and which therefore it w111 be pro-

per to employ in the remammg'part of this Section.
These admirable. cxpenments of Scheele were repeat-

ed and carried still farther by Berthollet in 1787 ; who

applied to the explananon of the composition of the
colouring matter the light which had resulted from hxs
previous experiments on the component parts of ammo-
nia. . This illustrious chemist, scarcely inferior to

Scheele’ in ‘ingenuitj and address, ascertained, in the -

first place, that the phlogisticated alkali is a triple salt,
composed of pfussic acid, the alkali, and oxide of iron;
that it may be obtained in octahedral crystals’; and that
when mixed with Sulphuric acid, and exposed to the
light, it le;s falla precxpltate of prussian blue. His next

M 3.7
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object was to ascertain the component parts of prussi =

‘acid,” When oxy-muriatic acid is poured into prussic

acid, obtained by Scheele’s process, it loses its oxygen,

and is convertcd into common muriatic acid. At tb;:

same time the prussic acid becomes more odorous and

more volatile, less capable of combining‘ with alkalics,

and precipitates iron from its solutions, not blue, but

green. Thus prussic acid, by combining with oxygedl,

acquires mew properties, and is converted into a new
substance, which may be called oxy‘p(u'::z;c aced. If
more oxy-muritic acid gas be made to pass into prus-
sic acid, and it be exposed fo the light, the prussic acid
separates from the water with which it was combined,

and precxpxtates to the bottom in the form of an aro-
matic oil 3 which heat converts into a vapour insoluble

in water, and incapable of combining with iron. When

the green precipitate, composed of oxy- pl‘uSSIC acid and :

iron, is mixed with a pure fixed alkali, the oxy- prussi¢
acid is decomnosed and convcrtcd mto carbonat of ame
monia.

From these expenmgnts, Berthollet concluded that -
prussic acid does not contain ammonia ready formed ;
but that it is a mple compound of carbon, hydtogen,‘

and azote, in proportions which he was not able to as-
certain. This conclusion has been still farther verified
by Mr Clouet, who found, that when ammomacal gas i

* made to pass tbrough a red hot porcelain tube contain-

ing charcoal, a quantity of prussfc acid is formed *.

{This experiment does not succeed unless aprctty strong

heat be apphed to the tube t. ®

8 Ann. de Chim. x1. 30 f Four. de I’ Ecole Pb[yte:[m, L jii. 436;

l i
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Fourcroy and several other chemxsts believe, that the
ic acit

contains also a portion of oxygen in its
osition, resting chiefly upon an experiment of
Vauquelm *, 'This is certainly possible, thoughit has
‘ot been proved ; and the experiments of Berthollet ren-
der it somewhat unlikely.

Having thus traced the gradual progress of philoso-
_phers in asuertammg the nature of the prussic acid, it
iny remains to give an account of its properties, which-

~ « were first examined by the indefatigable Scheele.
Prussm acid obtame& by Schcele s process is a colour-

less liquid like water. It hasa strong odour, resembling

that of the flowers of the peach, or of bitter almonds.

183
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Its taste is sweetish, acrid, and hot, and apt to excite

cough. It does not alter the colour of vegetable blues.

»

‘# Vauquelin’s experiments were as follows:

Exeer. I Put into a retort 100 parts of the muriat of ammionia, 50
parts of lime, and 25 parts of charcoal in fine powdery adapt to the re-
tort a receiver contaiping a slight solution of the sulphat of iron, and im-
merse into it the beak of the retort ; then apply a brisk heat, and centi-
nive the action of the fire until nothing more is disengaged.

Exrer.Il. Putintoa rétort 100 parts of the muriat of ammonia, 50
- parts of semi-vitreous oxide of lead, and 25 parts of charcoal ; adapt a re-
ceiver containing a solution of sulphat of iron, and proceed as before.
‘Stir” well the liquors contained in the receivers, and expose them to the
air for several days, in order that the comibination between the qmde of

iron and the prussic acid may be perfect; and that the- prussiat of iron .

may absorb as much oxygen as is necessary for its passing to the state of
blue prussiat, and for its being proof against acids : then pour info these
liquors equal quantxtle; of sulphuric acid well diluted with waser, and
you will have pmssxan blue, the quantities of which will be asone to six §
that is to say, the prussian blue of the experiment in which Vaugquelin
employed oxide of lead, was six tinies niore abundant than that of the ex-
periment in \vhxch he employed only lime to dxsencragc the ammoniz.

M 4
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It is exceedmgly volatile, and ev1dent1y capable of agy

suming the gaseous form though it has nevt

r been ob= ;

tamed apart, nor exammed in that state.‘ At a hrgh 3

temperamre (when umted to a base) it ds decomposed'

and converted mto ammoma, carbomc acxd, and carbuf1 5

reted hydrogen gas.
- It unites difficultly with alkalies and earths, and i is
separated from them much more easxly than from r me-

( tallxc oxides. Mere exposure to the hght of the sun, or
to a heat of 110°, is sufficient fqr that purpose Theae
fcombmatlons are decomposed also by all the acids.

It has no action on metals, but it umtes with their
oxides, and forms thh them salts, which are almost all

insoluble, if we except prussrats of mercury and | manga-‘
- nese. These compounds are not decomposed by acids.
i Yet the prussic acid is not capable of takmg the metalu

lic oxides from the other acids.

Prussig acid has a great tendency to enter into tnple
compounds, combining at once with an alkali and a
metallic oxide ; and these compounds are much more
permanent and dxﬂicult to decompose than its smgle
combinations. :

‘The affinities of this acrd as far as they have been
aScertamed are as follov.s :

Barytes 7

Strontian,

Potass,
Soda, ;
Lime,
Magnesia,
Ammonia.

) LAl

“# Henry, Nicholsbn's Fournal, fiiazz

)
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It does not seem capable of combmmg thh alumina.
Thxs acid is of great xmportance to the chemlst in
tonscquence of the property which it has of forming in-
soluble compounds with metallic oxides, and almost
KWJth metalllc ox:des alone. This puts it in our power

to ascertam the presence of a metallic body held in go-’

‘]utxon When the prussic acxd is dropt in, a precipitate
-appears 1f a metal be present. The colour of this pre-
c1p1tate mdxcates the metal and the quantxty of it en-
ables us to ascertam tlle quantxty of metal contained in
the solutxon, It is used &specmlly to ‘ndicate the pre-
sence of i iron, whnch it does by the blue colour that the
solumon assumes and to free solutions from iron, which
it does by precxpxtatmg the iron in the form of prussum
blue.

Ttis evxdent, however, that the pure prussic acid can-
not be employed for these purposes, because it is inca-
ble of taking metallic oxides from other acids. It is
always employed cpmbmed with an alkaline or earthy
basis. 1In that state it decomposes all metallic salts by
a campound affinity, The base most commonly em-

283
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ployed is potass or hme ; and indeed it is most usually

emPIOYed in the stcte of a triple salt, composed of prus-
sic acid, potass, and oxide of iron, which is preferred,
because it is not apt to be decomposed bz the action of
the atmosphere. The method of preparing this salt,
and the precautions necessary in employing it, will be
given in a subsequ.nt part of this Work.

Of all the metallic solutions tried by Scheele, pure

prussic acid occasnoned only a precxpltate in three,
namely,
- 1. Nitrat of silver prec1p1tated white.

2. Nitrat of mercury ... . black. ,

3 Carbonat of iron . ... . green becommg blue.
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It has no @ctxon on the oxxdes of

1. Platinum. = 4. Lead. 5. Manganese.
2. Iron. 5- Bismuth: 8. Arsenic acid.
5 Fing - 6. Antimony. 9. Molybdic acid.

ro. Gold precipitated by the alkaline carbonats is ren-
dered white by this acid.

11. It disengages carbonic acid from 'the oxide of
silver, precipitated by the same alkahes 5 but the oxide
remains white. :

12. It dissolves red oxide of megcury, and forms thh
it a salt, which ray be obtained in cry’stals

13. Oxide of copper precipitated by carbonat of potass
effervesces in it, and acquires a slight orangc-ye]low co-
lour.- s

14. Oxide of iron precipitated from the sulphat of

iron by carbonat of potass effervesces in it, and becomes
blue. '

5. Oxide of cobalt perpxtated by the same alkall,
gives in it some marks of eEervescence, and becomes
yellowish brown *.

The compounds which prussic acid makes w1th zir-

conia + and yttria §, seem also to be insoluble ; for these

earths are precipitated from their sclutions by prussiat
of potass; a circumstarice in which they differ from all
the other earths and alkalies, and which indicates a coin~
cidence between them and the metallic oxides.

* Scheele, ii. 169- % Klaproth.
1 Vauquelin, Ann. de Cbhim. xx3vi. 158.
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1. Tre preceding Sections of this Chapter containan

“ account of all the acids at present known, except four;
which for obvious reasons have been referred to other
parts of this Work. The first of these four, sulpburet-
ed bydrogen, has been already described, and its nature
will be still’ farther investigated in the second Division
of this Book. The other three, namely, the wric, 5054
¢ic, and amniotic, are never employed as instruments of
; _anal?ﬁx.%Their acid characters are ambiguous, and
eir propem béa but imperfectly investigated.
It appeared better, therefore, to reserve them till we
Eam‘e” to treat -pf those animal substances in which they
gn'e found. ;

2. Several acxds usually described by’ chenusts will

not be found in: the preceding Seetions, because their
peculiar nature has been destroyed by the more precise
investigations of modern analysts. ' Forzuic acid, obtain~
ed by mfusmg that species of ants called formica rufa
in water, is a mixture of acetic and malic acids*. Zoo-
nic acid, obtained by Berthollet during the distillation
of thc gluten of wheat, the yeast of beer, bones, woollen
rags, &c. is merely aretic acid holding in selution an
animal matter resembling oilt. Pyromucous, pyrotar-

* Fourcroy and Vaugquelin, Phil. Mag. XV, 148.
{ Thenard Ann. de Chim. xlu 176.

Acids @-
mitted.

Acids dE_-
stroyed. -
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tarous, and p_yro]zgnam acids, obtamed by the dlsulla‘.
tion of sugar, tartar, and wood, are likewise acetic acid
holding in solution a portxon of empyreumatlc oil*,

3. The acids at present known, if we except the four
which remain to be described, amount to 32. Of these,
one, the muriatic; possesses the characters of a simple
=ubstance seven are products of combustxon ; and
exght supporters of combustion. The | -Temaining six-

*_ teen are combuystible. Osxygen is essential to the acidi-

ty of the prodacts and supporters. - The combustible -
acids almost all contain it; but it cannot be shewn to
be essential to their acxdlty, as we have reason to believe

‘that some of them are destitute of it altogether. It has

been usual with Cchemists:
acids into vecetablc arn
are obtained from the
Several of the other, acﬁs hwsfnecg
ral for a similar reasonﬁg‘ ,

4. Let us take a generai wew’or all the acids, in ‘o1
der to ascertain in what degree each of them possesses
those properties which are considered as characterizing
acid bodies. These properties are, 1. An acid taste;

2. The power of convcrtmg vegetable blues to red;

3. Solubility in water, Adiihe preptaty of forming
salts. :

All the acids have a sour taste except the oxymuria-
tic and the prussic, the tungstic and the columbic. In
several the acidity is mixed, and ‘evert almost concealed
by some other more powerful taste. But this will Be‘
best understood by mspectma the followmg TABLE.

% Foupcroy and Vauquelin, dnn. e Chim, XXIV, 131

|
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DBxgxoslxill!II 5 All the acxds are destxtute of smell; CXCeptmg the
l—-—v-_.a followmg ¥ :
s s | A i e Bmell s el
| Su]phd;blié " } i Sulphureous : 3
- Phosphorous Phosphureted hydrogen :
| Muriatic foig A ‘f‘ R e SR
. Fluoric  |Muriatic acid X :
Oxymuriatic -A;qqa‘ regia
£

: Benzoic* - . | Benzoin'
» ¥ W B g Ty
Prussic . | Bitter almpndé

. Carbomcf-‘acxd thbugh a gas, has no smell whatcver.v
Action on 6. All the acids convert: vegetable blues to red, if we:
;ff::ablf ‘ except the prussic ; but they differ_exceedingly in the

g extent to Whlch they possess this pr@perty The great-

/. er number convert almost all vegetable blues (except‘
mdlgo) to red wh11e some, the carBomc for instance, .
only act upon the most delicate, as the tmcture of turn-
_sole, .The cause of th1s change of colour has not been'

Sy % In these two the ocﬂmr is accidental, and owing toanoil.
: : " : ¢ ; :
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ascertained. In mahy cases it seems to be in cofise- Chap.1V.
quence of the saturation of an alkaline or earthy sub-

_stance which was previously combined with the colour-

_ing matter. This is the case evidently with respect to

litmus. ” T this held always, the eonversion of vege-

table blues info red would be merely a consequence of

the affinities between acids and alkaline bodies, and of

the superior aﬂ'mlty which they have for them.

7 All the acids are soluble in water 3 but in this re- Solubility
spect also they dlﬁ'er exceedmgly From each other. Twa St
of them are so soluble in water, thdt}hey have never
been obtained except in combination Wlth thqt liquid.
These are, .

SN PR T’Saulphur'ic,

S - 2% Nltrlc.

NThe Tes may be obtained either in the state of gas, of

’""1 a solimcryesiiived form. = Seven of them are
gase‘s"”Vvhlch are readlly absor ¥ water to 2 certain
amount; after which the water being saturated refuses
to absorb any more. The weight of each absorbed by

\ 1100 parts of water may be seen in the following TABLE.

S NFUGatic by W s . s S TOOIO0 ‘

2. Sulphurous . . P PR TRATE TR

3 CagboRIC.: « vhe . <o imiitny, o Y FOLLE

4. Oxymuriatic. . .+ « o« . . unknown &

5. Hyperoxymuriatic. . = . . . unknown

6. Fluoric . S tofie 'o ot % % w2y « unknown

7. Prussic . :..‘.........unknown
The weight of the remaining acids, ‘when solid or

o "This is the result of my own experiments. It differs considerably
om the estimates of Fourcroy and of Prxestley, ngen in the second Sec-
tion of this Chapter. - 5



;‘,;:,;;;‘ghd' Tiesy ea-’reﬁ&

sxdered as an.
;uﬂicxent to




¢ GENERAL REMARKS.

193

anitnously excluded from the class of acids ; the great- Chap.IV.

er number of metallic oxides, for instance, and ni-
trous oxide gas. It is true, indeed, that the salts
which these last bodies form with alkalies and earths
have not been much examined ; but it is no less certain
that they exist.r

9. The two first classes of acids, as fat ag is known Composis

" at present; are more sunp‘le than the third ; as the acids

belonging to them contain only two ingredients each,
whereas the combustible acids contain three or even
four constituent parts. These last are composed chief-
ly of oxygen, hydrogen, and carbon. Hence the rea=
son that several of t'hgm may be converted into others
by the action of nitric acid. < This_acid alters the pro-
portion of their ingredients, either by abstracting part

“"-?f e \:arbon and hydrogen, or by communicating
ox-oen; orFy buin together. But it is impossible to

explain ptecuely what thése cl?ﬂéés actually amount
to, without being acquamted with the component parts
of every combustible acid, the manner in which these
component parts are combined, and the affinities which
exist between each of them. This, however, is very
far from being the case at present. Though a vast num-
ber of experiments have been made on purpose to ‘throw
light on this very point; the difficulties which were' to

_be encountered have been so great, “that no accurate re=

sults hﬂve yet been obtained. All that is known at

present is an appmxxmatxon towards the component

- parts of three acids. This may be seen in the follows

ing TaBLE.

-
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ACIDS.

Acids. Oxygen. | Carbon. Hydrogen.

| Acetic 50.19 35.8'7 11.94
Oxalic 77 13 10
Tartaric | 70.5 | 18 10.§

It was some time ago supposed by chemists, that each
of these acids was composed »f a peculiar compound
base or radical, combined with oxygen. The radical
was supposed to be a combination of carbon and hydro-
gen ; but no proof whatever has been given of the
truth of this opinion, nor has the smallest evidence been
produced that any such radicals exist. It is much more
probable that all the ingredients of the acids are com-
bined together, and constitute a triple combination..

o
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THE compound combustibles are almast all composed

of carbon and hydrogen, or of carbon, hydrogen; and
_bxygen. They are a very numerous class of bodies,
‘compréhending the greater number of animal and ve-
. getable substances, and of the products obtained from
sersubstances. But the present state of chemistry
- £s mot permit us to tﬁwtg]&term in that comprehen-
sive sense : The mvesngatlon orregetable and animal
 bodies is too incomplete ; their properties are too im-
perfectly 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 ipstruments is toe

inconsiderable to warrant any such introduction; even
if their properties were completely investigated. For
.these reasons, it will be proper to treat inthis Chapter
of those compound combustibles only which are em-
ployed in chemistry as instruments of inv estigation, re-
serving the remaincer fqr the Second Part of this Work,
These may be reduced under five classes; nameLy,

1. Fixed oils; 4. Ether,
2. Volatile oils, .5. Tan.
3. Alcohol, :

These shall form the subject of the followmg Seetxonm
Ny

1938
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LASECTJ

- OF FIXED OILS.

OIL, which is of such extensive utility in the arts, was ;
known at a very remote period. It is mentioned in
Genesis, and during the time, of Abraham was even '

used in lamps*  The olive was very early cultivated,

and oil extraeted from it in Egypt. Gecrops brought

it from Sais, a town in Lower Egypt, where it ‘had

o

been cultivated from time mmlﬁamtﬂ, and taugiit ‘the
Athenians to extract oﬂ from it. In this manner the
ase of oil became known i Europet. But the ﬁ‘vw%r
seem to have been igno rant of the method of prwm'v_ ‘
light by means of«hmps Gill after the siepe of Troy; 8t

« least Homer nevet mentions, them, and constantly de~
scribes his heroes as lighted by torches of wood. There

are two-classes of oils exceedingly’different from each
other ; namely, ﬁxed oils and wolatile oils.
FixED o1Ls, which form the subject of this Section,

are distinguished by the following characters : ¥
T qumd, ot easxly become so when exposed to 3
gentle heat.
2. An unctuous feel.
3. Veery combustible. oot O

4. A mild taste.
5. Boiling point not under 600°.

% Gen. xv. T + Herodot. 1ib, ii. 59. and 62.
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6. Insoluble in water and alcohol.

7. Leave a greasy stain upon paper.

These oils, which are called also fat or expressed 0115,
are numerous, and are obtained, partly from animals
and partly from vegetables, by simple expression. As
instances, may be mentioned whale oil or train oil, ob-
tained from the blubber of the whale; olive oil, obtain-
ed from the fruit of the olive ; linseed oil and almond

-
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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

n which fixed oils are found is the seeds of bicotyledi-

: gous‘ﬁlants In animals they are most usually depo-

-‘sxted in the hver, tho,ugh they are found also in the eggs

afEsivls,

ALl these oils differ from gach other in several partl-

,‘&ulars, ‘but they also possess many partxculars in com-

" mon. Whether the oily principle in all the fixed oils is

the same, and whether they owe their differences to ac-

cidental 1ngred1ents, is not yet completely ascertained,
as no proper analysis has hitherto been made ; but it
is not improbable,sas all the oils hitherto tried have
been found to yield the same produets. In the present
state of our knowledge, it would be useless to give a
particular description of all the fixed oils, as even the
differences between them have not been accurately as-
certained. Se
Fixed oils are considered at present as composed of
~hydrogen and carbon. Lavoiser analysed olive oil by

# Fourcroy, vii. 319.

N3

‘Composi-

tion.
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bﬂﬂmng a given portmu of it in oxygen gas, by means
“of the apparatus represented by fig. 13. which will he
descrlbed in 2 subsequent Section. Dunng the com-
bustxon there was consumed

U]

O ail - - 15 79gramstroy
Of oXygen gas e 50 86

Total--ﬁﬁ-ﬁs- o
The products were carbonic acid and water. The car-
bonic acid obtained amounted to 44.50 grains; the
weight of the swater could nor be accurately ascertain-
ed ; but as the whole of the substances consumed were
converted into carbonic acid gas and Water, it IS evx-
dent, that if the weight of t!:e"' :
tracted from the Wﬂghtﬁese siﬁstm
remain precisely the tht'bf the water
sier accordingly cone’&!ﬁeﬂ, by calcula
weight of the water wWas 22.15 grains. N%yﬁé%w& i
tity of oxygen in 44.50 grains'of catbonic acid gasis

32.04 grains, and the oxygen in 22.1§ grains of water

~is 18.83 grains ; both of which taken together amount

to §0.86 grains, precxsely the Welght of the oxygen gas
employed. S5 .

The quantlty of charcoal in 44.50 grams of carbomc
acid gas is 12.47 grains; and the quanuty of hydroger;
in 22.1§5 grains of water is 3.32 grains ; both of which,
when taken together, amount to'1 5 79 grams, whlch 15
xhe weight of the oil consumed.

1t follows,: therefore, from this analy51s, that 1 5 19

. grams of ohve oil are composed of

: ' 12.47 carbon
332 hydrogen.
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®live oil therefore is composed of about : Chap. V.

79 carbon
21 hydrogen .

, 100%

This, however, can only be considered as a very im-
perfect approximation towards the truth.
Fixed oil is usually a liquid with a certain degree of Propertics.
* 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
iilas liztle or no smell. Its specific gravity vaties from
”%-9403 (the specific gravity of linseed oil) to 0.9153,
i g the specific gravity of olive oil). :
Fixed oil is insoluble in water. When the twoh- .
g;gquxd‘“ are agitated together, the water loses its transpa-
rency, and acquires the white colour and consmtemy of
milk. This mixture is known by the name of eru/sion.
When allowed to remain at rest, the oil soon separates, . :
and swims upon the surface of the water. : :

Fixed oil does not evaporate till it be heated to about
600°. At that temperature it boils, and may be di-
stilled over ; but it is always somewhat altered by the
process. Some water and sebacic acid seem to be form-
ed, a little charcoal remains in. the retort, and the oil
obtained is lighter, more flnid; and has a stronger taste
than before. Oil, thus distilled, was formerly disti_n—
'guish'éd by the name of philosophical oil. :

* Mem. Par. 1784, and Four. de Phys. for 1587, July.
+ Semetimes it is nearly solid, or of the consistence of butter.

Nz .-
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Fixed oil, when in the state of vapour, takes fire o
the approach of an ignited bady, and burns with a yel.
lowish white flame. It is upon this principle that can-
dles and lamps burn The ' tallow ox oil is first cons
verted 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 pre,
sent 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 catch-
ing fire spontaneously when it hgs been raised to that
temperature. £ ; »

‘When exposed to the action of cold, ﬁxe&;ﬂﬁ lose

* their fluidity, and are converted into 'ice; but th

change varies exceedingly in different oils.
‘When fixed oils are exposed to the open &l
oxygen gas, they underga different changes according
to the nature of the oil. ' '
1. Some of them dry altogether, without losing thexr
transparency, when thin layers of them are exposed to

' the atmosphere. These are distinguished by the name

of drying oils, and are employed by painters. ~Linseed
oil, nut oil, poppy oil, and hempseed oil, possess this
pr(;pefty; b!it linseed oil is almost the only one of these
liquids employed in this country as a drying oil. The
cause of this peculiarity has not been completely inves-
tigated. ‘But it is well known that these oils possess
the drying quality at first but imperfectly. Before
they can be employed by painters, they must be boiled
w1th a little litharge. Durmg this operation the litharge
is partly reduced to the metallic state. Hence it has




"FIXED OILS.

been conjectured that drying oils owe their peculiar pro-
perties to the action of oxygen; which is supposed ei-
ther to constitute one of their component parts, or to

201
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convert them into drying oils by diminishing their hy.

drogen. .

2. Other fixed oils, when exposed to the atmosphere,
gradually become thick, opaque, and white, and assume
an appearance very much resembling wax or tallow.
These have been distinguished by the term faz oils.

Olive oil, oil of sweet almonds, of rapeseed, 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 produced much soon-
er. Berthollet, who first examined these phenomena
with attention, ascribed them tq the action of light: but
Sennebier observed ithat no such change was produced
on tne oil though ever so long exposed to the light, pro-
‘ vided,g,tmbsyherical air was excluded; but that it took

place on the admission of oxygen gas; whether the oil .

was exposed to the light or not*. Tt cannot be doubt-

ed, then, that it is owing to the action of oxygen. It 1s.

supposed at present to be the consequence of the simple
absorptwn of oxygen and its combinationawith the oils.
i 3. Both these classes of oils, when exposed in consi-
_ derable quantity to the action of the atmosphere, under-
go another change, well known under the name of 7an-
pzdu_y But the fat 0115 become rancid much more rea-
dily than the drying oils. Rancid oils are thick, have
usnpally a brown colour, convert vegetable blues to red,

* Ann. de Chim. %i. 89‘

Fat oils,

Ran/cidity :



Bon

Book IT.

Bivision L.

h———v—-

COMPOUND COMBUSTIBELES.

and have the smell and taste of sebacic acid. Buring
the change which they undergo, some drops of water
also appear on their surface. The rancidity of oils

‘then is owing to the formation of a quantity of aoid

in them. This, together with-the water, is evxdently
the consequence of a partial decomposition *.

- Fixed oils readily dissolve sulphur when assisted by
heat. The solution assumes a reddish colour.” When
distilled, there comes over a great quantity of sulphure-
ted hydrogen gas. When the sotution is allowed to coql,
the sulphur is deposited in crystals. By this process
Pelletier obtained sulphur in regular octshedrons.

They likewise dissolve a small proportion of phos- |
phorus when assisted by heat. These oily phosphurets.
emit the odour of phvosphureted hydrogen, and yield,
when distilled, z portien of that gas. When rubbed in,
the open air, or when spread upoh the suxface of other
bodies, they appear luminous in cons‘equéuee of the com-
bustion of the phosphorus. When hot oils satusated
with phosphorus are allowed to cool, the phosphorus
erystallizes in octahedrons, as Pelletier ascertained.

Charcoal has no sensible action on fixed oils ; but
when they are filtered through charcoal powder, they
are rendered purer, the charcoal retaining their impu-
rities.  Neither hydrogen nor azotic gas have any ac-
tion on fixed oils, |

Fixed oils have scarcely any action npen : metals, ‘but
they combine with several metalliz. oxides, and form
compounds known by the name of plasters.

Thcy combine likewise with alkalies and earths, and

% Fourcroy, vit. 328. The acid is probably the ':'}Qeticq
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Form with them compounds called soaps. The fat oils
enter into these combinations much more readily than
the drying oils. \

" Fixed oils absorb nitrous gas in considerable quanti-
ty, and at the same time become much thicker and spe-
cifically heavier than before®.

Sulphuric acid decomposes fixed 01ls, at least when
concentrated. 1t venders them first thick and of a
brown colour; then water is formed, charcoal precipi-
tated, and an acid formed 4 = Nitric acid renders them
thick and viscid. When nitrous acid4s poured upon
the drying oils, it inflames them w1t’ﬂout addition ; but
it does not produce that effect upon the fat oils, unless

it be mixed with a portion of sulphuric acid.

The affinities of fixed oils are as follows:

* Einie gt
Barytes, :
Fixed alkalies,

- Magnesia,

Ammonia, -
Oxide of mercury,
Other metallic oxides,
Alumina.

The importance ¢ of ﬁxed oils is well known. Some
.of them are employed as seasoners of foodj some are
burnt in lamps ; some form the basis of soap; not to
mention their utility in painting, and the many other
important purposes which they serve.

04

% Priestley, i. 378. } Fourcroy, Vil 330
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©F VOLATILE OILS.

VOLATILE ou.s, called also’ essential oils, are distin. ,
guished by the following properties : .
Chazacters. . X. Liquid ; often almost as liquid as water ; some-
times viscid,
2. Very combustible. :
3+ An acrid taste and a strong fragrant odour.
4. Boiling point not higher than 212°. :
5. Soluble in alcohol ; and imperfectly in water.
6. Evaporate without leaving any stain on paper.
By this last test it is easy to discover whether they have
been adulterated with any of the fixed oils. Let a drop
of the volatile oil fall upon a sheet of writing paper, and
then apply a gentle heat to it. If it evaporates without
leaving any stain upon the paper, the oil is pure ; butif
it leaves a stain, it hLas been contaminated with some
fixed oil or other. °
Prepara- Volatile oils are almost all obtained. from vegetables,
Hor and 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 ails, on the contrary,
are almost always contained in these bodies*.
When the volatile oils are contained in great abun-

® Fourcroy, vii. 352
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dance in plants, they are sometimes obtained by simple
‘expression. This is the case with the oil of oranges,
~ of lemons, and of 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 mo-
derate heat. The oil comes over along with the water,
- and swims upon its surface in the receiver. By this pro-
- cessiare obtained the oil of peppermint, thyme, lavender,
and a great many others, which are prepared and em-
ployed by the perfumer  Others are procured by the
distillation of resinous bodies. This is the case in par-
ticular with oil of turpentine, which is obtained by dis=
tilling a kind of resinous juice, called turpentine, that
" exudes from the juniper.’ :
The greater number of volatile oils are liquid, and
some of them are as transparent and colourless as water.

This is the case with the-oil of turpentine. ‘Bur for the

- most part they are coloured. ‘Some of them are yellow,
as the oil of lavender ; some brown, as the oil of rho-
dium; some blue, as the oil of camomile: but ‘the
greater number of volatile oils are yellow or reddish
‘brown. j

208
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Properties,

- Their odours are so various as to defy all description.

It is sufficient to say, that all the fragrance of the vege-~
table kingdom resides in the volatile oils. Their taste
is always actid, hot, and exceedingly unpleasant. Their
specific gravity is for the most part less than that of
water ; but some volatile oils, as those of canella and
sassafras, are heavier than water. The specific gravity
of the volatile oils varies from 0.8697 to 1.0439*.

# Fourcroy, vil. 362.
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Water dissolves a small portion of volatilé oils, and
acquires the odour and the taste of the oil which it
kolds in solution. 5 )

'When heated, they evaporate very readily and thhnv
out alteration. They are much more combustible than
fixed oils, owing to their greater volatility. They burn
with a fine bright white flame, exhale a great deal of
smoke, deposite much soot, and consume a 'greater pro-
portion. of the oxygen of the atmosphere than fixed

‘oils. The products of their combustion are water and

carbonic acid gas. From these facts it has ‘been con-
cluded that they are composed of the same ingredients
as the fixed oils, but that they contain a greater pro-.
portion of hydrogen *. '

‘When exposed to the action of cold they congcal 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 tem<
perature of 50° : frozen oil of bergamot and of canella’ :
become liquid at 23°; oil of turpentine at 149 +. Mar-
gueron exposed several volatile oils to a cold of —17°
They congealed or rather crystallized partially, and at
the same time emitted an elastic fluid. These crysta-ls»
consisted partly of the oils themselves, partly of other
substances. Some of them had the properties of benzoi¢
acidt. j

Volatile oils, when exposed to the action of Tight in

# Proust has observed, that a quantity of volatile oil is formed when
cast iron is dissolved in sulphuric or muriatic acid. It exhales in combi
nation with the hydrogen gas which is emitted. Hence the disagreeable
odour of that gas. Four. de Phys. xlix. 155.

+ l\’fa.rglieron, Four. de Phys, xlv. 136, t 1bids
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¢lose vessels, and excluded from common air, undergo  Chap. V-
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very singular changes. Their colour becomes deeper,
they acquire a great deal of consistency, and their spe-
cific 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 sup-
posed formerly that they® were occasioned by the ab-

sorption ‘of exygen; and when oxygen is present, it
has been ascertained that it is absorbed : but Tingry has

proved that the same changes go on when oxygen is
excluded. This philosopher ascribes them to the fixa-
tion of light. If this be the real cause, the quantity of
light fized must be enormous. For as the specific gravity
of the oilsis increased considerably while the bulk con-
tinues the same, it is evident that the absolute weight
must be increased proportionably. One circumstance,
however, renders 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 *.

 When exposed to the open air their colour becomes
gradually deeper, and they acquire consistency, while
they exhale at the same time a very strong odour. The
air around, as Priestley first ascertained, is deprived of
its oxygen, a quantity of water is formed, and the oils
at last, for the most part, assume the form of resins }-

k\
3 .

* Tlngry, Four. de Phys. xlvi. 161. and 249.

+ Resins are concrete vegetable juices; the distinguishing property of
which is insolubility in water and solubility in alcohol. - Common resin, or
resin, from which they derive their name, is one of them ; and sealing
Wax consists almost enirely of another.
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. Volatile oils dlssolve sulphur and phosphorus, and
the solutions have nearly the same properties as those
made by means of fixed oils.

They have no aétion on the metals, and seem scarce]y
capable of combining with the metallic oxides.

They combine only imperfectly, and in small quan-

_tity, with alkalies and earths The French chemists

have proposed to give these combmattons the name of »
savonules, which Dr Pearson has translated by the term
saponules ; but these denominations have not been ad-
opted by chemists * »

They absorb nitrous gas in great abundance, and -
with great facility, and seemingly decompose it, acs

-

quiring a thick consistence and a resinous appearance, ;
as if they had absorbed oxygen +. ' g

Sulphuric acid decomposes volatile oils ; carbureted
hydrogen gas is emitted, and charcoal is precipitated.
Nitric acid inflames’ them, and ' converts them into
water, carbonic acid, and charcoal. Oxymuriatic apld
converts them into substances analogous to resins.

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 mach used to dissolve
resms, which are afterwards employed as varnishes;
not to mention their employment in painting and in
perfumery. : \ .

Besides the oils which exist ready formed in the ve-
getable and animal kingdom,t thére. are a variety of
others which are obtained when animal or vegetable

* The term m[;an:de does not agree well with the idiom of our lan-
guage. The word subsoap, or something similar, would have been bcttcl:-

t Priestley, i. 372.
oS



%

s ; YOLATILE OILS.

‘bodies are distilled by means of a heat above that of
boiling water. These oils have received the appella-
tion of empyreubzatic, because they are formed by the
actlon of fire. They have never been examined with
attqptmn but most of them seem to possess the pro-
perties of the volatile oils.  Their odour is always ex-
~ eceedingly dlsagrecable, and thcxr taste acrid.

S bBETH,

OF ALCOHOL., '

iog

Chap. V.

“/ INE. has been known from the earlxest ages. The History:

Scriptures inform ts that Noah planted a vineyard and
drank wire; and the heathen writers are unanimous in
ascribing the ifvention of this fiquor to their carliest
kings aﬁd hetoes. Beer, too, seems to have been dis-
dovered at a yery 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 t.
Whether the ancients had any method of procuring ar-
dent spirits from these® or any other liquors does not ap-
pear. The Greeks and Romans seem to have been ig-
norant of ardent spirits altogether, at least we can dis-

_ cover no traces of any such liquor in their writings :

But among the northern nations of Europe, intoxicating

liquors were in use from the earliest ages. Whether

. SLibimg7. 4 De Morib. Germ. <b. xxiil
-Voz, I, o
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these liquors resembled the beer of the Germans we do

g_...v.._; not know. - It is certain, at least, that the method of

Prepara-
tion.

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 Thadd=us, Villanovanus,
and Lully *. . :

Ardent spirits, such as brandy, for 1 instance, rum and
whxsky, consist almost entirely of three ingredients,
water, alcobol ot spirit of wine, to which they owe their
strength, and a.small quantity of a peculiar oil, to which
they owe their flavour. . :

“When these spiritous liquors are distilled in a water
bath, the first portionthat comes over is a fine light-trans-
parent liquid, known in commerce by the name of recti-
Jeed spirits, and commonly sold under the denomination
of alcohol or spirit of wine, It isnot, however, as strong
as possible, still containing a considerable portion of
water. ‘This water’ may be separated, yand the alcohol
obtamed as puts, 35 possible,, by ‘the following. process :
Saturate the spirit with a quantity of carbonat of potass,
which has just immediately before been exposed for a-
bout half an hour in a crucible to a red heat, in order
to deprive it of ‘moisture. C_arbongt of potass in this
state has a strong attraction for, water; it accordingly
combines with the water of the spirit 3 and' the solution
of carbonat of potass thus formed: sinks to the botton -

_of the vessel, and the alcehol, -whigh is hghtcr, swims

over it, and may easily be decanted off ; or, what is per-
baPs better, the solution of potass may be drawn off

# Bergman, iv. art. i. 4
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* from below ‘it by means of a ‘stop-cock® placed at'the Chap. V-
bottom of the vessel. The alcohol, thus obtained, con- ‘
tains a little pure potass dissolved, which may be sepa-
rated by dxstlllmg it in a water bath with a very small
heat. The alcohol passes oyery and leaves the potass:

behind. It is propcr not to distil to dryness. This

process is first mentioned by Lully.

Alcohol is said to have been discovered, or at least

 first accurately described, by Arnold de Villa Nova,
who was born about the end of the thirteenth century,
This chemist, who was professor of -medicine at Mont-
pellier, first formed tinctures, and introduced them into
medicine ¥,

Alcohol is a transparent hquor, colourless like water, Pmrmm,, &
of a pleasant smell, and a strong penetratmg agreeable
taste. When swallowed it produces intoxication. ¥

It is exceedmgly fluid, and has never becn frozen,
though it has been exposed to a cold so great that the

 thermometer stood at —69°.

Its specific gravity, when pure, is only 0.800; ; but it
bxs seldom obtained so low +. The spec:ﬁc gravxty of al-
cohol, as highly: rectified as possxble is 0.820 % : that of
the alcohol of commerce is seldom less than ©.8371.
It is dlmost unnecesary to ‘remark, that the diminution
of specific gravity is always propornonal to the punty
of the aleoholi :

® 3 i

* He is said also to have been the first who obtained the oil of tixrpen.
' tine. He procured it by distilling turpentine, and employed it as a sol~
" vent of resins:
% By distilling it repeatedly oﬁ dry muriat of lime, it may be obtainsd
dtill lighter, but in that case it always acqhires the smell of ether.
$ Nicholsen’s Dumnary, p-867:

Qz



2172

Book II._

Division L. :
‘e — Tature of 176°; in which heat it assumes the form of

Compoéx-
tion:

cox&xrou%n COMBUSTIBLES

*

~Alcohol is excecdmg]y volatile, boﬂmg at the tempe-

=

an elastic fluid, capable of resisting the pressure of the
atmosphere, but which condenses again ‘into alcohol;
when that temperatureis 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 exist in the form of an elastic fluid, as transpa- *

rent and invisible as common air.  This subject was firs¢

“examined with attention by Mr Lavoisier *. The facty
however, had been known long before. :

Alcohol is exceedingly combustible ; and when set

on fire, it burns all away with a blue flame, without .
leaving any residuum. = Boerhaave observed, that when .

the vapour which'escapes during this combustion is col-
* lected in proper vessels, it 1s 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 collectedy

exceeded the weight of the alcohol consumed. This
observation was confirmed by Lavoisier ; who found
that the water produced during the combustion of alco-
hol exceeded the aleohol consumed' by about 1th part {.

‘Different opinions were entertained by chemists about
the nature of alcohol. Stahl thought that it was com-
_posed of a very light oil, united by means of an acid to
a quantity of water. = According to’ ]unke‘, it was com=
posed of phlogiston, combined ‘with water by mezans of
an acid. Cartheuser, on the other hand, afirmed, that
it contained no acid, and that'it was nothmg else than

% g

# 7914:; de PEys. 1785 + Mem. Par. 1781, 9. 493

ol
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pure phlogxston and water. But these hypotheses were

mere assertions supported by no proof whatever. La-
voisier was the first who attempted to analyse it. s
~ He set fire to a quantity of alcohol in close vessels
by means of the following apparatus: BCDE (fig. 13.)
is a vessel of marble filled with mercury. . A isa strong
glass vessel placed over it, filled with common air, and
capable of containing about 15 pints (French). Into
this vessel is put the lamp R filled with alcohol, the
wexght of which has been exactly determined. On the
wick of the lamp is put a small particle of phosphorus.
The mercury is drawn up by suction to the height IH.
‘This glass communicates by means of the. pipe LK with
another glass vessel S filled with oxygen gas, and placed
over a vessel of water T. This communication may be
‘shut up at pleasure by means of the stop-cock M.
Things being thus. dlsposed a crooked red hot iron
wire is thrust up through the mercury, and made to
touch the phosphorus. This instantly kindles the wick,
and the alcohol burps. As soon as the flame begins to
A grow dim, the stop-cock is turned, and a communica-
tion opened between the vessels S and A ; a quantity
of oxygen gas rushes in, and restores the brightness of

the flame. By repeating this occasxonally the alcohol,

may be kept burning for some time. It goes out, how-
ever, at last, goththstandmg the admission of OxygeR
gas. : «
The result of t}..s experiment, which Mr Lavoisier
Tcpeated a great number of times, was follows :
~ Alcohol consumed . . 76.7083 grains troy
~ Oxygen gas consumed . go. 5060
) ’,Ifoté} g ol 1167.2_143

21s
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21§ LF COMPOUND COMBUSTIBLES.
Book 11, After the combustxon, there were folind in the glass
Division L

e vessel 11 5-41 cubic inches of carbomc acid gas, the
Welght of which was 78.1192 grains troy. There wag
llkew1se found a consxderable quantity of water in the
vecsel but it was not possible to collect and welgh it
Mr Lavorsrer, however estunated its weight at 89.09 5t
grams as he concluded w1t} reason, that the ‘whole:
of the substances employed were still in the vessel :
Now the whole contents of, the vessel consisted of car.‘
bonic acxd gas and water ; therefore the carbomc amd
gas and water together must be equal to the oxygen gas
and alcohol which had been consumed :

' But 78.1192 grains of carbomc acrd gas contam, ac-
cordmg to Mr Lavoxmer s calculanon "‘, 55279 graing
of oxygen : go. 506 graxns, however, of oxygen gas had'
dlsaopeared 5 therefore 35-227 grains must have been
empu,fed in formmg water. ; '

35-227 grains of oxygen gas requxre, in order to form
water, 6.038 grains of ‘\ydrogen gas ; and the quantrtzr
of water formed by this combination i 1s 41 .26 § grains.
But there were founa 8,.095 grains of water in thc
glass vessel : therefort 47-83 grains of water must havc'
existed ready | formed in the alcohol

It follows from all the se data, that the 76.7083 grains
of al cohol consumed durmg the combustlon, were coms
Posed of i oS e carbon s el =
' < + 6.030 hydrogen

47 8 30 water

-:—-—_.,‘

o P

e

5

# Afem. Par. 1781, : t Ibld- I7§’2~
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Such were the consequences which Mr Lavoisier drew’

from his analysis. He acknowledged, however, that
there were two sources of uncertainty, which rendered
his conclusions not altogether to be depended upon.
The first was, - that he had no method of determining
the quantity of aleohol consumed, except by the diffe-
rence of weight in the lamp before and after ¢ombus-
tion ; and that ‘therefore a quantity might have evapo-

rated without combustion, which, however, would be
taken into the sum of the alcohol consumed.  Bur this :

error could not have been great; for if a considerable -

- quantity of alcohol had existed in the state of vapour
in the vessel, an explosion would certainly have taken
place.~ The other source of error was, that the quanti-
ty of water was ‘not known by actual weight,. but by
calculation. -

To this we may add that Mr Lavomer Was not war- '

. ranted to conclude from his experiment, that the water
found in the vessel, which had not been formed by the

‘ nxygen gas used, had existed in the alcohol in the state

~ of water: he was intitled to conclude from his data,

that the ingredients of that water existed in the alcohol

before combustion -: but not that they were actually
combined in the state of water, because that combina-
tion might have ‘taken place, and in all probabxhty did
part]y take place during the combustion.

* At the same time, it eannot be doubteri that a portion
_of that water did actuaﬂy pre-exxst ina state of combi-
nation with the alcoho] -From the experiments of

Crmkshanks, made by detonating a mixture of the va-
'pour or alcohol and oxygen gas, it follows,  that in al-
FQhO], the propertion of carben is to that of -hydrogen

0 4

-
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g? o:'}' as nine to one *. " But this is not suﬂicxent to nge us
the component parts of alcoho] with precision. -

.That it contams oxygen, has been proved by a yery

‘mgemo,us set of expenments performed by Messrs Four.

cray and Vauguehn. When equal parts of alcohol
and sulphunc ‘acid are mixed together, t.he s‘ulphu.
ic acid suﬁ'ers no change but the alcohol i is decom-
posed, bemg partly converted into water and partly
into ether. Now it iseyident that the aIcohol could not
have been convertcd into water unless it had contamed
oxygent. . ‘

“When alcohol, in the state of vapour, is made to pass
ghmugh a red hot porcelain tube, it is decomposed
completely = ‘Carbureted hydrogen gas and carbonic
acid gas are dlsengaged Water passes into the receiver,
dnd on its inner surface are deposx.ted a number of small

* brilliant crystals, whnch Vauquelm ascertained to be a
‘concrete volatile oil. " The inside of the volatile tube is
coated with charcoal in the state of a fine b[ack Thxs

" experiment was first made by Pnestleyi but it was ]
afterwards repeated with more care, and the nature of
the products ascertained by the Dutch chemists §.
Combina,  Alcohol has a strong afﬁmty for water, and is misci-
'g,’;;hh ble with it in every proportlon The specific gravity -
varies accordmg 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 ; consequently tnere is a mutual pene-
tration : and as this penetratxon or condensation varies
also with the proportxons, it is evident that the s'pecnﬁc

# Nicholson’s Fournal, v.205. ' 1bid.i. 391,
3 Pricstley, iil. 425, § Foursde Phys xIv. 186,
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gravity of different mixtures of alcohol and water can Chz,p‘ v,

only be ascertained . by experiment. As the spiritous
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 ime
portance to determine with precision the proportion of .
alcohol contained in a spmt of a given specific gravity :
and as the spcclﬁc gravity varies with the temperature,
it is necessary to make an allowance for that likewise.
The importance of this-object, both for the purposes
of revenue and commerce, induced the British Govern-

ment to- employ Sir Ghal"lcs‘ Blagden to institute a very

‘minute and accurate series of experiments. An account
of these was pubhshed by Blagden in the Philosophical
Transactlons for 17905 and a set of Tables, exhibiting

the rssult of thcm, was drawn up by Mr Gilpin, who
had pcrformed the experiments, and published in the

'_Ph:losophxcal Transactxonc for 1794. The following
TaBLE, extracted from these contains the specific gra~
vity of dxﬂ'crent mlxtures of alcohol and water at every
5° of temperature from 30° to 1oo°. “The alcohol
employed as a standard was of the specific gravity 0.825 3
and was composed, accordng to the experiments of Mr
lepm, of 100 parts of alcohol of the spec1ﬁc. grav1t¥
0814 and450fwater* g

T
e T

% The following little Table, constructed from my experiments, will
enable us to ascertain the proportion of real alcoholand water in the mix-
tures given in the text. - Suppose alcohol at 0.800 to be pure; then

alcohol of 0.81 31is composed of 100 alcohol 4~ 2 water
(<5 ¢y AR S (cTo)
0825 . . ..y 10F75FOr9IE]

]
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" Book II.
Division L
T o

Sulphura-
ted and

Phosphora=
ted alcohol

COMPOUND. é‘omntr_srmr.asm

From this Table, and from that of Poujet glven e .
fore*, we see that in whatever proportion these ligquids
are mixed, a mutual penetration and condensation takes -

_place.  This condensation, in any given mixture; reach-

es its maximum very slowly; a proof that the liquids
enter into combination very slowly. Hence the appa-
rent muddiness after mixture. The condensation is the
greatest possible when equal i)arts of water and alcohol ,
constitute the mixture. It then amounts to almost =

-of the whole. This condensation diminishes as the pro-

portion of cither of the ingredients is diminished; but
it diminishes much faster when the water exceeds.than

“when the proportion of alcohol is greatest. . Thus in a

mixture of one part of ‘water and ten parts of alcohol,
the condensation is ;1 of the whole; whereas in a
mixture of one part of alcohol with ten parts of water,

‘it amounts only to .3 of the whole.

Neither common air nor oxygen gas has any action
upon alcohol.

Alcohol has no action upon sulr)hur while sohd but
when these two bodies are broughttoggther both in the
state of vapour, they combine and form a reddish sul-
phuret, which: exhales the odour of sulphureted hydro-

- gen gas. This _compound contains about 6o parts of

alcohol and one part of sulphur. The sulphur is prem-
pxtated by water.

Alcohol dissolves also a httle phosphorus When ag-
sisted by heat. This phosphorized alcohol exhales the
adour of phosphureted hydrogen gas. When a little: of
itis dropt mto a glass of water, a flame 1nstantly makes

* See p- I5- of this Volume.
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its appeatanée, and waves beautifully on the surface of Chap. V-
the. water*. This phenomenon, which is occasioned by
the emxsamn of a little phosphureted hydrogen gas, can 5
. only be observed when the experiment is performed in
& dark room. : :
Alcohol has no action upon charcoal, hydrogen gas, -
azotic gas, the metals, nor upon any of the metallic
~oxides. . g ‘
Alechol dissolves the fixed a]kahes very readily, and acion o
forms with them a reddish-coloured acrid solution. It alkalies,
15 from this solutlon only tha.t these alkalios can be ob-
tained in a state of purity. When heat is applied to it,
the alcohol is partly dccompés,ed; but the nature of the
-products has not been accurately ascertained. Ammo-
nia also combines with alcohol with the assistance of
heat :- but at 2 temperature somewhat below the boil-
ing point of alcohol, the ammonia flies off in the state
of gas, carrying wu:h it, however, a httle alcohol 1n so-.
lution.
None of the earths are acted upon. by alcohol. Tt
- absorbs about its own welght of nitrous gas, which can-
not: afterwards be expelled by heatf. :
Sulphunc acid, mitric acid, and oxymunatxc acid, Acids
decompose alcohol but all the other acids are soluble :
in. it, except the metallic acids, phosphorlc acid, and
perhaps also prussic acid.
Alcohol is capable of tdissolving a great many - saline Sals
bodies. A consideratle number of these, with the quan-
tities soluble, is exhibited in the follovvmg TABLEsi

= Brugnatellx, An. de Chim. xxiv. 93, This expenm‘.nt was ﬁrst made
57 Boyle. See Shaw’s Boyle, iii. 196.
t Priestley, 1. 379. 1 Morveau, Jour. de Phys, 1785,
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‘COMPOUND COMBUSTIBLESS -

I. Sué.rtance.r dissolved in Iarge Qﬂarzt:tzes.

Nitrat of zinc decomposed

~ iron decomposed
bismuth decomposed

Names of the Substances Tcmpc- 240 parts of AL
rature cohol 41§solge A
Oxysulphat of iron . e
Nitgat of cobalt . . &7, o iiflac s gol 0 ’240 parts
copper. . . - | 5454 240
a-lumma = | 545 | 249
lime®. . ..... . .3co
magnesm .« %1 180,5.1 1691
Murlat of zmit  Julig o - aa Bl
alumina . . .. | 54.5 | 240
magnesia s + . . [180.5 | 1313
: ESTFON . # e cae 2% . 1 TOORE Sl FMONG
copper . .« . . 18oisal Loden
Acetat of lead * ok, 113 R
co pper* A :

II. Szllz.rtance.r dzualfaed in Small .‘zuantztzes.

Names of the Substances.

| 240 parts of Alcchol
at the boiling tempe-
ratore dissolve

Muriat of lime. .
Nitrat of ammonia . .
Oxymunat of mercury

Succinic acid

Acetat of soda . . .

| Nitrat of silver
Refined sugar .

Boracic acid .

Nitrat of soda

Acetat of copper -

Muiriat of ammonia
Arseniat of potass .

Superoxalat of potass

Nitrat 6f f‘potass :

Muriat of potass
Arseniat of soda

.

N

White oxide of arsenic
Tartrat of potass . - -
Nitrat of lead * .

Carbonat of ammonia*®

- 240 parts

0 @R
) G R
ikatin
&) e
S o e e

* Wxthenng, Pbxl. Trarz.r Ixxii. 336
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111 Sub.ftancef insoluble in Alcobol.
Sugar of milk Sulphat of potass
Borax : . soda
Tdttar ’ magnesia
Alum : Sulphite of soda
Sulphat of ammonia Tartrite of soda and pot- |
lime ass :
barytes* | Nitrat of mercury
ifon’ Muriat of lead -
copper silver
silver - | Common salt
merciry - Carbonat of potass
" zinc i il ~soda

1

Thiese experiments were made chiéﬁy by Macquer

and Wenzel. The alcohol employed by Macquer was

of the specific gravity 0.840. Wenzel does not give
the densityfof his alcohol; but as he compates it with
that of Macquer, we may suppose it neatly of the same

strength. = As the solubility of salts depends upon the .

strength of the alcohol employed, the experiments of
these chemists must be considered as defective, because
they have confined themselves to one particular density.
This defect 3s in part supplied by the following very

valuable TABLE of Mr Kirwan’s, constructed ftom hig -

own experiments .

# Withering, Pbil. Trans. bxxii. 336. § Macquer, Thid
3 0n Ild’ir‘:zrd.}jﬁtc(:;r. %744 5

Vori. 1L : ¥
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A*’"m’ SonL,  Solubility of Salts in 100 pares of Alcobol of different

»

its flame
tinged by
salts,

Densities.
o Alcohol of
Salts. |~ ~A y
0.900|0.872/0.828(0.834/0.817
3 g e
Sulphat of seda billlco. I esiios dion

Sulphat of magnesial 1. | 1. |o. |o. |o.

| Nitrat of potass 2.56] 1. 7t o-tse
Nitrat of soda “fto.s | 6. .} ©-38] o.
Muriat of potass 4.62| 1.66 0.38 o.
'M,uriat of soda 5;8" 3.69 05
Muriat of ammonia| 6.5'| 4.75 \I‘.5j : J
Muriat of magnesia . ‘
dried at 120° 21.25 23.75|36.25| 50 "
Muriat of barytes | 1. o.20}0.185| 0.09
Ditto crystallized | 1.56 0.330.32 | 0.06]
- | Acetat of lime 2.4 | | a2 4.75| 488

G

When alcohol, containing certain saline bodies in so-
lution, is set on fire, its flame is often tinggd of qiﬁer?pt
colours acco{'ding to the body. Thus nitrat of stx:or_ltlla.“
tinges it purple; boracicacid and cupreous salts‘tmge 1t
green ; muriat of lime gives it a red colour; mitre and
oxymuriat of mercury a yellow colour.
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“T'he affinities of alcohol are very 1mperfectly known, Chap. V.
e a4
. Those stated by Bergman are as follows : . Affinities,
Water,
Ether, |
Volatile oil,
Alkaline sulphurets:

SECT. 1V. 27

OF ETHER;

¢ WHEN alcohol is mlxed w1th sulphunc ac1d and ses
veral other acids, and the action of the acid is assisted
by heat, the aleshol is decomposed and converted partly
into a very light volatile fragrant liqtior, known by the
name of ether. The propertles of the ether obtamed Varseties of
are supposed to vary a htﬂaaccordmg to the acid em- cther
ployed: accordingly every particular kind is distin-
guished f)y the acid employed in its preparation. Thus
the ether obtained by means of sulphuric acid is ealled

* sulphuric ether ; that by means of nitrous acid, nitrous

~ ether. Tt will be ptoper to consider each of these spes
cies $eparatelys

I. Sulpburic Etber.
ThE method of making sulphuric ether is déscribed
in the Dispensatory of Valerius Cordus, published at
Nuremberg about the year 1540, There ethes is called

P2

History;

« K
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oleum vitriol; dul&e CItis hkerse obscurely hmted

- at in some of the older chemical authors ; but litele at-
tention was paid to it till a paper appeared in the Phi-

losophical Transactions for 1730, written by a German
who called himself Frobenius+t, containing a number of
experiments on it. In this paper it first received the

~ name of ether. The German chemists long distinguish-

ed it by the name of naphtka.

1. Sulphuric ether is usually prepared by the follow-
ing process: 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 re-
ceiver with ice, or at least with cold wéter. Heat is *
applied; and as soon as the mixture boils, the ether
comes over and is condensed, and runs in large striz
down the sides of the receiver. As soon as it amounts
to one half of the alcohol employed, the process must
be stopt: The ether thus obtained is not qulte pure,
almost always containing a little sulphurous acid.

This acid may be sepgrated by pouring the ether
on a little potass, and distilling it over again by means
of a moderate heat. Mr Dizé affirms that black oxide
of manganese produces this effect still more completely
than potass. All that is necessary is to mix a quanti= .
ty of this black oxide in powder with the impure ethes,
and to let it remain for some time, agitating it occasion-
ally. The sulphurous acid is converted into sulphuric,

*and combines with the manganesc.  The ether is then

%o be distilled over by the heat of a water bath{.

# Bergman, iv. 98. .
4 The name was supposed to have been. fe-g'ned.
$ Four.de Pbys. xlvi. 298.
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" ‘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 Woulfe :
Fill three-fourths of a bottle with the impure ether,
add a little water, and a portion of slacked lime. Agi-
tate 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 agi-

tate 2 second time. Decant off the ether into a retort, -

and distil it over *.
" 2. Ether thus obtained is a limpid and colourless li-

29

Chap. V.
S

Propertiese

quor, of a very fragrant smell, and ahot pungent taste, )

Its specific gravity is only 0.7581 4.

1t is so volatile that it can scarcely be poured from
one vessel to another without losing a considerable por-
tion of it by evaporation. When poured out in the
open air, it disappears in an instant, and during its eva-
poration produces a very considerable degree of cold.
Ifa glass vessel containing water, and surrounded with

- a cloth, be dipt into ether two or three times, “and the

ether each time be allowed to evaporate from the cloth,
the water in thé 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.

It is exceedingly inflammable, and when kindled in
the state of vapour buras with' rapidity, with a fine
white flame, and leaves behind it a trace of charcoal.
During its combustion carbonic acid is generated. How

# Proust, dnn. de G Xlil, 256 4 Lavoisicz.
; B ‘
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well soever it has been rectified, it always exhxblts traces

‘—'v—-‘ of sulphurxc acid®s

Detonates
with oxy=
. gen

H ction of
simple bo-
gics.

When ether in the state of vapour 1s made to pass
through a red hot porcelain tube, it is decomposed com-
pletely, and a great quantity of carbureted hydrogen gas
is obtainedt.

‘Ether, when exposed to a cold of —46°, freezes and

crystallizes . - -

3. Ether is soluble in 10 parts of water, according to
the Count de Lauraguis. !
4. When ether is admitted to any gaseous bocy stand-
ing over mercury, it always doubles the bulk of te
gas, as Dr Puesﬂey first observed. If oxygen gas, thus
expanded by ether, be présented to a hghted candle, the

ether burns with great rapidity, but produces no explo-

- sion. But if one pért in bulk of this expénded oxygen

be mixed with three parts of pﬁre oxygen gas, and kin-

‘dled, a very loud explosion takes place: the products

are water and 2% parts of carbonic acid §. © Mr Cruik-
shank, to whom we are indebted for this instructive
experiment, ascertains, . that one part of the vapour of
ether takes 6.8 parts of oxygen gas to consume it com-
pletely ; and from the relative proportions of the two

'products, he has shewn that the carbon which ' ether .
" contains is to its hydrogen as § to T.

5. The action of the simple combustibles on ether has
not been tried, if we except phosphorus, which it is
capable of dissolving in small proportion., The, saluﬁon

.

* Scheelc, ii. 108.

+ Dutch Chemists, Four. de Pl:_y.r xlv. 184 ‘

4 Fourgcroy and Vauquelm Ann. de Chim. 3XiX. 289«
§ Cruikshank, Nicholson’s Fournal, V. 205
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is transparent ; but the addition of a little 2lcohel to it
tenders it milky. This farnishes us with a method of
ascertainingwhet,her ether be sbphisticate& with alce-
‘hol %, :

6. Ether has no action on metals ; but it revives se.
veral of the metallic oxides when mixed with their so-
lutions i in acids. It takes gold from its solution in nitro-
furiatic acid.

7. 1t is probable that it has no action on fixed alka-
lies and earths; but it'combines, or at least mixes rea-
dily with ammonia. =

Tt absorbs nitrous gas in considerable quantity.

8, Sulphuric acid seems capable of converting it into
a peculiar kind of oil known by the name of sweet oil
of wine. i

1f we fill a bottle, capable of holdmg three or four

;r.nghsh pints, with oxymuriatic acid gas, taking care

to expel the water as completely as possible, and then

~throw into it about a dram, or half a dram, of good

ether, covering its mouth immediately with a piece of
light wood or paper, in a few seconds white vapour will

- be perceived moving circularly in the bottle: this will
“ be soon followed by an. explosion accompanied with

flame; at the same time 2 very considerable quantity of

2 3.:
Chap. V.

Action of
acids.

charcoal will be deposited, and fhe bottle will be found

to contain carbonic acid gas +. =
Ether is capable of dlssolvmg the volatlle oxls. It

combmes with alcohol in almost any proportion.

o

* Brugnatelli, Ann. e Chim. xxiv. 73.
t Cruikshank, Nicholson’s j"aumal, V. 2.05,
M
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9- Chemists entertained various opinions respecting
‘the nature of ether. Macquer supposed that it was
merely alcohol deprived by the acid of all its water.
But it was generally believed that the acid entered partly
into its composition. Scheele pubhshed a set of expe-
riments on ether in 1782*; from which he drew as a
consequence, that during thc process the alcohol is de- -
prived of phlogiston. These experiments were. varied,
and carried still farther by Pelletier ;  who adopted' the
theory of Scheele, modified aCéording: to the discove-
ries of Lavuisier. According to him ether is alcohal
combined with oxygen. This theory was embraced by

_ the greater number of chemists, and it was supposed

that the alcohol obtained the new dose of oxygen from
the sulphuric acid. But the formation of ether has
been lately examined with much care by Fourcroy and
Vaugquelin. These ingepions chemistg have concluded

- from their experiments, that during the process the al-

cohol is completely decomposed, and that ether is com-

-posed of the same ingredients as alcohol, but combined

in different proportions. Ether, according to them,
-contains a greater proportion of hydrogen anﬂ oxygen,
and a Smalle;"prbportion_of carbon than alcohol .

. The theory of these chemists was disputed by Lau-
déti and Dabi¢§, who endeavoured to prove that oxy-
gen is always necessary for the formation of ether. This
they did by repeating the experiments on ether, which
had been formerly made by Scheel>. They distilled 2
mixture of sulphuric acid, black oxide of manganese;

® Scheele, ii. x05.
} Ann. de bim. ¥xili. 203. and Nicholson’s Fournal, i. 393
$ dnn, de Chim. %x3iv. 282. - . § Ibid. xxxiv. 28. ‘
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:and alcohol.  The sulphuric acid was not decomposed
as in common cases, no charcoal was deposited, no gas

233
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 came over, the black oxide lost part of its oxygen,-and

the quantity of azber obtained was greater'than usual.
According to Dabit, ether contains a smaller proportion
of hydrogen and a greater proportion of oxygen and car-
bon than alcohol. These objections were almost im-
mediately answered by Fourcroy and Vauquelin, who
proved that ether obtained By means of the black oxide
. of manganese possesses very different properties from
sulphuric ether.  Consequently its formation and com-
position cannot destroy their conclusions respecting the
formation arid composition of sulphuric ether*.

10. As the action of sulphuric acid on alcohol and
the formation’ of ether is one of the most in’teresting
phenomena in chemistry, and as it may. enable us to
form more precise ideas, both respecting the composi-
tion of alcohol and ether, it will be proper to examine
it with attention. ) :

‘When four parts of ‘sulphuric acid and one part of
“alcohol are nvlixcd_togethcr,_and a moderate hcét ap-
plied, the mixture blackens, boils violently, and a great
quantity of gas is disengaged. This gas, which was first
examined by the Dutch chemists, received from them
the name of olefiant gas. ~It is composed of carbon
and hydrogen.  Its-specific gravity is to that of air as
~9og to 1000. It has a disagreeable fetid odour, and
burns with a dense white flame exactly like the flame
of oils. When mixed with oxymuriatic acid- gas, its
bulk is diminished, drops of oil make their appearance,

A

® Ann. de Chim, XXXiV2 319,

Action of
sulphuric
acid on al-
cohol.

s Oleﬁwg -

gas.

{
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which swim for some time on the surface of the water,

e~ and then sink. This oil u‘rmed by the combination

z Oxalic
l'ﬂdu

of the oxygen of the acid with the olefiant gas; for

; when four parts of oxymuriatic acid gas, and three parts
.of olefiant gas, as pure as possible, are: mixed together

over water, the gases disappear totally, with the excep-

- tion of X part, which is azotic gas, probably mtroduced
-along with the acid gas. |

This oil is heavier than water ; it is pearl-coloured
but becomes yellowish and limpid when kept for .come
time. Its taste and odour are both agreeable and pecu-
lar. It is soluble in water, but not acted on by potass.
‘When the mixture of the two gases is fired immediately,
a great guantity of charcoal is precipitatcd in the form
of fine soot *. s

‘What remains in the retort after the dlscngagcment
of this gas, is chiefly sulphurous acid blackened with
charcoal, and probably also some vegetable acid.

When equal parts of sulphuric ac¢id and alcohol are
mixed  together, the phenomena which take place are
considerably different. If the mixture be made cau-
tiously, and allowed to remain at the common tem-
perature for about 30 hours, erystals of oxalic acid often
form in it t.. ~ :

A combination of two parts of sulphuric acid and one

. of alcohol elevates the temperature to 201°, becomes .

immediately of a deep red eolour, which changes to a
black a few days afterwar,ds, and emits a smell percep-

* . tibly ethereal.

When a mixture of equal parts of alcohol and suls -

——

=
g H

# Four. dz Phys.3lv. 178, * § Cadet, Ibid, li. 231s
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. phuric acid is exposed to the action of heat in'a proper

*35
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apparatus, the following#ienomena take place, as has ;

been ascertained by Fourcroy and Vauguelin. -

. iWhen the temperature is é]evatgd to 208°, the fluid
boils, and emits a vapour which becomes condensed by
cold.into a colourless, v‘light, and.odorant liquor, which

‘from /its properties has received the name of ether. If

the operation be properly conducted, no permanent gas

Jis disengaged until about half the alcohol has passed
_over in the form of ether. Until this period there pas-

ses absolutely nothing but ether and a small portion of
water, without mixture of sulphurous or of carbonic
acid. + : ‘ B : |
Tf the receiver be changed as soon as the sulphurous
acid manifests itself, it is observed that no more ether

is formed, but the sweet oil of ‘wine, water, and acetous -
‘acid, witheut the disengagement hitherto of a single

bubble of carbenic acid gas. When the sulphuric acid

* constitutes about four-fifths of the mass which remains

3. Ether.

in the retort, an inflammable gas is disengaged, which

‘has the smell of ether, and burns with a white oily
flame.  This is what the Dutch chemists have called

“olefiant gass ' At ~this period the temperature of the

fluid contained in the retort is elevated to 230° or
aigheiE it ' :
. When the sweet oil of wine ceases to flow, if the re-
ceiver be again changed, it is found that nothing moxg

passes but sulphurdus-acid, water, carbonic acid gas; -

and that the residnum in the retort is a black mass, con-
sisting for the most part of sulphurit: acid. thickened by
garbon. vy i

11. From these phenomena Fourcroy and Vauquelin
have drawn the following deductions,

1
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]g:;:s!ixoil-l : A small quzntxty of ether is formed spontancously,.
‘——— and without the assistance eat, by the combmanon
g’e‘eggogf_ of two parts of concentratcd sulphunc anﬁd a‘nd one part
position of  of alcohol. ; it

alcohol by s S " 2
sulphuric As soon as ether is formed, there is 2 produ'c’tion of
acid,

water at the same time; and while the first of these
compgsitions takes place, the sulphuric acxd undcrgoes
no change in its intimate nature. ’

* As soon as the sulphurous acid appears, no more |
ether i3 formed or at least very little ; but the sweet
oil of wine passes over, together thh water and accnc
acid. '

 The sweet oil of wine ‘having .c'eased to come over,
nothing further is obtained but the sulphurous and car-
‘bonic acids, “and at last su]phur, if the dxstﬂlatxon be
carried to dryness, : e

The operation of ether is therefore naturally divided
into three periods : the first, in which a small quantity
of ether and water are formed without the assistance of
heat ; the second, in which the whole of the ether which
can be obtained is disengaged without the accompani-
ment of sulphurous acid ; and the third, in which the
sweet oil of wine, the acetous acid, the sulphurous acid,
and the carbonic acid, are afforded. The three stages
have no circumstance common to all but the continual
_formation of water, which takes place durmg the whole
of the operation.

A combination of sulphuric acid-and alcohol in equal
parts does not boil at less than 207° ‘of temperature,
while that of alcohol alone boils at 176°." .Now since .

" ebulition does not take place till the higher temperature,
/ it is clear that the alcohol is retained by the affinity of
the sulphuric acid, which: fixes it more considerably-



ETHER.

Now organic bedxes, or their 1mmedlatc products, when
exposed to a lively briskiheat, without the possibility
of escaping speedily enough from its action, suffer a
partial or total decomposition, according to the degree
of temperature,  Alcohol undergoes this last alteration
when passed through an ignited tube of porcelain.
. The reason therefore why alcohol is not- decomposed

-when it is submitted alone to heat in the ordinary ap- -

paratus for d;stxllatlon is, that the temperature at which
it rises in vapours is not capable of aﬂectmg the separa-
tion of its principles; but when it is fixed by the sil-
phuric acid or any other body, the elevated temperature

it undergoes, without the possibility of disengagement -

from its combination, is sufficient to effect a commence-
ment of ‘decomposition, in which ether and water are
formed, and carbon is deposited. Nothing more there-
fore happens to the alcohol in these .circumstances
than. what takes place in the distillation of every other
vegetable mattei-, in which water, oil, acid, and coal, are
afforded. o v .

. Hence. it may be concexved that the nature of the
‘products of .the.decemposxtlon of alcohol must vary ac-
cording to the different dégrees of heat; and this ex-
plains why at a certain period no more ether is formed
but the sweet oil of wine and acetous acid. In fact,
when the greatest quantity of alcohol has been changed
into ether, the mixture becomes more dense, and

%e heat which itc acquires- previous to ebulition is
more considerable. . The affinity of the acid for alcohol
being increased, the principles of this acid become se-
parated ; so that, on the one hand, its oxygen seizes the
hydrogen, and forms much water, which is gradually vo-
latilized ;- while, on the other, the ether retaining a

237
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grea{’er quantity gt carbon, with which at that tempera.

—— ture it can rise, aﬂ’ords the’w‘,et oil' of wine. This

History.

Prepara-
tione

last ought therefore to be considered as an ether con-
taining an extraordinary portion of carbon, which nges
it more density, less volatlhty, and a lemon-ycl!ow cos
lour. 2
Such is the ingenious explanation of the formation of
sulphuric ether proposed by Fourcroy and Vauquelin,
They hdve succeeded completely in proving that the
opinions formerly entertained respecting that singular
process were erroneous 3 though their own explanation
is not sufficiently precise to enable us to ascertain exacts
ly the component parts of ether, -

» . Niric Etber.

NiTRrIC ether is ﬁrst mentioned in an epistle written
by Kunkel to Voight, and published in 1681 * ; but no
attention was paid to it by succeeding chemists till it
was discovered a second time by Navier in 1742 t, and
a third time by Sebastiani in 1746 1. :

The method of preparing it, proposed by NaWer, -
was this : twelve parts of alcohol are put into a strong
bottle, which is kept saurrounded with water, or rather
with ice : eight parts of nitric acid are poured in at
intervals, the mixture being agitated after every addi-
tion. The bottle is then well-corked, and the corkyse-
cured by leather. Ether gradually forms at the sur-
face of the liquid. After five or six days, when the.

formation is supposed to' be over, the cork is to ¢

% Elox';'tala contra Spiritum Fini sine Acido. e B g
+-Mem. Per. 174% : 3 Diss. de Nitro, 1746 -
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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 whole liquid
is to be poused into a funnel, and by means of the finger
the liquid below is allowed to. run, out while the ether,
is retained. ~

This method is somewhat hazardous for the quanti-,

ty of nitrous gas evolved is so great as often to burst the
bottle:. Dr Black substituted in ‘place of it a very inge-
_nious process. He put into a glass phial the proper
quantlty of nitric acid 5 over this was poured gently a
stratum of water, and the alcohol was poured over allL.
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 alcohal .

gradually combined: with the water, and coming into
contact acted on each other without violence ; and thus
the ether was formed without risk.

Dehne ‘has given another process for obtaining nitric

et‘.xer exceedmgly tedious, but not attended with any
risk. ‘Vhe alcohol is put into a tubulated retort, to
which. a large receiver is luted ; one %;th part of nitric
“acid is to be added every four hours, drop by drop, till
it amounts to about. half the weight of alcohpl 5 then
the miixture becomes hot, and et*gr, 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.. Thc acid is to be added till it
falls down to the bottom of the retort in the form of
green globules,*indicéting the formation of perfectly sa-
turated nitrous acid. . This is a proof that no more
ether will be formed. : <
Various other ‘methods of preparing nitrous ether

239
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have been proposed by chemists, as the distillation of 4
mixture of sulphuric acid, nitre, alcohol, &c. But the
process preferred by artists. is that of Chaptal as cor-
reqted by Prot?st. ‘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 con-

" nected three Woulfe’s bottleg(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 ap-
plied, and removed as soon as the effervescence begins.
The greatest part of the ether is detained by the alco-
hol in the first Wonlfe’s bottle, - This mixture is to be
saturated with an alkali, and the ether separated by di-
stillation *. . : ;
‘Nitrous ether, by whatever process it is procured, i
never pure at first, holding always in solution a consi-
derable portion of nitrous gas: hence its extraordinary
volatility. It contains also a certain portion of nitric
acid, and a little oil to which it owes its yellow colour.
The nitrous gas separates spontaneously when the ethef‘
is mixed with a considerable porticn of water. By di-

. ;

* Proust, Ann. de Chinm. <lii. 262.—Brugnatelli has proposed the f0¥-
lowing method; but I find that the proportion of ether obtained 13? i
;s much smaller than the other processes, though Brugnatelli affirms the
reverse. Put an ounce of sugar into 3 retort, and pour over it EWO
ounces of alcohol.  Lute to it a large recciver with slips of papers 3{15
then add three ounces of nitric acid. The sugar is dissolved, the mix-
ture boils, and the ethef passes over pure equal in weight to the al-
cohol. See Four. de Chim. iii. 68.—Perhaps my want of complfate success
was owing to the use of a stronger acid than that employed By Brugna®
telli. ?
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of fummg oxymunat of tin and one part of deohnl are
mlxed together ; and after the vapours and heat produ-
ced haye sub51ded the mixture is put mto a retort, to
which two large recelvers are attached, and distilled.

“There comes over first a little alcohol, then the ether ¥,

This salt has been lately recommended as vemy proper
for makmg muriatic ether by Klaprothi:

2. Pure alcohol is saturated with muriatic, acxd gas as.
free from water as possible. The followmg is the for-
mula recommended 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. « Put20

- paits of this salt mto a tubulated retort, to the beak of

which_ is fitted a- bent tube, ‘plunging i into a Woulfes'
bottle contammg 10 parts of alcohol as strong as pos-

- sible. Introduce into the retort, in'small. ‘quantities at

a time, Io parts of the most concentrated ‘sulphuric :
acid, allowing the common air to escape from the bottle
contammg the alcobol ; ; then distil in a sand bath till
" the muriatic acid comes over, keepmg the alcohol bottle;
as cool as possible during the -process. The a]eohol

thus saturated with acid, is put into a retort, and one
half of it distilled over. = Agitate this pornon Wlth an
alkahne ley, and then decant off the ether which swims
on the surface st usually amounts to 25 partsi.s il

’ 4 ¥ i

¥ Four. de Scav. 1759, P- 549 This process was dxstovered by Rouellc S
Sce Four. de Phys. Ivi. 2!9

+ Crell’s dmml.r, 1796 11, 99:. i

" Four. de Chim. iv. 86 Thls method i is very. smnlar to the followmg. 5
one given before by Van Mons : Saturate a given quantity of alcohol
wuh muriatic acid, by distilling a mixture of two parts of common- salt
and ore part of sulphuric acid into a Woulfe’s apparatus containing two
?arts of alcohol. Mxx this saturated alcohol with halfa part of blBCk
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\gautmns as are employed in the distillation of sulphunc

ether : g

ey he process, as corrected by Pellencr, 18 as follows :
Mix together, in a retort, ‘equal quantmes of acetic
acid (from acetat of copper) and alcohol, gand distil

over the alcohol. Pour it back into the retort, aud di-

stil a second time. What comes over must be peured :

back a second time, and subjected to a’ thlrd dlstxllatmn. J
~ The product of this third distillation is a mlxture of
_acetic acid and ether. Saturate the acid with potass,
‘and distii with a modex:atc heat. Acetic ether: «€omes
‘Whlch ;

oyer pure*. Bucholz has given another process,
lS much motre econnmlcaL Put auto a retett 16 parts

of acetat of lead, 6 parts of strong sulphunc acid, and

9 paris of alcohol. Dlstll over 10 parts. A gltate this

liquid with a third of its bulk of hme‘water, and de—
~cant off the ether whlcl"l will sw1m ‘on the surface. : It

usually ameounts to 6 parts . - i
Scheele could not succeed in obtaining a,ther by L

taguals ’s process ; most hkely because he. neglected taf s

retum the dxsulled hquld a sufficient - number o m&s '

mto the retort. But he discovered another, by Wthh
it may be obtained without difficulty. N othmg more
is necesmry than to add 2 httle sulphurtc acid to the

m1xture or acetlc ether may be obtame’d by dlsselvmg' i

one part of acetat of potass n three parts alcoho}, add-
ing more sulphuric acid than i is suﬁiment to saturate

the potass, and. then dxstlllmgi A
Acetxc ether has the properues of the other ethets,

8 Four.de Phys. xxviii. 141. { Four. de Cbi'm. m. 2220
* Schcele, e I17- ¢ : M

. ‘P
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If; ‘;f;?} lime*. This method, f,of course, does not yicld.;_iiufg
Third. When Aco‘ncentraied",.sglphu'rié or iﬁﬁ-fﬁtic
+ acid is dropt into a strong | infusion of nutgulls-a white
curdy precipitate immediately falls. This fact wa3
first observed by Dize . Accordipg toProdst, the pre-. -
cipitate is a compound of tan and the acid employed
If we wash it with cold water, dxssolve it in boiling wa-
-ter, and saturate the acid with carbonat of potass,’ the
fan, according to him, separates in a state of purxty It
may be washed with cold water and dried £, . But.
besides tan, extract. must be present in this prec‘xp1- :
L totes for it is well known that it is thrown down
by sulphuric acid. Mr Davy has rendered it probable
that it contains also some galhc ac1d . By. dxstxllmg iy
a heat above 212°, he obtamed a ycllowwh coloured ll- e
quid, which gave a black colour to oxy-sulphat of mm,
though it formed no precipitate with gelatine; it there-
fore contained gallic acid §. 'lhls m@thod, thcn, JS
equally defective with the othersg R
Fourth. 1f lime water be mlxed with. .an mfumon of;
> nutgal[s, a copious precxpxtate falls.v When this ’prcm—
~ - pitate is treated with diluted nitric or muriatic acid, an
'eﬁ'ervesccnce takes plac,e, thc liguid becomes dgep—co-
; Ioured and when ﬁltered leaves behmd ita subs 2 ,
* of a brilliant black colour, which . Merata-GullIot, tc!.
whom we are indebted for this process, considers as;‘
pure tan . But Mr Davy has shswn that it must al-,
.80 contam the cxtracnve matter which-is thrown down
. in combination with lime as well as. the tan . The

& Pl Trans.1303.245. -t Ann. de Chim. xxxiv. 37.
t Ann. de Chim.p: 37- © - ° ] § Pbil. Trans. 1803. 240+
. | don. de Chim i, 323. @ Pil. Trans. 1803 36%
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stance was examiied by Davy, and found fo consist chicf:

e~ ; ly of tan combined with a pecuhar species of extract.

Properties
of tan..

Action of
. oxygen.

If the darkest parts of the catechu be selected and infu-

sed in cold distilled water for a short time, the mfision;

when evaporated to dryness; consists of tan combméd
with 2 very minute quantity of extract. It may then.u :
fore be employed to ascertain the progfeﬂles of tan.

* 5. Tan obtained from the infusion of nutgalls by

B 0

the last process, is a br!ttle substance; of a brown' co-

lour; It breaks with a vitreous fracture, and does not

- attract foisture from the air.  Its taste is exceedmgly .

astrmgent. It is very soluble in water.. The sokiuon

_is of a deep brown colour, a very astrmgen’t and bittet
- taste, and has the odout whrch dxstmgmshes ‘a solution

of nutgalls: It froths, When agitated, like a solutlon'
of soap ; but does not feel unctuous: Tan is gml
more soluble in" alcohol than in water. "I%e "s‘afltxtioﬁ
has a deep brown colour and an astrmgem taste-
When heated, it blackens, . emits carbonic \acxd gas;

: and in the open air burns, leavmg always a small por-

tion of lime. . : e
6. From the cxpenmems of Prousf Davy and Dey~

_eux, we learn, that it is capable of combﬂimg‘wnh oxYs

gen; but at the same fime it is. either decomposed-‘a 0-
gether, or ifs nature completely altered.  Thus nitri¢

ac1d gonverts it into a yellomsh brown matter solub]e 1n

alcohol, and smmlar in its propertxes to an extract*

 Oxymuriatic acxd ‘produces simitar effects 5 and Mt

Proust has observed, that the peroxide of tin changes
it also ,mto an extract s Perhaps by commumc_atmb
oxXygen.. : : £ :

* Davy, Péill Trans, 1803, p- 24%: L "} dnn. df Chir. 3lil. 93+
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Y The action of the simiple combustibles on tan has
not been examined: :

8. The action of the metals upon tan does not seem
to be great 3 but almost all the metallic oxides have an
#ffinity for it, and are capable of combining with it;
the compound is usually nearly insoluble in water.
Hence the reason why thc infusion of nutgalls precipi-

¢ tates metallic solutions so readily. Theée compounds
have been hitherto in a great measure overlooked by
chemists. The following observations coritain the facts
at present kriown, - g

When the peromde of tin or zinc is boiléd in the in-
fusion of galls, it acquires a dull yellow colour; and ab-
stracts all the constituents from the infusion, leaving
behind only pure water. The ozides thus combi-
ned with tan, &c. are_partly soluble in muriatic acid,
and the solution indicates -the presence of tan and gallic

acid *. When peroxide of tin is allowed to act upon -

the cdldrinf‘usion,—it"’"absfracts all its constituents in a
few days. But Mr Pxoust-t affirms, that in that case the
gallic acid s mostly destroyed, and a portion of the tan
hwaght to the state of extract.
When the metallic salts are mzxed thh the infusion
of galls, the precipitate consists of the metallic oxide
mbined with the tan, the extract and the acid of the
- afusion; and, according to Davy, it contains also a por-
g tion of the acid of the metallic salt f. §
- Tan produces no ¢hange upon the solution of sulphat
of iron : but when it is mixed with a solution of the

* Davy, Phil. Trans. 1803. 244- t Ann. de Chim. 3}i. 9.
t Pbil. Trans. 1803.248,
Vor. 1L ‘ R
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Dnigiosli‘ml:l'l. oxy-sulphat of iron, a deep blue coloured precipitate ime

—— mediately appears, consisting of the tan combined with
the oxide. This precipitate, when dried, assumes a
black colour, It is decomposed byacids. '

When too great a proportion of oxy-sulphat of iron

is poured into a solution of tan, the sulphuric acid, set
at liberty by the combination of the iron and tan, is suf-
ficient to re-dissolve the precipitate as it appears; but ,
the precipitate may easily be obtained by cautiously sa-
turating this excess of acid with potass. When the ex-
periment is performed in this manner, all the oxy-sul-
phat of iron which remains in the solution undecompo-
sed is converted into sulphat. Mr Proust supposes that
this change is produced by the' tan absorbing oxygen
from the iron. The same change takes place if oxide
be mixed with a considerable excess of sulphuric acid,
and diluted with water. Common writing ink is a
combination of gallat of iron and tannat of iron*:

- When the infusion of galls is digested upon iron or
its oxides, a black solution is usually formed, which, ac-

. cording to Proust, when mixed with the usual propor-
tion of gum, forms a very good ink. I find, however,
that ink formed in this way is not quite so black as
common ink f. 3 MBS

% The infusion of nufgal,ls does not detect small quantities of iron in °
solution, provided there be an excess of acid, till that excess is saturated.

$ In making ink, the most important painf is, to have a sufficient quan-
tity of tan present. When the iron is in excees, the black particles gra-
dually fall, and the ink becomés brown. If a plate of iron be kept
in ink, the whole of the inky particles precipitate in a short time.
Several other metals produce the same effect. Hence perhaps.the reason
why ink always becomes bad if kept in metallic vessels. The following
formula, published by Professor Robison, answers well for making good

ink:

>
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D). The alkalies combine readxly with tan, and fordi Chip. V.
iwith it a compound soluble in water. This was first Action of
observed by Deyeux, whose experiments have been ve. kalies
rxﬁed by Mr Davy. When potass or soda is added to
the infusion of nutgalls, the hqmd assumes 4 reddish-
brown colour, and losgs the property of precipitating
gelatine till the alkali is saturated with an acid. When
the alkalized mfuswn is evaporated to dryness, an olive
coloured mass remams of a faint alkaline taste, which
dehquesces in the air. Ammonia produces the same
eﬂ'ect upon the infusion of galls ; but when the mixture
is exposed to the heat of boiling water, part of the am-
“monia flies off, a prec1p1tate falls, consisting of most of
the tan and gallic amd while the extract remains in so-
lution *. - :
10, All the earths hltherto tried have a strong affi- Fatths,
- nity for tan, and form. w1th it compounds for the most
part 1nsoluble n water 5 thie propeltles of which have
_scarcely,been exammed by cliemists:

"

Rasped Logwood .. o diwiiie o 1 ounce.
Best nutgalls in coarse powder B '
Gumarablcmpowder. A e B z
Green vitriol L bR e G ‘
Rain water o e e i L 2 quarts
Cloves in coarse powder S e drachn‘l

Bml the water with the logwood and gum to one half ; strain the kot
decoction into a glased v@ss'el ; add the galls and cmves, mix and co-
ver it up. When neatly cold, add the g grecn vitriol, and tir it repeat-
edly. After sonie day$ decant of strain into @ bottle, to be kel:)t close
corked in a dark place. The use of the cloves is to prevent mquldiness.
The same thing is done completely by the addition of corresive sublimate.
Black’s Lectures, ii. 431. ‘

* Davy, Phil: Trans. 1803: p- 241

R2
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When barytes, strontian, or lime-water, is poured in-

u._-y_: to the inrusion of galls, an olive coloured precipitate .

And acids.

Tan com-
bines with
gelatine.

falls, which consists not only of the tan, but also of the
_e;.tract, and most of the gallic acid combined with the
earth. When magnesia is mixed or boiled with this irf-
fusion, it combines with all its constituents ; the gallat
remains mostly in solution, and gives. the liquid a green
colour, while the tan and the extract form with the ¢
magnesia an insoluble compound, and give it a dirty
yellow colour. Alumina in small quantity produces
exactly the same effect; but when used in a greater pro-
portion, it separates all the consutuents of the infu-
sion*. . '

When the earthy carbonats afe boﬂed in the infusion
of galls, they separate the tan and the extract, while
they combine with the acid, and form with it a salt

; which remains in the liquid, and g1ves it a green co-

lour . ,
11. Sulphuric, nitric, and muriatic acids, prec1p1tate
tan from the infusion of galls, and form with it com-
pounds which are soluble in water. The action of other
acids on it has not been tried.

" 12. But one of the most important properties of tan
is the insoluble compound which it forms with glue or
gelatine, as this substance is termed by chemists. e

* therefore employed to detect the présence of gelatine in-
‘animal fluids; and, on the other hand, solutions of ge-

vlatme are employed to detectotlfe presence of tan n

: vegetable fluids, and to ascertain its quanuty Now

although the compound of gelatme and tan 1s insoluble

'« Davy, Phid. Trons. 1803 P 241 4 1d, Tbid:
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in water, it is soluble both in the solution of tan and
of gelatite when sufficiently diluted. It is necessary,
therefore, that the solution of gelatine, used to detect
tan, should be as concentrated as is consistent with its
perfect fluidity ; for glue, when gelatinous, does net
‘act upon tan. It is necessary also that it should be
employed quite fresh ; for when in a state of putrefac-
tion, it loses its property of prempltatmg tan £ Mr
Davy has ascertamed that the best proportion for use
is a solution of 120 grams of isinglass in 20 ounces of
water. Care must be taken not to add an excess of the
solution to the liquid from which the tan is to be sepa-
rated ; because the compound of tan and gelatine is re-
dissolved by the solution of gelatihe. ‘ According to the
‘analysis of Mr Davy, this compound, when dried in
the temperature of 1 50°, is composed of
4 . 54 gelatine ‘
46 tan

; 100t

13. When tan is distilled, it yields an acid liquor,
“which blackens solutions of iron, because it contains 2
litile tan unaltered : there comes over also a little em-

founting to 4% of the tan distilled ¢.
14 It appears, ‘from the experiments of Mr Davy

md Mr Chenevix, that tan is sometimes formed in ve-

(&

#* T find that even the addition of as much alcohol as is consistent with
the gelatine remaining in solution, does not preserve it in a proper state
for use.

t Isinglass is glue or gelatme nearly purc, as has bcen shown by N’:
Hatchett.

1 Pkil. Trans. 1803, p- 235.2nd 250,

é Proust, Ann. de Chim. X33V. 35

pyreumatic oil, and a voluminous coal remains behind,
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getables by the action pf heat. Thus no tan can be deq
tected in the decoction of coffee-beans unless they have -
been roasted; but in that case their decoction precipi-
tates gelatlne =
15. From the etpenments of Mr Davy, we learn
that the aﬂimtles of the different classes of bodies ca-
pable of cornbmmg with tan are nearly in the follow,
mg order.
Earths, .
Alkalies,
Gelatine,
Acids, : ¢
Neutral salts.
But the order of the 1nd1v1dual substances belongmg to
gach of these classes remains still to be ascertained 1.
16. Mr Proust has announced it as his oplmon, that
there exist various spec1es of tan in the vegetable king-
dom dxﬂ"ermg from each other, like the oils, ethers, &, -
He has even enumerated several of these varieties, and -
pointed out then; character1stlcs§ P n e
Tl s by no means unhkely that thls opinion is well
founded Butit is 1mposs1b1e to adunt it as demonstra-
ted till 2 process be dlscovered for separatmg tan from
other substances, and obtammcr it 1n a state of puntv H
for the dxffexences between the vanetles of tan pomted
out by Proust may be owmor to the presence of forelgn
substances which dJsgulse its propertles. At any rate,
this subJect W111 come under our consideration more
properly in the second Part of this Work when we
enumerate the dxfferent vegetable substances that con-

tain tan.

#* Chenevxx, Plul Mag x802 P- 350-

+ Phil. Trans. 1803, p- 269 § Aan. de Chim. aliis 94~
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CHAP. VI

- REMARKS ON THE PRIMARY COMPOUNDS. :

Svuci are the properties of the PRimary CoMI.oNDS:

a class of bodies which have been the longest known,
which have been most accurately studied, and which
consutute, without doubt, the most important instru-

263

Chap. VI
b—vcd

ments in chemlstry Their number, omxttmg the oils, -

amounts to §7.
Of these there are 12 whose component parts are still
unknown, and which therefore have been put among
the compounds only from analogy. These are, the
fixed alkalies, the earths, and fluoric acid: Perhaps we
oupht to add boracic acid; for Crell’s analy31s of it is
far from satisfactory. Th”e remaining 44 bodies are
Jkaown to be compounds. They may be again divided
into two classes ; namely, bodies destitute of oxygen,
10 bedies containing it. : ;
“Thie first class comprehends under it only two sub-
{ stances, ammonia and pfussxc acid ; two bodies which
resemble each other in many of their properties. The
first of them is composed of azote and hydrogen ; the
second of azote, b /ydragm, St carbam . o 4
The second class contains 42 bodies, which natural-
Iy subdivide themselves into three distinct sets, each

Thirteen
still unde-
compound-,_
ed.

T'wo want
oxygen.

Forty-two
have it.

of which possesses analogous propertles. These are

R 4 <
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Ten sup-
POrters,

Four pro-
ducts,

"Two semi~
products,

And twen=
ty-six ox-

ides.

RE MARKS ON/ THE

Supporiers, proa’uct.c, and cambu;tzlzle:. The supporters

' of combustion are all of them composed of two ingre-’

dients; one of which is always oxygen, and the other
either azote, muriatic ac1d or a metal. They are 10

in fumber ; namely,

1. Nitrous oxide, nitric oxide, nitric acid.

2. Oxymuriatic acid, hyperoxymuriatic acid.

3. Arsenic, tungstic, moly"bdlC ch.omlc columbxc 5
acids. :

The products are hikewise composed of two ingre-
dients-onc of whxch is always_ oxygen, and the other
some one of the four simple c<_m‘§bustib1es.~ They are
only four in number ; ‘namely, : S

L 1. Sulphiuric acid,
‘ 2. Phosphoric acid,
3' Carbonic acid, -
4. Water. —
But to their number may be added sulphurous and
phosphorous acids, which are composed of a product
combined with a portion of its own cofnbustibl_e bases

The remaining 26 bodies, namely, the oxides of car-
bon, the conjbustib}e acid?a .the compound combusti-
‘bles, are combustible. It is remarkable that all these
substances contain three ingrediénts, except the oxides
of carbon. These three ingredients are carbon, hydro-
gen, and oxygen. In some of these bodies, as acetic .
acid, azote seems also to be present. The oxides of
carbon are the only binary compounds at present known
ccntammg oxygen ‘and capable of undergomg com-
bustion; for I do not consider the supposed oxides
of sulphur and phosphorus as sufficiently examined to
;wa_rrant the c_oncl_usxons of the French chemists concern=
ing their nature. Ax;alogy ;hg;'efo.re is in favour Qf the
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“opinion of Berthollet who affirms that the supposed Chap. VI

oxides of carbon contain hydrogen. This ought to
“make us very rigid in our proofs before we allow that
hydrogen does not exist in these compounds.

Though the five classes into which primary com-
pounds have been divided in the preceding Chapters
_have been ]ong known, and have always engaged the
attention of chemical philosophers, the number of indi-
viduals which belong to these classes has been very

much increased. About the commencement of the 18th

century only the three alkalies, four of the earths, two
of the oxides, five acids, and the compound combustibles,
were known, ‘and these but imperfectly. = Five earths,

3 oxides; and 28 acids, have been added to the list of

primary compounds by the labours of the philosophers
of the 18th century. . Nor ought we to forget that of
these 36 new bodies no less than 14 were dxscovered
by the sagacity of the indefatigable Scheele, *
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SECONDARY COMPOUNDS.

Maxy of the Primary Comrounns, as we have seen
in the preceding Chapters, are susceptible of forming
combinations with each other. Thus acids combine
w_i‘thialkalies, with earths, and with metallic oxides, and
form compounds called salts ; the earths eombine with
the fixed alkalies, and form gla:s ; oils combine with -
alkalies, and form soaps. These, to which I have given
the name of SECONDARY COMPoUNDs, come now under
our consideration, ‘ ;

The secondary Coﬁxpo’unds, as far as we are at pre-

- sent acquainted with them, may be arrangea under the

ﬁve following Classes. 2
1. Combinations of earths with each other. and thh
metallic oxides.
2. Combinations of earths with alkalies.
- 3. Combinations of acids witl a]kahes, earths, and
" metallic oxides. -
* 4. Combinations of sulphureted hydrogen with altka-
lies, earths, and metallic oxides.
§- Combinations of oils with alkalies, earths, and.
metallic oxides. i
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CHAP. I.

OF COMBINATIONS OF EARTHS.
s

S EVERAL of the earths are capable of entering into com=
bination with each other and with metallic oxides, and
of forming compounds distinguished by various names
according to their external appearance. Some of these
combinations are formed into vessels known by the
namq of stoneware, porcelain, enamel, &c. many of -
W‘Tnch are of great importance in mam]factures and do-
mestic economy.
tmperfectly A 01s class of bodies is of the highest importance;
oW, but it has not hitherto been examined by chemists with
that degree of attention to which it is entitled. A few
only of the compounds into which the earths and the
metallic oxides are capable of entering have been f@fm-
ed, and still fewer of these have been described with '
precision. The subjéct indeed is difficult, 2 3 uu late-
ly was not susceptible of accuracy, because the proper-
ties of the earths, and the methods of obtammg them
pute, were unknown. Itis tru&,‘indexd that the great-
er number of these compounds exist ready formedv_m
the mineral kingdom, constituting the solid basis of this
globe of ours. But notwithstanding the rapid progress :
which the ana]ysm of minerals has lately made, it 18 |
still very uncertain whether it would be safe to truS§2]

‘

{
L
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altogether the result of these analyses especially as we
are not able ta form artificially, compounds similar to,
those which exist ready formed in the earth,

It will be better, therefore, to refer the consideration
of these numerous native compounds to the second part
of this Work, and to satisfy ourselves at present witha
 getteral view of the compounds which the earths are
capable of formmg, a descrlptlon of those mixtures
which are employed in the manufacture of stoneware
~ and porcelain, and an account of those combinations of

‘earths and metallic oxides which form the ditterent

i ' enamels with which these substances are covered. These

 topics will form the subject of the two following Sec-
tons. o i

SECT. I.

OF EARTHY COMBINATIONS IN‘_.GENERA[A..

L HAT several of the earths have a strﬁﬁg'aﬂinity for
sch other, and are therefore capable of forming combi-
s is a fact now well known to the chemical world.
' Bat it is b7 no means an’ easy matter to form these
‘,Veembmuon ?rtgﬁcmﬂy, 1f the earths be mixed :to-
8 sie ofa pawder, they do.not combme n-

tlmately % and as few of them are soluble in Water, re-

course cannot be had, except in a very few cases, to the
. intervention of that liquid. Ghemists, therefore, when

they wish to combine the earths. together, have scarce~
ly any Other agent to employ ¢ except fire. This agent

a6y

Chap. L

Difficulty

of conibi-

‘ning earths.
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answers exceedihgly well in combining the metals with
each other, and converting them into alloys : But with
respect to the earths the case is very different; for no
fire which can be produced is sufficiently violent to melt
a considerable quantity of any of the earths, barytes
and strontian excepted.

It is true indeed that sxlxca, aud perhaps all the other' 7
earths, may be melted by a process invented by Saus-

sure. He cements a very minute particle of quartz, ot
any other spbstance whose fusibility is to be tried, to
a slewaer fibre of cyanite®, and exposes it in that state

to the action of the blow-pipe. He supposes the inten~

sity of the heat iﬁnversely proportional to the diameter
of the globule produced. Any heat therefore whatever
may be communicated by means of the Blow-plpe, by
diminishing sufficiently the bulk of the particle subject=

“ed to its action. The limir of mtensmy 1s when the

particle cannot be farther diminished withodt rerder-
ing the globule produced too small to be seen distincly
by 2 microscope, and to be measured by means of a mi
crometer. Saunssure found that the heat 'necéssary to
melt quartz is equal to 4043° Wedgewood ; that which
melts aluina is 18900° Wedgewood 1. : ,

The temperature, then, at which the earths melt is
inconceivably high: but the quantity of these ~ dies
which can be in this manner subjected to, .xpenment,
is:by far too minute to draw much sausf «ctory infor-
mation from it respecting the na"‘ e \f t .e compounds
which the earths are capable of formmg th each other«

* This is a blue coloured transparent s;one, to be afterwards describsd

t Four. de Phys. xlv. 3.
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Tuckily it is in matiy cases not necessary to have re- Gbap ke,

course to it. It is well known that several of the me-
tals, which require a very high temperature to bring
them to fusion, melt readily when mixed with a por-
tion of some other metal. Thus platinum, the mdst
' infusible of them all, melts readily when combined with -
zrsenic. The same thing happens with several of the
|, ¢arths, as Kunkel first discovered ; alumina, for in=
| stance, though perhaps the most refractory of them
¢1l, enters very speedily into fusion when mixed witk
s proper proportion of silica and lime. * Chemisis nave
t2ken advantage of this property. They have mixed
ihe earths together in various proportions, and then
~ subjected them to heat. The affinity between them
was judged of by the degree of fusion which they under-
went. Mr Pott was one of the first chemists who laid
open this method of proceedmu. His Lithogeognosia,
which was pubhshed in 1746, must have been the re-
sult of immense labour. It may be considered as the History.
harbinger of all the mineralogical discoveries which fol- :
lowed. Achard* of Berlin published, in 1780, a long
list of experiments, in which he exposed various mix-
_ %ures of earth to the heat of a porcelain furnace. This

=

»

: “the first du‘ect set of expenments on the combina-
tion. ©earths; for Pott, and Macquer and Darcet who
followed hi n, had hemselves to native combi-
nations. 1 - Ki 794, published a still more
accurate set of ¢x ~iments+ on the same subject.
.- Since that time the combination of the earths has occu-

pied the attention of queauj;; not to inentidn the

¥ Mem, Berlin, 1780, p. 69 + Mntralpgy,l 49

by ¥ Four. de I Ecol: Polytechn, 1. iii, 298 and dna. de Cbtm. Xxxi, 246.

5
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interesting experiments of Klaproth* and Saussure {;
and the ingentous speculations of Saussure and Dolo-
mieuf. But the most Important experiments on this
subject are those of D‘a'h:acq§ and Chenevix|}; because
they have been made with substances in a state of pu-
rity, and with the proper precautions, to prevent erro-
neous results. From the experiments of these philoso-
phers, and from the accurate ‘mineralogical analyses of
Klaproth and Vauquelin, the following consequences
may be drawn. i
1. Lhere is an affinity between most of the different
earths: But this affinity varies considerably in.intensi=
ty. Certain earths combine readily with' each other in
almost every situation, while others «cannot be combi=
ned without difficulty. There are some combinations
of earths which are found native and abundant ; others,
on the contrary, seldom or never occur.
- 2. Certain earths when mixed together become very
fusible, while other mixtures are as refractory as the
simple earths themselves. The affinity between the
edrths must not be judged of by this increase of fusibi-
lity ; for several earths which have a strong affinity for
each other do not form fusible mixtures at all. Im ge-
neral, mixtures of earths are fusible only when mixed1 n
certain determinate proportions. 5
3. The three alkaline earths resemBle on : another in
their disposition to unite with the other ¢ arths. Like

»'__the alksfhes, they combine wii ah.w ta and silica;

but show no affinity for magnesia nor for each otherfs.

* Klaproth’s Beitrage, i. 1. t Four. de Phys. xlv. 3:
} Jour.de Phys, passim, § Ann. de Chim. x1. 524
R Pbil. Trans. 1802.
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Their gctibn on the netw earths has not been ex_aini- ‘_f*:gi
ned. : ‘
» When barytes and alutnina are boiled togétﬁer in & 1. Baryes.
sufficient quantity of water, they combine, and form
two compounds ; one of which, containirig an excess of
barytes, remains in solution ; the other, containing ar
excess of alurhina, is in tlie state of 2n insoluble pow-
tder. When barytes and sd;ca are fused together in &
platinum cracible, they combine; and form a friable
blistered mass, of an apple green colour, which is so=
luble in all the acids, but imperfectly soluble in water.
If this compound be boiled in water, it separates into
_ﬁtWo portions § one;y containing an excess of barytes, dis-
solves; but the preSence of the silica prevents the bary=
tes from crystallizing ; the other remains in the state
" of an insoluble powder. Barytes; purified in the usual
‘way, always contains a portion of silica; Wwhich it pro-
bably takes from the crucible in which it is prepared *.
So great is the affinity of barytes for silica, that it se-
parates silica from potass +. The af’ﬁnify betweén alu-
mina and barytes is not strong enough to separate these
two earths when the solutions of them in thé sarne acid
are mixed together. Muriats of barytes and aluminaj ‘
for i mstance, when mixed together, afford no precipitate;
provmux oz salts be pure . -
- Barytes 1skusually forind nahve combmed w1th ac1ds;
but it Gecurs 'bme imi
rolite, which bt pParent crysta,lhzed stone; 154
compound of sxhca, alumma ahd barytes:

* Vauquelin, dnn. de Chim. xxix. 293. fMoweau, Tbid. xxxi. 24§

“St Dajracg, Ibid: xl. 57.—Chenevix on Corundum, p 17.—Pbil: Trans.
024

Vo. IL s
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- 4. Strontian resembles barytes exactly in its affinities
for the earths. Tt umtés precxsely in the same way

- with alumina and sdxca, and precipitates silica from
- potass. . It shows no tendency to unite with magnesia;

. - . - . .
nor is its affinity for alumina strong enough to occasivn
a precipitate when the muriats of strontian and alumi-

_na are mixed together. = It shows no tendency to unite
&) . &

with barytes.’ - -~ i e ; o
« Strontian always occurs native combmed with acids;
aﬁ(_least it has never yet been found united to earths.

" 5‘ Like the other alkaline earths, lime has a strong
affinity for alumina and silica. Scheele first observed,
that when alumina'is mixed with lime-water, it com=
bines with the lime, and leaves the water in a state of
purity *, - The compound  thiis formed is insoluble n
water. ' Chenevxx has observed, that this affinity be-
tween lime and-alumina facilitates the solution of lime
dn a fixed alkali. "When 4 solution “of potass is boiled
upon pure lime, no more of i 1t is dissolved than would .
have been taken up by the water alone, which holds
the potass in solution. But when potass is boiled in 2

- mixture of lime and alumina, this last earth is dissol-
- ved, together with a much greater proportion of the

lime than can be ascribed to the action of the water
alone +. The afﬁrm y, however, of ﬁm:gwlﬁs for
son @ precipi-
‘ -sﬁ‘mzxed to=
fiaeiats ofiixpe -

et

and alumina are mixed .

& Scheele; 1. 396. + Pbil. Trans. 1802 p. 346?
% Darracq, d#n. d: Chim. 31, 58. and Chenevix, Ibid. -

4
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‘ Gaaqiin first remarked that lime-water forms a pre- Chap.L
cipitate with a solution of silica in potass ; and Mor-
veau ascertained that this precipitate i a compound of
the two earths. This has been conﬁrmed by the expe-~
riments of Darracq and Chenevix.

Lime indicates no tehdency to combine with the
other alkaline earths nor with magnesia. Like the other
¢ alkaline earths, it occurs b5t frequently native coma
" bined with acids’; but it constitutes likewise, not: un-
frequently, a constltuent part of stofies, and in thaf ease
it is combined with other earths. If we e‘xcept the
| tremolite, which is a compound of silica and lime, or
perhaps rather carborat of lime, and which’ sometlmes
| contains soda, all the earthy compounds containing lime
rconsxst of three mgredlents, namely, silica, alumina, and
hme. The different varieties of zeblztcs aﬂ'ord examples
of this compound. S

6. Magnesia has a very marked aﬁinuy for alumina; 4. Magre-
but it shows no tendency to unite with any of the ‘other
earths, This affinity Was first pointed out by Mr Che-
nevix in his analysis of magnesian stones *.. When"
magnesia is held in solution by acids, it is only precnpl-

tated partially by ammonia ; 5 and if there be an excess
Df al."

nresent, it is not precn.pltated at all ; because
ammama and magnesxa form triple salts with acids,
“which are s?’uble But'!"lf a sufficient quantity of alu-
‘mina be prese at o magnesmn solution, the whole
of the magnes;a -own down in combination with
the alumina. In the same manner, when an alka-
line carbonat is poured into a solution of magnesia, na

: * % Aan. de Chim. 3xviii, 18g.
p 2 S2
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precipitate is formed, because the carbonic acid evolved
is sufficient to hold the whole of it in solution; but if
alumina be present, the ‘alkaline carbonat throws down

both of the earths in combination. When potass is boil-

ed upon this compound of magnesia and alumina, onty.

a very small proportion of the alumina is dissolved ;
the greater part being retained by its affinity for the
magnesia. By dissolving the resxduum in muriatic acid,

and precipitating by carbonat of potass, a portion of the
magnesia is retained in solution. - Potass boiled on the
residue dissolves a new dose of alumina. By repeating
these processes alternately, the two earths may be se-

parated from each other*. Thus we see that the ac-
tion of magnesia on alumina is the reverse of the acnon

@

of alumina on lime; the last promotes the solution of _

the lime, whereas the first prevents the solutlon of the
alumina.

Magnesia, when mixed with silica, forms 2 fusible

Zompound; but the mixture of this earth with barytes,

with strontian, with lime, or with alumma, is not fu-

- sible in the heats of our. furnaces.

4

Magnesia is frequeatly found nétxve combmed Wlth
the other earths.  These native combinations conslst
sometimes of two earths, sometimes of three, and in ge=
neral some metallic oxide is also present. '
be comprehended under three classes ¢

s 84 ‘1. Alumina and mag}lt;gxa, ﬁ, %
b 2. Silica and magfiesia, \\Jg’

3. Silica, alumina, and magnesia.

To the first of these classes belongs the ruby; to the

* Chenevix on Corunahm; Pull:,
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- second, steatites and Eiffekille; to the third, the cyanite

or sappare of Saussure. A soapy feel, and a certain
degree of softness and opacity, has been considered as a
characteristic of the eérthy combinations which contain
magnesia ; but the ruby and cyanite are both of them
transparent and hard. Ttis worthy of attention, ‘that
magnesia enters into fewer fusible compounds than any

. of the alkaline earths.

». Alumina, as has been already remarked, has an affi-
nity for the alkaline earths and magnesia. It has also

an affinity for silica. When silicated and aluminated

potass are mixed together, the mixture in about an hour

becomes opaque and gelatinous, evidently in conse-

quence of the combination of the two earths *. When
this precipitaté is dried and analysed, it yields both si-
lica and alumina. The presence of alumina, as Mr Che-
nevix has remarked, facilitates the solution of silica in
potass.  When a mineral containing both silica and alu-
mina is fused in the usual way, with a sufficient quan-
‘tity of potass, and then dissolved in muriatic acid, a
number of white flakes frequently remain which the
acid is incapable of dissolving. These white flakes are

29y
Chap. L.

5. Alumina.

pure siticeous earths. Their quantity is greatest when °

the " proportion of the silica over the alumina is great-

‘est. Whien the proportion of alumina is consider-

able, the insoluble residue is less, and in some cases
it disappears ¢ ltogether +. y

. Alumina eficers into fusion with none of the other

earths except lime, and not even with the fixed alkalies.
Ln this respect it differs exceedingly from silica; which,

* Morveau, Ann. de Chim. xxxi. 248, % Ibid. sxviii, 203

53

g
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from the numerous fusible mmpouaﬂs ‘that it} isiems
pable of forming, was, ﬁm;merly called the. mtﬂgﬁable
earth. But alumida. entefs into several triple earthy
mixtures which are fusxble Thus mixtures of alumina
and silica with any of the alkalmc earths, and wlthmag,
nesia, ard fusible, » o C ;
Alumina is found natiye in great abundance, and al. 5
most always combined with othep earths or with me- ‘
tallic omdes, for which it has a very strong affinity,
The native earthy combmatwns, of which 1t coustltutes
an. mgredLent, may be divided into six classes, These

I- Alumina and magnesia,

2. Alumina and silica,

3. Alumina, silica, an?l barytes,
4. Alumina, silica, and lime,

5. Alumina, silica, and magnesia,
" 6, Alumina, silica, and qucina_,
To the firet of these classes belongs the ruby; to the
second, mica, talc, chalcedony, the topaz, &e.; to the
third, staurolite ; to the fourth, zeolites ; to the fifth,
cyanite; and to the sixth, the emerald. These mineraly
will be described hereafter. All the compounds into
whxch a considerable portion of 2 aluming énters are :pret-
ty heavy, and several of them are exceedingly hard."
. 8. Silica, as we have seen, hasan affini y Gt the-al-
kalme earth’s and alumma It has'likew ise an aﬁnlty_ .
conia. When a mixt this 1last earth and
sxhq'a 15 heated strongly, it sltews a tendency to fusion™.
i ftises, as we have seen qlready, with barytes, strofs

™

‘% Morvean, Ann. de Chim. xxxi, 259
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tian, lime, and magnesia ; so that zlumina is theonly Chap..l.__
earth hitherto tried with Whlch it does not enter into S

fusion, - ' X K B i

Silica is found native more abundantly than any of
_the other earths. It also enters into. a greater variety
of combinations, but almost'*always with earthybodies.
The combinations of which it is known to.constitute a
part :‘nay be reduced uncfer eight classes ; namely,

1. Silica and alumma,
2. Silica and lime, -

- 3. Silica and magnesia,
4. Silica and zirconia,

4 . 5. Silica, alpmina, and lime,

6. Silica, alumina, and magnesiz,
LT Sﬂica,:':alnmina, and glucina,
8, Silica, alumina, and barytes.
All of these classes have been mentioned already, and
instances given of minerals belonging to -eacth except
the fourth, to whxch belongs only the gircon and the
byacinth. i
The most beautifal earthy cembmauons are those

- which consist chiefly of 'silica and alumina: - To that
- class belong almost all the gems.  The combinations of

these two earths are also the most useful; for they con-

stitute thelbasis of porcelain, stoneware, glass pots, and

‘all the different earthen utensils. :
9. Several of the earths are capablc of combmmg Corabings

tions of me--
likewise with metalm,\ oxides, -and of formmg-.. COM- ¢ 1iic ox-

_pounds ; the nature of which has scarcely been exami- idesand

ned by chemists.  * All the oxides which fuse readily »emhs
into a glass are capable, in that state, of combining
with earths by the assistance of heat, ‘and of formmg
Qpaque compounds, known by the name of enamels ;

.S 4

P 5 '
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some of which will come under our consideration afe
terwards. :
thhcrto only six metals in the state of oxides have

‘been found native combined with earths. These are,

- 1. Chromium, 4. Zinc,
2. Nickel, T 3 Manganese,
3. Copper, . 6. Iron.

Chromium constitutes very frequently the colouring

matter of the ruby, in which it is combined with alu-

mina and magnesia 3 but this metal does not appear to

have any remarkable tendency to combine with carths

except when it is in the state of an acid.
Nickel has been detected by 'Klaproth in the chryso-,

prase, and in the green matter called pimelite which

sometimes accompanies it ; but whether the combma.
tion is chemxcal, or mexel,y a mzxture, has not been as-
certained. i

The oxide of copper ‘shows no peculiar tendency to

unite with easths, and hitherto it has been detected in
one earthy compound only. ;- namely, the smaragdite, 3

mineral which contains 1.5 per cent. of oxxdc of copper.

But whether this oxide .be chemically combined: or
merely mixed with the other ingredients is not known.

The oxide of zinc has been found native combined
with silica m different varieties of calamine. That

these bodxes are chemxcally combmed has been dengon-'

strated ‘by Mr Smithson in his valuable paper on cala~

But it is in the oxides of manganese and iron, CSPe"

cially the latter, that the aﬁimty between the earths and

& Phil. Trans. 3803/
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metallic oxides is most conspicuous. The oxide of Chap.L

-mangénese occurs native combined with barytes; and
it is usually a constituent of the black and dark red co-
loured stones, as shorl, garnet, &c. But when combi-
hed with earths, if we except barytes, it forms, in all
cases hitherto observed a vcry small proportion of the

compound g

The oxide of iron is one of the most common consti- 6. Iron.

suents of minerals. It is found ina state of combina-
tion with almost every earth. To it indeed, in most
cases, is the colour of minerals to be ascribed. No
less than seven distinct colours, besides a great variety

.of shades, are observed in minerals containing iron; -

and to the iron in most cases 1s the colour to be ascri-
bed. These colours are, j
r. White'. ... . The somm:te, &c.
2. Black ... . . . Obsidian
3-4Ereent v 15 Euclase, thallite
- . 4. Blue . . . . . Lazulite; native prussian blue
sssiRed G dn#Garnet; ruby
6. Yellow.. . . Topaz,
#. Brown .. . . Tourmaline
From' the experiments of Kirwan*, we learn that
iton forms a fusible mass when mixed with barytes,
lime, alumina, and silica, when it exceeds the propor-
tion of earth considgrably. With magnesia it forms an
enamel, but scarcer fuses completely. - It ‘renders a
mlxture of alumina anc. silica fusible at a Ve Iow ‘heat
when in the proper proportion. :
#0. During the fusion of several mlxtures or combi-

* Mineralogy, i. 58.
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nations of earths, especially those which are found na. -

tive, the mixture very often: frothes considerably, -and )
emits a great number of air bubbles.  The eémission of
these air bubbles can enly be referred to one or other of
three causes ‘Either a quantity of water leaves the
mixture in the form of steam, or the metallic oxmdes,
which are almost always. present, are reduced, and al- ]
low their oxygen to escape in the form of gas; or,
lastly, the earths themselves undergo some. change, and
Iet go ‘some one or other of their component parts in
the form of gas. Itis probable that the phenomenon is
partly owing to all these causes 3 for these earthy mix-
tures are much lighter after having been exposed to the
action of the fire than they were before. ' Thus a mix-
ture of equal parts of silica and magnesia, after being -
heated to 134° Wedgewood, lost c.135 .of its weight;
and 2 mixture of equal parts of .alumina and barytes
lost in the same situation c.245 of its weight*.  Now
so geeat a loss as this cannot be ascribed to any other.
cause than the evaporatxon of water. ;

- Again, several minerals which are coloured by a me-
tallic oxide become transparent when exposed to a very
violent heat; a change which must be occasioned by
the revival or dissipation of the metal.  This is.the
.case, for instance, with thg brown obsidian lava of Do-
vlomi-eu, with the lazulite, and with schorlt. Now it
is c;ﬁccgdinglg difficult to free the earth ',com.plcte]y from
ic bodies, especially alumina; the earth most
"emark ble for gwmg the propertyof frothing to earthy
mixtures.

#* N'orveau, Four. de I' Ecole Polytechnigue, 1. i, 306
¥ Saussure, Four. de Ph bys. xkv. 26,
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- Concerning the third cause of the frothing of mie-
rals, namely, the decomposition of the earths them-
sclves, nothing like precision can be expected till' the
component parts of the earths be drscoVered Humbolt
‘announced some time ago, that the earths have the pro-
perty of absorbing oxygen from the atmosphere. " In
that case the frothing might, in some instances at least,
be ascribed to the emission of this oxygen on the*appli=
cation of heat ; But the experiments of Humbelt have
been tried without success by Saussure, Fabroni, Cham=
py, Berthollet, and Delametherie*. 1 tried the expéri=
ment with garden mould, which I enclosed in a ghass
‘jar over water immediately after it had been turned up
bya mole. The quantity of air was not apparently
changed after the earth had remained in contact with it

for three weeks}; but it extinguished 2 caridle; - and‘

precipitated lime abundantly from lime-water.” It-was
‘composed of about one-third part of carbonic acid gas;
the remainder was atmospheric air.

- 11. There is ‘another phenomenon respecting the fu-
sion of earthy combmatlons which has not been hither-
to explained. Some minerals, when exposed to the ac-
tion of heat, melt very readily, and generally with a
~good deal of frothing ; but if the heat be contmued
*they soon become solid again, and do not fuse unless

- heie temperatur\, be considerably augmented. Tlm 15
* the case with preduite, thatlite, and some Sfelspar
‘the prehnite undergocs its first fusion at
wood, its second not till it be heated to 8; °i

* Saussure, Four. de P, ys. lils 6o

1 It had probably mcreascd considerably ; for the catbonic acid must
. have been partly absorbed by the water.

LSaussure, Four. de Plé,. xlv. 14.

Sometimes
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not be doubted that in this case some one or other of
the ingredients which contributed to the first fusion .
must be driven off; especially as ‘the mmeral after fu.
sion Ioses entirely xts ongmal appearances and proper-
ties. :

A change no less curious is produced on the appear- '
ance and fusibility of some minerals, by the slowness or
rapidity with which they are cooled after being sub-
jected to fusion. Whinstone, for instance, is a mineral
which fuses when raised to a temperature between 40°
and 55° Wedgewood. If it be allowed after fusion to
cod rapidly, it is converted into a dark-coloured glass,
much more fusible than the original whinstone ; but if
it be made to cool very slowly, it assumes an appear-
ance which has some resemblance to the original whin-
stoie. In this state it is much less fusible than the
glass. Sir James Hall, the discoverer of this curious
fact, has given the whin in this last state the name of
crystallite, a term suggested by Dr Hope. Thus the
rock on which Edinburgh Castle is built fuses at the
temperature of 45° Wedgewood. By rapfd cooling it

. Is.converted into a glass which melts at 22° ; by slow

cooling into a crystallite which melts at 35°. The whin
of Sahsbury Craig fuses at §5°; its glass at 24°; its
crystallite at 38° %, ; :

This striking difference in fusibility seems to depend
upon the way in which the ‘component parts of the mi-
r combined. “Wken cooled rapxdly, these com=
ponen ﬁ’rfs have not time to combine ‘according to
their affinities, but are hudled irregularly together. - Of

)

.

* Edin. Trans. V. -75.
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course the force of the affinities of those component
parts which have a tendency to combine, must conspire
with the action of the fire to destroy the cohesion of
the parts ; the consequence of which must be fusion.
' Whereas in the crystallite, the component parts having
- had time to combine according to their affinities, in-

stead of conspiring with the divellent action of the fire,
. oppose it by conspiring or coinciding with the force of
cohesion. In the first case, two forces conspire to pro-
duce fusion ; in the second, only one. Something si-
" milar to this may perhaps take place in those minerals
which undergo a double fusion, the first in a2 lower heat
than the second.

SECT. 1I.

OF STONEWARE.

~ Uxper the denomination storeware I mean to com-
prehend all the different artificial combinations of earthy
bodies which are applied to useful purposes. These
vary in their names according to their external appear-
‘ance, the manner in which they are manufactured, and
. the purposes to. which they are applied. Thus we have
porcelain, stongware, pets, crucibles, bricks, tyles, &c.
All these substances, however, are formed on the same
principles, nearly of the same materials, and owe their
good qualitiesto the same causes.
These combinations have been known from the re-
~ Motest ages of antiquity. ~ DBricks were employed in

.

283
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building by the most ancient nations, and were no doubt
suggested by the great degree of hardness which chy

- acquires when exposed to the sun. Stoneware is like-

wise of very ancient date, and seems to have originated
among the Asiatic nations. It was well known to the -
Jews, as we learn from the Old Tastement, long before
the Babylomsh captivity. Porcelam, or the finest Yinid
of staneware, was early brought to perfection in China
and Japan. But the discovery of the art of making it
in Europe is of much later date.

“Specimens of it were brought first from China and Ja-
pan to modern Europe *. These were admired for their
beauty, were eagerlysought after, and soon became the
ornaments of the tables of the rich. ~ Various attempts
were made to imitate them in different countries of Eu-
rope, but ‘the greater number were without success.
Accident led to the discpvéry" in Gei-mﬁny about the be--
gioning of the 18th century. A chemist in Saxony,
during a set of experiments in order to ascertain the
best mixtures for making crucibles, stumbled upon a

. ® Porcelain vessels were known to the Romans, and called by them
wasa murrhina. They were first brought to Rome by Pompey after the:
defeat of Mlthndates, as we are informed by Pliny (lib. xxxvii. 2). The
Romané wete ignorant of the mode of manufacturing them, but unported
them from Pontus and Parthia.  After the taking of Aleyandria,a vessel
of po;celam was the only part of the spaj’ retained by Augustus That
the vasa murzhina of the Romans were the sarue as our porce]am vese
sels, has been ascert?uned as Whitaker inform us, by the porcclam found
in the ruins of the ancient Lyons. The nanie porcelain, if we belicve
Whitaker, comes from the French ndme of the plant portulaca oleracea o
JBurslain, which has a purple-coloured flower. It got that name because
the porcelain of the ancients was always of a purplc colours see W hxta.ﬂ
ker’s Course of Hanibal over the Alps,i. 55.

G "
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gompound which yielded a porcelain similarto the east-
ern. In consequence of this discovery Saxony soon
-produced porcelain scarcely inferior to that of Japan in
beauty, and -superior to it in solidity and strength :
But its composition: 'was kept secret ; nor were there
any accurate ideas respecting the component parts of
porcelain among men of scienice, till Reaumur published
his dissertations on the subject in 1725 and 1729,
- That celebrated: philosopher examined the porcelain
of Japan and the different: imitations of it which had
 been produced in France and other parts ‘of Europe.
The texture of the first was compact and solid;bu¢ that
of the imitations was potous.  When both were'expo-
sed to a strong heat, the first remained unalteredy but
the others melted into glass. From these experiments
he drew the following ingenious conclusions.
Porcelain owes its semitransparency to a kind of se-
mivitrification which it has undergone. Now it
may receive this two ways : 1. {ts component parts may
be such as easily vitrify when sufficiently heated ; but
the degree of heat given may be just sufficient to occa-
sion a commencement of vitrification: This porcelain
when strongly heated will easily melt. - Stich, there-
fore, was the composition of the European imitations
of porcelain. * 2. It may be composed of two ingre-
dients’; one of which easily vitrifies; but-the other is
. not altered by heat.  When a porcelain composed of
such materials is ‘baked in a sufficient heat, the fusible
part melts, invelopes the infusible, and forms a 'sérxﬁ,
transparent substance, which is not farther -altered by

the same degree of heat.. Such therefore must be the
porcelain of Japan.

Ching,

Father Entrecolles, a missionary to
had sent an account of the Chinese mode of ma-
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kmg porcelam, which coincided exactly which thxs iz
genious thought of Reaumur. The ingredients, ac-
cording to him, are a hard stone called pezznse, which
they grind to powder; and a white earth called £aolin,
which is intimately mixed with it: Reaumur found
the petunse fusible, and the kaolin infusible, when ex<
posed separately to a violent heat.

These notions were not pr05ecuted farther by Reau:

- mur; but in 1758, the Count de Lauragais, assisted by

Properties.

Darcet and Le Gay, began a set of experiments which
were ! coritinued for four years, and which led to the -

discovery of 2 porcelain possessed of the same qualitics

with that of China; gand inferior only 'in whiteness:
Macquer, who at that time superintended the manufacs

 tory of Sevres, advised the French government to pro<

pose a reward for the discovery of earthy substances cas
pable of forming a white porcelain. This was dones
and in consequence of it, Villaris, an apothecary of Bours
deaux, announced the existence of a white earth near
Saint-Yriex-la-Perche, in the department of the Haut-
Vienne, which in his: opinion would answer the purpose.
k was tried by Macquer with the expected success: A
porcelain manufactory was established at Sevres, and
at present there are no fewer than 30 in France *;
Stoneware is not formed by mixing together the pure
earths; which would be a great deal too expensive 5 but
natural eombinations or mixtures of eatths are employ=
ed. These combinations mustepossess the following

: propertigs : 1. They must be capable, when reduced to

powder, of forming with water a paste sufficiently duc-

# Fourmy’s Mervire sur lei Quvragés dé Terres caites; p- 75+
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. #fle to be made into any form which is required. s
_This paste, after being ekposed to a sufficient heat, -or
. after being baked asit is termed, must acquire such a
' permanent degree of hardness as to be able to resist the
. action of the weather and of water. 3. The vessels
formed of it must in that state be capable of resisting
’chanée’s of temperature.’ 4. They must be able to re-
sist a strong heat without being melted. 5. They must
not be permeable to liquids, nor liable to be acted on by
chemical agents. i i
Common clay possesses a good many of these quali=
ties. When finely ground, it may be formed into a
very ductile paste ; heat makes ithard enough to strike
fire ‘with steel,' and capable of resisting. the action of
most chemical agents; and it is not liable to be melted
by heat. . Clay accordingly was the first substance em-
pfoyed, and it is still employed for a variety of pur-
'.poséSa e et e Ly
Bricks, for instance, .are always made of this sub-
stance, - The clay is dug out of the earth, and after be-
ing expesed for sometime to the air is reduced to pow-
der, and formed into a paste with. water. The bricks
.are then formeﬂ in moulds, exposed for some time to
dry in the open air, and then burnt in a large furnace
 constructed on purpose. Tiles which are employed for
eévering houses are formed in the same 'way._' The
clay, howeyer, is finer, and it is usually ground in a
mill. ] sy sl lpaii
Bricks and tiles should be impervious to v;'ra‘igr;:rthey
should be capable of withstanding the action of heat,
and not be subject to moulder. It is obvious that these
~ qualities must depend ‘upon the nature of the clay of
which they are formed, and on the degree in which
Yor. L oy A O e
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they have been burned. = Clay is a mixture of alumifia
and silica in various proportions. 'When the proportion

of alumina is great, the brick contracts much in its di-
. mensions, and is apt to crack during the burning.

Cléy therefore must be chosen which contains the pro-
per proportion of silli;:a, or the defect must be remedied .
by adding sand.  Bergman tecommends the addition of
a little lime, which has the property of rendering the
clay fusible *. The clay of which bricks and tiles are
made contains some oxide of iron : hence the red colour
which it acquires when burnt. -

- Bit though the addition of lime may be ptoper in

' some cases in the manufacture of bricks and ‘tiles,, it

would be exceedingly improper in other cases. ~ Lime
ought to be carefully excluded from the clay destined for

~making pots and every other utensil whxch is to be ex-

posed to a violent heat, as it renders the clay fusible.
Now lime enters not unfrequently into the composition
of clays. It i is evident therefore that all clays are not
proper for-the manufacture of stoneware. They must,

. be free from lime, barytes, and every other ingredient

*which renders them fusible. 'They must also be free
from metallic oxides, which not only render them fus:-

' ble, but also injure the colour of the potcelain. The

clays which answer are those which consist of amixture -
of alumina and silica. These are known by the names
of potter’s clay, tobacco pipe clay, porcelain clay, “&¢.
according to the purposes. to ~shich they ‘are applied.

Tt is neceseary to mix the clay with some fine colourless

B - N

¢ Bergman, iv. 340-
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#ind; in order to prevent the vessel§ from contracting
too mach during the baking..

Thus stoneware is composed of two materials, pure
&Iéf\»and sand ; and the beauty of the ware depends up-
" on the purity and fineness of these: two materials.
What is called English stoneware is composed of to-
bacco pipe clay and powdered flints ; delft ware is com-
- posed of clay and fine sand; and the coarsest wares of
still more commion clay and sand.

201
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The materials are ground very fine in a mill; then .

"mixed together, and formed into 4 paste. The different
~vessels are coarsely moulded on the potter’s wheel, and
allowed to dry till they can bear handling. After this
~ they receive their destined form completely ; and whefi
they are sufficiently dry, they are covered with the re-
 guisite enamel, and then put into the furnace and baked.
Such, in general; is the method of manufacturing
stoneware. The particular processes followed in the
- making of porcelain are concealed by the manufacturers
but the component parts are always analogous to those
pointed out-by Reaumur: -‘The refractory ingredient is
a fine white clay, consisting esseptially of alumina and
silica, and the fusxble ingredientis a mxxture of sllxceous
sand and lime. : .
It is necessary to glaze the surface of ‘vessels,
whether of stoneware or porcelain, both for the purpose
of bcauty and utility ; for the body of the vessel, or
biséuir as it is called, would not be sufficiently compact
to contain liquids. ‘Now this glazing is of three kinds,
1. A vitrified mctallxc oxide. 2. An enamel 3- A glass.

The Glas
zing,

The first is applied ‘to the coarsest vessels, the second -

to fine kinds of stoneware, the third to porcelain.

. The glazmg of .coarse vessels is formcd by covering
- T2

X thhargc.
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their surface while hot with a little litharge, which hag
the property of running into an opaque glass at a modcf
rate heat when spread thin upon an earthen vessel.
The colour of this glazing is yellow or red. It is sel-

-dom perfect. Hence these coarse vessels are frequent-

ly porous and incapable of resisting the action of corro-
sive substdnces. Common salt is sometimes employed
instead of lead. It facilitates the fusion of the surface
of stoneware, and occasions-a kind ef vitrification.
The glazing of fine vessels consists of w}ute enamel.
This is imade as follows : One hundred parts of lead are
melted with from 1’5 to 40 parts of tin,. and the mix-
ture oxidized completely; by exposing it to heat in an

* open vessel. One hundred parts of this oxide are mixed

with 100 parts of a fine white sand composed of 3 parts
silica and ipart of talc, and with about 2 5 parts of
common salt. - This mixture is melted, then reduced
to powder, and formed into a paste, which is spread
thin over the porcelain vessel before it. be baked The
excellency of a good enamel is, that it easnly fuses into

‘a kind of paste at the heat which is necessary for

baking porcelain, ang spreads equably on the vessel,
forming a smooth glassy surface, without losing its
opacity, or ﬂong completely into a glass. Its white-
ness depends upon the proportion of the tin, its fusxblhty
upon the lead. :

Porcelain is always covered with a glass, composed
of earthy ingredients, without zny mixture of metallic

~oxides.. Hence the high temperature necessary to fuse

; _it, and the property which porcelain vessels haye of re-

sisting the action of the most corrosive substances pre-
cisely as common glass does. The substance common-
ly employed is felspar 5 a mineral of a fine white colour
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’

and foliated texture, which is found abundantly in the

; mountams.

It is usual to paint both stoneware and porcelain of

various colours. These paintings are often excellent,

pboth in elegance of workmanship and in brilliancy of
colours. The colours are given by means of metallic

- oxides, whlch are mixed up w1th other mgrt;’dmnts pro-

per to’ constxtute an enamel and applied in ‘the usual
mafiner with a pencil

. On this subject much light has been thrown bv the
experiments of Wedgewood ; and Brogniart has lately

published a- general account of the processes at Sevres,

of which he is director *. : ,
The process differs a little accordmg to the substance

‘on which the colours are to be applied. When the ves-"

sels are covered with enamel, less flux is necessary, be-
cause the enamel melts at a low heat, and the colours
readily incorporate with it. But this renders them
more dilute, and makes it often ‘necessary to retouch
them. The colours on‘enamel generally appear bril-
liant and soft, and are not liable to scale. The flux is
either a glass of flint and lead, or borax mixed with
flint glass. The colours are usually made into a paste
by means of gum water or volatile oils. | Some of them
are liable - to alteration by the action of the lead on
them. R e

' The colours applied upon hard po.r,c_e]vain, or porce-

. laiy glazed with felspai, are nearly the same as those ap-

plied -on enamel, but more flux is necessary.  “They
are not liable to dilution, as the felspar glaze does not

” )

L3

. ¥ Phil. Mag Xiii. 342
: T 3
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melt at the heat requISLte for fusing the colqurs and
their flux. They are liable to scale off when repeated-
ly heated. ‘ ; B w

Colours are sometimes applied oyer the whole surface
of the porcelain ; the flux in that case is porcelain.
But such colours are not numerous, because few oxxdcs
can stand the heat necessary for melting felspar w1thout
being altered or yolatilized. :

1. Purple is given by means of the purple oxuﬁ of '
gold precipitated by the smallest possible guantity of
munat of in. This oxide is mixed with a proper quan-
tity of powdcred glass, borax, and oxldc of antimony,

_and apphed with 2 pencil. It cannotbear astrong heat

thhout losing its colour.

2. Red is given by oxide of iron. A mixture of 2
parts of sulphat of iron and 1 part of alum is calcined
slowly, till it acquires a fine red colour when cold. This
powder is mixed with the usual flux, and applxbd with
a pencﬂ S e
3 Yellow is' gwen by the oxide of silver ; or, by 0x-
ides of lead, antimony, and sand ; green, by the oxide

. of copper ; blue, by the oxxde of cobalt ; and violet; by

the oxide of manganese.
For farther information on this subject, the readcr zs

 teferred to the. dxssertatmn of Brogniart,
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T ax fixed alkalies haixe‘a strong ‘aﬂinity for several of

the earths, particularly for silica andalumina, which fhey
dissolve in considerable quantity, especially when assist-
ed by heat. When a strong heat is applied to a mix-
ture of fixed alkali and silica, it melts, and forms a
transparent mass well known by the name of glass.

. The method of making this niseful compound was
known at a very early period, According to Pliny,
vthe dlscovery was. owmg to an- acc1dent Some mer-
chants, with a ship-load of soda frqm Egypt had cast
anchor at the mouth of the river Belus in Pheenicia,
and were dressing their dinneron the sand. They made
~ use of large lumps of soda to support their kettles, and
_ lighted fites under them. The heat melted the sodz and
 the siliceous sand together, and the result was glass,
For some time after this accidental discovery the ma-
nufacture ‘of glass was confined to the river Belus,

455
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History.

. This manufacture seems to have been carried to a3«

considerable degree of perfection among the ancients.

They mention drinking ghasses, glass “prisms, and co-

loured glasses of various kinds. But perfectly trans-
parent glass was considered as wvery valuable ; for Ne-
¥o gave L. 50,000 for two glass cups with handles\, )



Saterials.

i Alkalies,

#. Earths,

. SECONDARY COMPOUNDS.

proof that their processes must have been far less per-
fect than ours. It was usual for them-to melt the ma-
terials of their glass into a black mass called ammon-
trum, of which statues were sometimes made, Thls
ammonitrum was again melted and purified by refiners,
Glass panes seem to have been first used in windows in
the third century, but they d1d not come into common

‘use till long after *.

The materials employed in the manufactory of glass
may be reduced under three classes; namely, alkalies,
earths‘,‘ and metallic oxides: ;

The fixed alkalies By be employed mdxﬁ'erently,
but soda is preferred in this country. The soda of
commerce is usually mixed with common salt, and com-
bined with carbonic acid. It is proper to purify it from
both of these foreign "bodies before usmg it. Thls,
however, is seldom done,

The earths are silica, lime, and sometimes a httle alu-~
mina. Silica constitutes the basis of glass. It is em-
ployed in the state of fine sand or flints ; and sometimes,
for making very fine glass, rock-crystal is employed.
When sand is used, it ought if possible to be perfectly
white ; for when it is coloured with metallic oxides,

‘the transparency of the glass is injured. Such sand

can only be employed for very coarse glasses. It is
necessary to free the sand from all the loose earthy par-
ticles with which it may be mlxed which is done by
washing it well W1th water. ‘

- Lime renders glass less brittle, and enables it to w1th-
stand better the action of the a_tmosphere. It ought in

¥ See Dr Falconer’s paper on this subject, Manchester Mmoin, ii._zys'-.' 3
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fio case,to exceed the twentieth part of the silica em-
pioye'd, otherwise it corrodes the glass pots. This in-
deed may be prevented by throwing a little clay into
the melted glass; but in that case a green glass only 15
obtained.

The metallic oxides employed are the. red oxide of
lead or htharge, and the white oxide of arsenic.’ The
red oxide of lead, when added in sufficient quantity, en-
ters 1nto fusxon with silica, and forms a glass without
the addition of any other ingredient. Five parts of
minium and two of silica form a glass of an orangé co-

lour and full of striee. Its specific .gravity is 5.~ The

red oxide of lead renders glass less brittle, and more fu-

" sible;; but when added beyond a certain proportion, it

injures the transparency and the whiteness of glass.

“ The white oxide of arsenic answers the same purpo-
ses with that of lead ; but on account of its poisonous
qua.hues it is seldom used. Itis customary to add a

little nitre to the white oxide of arsenic, to- prevcnt the
‘heat from reviving it, and rendering it volatile. Wheu

added beyond a certain. proportion, it renders glass
opaque and milky like the dial-plate of a watch. When
any combustible body is ‘presenf, it is usumal in some
manufactures to add a little white oxide of, arsenic.
This supplying oxygen, the combustible is burnt, and
flies off ; while the revxved arsenic is at the same time
volatilized. Rl e S ' . : .
After mixing the alkali and sand together it is. Beinl
to expose them for some time to a moderate heat.- This
serves several purposes. It drives off all combustible
bodies which may happen to be mixed with the sand;
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it produces a commencement of combination which . -

makes the ‘glass afterwards less liable to corrode the
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Book IL c]ay pots in which it is melted; and the alkali, by this
Division I1. S
—— incipient combmatlon, is not so apt to be volatilized ;*

which might be the case if the materials were exposed
at once to a violent heat. The mixture, after being
thus heated, is called the frzt Through the domes in

- which the frit is heated, it is usual to see very thin

bubbles of glass passing; 2 p‘roof that some of the ma-
terials are volatilized durmg thls‘ﬁrst pa.rt of the pro-
eess.

The frit, while still het, is introduced into large pots
made of a mixture of pure clay and baked clay, and ex-

posed to a‘heat sufficient to melt it completely The
~ fusion must be continued till the effervescence occa-
sioned by the separation of the carbonic acid from the
soda has subsided, and the - opaque scum, Known by the
name of glays-gall; which collects on the surface of the
glass, must be removed. This scum is occasioned by
: the common 'salt and other fprelgn bodies which are al-
ways mixed with the soda-of commerce. When the
fusion has been continued the proper time, the furnace
is allowed to cool a little. In that state the glass s ex-
ceedingly ductile, and readily assumes any shape that
- the workman pleases.

If the glass vessels, after being formed, were cooled
rapidly, they would contract unequally, and become in
consequence so brittle as to fall te pieces Whenever they
were handled.  To prevent this i inconvenience, they are
put into a large red hot furnacs, which is allowed to
cool very slowly.to the temperature of the air. | This
process is called annealing. . e

Tts proper- The propernes that distinguish good glass are well
Hes known. Itis perfectly transparent; its hardness is ve-
. Iy considerable ; its specific gravity .va_ne!fx_'qm 2.3 to

5
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4 a,ccordmg to the propomon of metallic oxide which
e contams When cold it is brittle: but at a red heat
" it is one of the most ductile bodies known, and may be

dfawn out into threads so fine as to be scarcely visible

tb the naked eye. It is almost perfectly elastic, and of
~ course is one of the most sonorous of bodies. There
‘are bat few chemical agents which have any action on
- it. Fluorie acid: dlssolves it with great rapldxty, and
so do the fixed alkahes when assisted by heat. Dr
Priestley has shown also, that the long continued ac-
tion of hot water is capable of decomposing it :. a dis-
~ _covery which expLams sufficiently the siliceous earth

299
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obtained by Boyle and Margraff when they subjected -

water to tedious distillations in glass vessels.
- There are different kinds of glass manufactured for .
_ different purposes the principal of these are flint glass,
crown glass, and bottle glass.
Flint glass is formed of soda, pounded flints, and ox-
.ide oflead. It is the denmsest, most transparent and
most beautiful g]acs, and is often called crystal. Crown
glass contains no lead. - It is comppsed of soda and fine

Differans
kinds,

sand. This kind is used for the panes of windows. :
Bottle glass i the coarsest of all. TItis composed of -

kelp or the refuse of soap beilers, and common sand.
Its green colour is owing to the presence of iron. Of
these species the most fusible is flint glass, and the
least fusible bottle glass. ‘According to the. experi-

ments of Saussure, flin* glass melts at the. temperature ,

of 19° Wedgewood, crown glass at 30°, and bottle glass
at 470* < .

L ) * j"”"- f{' ;(Pﬁy:.‘ ;17- 14
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— — with it while in fusion some one or other of the metal
C';ﬁ_“"d ~ lic oxides. ; R g%
Blue glas§ is formed by means of oxide of cobalt.
Green, by the oxide of iron or of copper.
Violet, by oxide of manganese.
Red, by 2 mixture of the oxides of copper and iren.
Purple, by the purple oxide of gold. %
White, by the oxide of arsenic and of zinc.
Yellow, by the oxide of s;lver and by combustlble
bodies. ;
Its defects, Optxcla.ns who employ glass for opt1eal mstruments,

often complain of the many defects under which it la-
bours. The chief of these are the following:

1. Streaks. These are waved lines, often visible in
glass, which interrupt distinet vision. = They are pro-
bably owing sometimes to want of complete: fusion,
which prevents the different materials from combining
sufficiently ; but in some cases also they may be pro-
duced by the workmen lifting up, at two different
times, the glass which is to go ‘to the formation of one
vessel or instrument.

2. Tears. These are white specks or knots, ocea-
sioned by the vitrified clay of the furnaces; or by the |
presence of some foreign salt. |

3. Bubbles. These are air-bubbles which have nd
been allowed to escape. They indicate want of com-
plete fusion, either from too little alkali, or the appli-
cation of too little heat.

4. CQords. ~ These are asperities on the surface of thg
glaSS, in consequence of too little heat.
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T e word Sart was originally confined to mz?riathf Defaition.

s0da, or commonsalt ; 2 substance which has been known
and in common use from the remotest ages. It was af-

terwards 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 salz.
. Salts were considered by the older chemists as a class
" of bodies intermediate between earths and water. Many
disputes arose about what bodies ought to be compre-
hended under this class, and what ought to be excluded
from it. ' Acids aﬁd'alkélies were allowed by all to be
salts ; but the difficulty was to determiine concerning
"veiétxtbs’and metals; for several of the earths possess all
the prbperties which have been ascribed to salts, and
‘he metals are capable of entering -into combinations
thch possess saline properties. 4
‘Tn process of txme, however, the term salt was re-

stnctcd to three classes of bodies ; namely, acids, alfa-

Zies, and the compounds which acids form with. .alkalies,
earths, and metallic oxides.. The first two of these
classes were called simple salts; the salts belonging to
the third cld8s were called compound or neutral. This
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last appellatxon otiginated from an opinion long ent eféi
tained by chemists, that acids and alkalies, of which

they are composed, were of a contrary nature, and that -

they countefacted one another ; 'so that the resulting
compounds possessed neither the properties of acids nor
of alkalies, but properties int}ermediate between the

‘two. - : e 2

Chemists have lately restncte& the term salt still

~more; by tacitly excluding acids and alkalies from the

e

class of salts altogether. At present, then; it denotes -

only the compounds formed by the :combination of .

acids with alkalies, earths, and metallic oxides *

.No part of ehetmstry has been cultivated wnh more
zeal than the salts, especially for these dast 40 years:
During that time the namber of saline bodies has beent
enormously increased, #nd the properties of a very
great number have been determined with precxsmn.
Still; however, this wide and important regron is far
from being completely explored

Chemists have agreed to denominate the sah:s 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 7uriat; and soda
is called the base of common salt. Now since there are
32 acids and. 57 bases, -it-would appear, -t first sighty

that there are 1824 dalts; but of the 45 metallic 0x=

ides at present known, there ar= a considerable number
which cannot combine with many of the acids. This is

#* The terms salf and neutral salt are often confounded. In this Worf‘,:

she epithet neutral is confined to salts having no excess of acid or base.
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“the case ‘al‘so with silica, and perhaps with sorde of the Chap. fiL
other earths. We must therefore subtract all these !
from the full number 1824. However, to compensate
this deficiency, at least in part, there are*several acids

" capable of combining with' two, bases at once. = Thus
 the tartaric acid combines at once with potass and spda.

Such combinations are called trzple salts, and they in- Triplesalts.

¢ crease the number of salts considerably. There are

some salts, too, which are eapable of combining with
an additional dose of their acid, and others which com-
bine with an additional dose of their base. The French

- chemists denote the first of these combinations by add-
ing to the usual'name of the salt the phrase with excess
«of acid, or by prefizing to it the word acidulous ¢ They
denote the se¢ond by subjoining the phrase with excess

' of base. . This method of naming has the merit indeed

of being precise ; but it is exceedingly awkward, and

“intolerably tedious. The ingenious mode of naming
these combinations proposed by Dr Pearson ought eer-
tainly to be preferred. It is equally precise, 'if ‘not

_ more so, and far more convenient in every respect. It
eonsists in prefixing to the usual name of the salt the Supersale
preposition super, to denote an excess of acid, and the ::1?:“‘
preposition sub to denote an excess of base*. Thus
sulphat of potass denotes the salt in its state of perfect

. neutralization, without any excess either of the sulphu-

ric acid or of the potass 7 mpe;.mlpbat cy‘potau 1s the &
same salt with an’ excess of acid; subsulpbat of porass
is the same salt with excess of base:  These three dif- :

. ferent kinds must increase ths number of saline com-

* Pearson’s Translation of the Chemical Nomenclature, P-52.
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pounds Very con51derab]y 5 but the precise number of
salts is not known, as many of them remain still unex-
amined by chemists. Pro'bably'thcy are not much few-
er than 2008,  Some idea may be formed of the pro-
gress which this branch of chemistry has made; by re-
collecting that 40 years ago not more than 30 salts in
all were known. , : ‘ .

Of these 2000, however, a consxderable number may
be considered as still unknown, as they have been mere-
ly formed without being examined. Of those which
are known, the greater number have riot been applied

. to any use, and therefore do not deserve a very parti-

3

cular description. -
As the different genera of salts are denomiinated from
their acids, it is evident that there must be as many
genera as there are acids. The terminations of the
names of these genera differ according to the nature of
the acids which constitute them. When that acid cor-
tains 2 maximum of oxygen, the termination of the ge-
nus is at; when it does not contain a maximum: of oxy=
gen, the termination of the genus is #te. Thus the
salts which contain sulphuric acid are called sulphats 3
those which contain sulphurcus acid are called su/phites:
This distinction is of some consequence, because the
salts differ very much, according as the acid is satura-,
ted with oxygen or not. The ztes are seldom perma-
nent: when exposed to the air, they usually attraCt

 exygen, and are converted inte ats.

Every particular species of salt is distinguished by
subjoining to the generic term the name of its base.
Thus the salt composed of sulphuric acid and soda 1s
called sulphat of soda. Triple salts are distinguished
by subjoining the names of both the bases connected by.
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iljrphéns. Thus the compound of tartaric acig;’potass,
and soda, 1s called tartrat of potass-and-soda.

Before the correction of the chemical nomenclature

by Morveau in 1%81, chemists usually referred the ge-

- nera of salts to the bases, and distinguished the species

by the acids. That celebrated philosopher entirely re-

‘versed that method by introducing the new generic

cterms formed from:

the acids. And his ingenious no-
menclatare having been sanctioned and improved in
1787 by Lavoisier, Berthollet, and Fourcfoy_, who joine
ed with him in forming a new chemical nomenclature;,
-has now becomie universally prevalent. As far as re-
lates to the salts which*have alkaline and earthy bases,
this method introduced by Morveau is certainly pro-
per; for ir’xitheih the acids in a great measure stamp the
character of the salt, and therefore ought to constitute
the generic distinction : but it does mnot apply equally
- well to the salts whose bases are metallic oxides ; for
in them it is not the acid but the base which stamps
the character: In them, therefore; the genera ought to
be reversed: they ought fo be derived not from theé
acids but from the bases; or rather from the metals
whose oxides constitute the base.
The salts then naturally divide themselves into two
grand classes ; the first of which comprehends the alka-
line and earthy salts, which derive their most important

72 ;
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characters from their- acids ; the second comprehends:

the metalline salts, whos= bases on the contrary stamp

their most important properties. I shall therefore di-

vide this Chapter into two Sections: in the first of

“which I shall describe the alkaline an

the second, the metalline, I
Vo, 1. el

d earthy salts ; in
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SECT. I.

OF ALKALINE AND EARTHY SALTS.

Ass thie salts belonging to this Section may be arranged
‘with greatest propriety according to their acids, they
naturally divide themselves into 32 genera, every par-
ticular acid constituting a genus. But of these genera
some must be omitted altogdther ; because the salts.
which belong to ‘them have not been examined. Every
genus will comprehend under it as many species'as there
are bases; besides the triple salts and the s#bs and the
supers. ! 5

As these genera atre very numerous, it will be at
tepded with considerable advantage to the learner if we
subdivide them into sets according to their properties.
This is attempted in the following TABLE.

TABLE of the Alkaline and Eartbj Salts.

I. Incombustible Salts. '
a. Not altered when heated with combustibless
1. Muriats,
2. Fluats,
3- Borats. 5
8. Decomposed without combustion when heated
with combustibles.
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1. Sulphats. : V’ 2 ot Chap, I1L

" 2. Phosphats.
3 Carbonats.
2. Set fite to combusnbles, or y1e1d OXygen gas
S by heat. -

il Nltrats—Nltntes
8 Hyperoxymunats *
3. Arseniats.
LS Malybdat:.
&. Tungstats.
6. Chromats. -
73 Celu'mbat.r._f.

L. Combusuble Salts
a. Acids partially dxssxpated leavmg salts in at.
gl Sulphites.
. 2. Phosphites.
7. Acids totally dissipated, leavmg the base and

\

charcoal.
+ Acids partly sublxmed unaltered
1. Acetats.
2. Succinats. -
3. Benzoats.

4. Camphorats.

-4+ Acids wholly decomposed
§5- Oxalats.

GoMellatss: o o :

i

2 # The nitrat and byperoxymumat of ammonia arc combustible alon;x
They disappear completely when heated.
- % The genera in italics are placed from analogy only

Ua
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5. Fartrats.

BaQitrats.

'9. Saccolats.
10. Sebats.
11. Malats,
12. Lactats.

13. Suberats. £ ;
4+ Anomaloys.
14. Gallats. byt
15. Prussiats. :

Let us take a view of all these genera, followmg the
order of the Table. »

. ORDER I. INCOMBUSTIBLE SALTS.
CENUS I. MUR'IATS-.'»

TrEe muriats are the genus of salts which have been
longest known, and from which indead the whole of
the class have borrowed their name ; for to them be-
“longs common salt, the most important and the most
indispensably necessary of all the salts. They may be
distinguished by the following properties : ‘ )

I When heated, they melt, and are volatxhzed at
least in part, without undergoing decompogmon The
first portions which fly off contain an excess of acid-

2. Not in the least altered by combust:bles, event
when assisted by heat. :

" 3. Soluble in water. For the most part they raise
the boiling point of water. .

‘4. Effervesce with sulphuric acid, and whxte acrid

Characters.

fumes of muriatic acid are disengaged.
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5. When mizxed with nitric acid, d
dour of oxymuriatic acnd

The alkaline and earthy munats at present known
amount to twelve. -

Sp 1. Muriat of Barytes.

Tas propemm of this salt were first investigated by

¢ Scheele and Bergman Dr Crawford wrote a treatise
on its medical virtues in 1790*, and Van Mons has
* more lately treated of the different processes for pre-
paring it+t.

The easiest method of preparing it would be to.dis- ‘ E;e]paién
solve carbonat of barytes in water and crystallize the
solution ; but as the carbonat of this earth is rare, the -
salt is- usually formed by calcining in a crucible a mix-

‘ture of sulphat of barytes and charcoal, decomposing

the sulphuret formed by means of muriatic acid, filtra-

ting the solution, evaporating it till a pellicle begins to
 form on its surface, then allowing it to cool slowly. The

crystals of muriat of barytes gradually deposite.. If the '
salt happens to be contaminated with iron, which is
~often the case, the crystals are to be calcined, dissolved
in water, the solution filtered and crystallized again.
By this process the oxide of iren is separated.

The primitive form of muriat of barytes is, according
to Hauy, a four-sided prism, whose bases are squares.
- Its integrant particles have the same figure: It crystal- -
lizes most commonly ia tables. Sometimes it assumes

 the form of two eight-sided pyramids applied base tq

. Properties, -

* Nedical Com;izu(zi:nlid;n:, i, 301,
+ Four. de Phys. xlv. 297.
V3
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In chemxstry it is much employed asa reacg\ﬁo de- Chap. 1L’
-Y.-
tect the presence of sulphuric acid. When dropt into
a liquid holding that acid in solution, an insoluble pre-
‘cipitate of sulphat of barytes immediately appears.
Bergman informs us that this precipitate is exceedingly
_ visible, even when the acid amounts only to o.0c02 of
the liquid. Evenﬁghen only o.cco00g of sulphuric acid
 is present, a slight cloud appears in a few minutes after
‘dropping in the muriat*. :

'Sp.' 2, Murz'at of Potass.

Ta1s salt was formerly called feBrifuge or digestive
salt of Sylvius, and regenerated sea salt. ;

It is usually prepared by dissolving potass in muria-
tic acid, and evaporating the solution till the salt crys-
tallizes. 7 |
- Its crystals are cubes, but often rather irregular.

It has a disagreeable bitter taste, Its speczﬁc gravxty
is 1.836 1. -

It is soluble in three times its wexght of water at the
temperature of 60°. It is rather more soluble in boil-
ing water ; but the difference is not sufficient to obtain
crystals by allowing a saturated boiling solution of this
salt to cool. Regular crystals can only be obtained by
abandoning the solution to spontaneous evaporation.

It suffers little alteration from exposure to the air.

‘When exposed _to héat, it decrepitates, melts when
heated to redness; and at last is volatilized in a white
smoke, but without decomposition.

Properties.

~ * Bgman, ioze0. : + Kirwan.
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acid was drscovered by Glauber, if it was nd?/hnown
. earlier. Stahl affirms in his Specimen Beccberzavzum, that
its base is an alkali ; but Dubamel was the first- who
showed how to obtain that base in a separate state, and

swho demonstrated the difference between it and ‘pot,ass. :

~ This salt exists-in great abundance native, and there-
fore 1s never forme
. masses of it are ‘Eound n different countries, which ‘re-
‘quu'e only to be-dug out and reduced to powder. In
that state it is called rock salt. The water of the ocean
also contains a great proportion of this ‘salé, to which
indeed it owes its taste, and the power which it pos-
sesses of resmtmg freezing till cooled down to 28.5°.
When this water is evaporated sufﬁcxently, the salt pre-
cipitates in crystals. It is by this process that it is oh-
tained in this country. But the salt of commerce js not
sufficiently pure. for the purposes of chemistry, as it
contains usually muriat of lime, &c. ;5 but it may be ob-
 tained pure by the following process: Dissolve it in
four times its weight of pure water, and filter the solu-
tion. Drop intoiit a solution, first of muriat, of barytes,
then of carbonat of soda, as long as any precir)itate con-
tinues to fall. Separate the precipitates by ﬁltra‘xon,
and evaporate slowly till the salt crystallizes.

Muriat of soda usually crystallizes in cubes, which,
accordmg to Hauy, is the primitive form of its crystals
and of its integrant particles. Sometimes the angles of

- the cubes are truncated, and in urine. the crystals of
common salt, as Fourcroy and Vauquelin have ascer-
tained, assume the form of octahedrons.

Its taste is umversal]y known, and is what i is strlctly
speaking denommated salt. Its specific gravxty1s 2,120%

* Eirwap, -

artificially by chemists. Immense

Chap. IiI.
R e

Properties,
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: ble in 21 txmes its wexght of water at the :
temperatﬁre of 6Qo, and in z;,’,. its Wexght of boiling

wrater X b Sunin 6 P i

It is not affected by expasm‘e to the air. The munat

‘of soda of commerce, indeed, contains a quantity of mu.-

riat of magnesia, which renders it deliquescent. -
containg also sulphat of magnesxa and sulphat of lime.
When heated, it decrepitates. - In a red heat it melts -
and evaporates in a white smoke w1theut undergoing
decomposition. .
According to Bergman it is composed o£
L 52 acid - :
 42s0da
- 6 water

xoof

-
Accordmg to thc latest experiments of Kirwan, when

“dried in the temperature of 80°, its component parts

arel. . v ooaa, L 0888 acid
' { 53.00 soda
8.12 water

100.00° 1
~ According to Fourcroy, it is dccomposed by the fel.
lowing salts : ;
1. Sulphats of ammonia, glucina, alu‘mina.,
2. Sulphite of potass.

3. Nitrats of strontian, lime, ammoma, magne:s;a, glu»‘
cina, alumina, zirconia.

S Phosphat of potass.

# Bergman, § Opusc.i. 134. 1 Nicholson’s Four. iii. 225
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‘c. Fluats of barytes and potass.

6. Borat of ammonia.

7. Carbonats of barytes*, strontian §, potass:t
* 8. Red oxides of iron and lead §.

P
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The uses to which thxs salt is subservient are exceeds

ingly numerous.. It is the most common and the most
useful seasoner of food ; it preserves meat from putre-

faction and. butter from rancxdxty it serves for an enamel

to the sugfaces of coarse stopeware ; it is an ingredient in
many processes of dyemg metallurglsts uge it in many
of their assays. Its utility in chemistry is equally exren-

sive. From it alone are murlanc and oxymunat;c acids

obtamed ; and from it also of late great quantities of
soda have been extracted and introduced with advantage
as a substitute for the soda formerly obtamed from thg
combustxon of yegetables. 4

The acid is eagily extracted from this salt by means
gnf sulphuric acid : but to obtain the alkali at a cheap

rate is not so easy. The methods which have hitherto *

i

) s\_uccccaed may be reduced to two.
1. Muriat of soda is decomposed by means of some
substance which has a stronger afﬁmty for muriatic acid

than soda has. The soda by this process is set at liber-

ty, and may be obtained by evaporation and crystalhza-
tion. Barytes and potass would answer this purpose
completely, but unluckily these bodies cannot be ob-
fained suﬂicxently ‘pure, except at ‘an expence which
precludes their employment '1here are, however, three
substances whlch are also capable of setting the base of

% Morveau, Aun. de Ghim. Xxi. 112. +Vnuqueﬁn our. de Min,

1 This seems to have been first dx;covered by Hag:n in 1 768
§ bc.hecle :

Methods of

, extracting

soda from
it
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commoﬁ salt at Iiberty, and of furnishing soda, either
pure or in the state of carbonat These are fitharge,
lime, and iron. . -

When about four parts of lxtharge and one of com-
i salt, properly pounded and mixed, are macerated
in 2 little water for several hours and stirred repeatedly, :

the muriatic acid gradually combines with the oxide of

lead, and forms a muriat, while the soda is left in soly-

tion, and may be obtained separately by filtration and.
evaporation. The dceomposmon goes on still more ra-
pidly if the mixture be heated during the process.

The fact that the red oxide of lead decomposes mit-
riat of soda, which was first observed by Sche'elc, has
given occasion to much speculation among chemlsts.
Mr Hassenfratz. endeavoured to account for it by sup-
posing that the oxide is combined with carbonic acxd
and that therefpre it is a case of compound afhinity. Mr
Curaudau has proved that carbonic acid, instead of pro-
moting, impedes the decomposition ; and that, in fact,

- carbonat of lead is incapable of decomposing muriat 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 i5 complete,
provided the quantity of that oxide be greater than that
of common saltsithat theresultmg compound is a submu-
Yiat of lead totally insoluble in water, and which is not
decomposed by alkalics. Hence he ascribes the decom-
position to the attraction of muriat of lead for an excess
of oxide +. . But this does not account completely for

1

# Aun, de Chim. xiv.15. 4 1bid xxzi 3.
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the decomposition, provxdcd it be true that oxide of lead Chap. mﬂ

has a wéaker affinity for munatxc acid than soda has.
« Berthollet has at last explained this apparent anomaly
by proving, that when two substances are mixed with a
tlurd for whlch each has'an affinity, they divide it be~
tween them 10 proportxons correspondmg to the quanuty
' the cmngound formed by one of these
the thzrd be insoluble, that substance
combines with the whole of the third body, and takes it
completely from the others; because thﬁnﬁoluble com-
pound being in fact totally.abstracted from ‘the mixture,
thedecom pomlon and partition. commggmég?s againasatfirst
after every partition. Thus when oxide oflead and muriat
of soda:are mixed together, the oxide and alkali divide
the munatl%amd between .them, so-that 5ome%f the
common salt is decomposed and some mx,mgt of lead
formed immediately after the mixture.  ¢Bi¢ this being

in the state of submuriat, or altogcther msoPub]e, sepa-

rates completely from the rest : in consequence of which
a new partition of the muriatic acid betweefl the oxide
and the alkali takes place; and this continues, provided
the quantity of litharge be sufficient till the common salt
is entirely decomposed.

317

That the alkali miay, be extracted from common salt 2. By lime,

by means of lime, may be considered as a fact for which
likewise we are indebted to Scheele.. Cahausen indeed
‘had hinted at it in 1717 but his treatise had been for-
. gotten *.  Schaele ascertained that a mixture of lime
~ and common salt, formed into a paste, and placed in 2
moist cellar, was covered with an efflorescence of soda
in 15 dayst+. In 1782 Motveau and Carny procured a

* See his Helmontivs Ensuticus, % Scheele;ii 15
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p‘afeni: from the French government to establish 2 mas
nitfactory at Croisic for extracting soda from common
salt by means of lime.  Their process was exactly the
same with that of Scheele, only upon  larger scale. It
does not appear; however, that the manufactory was
ever established. Berthollet has rendered it probablc
that the soda which is found abd’ndantly on the west of

- Egypt, is formed naturally by a similar process *.

To Scheele hkewzse we are mdcbted for the discovery
that commoﬁrsa"lt mazy be decoinposed by iron. He ob-
served thata wnoden vessel placed in 2 cellar, and con-
tammg brine, its iron hoops covered thh an efflor-
escence of soda:. This induced him to dip a plate of
iron info a soldtion of comnon salt, and to siispend it

inace lar v After an interval of fourteen st he found

his iron mcrhsged with soda +. The same decomposi=
tion takes-piac{ also if zinc or copper ‘be substituted for
iron 1. s :

2. The second method of extractmg soda from com=
mon salt is less direct. It consists in displacing the mu-
tiatic acid by means of somie other acid, which may bé
afterwards easily decomposed or displaced in its turn?
¢hus the soda is left behind at last in a state of purity.

The acids which have been made choice of are. the sul-
phuric and the acetic 3 the boracic, phosphoric, and
arsenic acids might.indeed be efnploye_d, as they decom-
pos? <ommon salt in a high temperature. The pro-
ducts in that case would be borat of soda, or the phos=

-phat; or arscmat, of the same base, according to the

* Ann. de Chim. xxxiil 345. + Scheele i 145
_ § Athenas, dnn. de Ghim, XX, 92,
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acid. These salts mlght be afterwards decomposed by Chap. 1L

means of lime, and the soda obtained separate. ~But
these acids are a great deal oo high priced to admit of
 their employment. -

. Sulphuric acid may be either employed in a separate ;. By sl

state, or in combination with bases, when the salts which P

huric acid
and its.com=

it then forms can be procured at a sufficiently cheap pounds.

rate. Alum, sulphat of lime, and sulphat of iron, have
been respectively employed with advantage to decoms
pose common salt, and obtain sulphat of soda. Alum
is said to have been first employed for that purpose by
Constantini, a physician of Mellé, near Qsnaburg, about
1450.  The process, it is affirmed; does not succeed ex-
cept at a low temperature *. Sulphat of lime decom-
poses common salt when formed with it into balls, and
exposed to a strong heat. Much discussion has taken
place among the German chemists about the possibility
of decomposing common salt by means of sulphat of
iron. That sulphat of soda may be obtained by expo-
sing a mixture of these two salts to a strong heat, was
first announced by Vander Ballen. This was contra=
dicted by Hahneman, but confirmed by the experiments

of Tuhten {, Lieblein ||, and Wiegleb §. It succeeded, _

completely with the French commissioners Lelievre,

Pelletier, Darcet, and Giroud, who were appointed, in

1794, to examine the different processes for obtaining
soda from common salt: They ascertained also that
pyrites or supersulphuret of iron may be employed for
the same purpose 1[ :

* Four. de Min. No. iii. p. §5.
t Malherbe and Athenas, 4na. de Chim. xix.
$ Crell’s danals, 1790, il 406, - {f Ibid. p. 509.
§ 1bid. 1793. 4, 204. G Ann. de Chim, xix. 58,
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After obtairing the sulphat of soda, it is iccessaiy 6

cexpel the acid in order to procure the soda separately.

This is accomplished by calcining the salt mized with
a certain portion of charcoal or of pitcoal. By thispro-
cess it is converted into sulphuret of soda, and the sul-
phur'm"ay be abstracted by the infervention of iron of
chalk. When the sulphuret of éq‘da is nearly in fusion,
small bits of iron (the parings of tinplate answer best)
are thrown in gradually in sufficient quantity to decom-
pose the sulphuret. The fire 1 15 raised till the mixture
mclts.  The iron, having a stronger affinity for the sul-
phur, combines with it and leaves the soda, which may
be separated by solution in water; filtration, and evapos
ration *. - Carbonat of lime may be employed also fer
the same purpose +. ‘ .

Some chemists have propased to decompose cémmoxl
salt by means of acetat of lead, ﬁsing eifherthe acetat
of commerce, or one formed on purpose, by combmmg
htharge with the acid liquor obtained by distitling wood

The acetat of soda formed by mixing common salt with

these acetats is afterwards calcined, in order to decom-
pose and expel the acetic acid. But these salts are too

chigh priced to be employed with advantage to extract

soda from common salt. e !
Sp. 4. .Mur-iat of Strontian.

Tais salt was first examined by Dr Hope §. 7 i
afterwards described by Pelletxcr and Vaugquelin §..

i
S

i* Alban, Ann de Chim. xix. 37.—The process was discovered by Mt
kerbe.  See Four. de Min. No. iii. PiSTgt ;
+ Leblanc, Ana. de Chim. xix. 61. 1 Trans: Edin. iv: 1%
§ Four.d> Min: An. visEL. -, ;
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Tt may be prepared by dissolving carbonat of strofi- Chap- 1L
tian in muriatic acid, or by decomposmg sulphuret of
strontian by means of that acid. The solution is then
to be evaporated to a proper consnstem:e, in order to ob-
tain the muriat in crystals. :

Its crystals are very le
It hasa pecullar, sharp,
gravity is 1.4402* 2 %,

Three parts of these crystals are_soluble in two parts
of water at the temperature of 60°.  Boiling water dis-
solves any quantity of them whatever. v They are solu-
ble also in alcohol, and gue its flame a purple tinge.

They suffer no change when exposed to the air except

it be very moist 3 in which case they dehquescea

When heated, they first undergo the watery fusion,.

and are then reduced to a white powder. A very violent
heat decomposes thxs salt. .

Muriatic acid precipitates this salt from its solution

in water. That aexd therefore, has a stronger aﬂi_mty :

for water than the salt has +.

Aecoi‘ding to Bergman, it is composed of . Composi-
23.6 acid ; : tion.
36.4 strontian T
40:0 water
P
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ng, slender, hexagonai prisms, Propertics
penctratmg taste. Its specxﬁc

Accordmg to Kirwan, it contams, When in the state of
 Crystals, . . . . 18 acid
: 40 stroritian
. 42 water | o
e ———
100
- Hassenfratz, Ann. de Chim. xxvili. 12. ) 4 Hope.
Vor. II s x ; :







MURIATS..V

Tt is soluble in about half its wel hf df Cold water,
and still more soluble in boiling water. It is diffi-
~ cult to ‘obtain regular crystals from this solution, in

Chap 1t
H—v'—ﬁ

- consequence-of the great solubility of the salt in hot

water. If the evaporation be carrieda little too far,
- the whole assumes on coolmg the form of a'very hard
. "white mass; e other hand, if it be not carried far
“enough, no crystals are formed at all. . Mr Walker has
ascertained, that when the evaporatiod is cartied on till
the specific gravity of the solution is 1.450 at the tem-
perature of 80°, it crystalhics when exposed to an ate

- mosphere whose temperamrc is 32° ¢ when its specxﬁc )

grayity at 80° is 1.490, it assumes on coolmg the form
of a hard pearl-coloured mass *. :

When this salt is exposed to the axr, it attracts mois-
ture very speedily, and deliquesces. =

When exposed to the action of heat, it swells up,
melts, and then loses its water of crYstalhzatxon. A

violent heat separates a small portion of its acid, When
thus reduced to a submuriat, it has the property of shi- -

ning in the dark, as Homberg first observed s Hence it
has been called the phosphorus of Homberg.
According to Bergman it is composed of

.31 acid
44 lime
. 25 water

EE——

100t

o

* Nicholson's Fournal, v. 226. : $ bpwcyi. 138:
Xa - '

Composis
'tion,
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Accordmg tq Kirwan, after having been dried in a red

u._,,._.; heat, its component parts are, 42 acid

; 50 lime
- 8 water

: TR Wl e (o1

‘According to Fourcroy, it is decomposed by the fol-
lowing salts :

Decomposi- 1. Sulphats of potass, soda, ammonia, magnesxa, glucma,

tion,

History.

&4

alumina, zirconia.
2. Sulphites of potass, soda, ammonia, glucina, alumma,
zirconia. ; Bl e
3" Nitrats of ammonia, magnesxa, glucma, alumma, Zif=
" conia.
4. Phosphats of barytes, strontxan, potass, soda, ammo-
nia.
‘5. Fluats of barytes, stronttan, magnesxa, potass, soda,
ammonia. :
6. Borats of barytes, strontian, potass, soda, ammonia-
7. Carbonats of potass, soda, and ammonia.
This salt is now employed with .great advantagc in
procuring artificial cold. s

Sp. 6.  Muriat of Ammonia:

Tats salt was known to the ancients, and was called
'by them sal ammoniac, because it was found in great
' quantities near the Temple of Jupiter Ammon in Afri-
cat. Its composition was first pointed out by Geof-
froy junior in 1416 and 1723 t, and afterwards more
precisely by Duhamel in 1735 §.  For many years the

® Nicholson's Fournal, iii. 215- R i
$ Pliny, lib. xxxi. c. 7. t Mem. Por. § Thid.









MURIATS. el 924,

Tt is decomposed, '.y:cordmg to Fourcmy, by thg fol- Chap 115
lowing salts ¢ ) Do

1. Sulphats of glucma, alumma, zirconia, - Decomposic
2. Sulphites of potass; s0daey, e eiis i : ; tion, -
3. Nitrats of glucina, alumma, zlrcoma. s T

- 4. Phosphats of potass, soda, .
5. Fluats of barytes, potass; soda.v M e
, 6. Borats of potass, soda.. i e il P
7. Carbonats of potass, soda. ‘
This salt is applied to a great variety of purposes. . It
is from it that pure ammonia is usually extracted. A
considerable portion of sal.ammoniac is consumed by
the dyers, and perhaps a still greater quantity by cop-
persmiths, &c. who employ it to prevent the oxidation

of the surface of the metals whxch they are covering
Wlth tin, :

Sp- 7. Muriat qf Magmsza. :

TroucH this salt abounds in several mmeral waters,
it was confounded with muriat of lime, and of course
unknown till Dr Black pomted out the dlﬂ'erence be-’
tween these salts. : ' ;

It is usually prepared by chsgolvmg carbonat of mag.
nesia in muriatic acid, and evaporat;mg the solution to.
a proper conslstency ey .

It is not easily crystallxzed Bergman s method Was Propertics,
to evaporate it by a considerable heat to the proper de-
gree of concentration, and then to expose it to a sud-
den cold. By this method he obtained it in small

 needles*. Its specific gravity is 1.601 1.
t .

# Bergman, i 382. 1- Hassenfratz, dm. de Cbm. mw 12
e i :




































BORATS.
a white powder; tasteless, and difficuldly soluble in wa-
ter *. ; e
. ¥
Sp. 2. Borat of Barytes.
- Aw insoluble white powder, which has scarcely been
examined, formed by.the same process as borat of lime.
Sp. 3. Borat of Strontian, -
Thais salt has only been formed by Dr Hope. - It is

2 white powder, soluble in about 130 pargs of boiling -

water. The solution turns the syrup of violets greent.
It is therefore in the state of a sub-borat.

Sp- 4. Barat of Magnesia.

Bereman formed this salt by dissolving magnesia in
boracic acid. The solution proceeded slowly ; and on
evaporation, the salt was precipitated in small irregu!ar
crystals. Itis soluble in acetic acid. Alcohp! decom-

poses it. . It melts easily in the fire without being de- .

composed f. This salt has been found native in the
mountain of Kalkberg near Luneburg in Germany. It
was first analysed by Westram in 1788.

It is in the form of transparent or opaque white crys-
tals, consisting of cubes, having their edges and four of
their angles truncated. It is so hard as to scratch glass,
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 e-
lectric, while the opposite entire ones are negative §.

# Bergman, iii. 363. t Hope, Edin. Trans. iv. 17.
§ Bergman, i. 386. § Hauy, dan. d= Chim. ix. 59.
Yia
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 BORATS. : 341

informs us, that about half its weight of boracic acid is Chap.1IL -
necessary to saturate borax *. Its specific gravity is

1351t ,
5 Sp. 7. Sub-borat of Soda or Borax.

Tais salt, the only one of the borats which hasbeen
accurately examined, is supposedrto\ have been known
- to the ancients, and to be the substance 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 Geof-
froy in 1732, and Baron in 1748. Bergman was the
first who demonstrated that ithasan excess of base, and
13 therefore in the state of a sub-borat. : '
This salt is brought from the East Indies in an im-
pure state under the name of ¢/n£a/, enveloped in a kind
of fatty matter, which Vauquelin has ascertained to be
2 soap with soda for its base. When purified in Europe
it takes the name of Zorax. The purification is per-
‘formed by the Dutch ; but the process which they fol-
low is not known. Valmont Bomare informs us that
they extract 8o parts of pure borax from 1eo parts of
tinkal. The operations are conducted in leaden vessels,
and consist chiefly in repeated solutions, filtrations, and
crystallizations. Valmont Bomare suspects that they
employ lime-water ; and Fourcroy has shewn that this
might be useful in decomposing the soap in which crude
borax is enveloped 1. : :

History.

* Bergman, iii. 325.+ According to Withering, twice its weight is
ccessary. —Bergman’s Sciagraplia, p. 26. Eng. Trans.
+ Hassenfratz, dan. d- Chim, 33vili, 12,
Y 3

+ Fourcroy, iii 3 39
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SULPHATS,

Accordmg to Chenevix, of 24 acid
76 base

100 *

“Tt is decomposed by two salts ; namely, carbonat of
potass and carbonat of soda. The decomposition takes
place either when it is boiled in a solution of these
salts in water, or when they are heated together in a
crucible.

: Sp. 2. Sulphat of Potass.

Or this salt there are two varieties, differing in the
‘propomon of their acid.
 Variety 1. Sulphat of Potass. —This salt may be
formed by saturating diluted potass with sulphuric acid,
and then evaporating the solution gently till crystals ap-
peér. It seems to have been known at a very early pe-
riod by chemists, and a great variety of names were gi-
ven to it, according to the manner of forming it, or the
fancy of the operator. Some of these names were, spe-
cificum purgans, nitrum fixum, arcanum duplicatum, pa-
nacea holsatica, sal de duobus, salpolychrest g/aserz, &ec.
but it was commonly known by the name of vitriolated

347
‘Chap. 111,
()

Names.

tartar till the French chemusts called it sulpbat of pot-

ass, when they formed their new nomenclature in
1787 +-

When the solution of sulphat of potass is sufficiently
diluted, it affords by evaporation hexahedral pyramids,

# Nichelson, ii. 196. Second Series.

po; Bergman called it alkali vegetabile witriolatum, and Morvea‘u witriol of
§8e

Propertiess






SULPHATS.

Hitherto it has been applied to little use. It is a pur-

gative ; but its disagreeable taste, and its sparing solubi-

lity in water, prevent it from being much employed.
It is decomposed by the followxng galts

% All barytic salts.

3. Nitrat and muriat of lime and of strontian.

3. All metallic salts, whose base forms an insoluble com-

- pound with sulphuric acid, as the oxides of mercu-

ry, silver, lead.
4. The tartrats, at least partially.

Vancty 2. Supersulphat of Potass.—This salt may be
prepared by heating together a mixture of three parts

“of sulphat of potass and one part of sulphuric acid.
It was first distinguished from the first vanety by Rouelle
senior.

It usually crystalhzes in long slender needles, but it
may be obtained in six-sided prisms. Its taste is acrid,
and it reddens vegetable blues. It is soluble in two
parts of water at the temperature of 60°, and in less
than its weight of boiling water. It is scarcely altered
by exposure to the air.  When heated it melts readily
and assumes the appearance of oil, but it becomes as
white " as ever when allowed to cool. A very violent
and long continued heat dissipates the excess of acid,
and converts it into sulphat.

In other respects this salt agrees thh the sulphat of
potass.

Sp. 3. “ Sulphat 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 i it sal/ mira-
bile. It may be prepared by saturating soda with spl-
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Vanetv 1. Common Sulpbat —This salt was well ChaP L.
known o the ancients under the name of gypsum but :
the composition of gypsum was not known till Mar-
graff and Macquer analysed it, and proved it to bea
compound of sulphuric acid and lime. The salt formed
by the artificial union of these two bodies was formier-
ly called selenite, probably from its whiteness. : , ,
- The properties of this salt were first examined with Propertics
precision by Bergman. It is found abundantly in dif-
ferent parts of the world so that it is seldom formed

‘artlﬁcmlly When ptire, it is frequently crystalhzed.
The primitive form of ité erystals is, according to Hauy,
_a right angular prism with rhomboidal bases, whose
angles are 313° and 67°. Its mtegrant particles have
the same form ; but it is more usually found crystalli-
zed in octahedrons, in suc-sxded prisms with four-sided
summits, or lenticular. “These crystals are often ex-
'ceedmg]y transparent ; ;

- It hasa shghtly nauseous taste, scarcely percepuble,
except by drinking a glass of water impregnated with
jt*. It is soluble in soo parts of water at the tempe-
rature of 60°; and ifi- 150 of boiling water. Mr Paul
‘has observed, that if this solution be saturated by pres-
sure with hydregen gas,fthe‘vsulphat in about six months
is converted into a éﬁlpﬁui‘et{. It is not affected by
exposure to the air. Itis soluble in"sxllphﬁricfacid
~ When heated, it loses its water of crystalhiatxon, de-
crepitates, and falls into a soft white powder, This -
powder, when its water has been dnven off by the ap-

 plication of a red heat, absorbs water very rapidly, and

& ; *,M‘a’cquer.' s »beiFI.-Mag.'xv."gg'
Moyr il S =
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Book 1L
Divisien 1I.
‘—V—-‘

-already a quantity of potass. Various conjectures were

SATTSY
“orof ammionia, o of some substance contammg these
alkalies, is almost always necessary ;. and it was proved
that in every case in which such additions are unnecess -

sary, the earth from which the alum is obtained contain

made about the part which potass acts in this case’; ; but

Vauquelin * and Chaptal + appear to have been the first

?togetties. Y

chemists that ascertained by decisive experiments that
alum is'a triple salt composed of sulphuricacid, alumi-

na, and potass or ammonia, united together.

Alum crvstalhzes in regular octahedrons, consisting
of two four-sided pyramids applied base to base. The
sides are equilatesal triangles. ‘The form of its inte-
grant particles, according to Hauy, is the regular tetras ’
hedron. Its taste is sweetish and very astringent. It
always reddens vegetable blues. . Its specific gravity is

" 1.7109 §. Atthe temperature of 60° 1t is soluble in from
15 to 20 parts of water, andin 3ths of its weight of boil-
ing water. When exposed to the gir 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 Tose about 44 per cent. of its weight; consisting chief-
Iy of water of crystallization §. - What remains is called
calcined or burnt alum, and is sometimes used as a cor=
rosive. By a violent heat, the greater part of the aCld

~ may be driven off

Varictics.

Though the propertxes of alum are in all cases prctty‘
nearly the same, it has been demonstrated by Vauque-
lin that three varieties of it occur in commerce. Thc

% Ann. de Chimaxxii, 258. = 4 Tbid: 389. -
i Hassenfratz, Ann. de Ch:, . XXviil. 12,
§ Bergman, i, 287- '
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PHOSEHATS. '

% = SP&\%? Phosphat of Magnesza.

) b |
HIS salt was first formed by Bergman in 1775 *.

it has{'.)een lately examined with much precision by the
celebrat‘?d and indefatigable Vauquelinf. It is usual
1y prepmd by dissolving carbonat of magnesia in phos-

phoric acxd -and evaporating the solution gradually +ill

 the salt cr stallizes ; but it may be obtained in large
" regular crystals by a much easier process first pointed

out by Fourcroy. Mixs together equal parts of the a-
queous solutions of phosphat of soda and sulphat of
magnesia. No apparent change takes place at first;

~ butin a few hours large transparent crystals of phos-

phat of magnesm make thexr aappearance in the solu-

tion.’

Its crystals are six- sided prisms, the sides of which
are unequal. It has very little taste; however, it leaves
a cooling and sweensh 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 beil-
ing water, but it crystallizes in part as the solution
cools. When exposed to the air it loses its watef of
crystallization, and falls down in powder. When heat-
ed moderately, it is also reduced to a dry powder. In
a high temperature, it melts into a ttansparent glass.

According to Fourctoy, it is dzcompesed by the follow-
ing salts:

1. Sulphats of glucm, zirconia.

'

2. Sulphites of barytes, iime, potass, soda, glncma

> "_  ® Opusc.i. 390, t Four. de P Ecole Polytechniqee.
4 Hassenfratz, Jan. de Chim. xxviii. 12.
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226° W‘éﬁge\%bd* ‘When thrown in powder on Chap. L
burr i ing: coals, it produces red sparks. i
Its component parts are, accerdmg to
- Hope, * Pelletier, K]aproth and Kirwan, (}’oﬁiposir
32&2..’...:.(. 200t l, e 3001apid e e
G1 Al % 6o . Ll 605 strontidn
86i......,. 8...... o.5water

B
B

100.0 100 1 100.0 §
Hitherto it has not been ;ipplied to any use. :

, 8p. 3. Carbonat of Lime.

Tais substance, under the names of marble, chalk,
lime-stone, &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 muriat of seda. Its properties of

_ course have been very completely investigated.

It is often found crystallized and perfectly transparent. Properties.
The primitive form of its crystals isthe rhomboidal prism
with angles of 1013° and78%°. Its integrant parti-
cles have the same form. But, besides the primitive, no
less than 42 varieties of its crystals have been discover-
ed and"described by mineralogists. It has scarcely any

taste. Its specific gravity is about 2.4. It is insoluble
in pure water ; but water saturated with carbonic acid
dissolves y%~ part of it ; from thissolution it gradual-
ly precipitates as the acic leaves it in the form of a white

.

>

# Jour.de Plys.xlv.24. 4 Hope, Trans. Edin. iv. §.
t.‘!lm de Chim. xxi. X35.
$§ 13eytragc, 1, 270, and Nicholson's _'faunml, iy 275
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sULPHI‘xfEs‘.'

i ‘ORDER IL. COMEUSTIBLE?-SALTS.

| THis order contains 17 genera. It is the acid of the
* salts belonging to it which is combustlble In the two

first genera the acid is pnly partlally destroyed leaving
salts i in at: in all the rest it is totally d1551pated

Gzxvus I. SUL:’H'IT‘ES.

THESE salts are fo';'meci by saturating the Valkalin‘e‘

and earthy bases with sulphurous acid. The- easiest
process is that which was followed by Bg:rtholiet, and
afterwards by Vauquelin and Fourcroy: The proper
mixture of sulphtiric acid and mercury for obtaining

* sulphurous acid is to be put into a glass vessel, from

which there passes a tube into a small bottle containing

- ' alittle water. From this‘bott'lg .there passes another

tube into one of Woulfe’s bottles, which contains the

i . alkaline or eatthy base d‘esigned' to be combined with

ST

sulphurous acid, either dissolved or suspended in wa-

. ter. When the apparatus is properly adjusted, heat is

Prepara;«
tion, - .

applied to the mixture of mercury and acid ; svlphura
ous acid gas passes over first into the bottle with water, . -

* where the sulphuric acid, if any passes along with it,

is detained ; thence it passes into the Woulfe’s bottle,

" where it combines with the base. When the base 1s
_Saturated, crystals of sulphite’often for.:m spontaneouss

ly, or they may be obtamed by evaparatmg the solu-
tion.

The sulphltes were ﬁrst pointed out: by StahI but

. scarcely any of them were examined except- sulphite of

potass, till Berthollet made a set of experunents on them
Vox.. IL S ORE












SULPHITES] : ‘ gy

: ‘and snlphureous. At the common temperature of the ' Chap.TL.
s
atmosphere it is soluble in its own weight of water, but :
much more soluble in boiling water. - When exposed
to the air, it scarcely changes its appearance, loses about
2 per cent. of its weight, and then is gradually, but very
slowly, converted inte sulphat of potass. When _expo-
sed to a sudden heat, it decrepitates, loses its- water,
and a portion of its acid ; then a quantity of sulphur is -
'disengageﬂ from the remaining acid, and the residuum
is sulphat of potass, with a slight excess of alkali. Ni.
tric acid converts it into sulphat of potass by imparting
‘oxygen. So does oxymuriatic acid, but imperfectly,
as it drives off a portion of its acid unchanged. '
- It decomposes the oxides of gold, silver, mercury,
- the red oxide of lead, the black oxide of manganese, and
the brown oxide of iron. When the green oxide ofiron,
or the white oxide of arsemc is boiled with it in wa-
ter, and an acid added, a premp;tate takes place consist-
ing of these oxides united to 'some sulphur, and the salt
is converted into a sulphat: at the same time sulphure-
ted hydrogen gas is emitted. il
From a course of experimentswhich I have made on Composic
this salt, it follows, that its component parts are in the "%
following proportions : : iy
: - 43.5 acid -
i 54.5 potass
it £ 2:0 Water

10(50

It 1s decomposed by the followmg salts
1. All the alkaline and earthy sulphats, except those 0:

barytes and potass. <






sUmemg.’» : ‘ 7 At

It is decompased by the following salts : Chﬂf' It
 £8 All the alkaline and earthy sulphats except those of
barytes and soda. ; S

. 2. Nitrats of barytes, strontian, hme, magne51a, glum-

" na, a.lumma, zirconia.

e 3. All the earthy and alkahncl murmts except those of

L

' 4. Phosphats of lime, magnesla, ammoma, glucma, alu-

 potass, sdda, and silica. -

‘mina 3 mrcoma.

5. Fluats of barytes, strontxan, magnesia, ammoma. 4

6. Borat and carbonat of potass.
#. Almost all metallic salts, ;
Thxs salt has not been apphed to any use. oo

8p. 5. Sulpbzte qutraﬂtzaﬂ.
‘ Unknown, =~

Sp. 6 Sylpbzte of - dmmoma. :

Tuis salt was first: descnbed by Fourcroy and Vau.

" quelin *; It crystallizes in six-sided prisms, termina-

ted by six-sided pyramids; or in four-sided rhomboi-
dal prisms, temiinated by three-sided summits. Its

~ taste is cool and penetratmg like that of the other am-

moniacal salts, but it leaves a sulphureous impression

in the mouth. * It is soluble in its own weight of cold

water, and much cold is produced. Its solubility is'ine.
creased by heat; so that a saturated boiling solution

‘ Crystallize's on. cooling When exposed to the air it

attracts moisture, and is soon converted into a sulphat.
- No other sulplnte undergoes this, change so rapxdly.

# Nicholson’s Fournal, i. 317
. Ffg e : i
























PHOSPH‘ITES.

gas.. Before the blow-pxpc on gaar-
loses its water of crystallization ; it
ided with a phosphorescent light, and

reted.h rogen gasare emitted, which
! tixe air Wxth a liv

This gas is emitted
all glass bulb, the

composcd of 2 26 acnd
i 51 ammonia
b i : 23 water ;

Sp 8. Pbospbzte qf dmmama—aud-magnmxz

Tﬂls salt .may be formed by mixing together the

- aqueous solutions of its two component parts. It is

spanngly soluble in water, and may be obtained in crys-
tals; but its propertxes ‘have not: bcen exammed with
prccxswn. i

Sp 9 and fo. waplntes af Glucma aml ﬁtna

Unknown.

et ’aflzcrwards actract mmsturc from the air. Its ‘taste ‘_ ‘

“‘si’lws‘tﬁngcnt. It is V@ry soluble in water. When heat-
. ed, it froths. and gives out phosphorus; but it does not -
readxly melt mto a gLobule of glass. R :

ne, and form a fine co-

it

4

% whu;h becomes *lummous when Gmp o
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Sp. 2. Acetat of Potass. Chap. 111.
f ; I %

; is'% pposed but probably without any reasor,

“,to have been apquainted with this salt, because he re-

- commends a mpxture of vinegar and vine ashes as a cure
for a particular species of tumor *. It was first clearly

- described by Raymond Lully. It has received a great

number of namies 3 as, for instance, arcanum tartar,

1 seoret ﬁalmted earth of tartar, ‘essential salt of wine, rege-
nerated tartar, dzzgretzc salt, digestive  salt of Splvius.
It is usually formed by dissolving carbonat of potass in ,
distilled vinegar, and evaporating the solution to dry.
ness in a moderate heat. By this process it is obtained

_in fine white plates. By a well-managed evaporation
it may be pecured in regular prismatic crystals.  Fhis
salt has a sharp warm taste. At the temperature of Products
60°, 100 parts of itare soluble in 102 parts of water. It ;f,;‘“““‘"
is soluble also in alcoho]. When exposed to the air, it

. becomes moist ; but the crystals obtained by spontaneous
evaporation scarcely undergo any. subsequent alteration
in the air. When heated, it readily melts, and
dn a high temperature its acid is decomposed. A

- liquid passes over into the receiver, which contains
2 considerable portion of ammonia and prussic acid.
What remains in the retort consists of charcoal
mixed with the carbonats and prussiats of potass .
The presence of ammonia and prussic acid in the pro-
ducts of distillation of this salt, has led chemists to
consider azote as one of the constituents of acetic acid.
When distilled along with white oxide of arsenic, it
yields, according to Cadet, a white smoke, which has

* Zlinii, lib, xxiil. proamium. + Proust, dzp. de Chim. xlif. 231.
Vor. II, Gg
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©

‘ D?:&%:" ~an odour intolerably offensive, and
———— comes into contact with the air.

,A\c:cordm'g to ‘Wenz_el,ﬁ;ggo parts
' quire for saturation 2412ths of pot:
experiments of Dr Higgins, it appea
potass is composcd of % ., 38.5 acid and wa}

-

Composi-

tion. SRR 6:59&35;
_1@0"‘

= Itis decomposcd by the greater number of méﬁz!in
saits. : : o T

x

* g $ % £ el

Spe 3. Acétat of Soda.

3

Tars salt, which seems fo have been first exammed :
by Baron, was formerly known by the absurd name of
cry:tallzzed jblzatea' earth. It is usua;lly prepared by |
‘saturating acetic acid with carbonat of sod’x, anti evapo- 4
fating the solution till a thin pe]hcle appears on its sur-
face. When the solution is allowed to cool, ‘the acetat
of soda erystallizes in striated prisms, not unlike those
of sulphat of soda. Tt has asharp taste, approaching to

: bittér It is soluble i in 2.86 parts of water at the tem-
perature of 60° +. Its specific gravity is 2.1 f. Itis
not affected by exposure to the air.. When heated, it
first loses its water of crystallxzatlon ina strong heat , 11
‘it melts; and in a still stronger its acid 1 x £ =:
"This salt can only be obtained in crystals wl

an excess of alkali in the solution. =~ =~ =
Accordmg to Wenzel, 440 parts of acetic acxd feque
for saturation 1% 5r of soda. G ?
L4 0; Heetaus Acid, p. 8. 4 Bergmam, V. 7%

} Hadsenfrasz, Ann. de Chim. FVIE. 12,
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= S" . Acétat of Strontian. Chap. NL
. of S 1

Whlch was first examined by Dr Hope,
ds by Vauquehn, is easily formed by dis-
i sofvmg strontjan or its.carbonat in acetic acid. By e-
L “vaporanon it is obtained in small crystals, which are
"“‘not affected by exposure to the atmosphere. 49 parts
~ of it are soluble in 120 parts of boiling water : it seems
to be nearly as soluble in cold water. It renders vege-
table colours green *. Its taste is not unpleasant.
When heated, its acid is decomposed, as happens to all’
the other acetats.
Sp. 5. Adcetat qf Lime.

Tars salt was first deseribed accurately by Crollids,
' The ancients, however, used a mixture of lime and vi-
negar in surgery t. It is easily formed by dissolving
chalk in acetic acid. When the solution is evaporated
- till a pellicle forms on its surface, it'yields, on cooling,
the acetat of lime in fine prismatic needles of a 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 expo-
sure 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 alter-

i atioti§ Heat de}:omposes it by disengaging and at the
- same time partly decomposing sits acid. According to
 Wenzel, 240 parts of acstic acid require for saturation

-

* Hope, Trans. Edin. iv. 14. } Dlinii, Jib. xx2Vi. C. 24,
1 Hassenfratz, dnn. de Chim. xxviil. 12.
§ Morveay, Encycl. Method 1. 9.

Ggz



_Book 1I.
- Division IT.

< Dr Higgins, it follows, that a ctat o

~ water t.

- It may be prepared by the same process as the other a-

 points, of a pearl-white colour, and abeut an inch and

SALTS‘.

125 of lime ; accordmg to Maret, 10
of lime contain: 5o of li

of 35.7 parts of hme and 64 .3 0

Sp 6. dcetat qf Aﬂzmma. :

- Tais salt was formerly called spirit qf Mmderer:m

«cetats. 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 |
by sublimation . When the sublimation is slow, i
forms long, slender, flatted crystals, termmatmg in shar :

eight-tenths in lengthg. It impresses the tongue a
first with a sense of coldness,‘and,then,,;of ‘sweetness,
which is followed by a taste resembling that of a mix-
, ture of sugar and nitre, in*which the sweet does not pre-
dominate over the mawkish taste of the nitre [|.  Itis
very dehqucscent. It melts at 170°, and sublimes at a-
bout 2504. When a watery solution of this salt is dis-. |
tilled, there comesover first a quantxty of ammonia, next

a quantity of acetic acid, and at last of the neutral salt

itself. No such decomposition takes place when the
crystals are distilled by a moderate heat * . Ac-
cordmg to Wenzel 240 parts of acetic acxd :equmﬂl

* Morveau, :Enzyd Method. . 9 b t Gn Aeohins Acid, p. A7
{1 Mem. Par, i. 775. ' ; i Nl fie
§ Higgins On Acetous Acid, B 188, [ Higgins, Ibid. p. 192
9 Higgins, Tbid, %% Ihid, ¥ G



ACETATS.

s a sudorific.. _
: 7; Acetat of Magmn'a.

THis salt may be formed by dissolving magnesia or
its carbonat in acetic acid. It is not crystallizable;
but forms by evaporation a viscid mass *. It has a sweet-

o ish taste ; leaving, however, a sense of bitterness t.
Its specific gravity is 1.378 £. It is very soluble both in
water and alcohol ||. - When exposed to the air, it deli-
quesces. _Heat decomposes it. According to Wenzel,
240 parts of acetic acid require for saturation 1233ths
~of magnesia. :

o SP;S. Acetat of Glucina.

AceTic acid readily dissolves glucina ; but the solu-
tion, as Vauquelin informs us, does not crystallize, but
is converted by evaporation into a gummy mass, which
becomes slowly dry and brittle, Its taste is sweet and
astringent,

Sp. 9. Acetat qf Yitria.

Y rTr14 dissolves readily in acetic acid, and the so-
lution yields by evaporation crystals of acetat of yttria.
These crystals have most commonly the form of thick
#ix-sided plates obliquely truncated. Their colour is a-

4 methyst red. - They are not altered by exposure to the !

air 9.

(e

* Bergmari: 1. 388. 1 Morveau, Eucy:;. IMethod. 1. 9-
1 Hassenfratz, dnn. de Chim. XXVill, 12, || Bergman,i. 388.
ek Eckebc{g, Crell’s Asnals, 1799, ii. 69 and Klaproth s Beitrage,
f iii. 79,

i : Gig3

4

1 244 of ammonia. This salt is often used Chap. 1L,
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‘requm 205ths of ahimma for saturatjon. ]
an mmgm taste. Tfs sp?.mﬁc gra’vxry is 1.245 *

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

: *foHowmg facts.

Sp.av..
¢ Tars salt can only be
on alumina recently pre
shaped crystals are obtained, which
scent. According to Wenzel, 210 pa

This:

& &pf. 1L Aceta% qf Zarwma.

« Tars Salt may be ferrned by pou!l‘mg acetic acid on
newly precxpxl’atea Zitconia. It hasan astringent taste
It does not crystallize ; but when evaporated to dryness,
it forms a powder, which does not attract moisture fro
the air as acetat of alumina does Fo0 It s vt:ry soluble

by heat as nitrat of zirconia, pmbabry because it doen
'not adhere so strongly to wam:t : :

2 JGENUs' v, kkyleTs.

THouGH these salts have been long known, their
properties hitherto have been but superficially exammed.
Lichtenstein § and Tromsdorff || are the only chemists
who have attempted any thing like a detailed descrip-
tion of them, To them we are chiefly 1ndebted for t‘hﬁ

he i
/‘

* Hassenfratz, An». de Chirg. Xxviil. 12.
-}'Klaproth _7our dePlvy.r x&xvi 188 M_":.‘M':
1 Vauquel'm, Ann. de Chim. xxii. 206.
§ Crell’s New, Entdeck. 1782, iv. S :
¥ Crells Annals, 1790, ii. 303. N 2 i
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BENZOATS.

+* Benzoat of Barytes.

allizes, is soluble in water, not altered
air, but decomposed by heat and by

Benzoat of . Lzmt.

THIS salt forms wlnte, shining, pointed cgstals, of a
9 sweetish taste, much more soluble in hot than in cold

water. It exists in abundance in the urine of cows %.
E ]

Sp 3 Bmzoat of Pota.r;.

Tms salt. ﬁ)rms pointed feathery crystals.  t hasa
k saline sharp taste, It is very soluble in water. It de-
. thuesces when exposed to the air.

e Sp. 4. Benzoat quoda.

TrE crystals of this salt are larger, but its taste is
* the same with that of benzoat of potass. It isalso very
so\uble m water. It eﬁioresces in the air. .

Sp. §. Benzoat of Ammonig.

This salt crystallizes with difficulty. Its crystals are
feather-shaped. It deliquesces. It is very soluble in
water. L i ot
o Sp 6. Benzoat qﬁMagne.rié.

THls salt forms feather-shaped crystals of a sharp
bitter taste, and easily soluble in water.

* Fourcroy and Vauquelin. =
2 @ B ey
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372 : SALTS,
Dm%nﬁil ' Sp. 7. Benzoat é/ Alyminal___J

. * Taus salt forms dendritical crystals. J has a sharp

bitter taste, is soluble in water, and de qucsces when

exposed to the air.
The other benzoats are entirely unknpwn.

@

¢ GENUsV. SUCCINATS.

Tais genus of salts is as imperfectly known as the

preceding. For the few experiments that have been’

made, we are indebted to Stockar, Wenzel *, Leonhar-
dit, and Bergman . But Mr Gehlen has announced
his intention of publishing a very full description of
these salts from his own experiments §.

Sp: 1. Succinat of Barytes.

THa1s salt, accordlng to Bergman, is dxﬂicultly solu- ‘

ble'in water.

S'p,. z Succinat of Lime.

THis salt forms oblong, pointed, non-deliquescent
salts, which are dlﬁicultly soluble even in boiling water.
It is not altered by exposure to the air. It is'decompo-
sed by muriat of ammoma, and by the fixed alkalma

carbonats.
* Wenzel's 7 er'wandwbaft a':r Karper, 1777 T =
'} De Salibus Succinatis, 1975. e A ¢

t On Elective Attractions, Opuse. iii. 291. .
§ The alkaline succinats have been introduced by this chemist with
" great advantage to precipitate iron from its solution in acids;, which it
does more completely and in greater purity than any other known sub-
, stance. See Klaproth’s Beitrage, iii, 63.

i

¥
£

.



SUCCINATS.

NG : Sp. 3. - Succ—i_nat of Potass.

 Tai1s saly according to Leonhardi and Stockar, cry-
stallizes in thiee-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 decrepi-
| tates and mclts 3 and ina strong heat is dccomposcd

Sp 4. : ucczfmt qf Soa’a.

Waey pure succmxc acid is saturated with soda, the so-
lution by spontaneous evaporation yields beautiful trans.
patrent grysta»ls‘:‘of suceinat of soda; some of which are
four-sided prisms with dihedral summits; others six-

sided prisms, terminated by an oblique face *. This
. salt has a bitter taste, is less soluble in water than com-
mon salt, and does not deliquesce when exposed to the
air.

This salt is decomposed completely when cxposed to

3 sufficient heat in close vessels.

Sp. 5. Succinat of Ammonia.

Ta1s salt forms needle-shaped crystals. It has a
sharp, bitter, and cooling taste ; when exposed to heat,
it sublimes without decomposition,

Sp. 6. Succinat of Magnesia.

TH1s salt has the form of a white, glutinous, frothy
mass, which when ‘dried by the fire attracts moi_sture,
from the air, and deliquosces.

& Morveau, Ann. de Chim. xxix. 166.

473
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. base remains in a state of purity.

from its solution in acnds by \:he su
cinat of glucina is of course insoluble

Sp 8. Succmatqutt;za. e ol g 1

¥ ttria is not prccxpxtated from -ts solutxon in acxds &
By the succinats, according to Eckeberg+. This however
must be understood with some limitation ; for as the
succinat of yttria is but sparingly soluble in water, it pre-
cipitates in crystals, if a concentrated solution of an al.
kaline succinat be mixed with a saturated solumm of
yttria in an acid. Thus, when the succindt of soda is:
dropt into concentrated muriat or acetat of yttria, small -
subic crystals fall, which are succmat of yttria 1 :

Sp. 9. Succinat of Alquma.

" THIs salt, according to Wenzel, crys..alhzes n pnsmz? :
and is easily decomposed by heat §.

Geyus VI. CAMPHORATS.

THESE salts have been examined by Bouillen La-
grange with much care. They possess the following
PTOPCTUCS g

I.%A taste whxch is usually bitterish. |

2 Decomposed by heat: the acid sublimes, and th!ﬁ

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

€ Ann.de Chim. xVii. 277, . 5 ibid.
} Klaproth®s Beitrage, iii. 76. § Verwandt, p- 243

»
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- CAMPHORATS.

 Sp.1. Camplorat of Live.
Tms salt may be prepared by dropping into lime.

- water crystallized camphoric acid. The mixtureis then

‘to be made bo’ jlmg hot, passed through a filter, and eva.

porated to about iths of its volame. On cooling cam-

. phorat 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-
lpur, and has a taste slightly bitter,

Water at the temperature of 60° dissolves very Little
of this salts boiling water is capahle of dissolving about
»%th part of its weight of it. It is insoluble in alco-

" hol. 'When exposed to the air, it dries and falls into
- _powder. When' exposed to a moderate heat, it melts

and swells up; when placed on burning coals,or when
heated in close vessels, the acid is decomposed and vo-
latilized, and theslime remains pure. When sulphuric
acid is poured into a solution of this salt, it produces an
insoluble precipitate. Nitric and muriatic acids precipi-
tate the camphoric acid.
Itis composed of 50 acid
43 lime
77 water -

Id0

It is decomposed by the following salts:
1. Carbonat of potass. ' _
2. Nitrat of barytes. :
3. Muriat and sulphatof alumina.-
4. Phosphat of soda *. :

# Ann. de Chim. 3xvii. 2.

475
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S To prepare this salt carbonat of potassis to be dissal-

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

"SALTS. .

 Sp: 2. Camphorat (y’ Pbta:s: o

ved in water, and-the solution gaturated frith camphoric
acid. - When the effervescence is over, (fhe hquor is'to B
be evaporatcd by a gentle heat to the proper consistence,
and crystals of camphorat of potass. will be deposxted ‘
when the lxquor cools. Carpphorat of potass is white b
and transparent ; its crystals are regular hexagons. Its

taste is bitterish and slightly aromatic. :
o Water at the temperature of 60° dissolves 4L, part :
of its weight of this salt; boiling water dissolves ith &

solution burns with a deep blue flame. When expo-+
sed to a moist air, it loses 2 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 potass remains
behind in a state of purity.

Itis decomposed by the following salts :
1. Nitrats of barytes, silver.
2. All the salts whose base is lime,
3. Sulphat of iron.
4. Muriats of tin, lead *,

s

Sp. 3. Camphorat of Soda.

s x e

TH1s salt may be formed precisely in the same man-
ner as the camphorat of potass, It is white and transpa-
rent; its taste is somewhat bitter 3 its crystals are irre-

% Bouillon Lagrange, dxn. de Chim. p. 24,
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CAMPHORATS.

7 5

glar. Water at the temperature of 60° dissolves less

‘ than 2 th part of its weight of this salt; boiling water
dissolves xth of its weight. It is also soluble in alcohol. -

‘When exposed to the air it loses its transparency, and
effloresces slig}{tly, but is never completely reduced to
powder. Heat produces the same effect upon it as.on
camphorat of potass : the acid burns with a blue flame,
which becomes reddish towards the end. It is decom-

- posed by the following salts :

1. Nitrats of lime, silver.

]

2. Muriats of magnesia, barytes, alumina, lime, iron.

W

. Sulphats of alumina, iron; and many other salts with
_niretallic bases *. '

& 1

Sp. 4. Camplorat of Barytes.

Ix order to prepare this salt, barytes is to be dissol-
ved in water, and camphoric acid added to the solution;
the mixture is then to be beiled, and afterwards filtered
and evaporated to dryness. Camphorat of barytes does
not . crystallize ; when the evaporation is conducted
slowly, the salt is deposited in thin plates one above an-

other, which appear transparent while immersed in the

liquor, but become opaque whenever they come inte
contact with the air. It has very little taste, though it
leaves at last upon the tongue a slight impressifm of

. acidity mixed with bitterness. Water dissolves only a

very small quantity of this salt: boiling water being
capable of taking up only sZsth part of it. It 1s not
altered by exposure to the air. When exposed to heat,

® Aun. de Chim. xxvii. 26-

47
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it melts easily, and the acid is volatilized. When the

heat is considerable, the a.cid burns with a lively blue

flame, which becomes red and at last Wlnte. :
It is decomposed by

1. Nitrats of potass, soda, lime, ammoitia, and magne.
 sla. ) % :

2. Muriats of lime, potass, alumina, and magnesia. .

3. All the sulphats.

4. Carbonats of potass and soda.

KL Phosphats of potass, soda, and ammonia*.

Sp. 5. C’aﬂzpfgorat of Ammonia.

"Turs salt may be prepared by dissolving carbonat of
ammonia in hot water, and adding camphoric acid slow-
ly till the alkali is saturated. It must then be evapo-
rated with a very moderate heat, to prevent the disen-

S

gagement of the ammonia. It is very difficult to obtain

this salt in regular crystals. When evaporated to dry-
ness, there is left a solid opaque mass of a sharp and
bitterish taste. Water at the temperature of about
6o° dissolves nearly r5oth part of its weight of this
salt; boiling water disselugs 1d of its welght But all
the alkaline camphorats are much mare soluble when
there is excess of base. It is completely soluble in al-
cohol.

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:

% Ain: de Ghim, t3vi 33,



CAMPHORATS.

5 ' 8 2 h
Most of the calcaresus salts form triple salts with cam-
phorat of ammonia. It decomposes in part all the alu-
minous salts except the sulphat of alumina *,

Sp 6. Camphorat of iWagﬂe:m.

THis salt may be prepared by mixing water with
carbonat of magnesia, and adding crystallized campho-
ric acid: heat is then applied, the solution is filtrated,
and evaporated to dryness. The salt obtained is dissol-
ved in hot water, passed through a filter, and evapora-
ted by means of 2 moderate heat till a pellicle forms on

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

posited in thin plates. The second solution is intended
to remove any excess of magnesia that may happen to
be present. a

This salt does not crystallise. Itis white, opague,
and has a bitter taste. It is scarcely more soluble in
water than camphorat 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 covered with a little powder; but this ef-
fect is produced slowly, and only in a warm place.
When this salt is placed on burning coals, the acid is
volatilized, and the magnesia remains pure. Before the
‘blow-pipe it burns, like the other camphorats, w!th 2
blue flame.  The nitrats, muriats, and sulphats, da not
completely decompase this salt, if we except the nitrat
of lime and muriat of alumina t.

® Anr, dz Chin. XX¥il. 3%, - 4 ibid. p. 21.
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* Sp. 7. Camphorat of Alumina.

To prepare this salt, alumina, precipitated by means
of ammonia, and well washed, is to be mixed with wa-
ter, and crystals of camphoric acid added.> The mixture

1s then to be heated, ﬁl_tered, and concentrated by eva-

poration. This salt is a white powder, of an acid bit-
terish taste, leaving on the tongue, like most of the alu-
minous salts, a sensation of astringency. Water at the
temperature of 60° dissolves about X th part of its
weight of this salt. Boiling water dissolves it in con-
siderable quantities ; but it precipitates again as the so-
lution cools. Alcohol, while cold, dissolves it very
sparingly ; but when hot it dissolves a comsiderable
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.

It is decomposed by the nitrats of lime and barytes*.

Genus VI OxAraTs.

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

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

‘posed and driven off, and the base only remains be=

hind.

& Ann. de Chim. x3Vii. 34. + Opusg.i, 260,



- OXALATS. ; 481
2. lee water precipitates a2 white powder from their Chap 1L
solutlons, provxded no excess of acid be present. This
\powder is soluble in acetic acid, after being exposed
toared heat :
3  The eartny oxa.lats are in general nearly insoluble
- In water : the alkahne oxalats are capable of combining
_with 2n exeess of acid, and fortmng superoxalats much
¢ Jess soluble than the oxalats. .~ ~
4 The msoluble oxalats are rendered easlly soluble
by an excess of the more powerful acids.

% Sp. 1 Oxalat of Lime.

. Oxatic acip does not readily dissolve lime, on ac- -
count of the insolubility of the oxalat of that base; but
the salt may be readily formed by dropping oxalic acid
into any of the acid solutions of lime. The oxalat of .
lime immediately precipitates in the state of 2 white in-

sipid powder, insoluble in water; and communicating a
green colour to the syrup of violets.

According to Bergman’s analysxs, it is composed of
48 acid
46 lime
- 6 watet

xoe*

No acid decomposes this salt comp]etely exceﬁt by
destroying the oxalic acid,  not any alkaline ot earthy
body ; but the acid may be easily decomposed and dri-
ven off by the action of heat. - Oxalat of b.me is not

‘ ‘ # Bergman, i. 262.

Vor H. r Hbh
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i‘endered soluble by adding an excess of acid. ‘Hence -

it is probable that no superoxalat of lime exists.
Sp. 2. Oxalat qua‘r_;{te.r.' '

WHEN oxalic acid is dropt into barytes water, a

-white powder precipitates, which is oxalat of barytes.

It is insipid and insoluble in water. If an ‘excess of -

acid be added, the powder is again dissolved, and small

needleform crystals are deposited on the sides of the -
_vessels. These are superoxalat of barytes. The same
crystals make their appearance when oxalic acid is drop

' into concentrated muriat or nitrat’of barytes; butif -

these solutions are largely diluted with water, no pre-
cipitate appears. When the superoxalat of barytes is
boiled in water, the excess of acid is remdved, and the
salt falls down in the state of a white powder*,

- Sp. 3- Oxalat of Strontian.

Turs salt, first examined by Dr Hope and afterwards
by Vauquelin, may be readily formed by mixing toge-
ther a solution of oxalat of potass and nitrat of stron-

. tian. The oxalat of strontian immediately precipitates.

Itis a white insipid powder; soluble in 1920 parts of
boiling water. Heat decomposes it by destroying the
acid +. According to the calculation of Mr Vaugquelin,

it is composed of 40.5 acid

59.5 strontian

100 0

¥ Bergman, i. 263. See also Fourcroy” and Vaugquelin, Mem. de 'dn-
s#it. ii. 60. and Darracq, 7nn. dz Chim. xl. 69."
+ Hopey Edin: Trans. iv. 14, t Four: de Mini An. Vi. P X5



OXALATS:
Sp. 4 . i:Oxa»latrof- Mngrie!fd.

- Thais salt inay be obtained by satarating oxalie acid
with magnesia, and evaporating the solution. It is in

- the form of a white powder. It is scarcely soluble ei-

ther in water or alcohol. Heat decomposes it. Itis
composed of 65 acid and water S
2. 5 magnesta iy
‘,>-I oo " : : SN ; f ' ‘ 4 -‘ 4
Sp 5. Oxalat of Potass.

- Tars salt is easily. formed by disolvirig potass in ox-
alic acid; but the solation does not readlly crystallize
unless there be a slight extess either of the acid or the
base. A solution, composed of two parts of carbonat
of potass, dissolved in one part of acid; yields six-sided
prisms, not unlike the crystals of oxalic acid. These
crystals fall to powder when heated. They give 2 green
tinge to litmus paper, but they redden tincture of lit-
‘mus and ion of v101etsf- N

% s 8P Bs Superaxalat of Pota.c.r. »

Thrs salt exists “ready formed in ovalis acetosella or
wood-sorrel, and in the rumiex acetosa ; from which it
Is extracted in some {parts of Europe in great quanu-c
ties. Hence it is known by the name of salt of wood sor-
* 7el, and in this country is sold under the name of essen~
tial salt of lemons. It is mentloned by Duclos in the
Memoirs of the French Academy for £1668. Margraff

1

* Bergman, i. 262. and 387. $ Ibid. p. 260. "
Hh2
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first proved that it contained potass ; and Scheelé disco-
vered its acid to be the oxalic. A great many interest-

/ing experiments had been prekusly made on it by
- Wenzel and Wiegleb. :

1t may be formed, as Scheele has shown, by drops

. ping potass very grad_ually into a' saturated solution of

oxalic acid in water : as soon as the proper quantity of
alkali is added, the ’superoxalat is precipitated. But care
must be taken not to add too much alkali, otherwise no
‘precipitation will take place at all *, Its crystals are
small opaque parallelopipeds +. It has an acid, pun-
gent, 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 exposure to the air.
Heat decomposes it.  This salt is capable of combining
with most of the alkalies and earths, and of forming

with them triple salts, whxch have not been accurately
examined.

Sp 9. Oxolat qf Soda. .

WHEN two parts of crystallized ¢arbonat of soda are
dissolved in one part of oxalic acid, the oxalat of soda
partly prectpltates, because it is but sparmgly soluble

0}

in water. The remammg solution ylelds by evapora- 5

tlon crystallme grams, which glve a green tmge to sy-
rup of violets, and are perfectly soluble in hot water -
This salt is also capable of combining with an excess of
acid, and forming a superoxalat sparmgly soluble in wa-

ter ; but the properties of this tr1ple salt have not been ;

much examined:

* Crell's Aanals, 1. 107. Eﬁg. Transl. - 4 Romé de Lisle,
« } Bergman, i 26r. B ;



OXALATS.

Sp. 8. 'Oiqlqt of Ammonia. '

- 'WHEN oxalic acid is saturated with ammonia, the so-
- lution’ yields by evaporation oxalat of ammonia crystal-
- lized in four-sided prisms, terminated by dihedral sume
- 'mits. They are solublein water, but insoluble in al-
cohol.  When distilled, carbonat of ammonia is disen-
gaged, a little of the salt is sublimed, and a residnum of
charcoal remains behind. This salt 1s much used as 3
reactive to detect the presence of lime *. Itis capable

‘of combining with an excess of a,cxd and forming a su,

peroxalat.
Sp 9. Oxalat of Tttréd.
- WHEN oxalic acid, or the oxalat of ammonis, is dropt

into a solution of yttrizi in acids, a white insoluble pow-
der precipitates, which is the oxalat of yttria .

Sp. 10, Oxalat of Alumina.

OxALIc AcIp readily dissolves alumina, and forms a
salt which is uncrystallizable§ but furnishes on evapo-
ration a yellowish pellucid mass. It is sparingly so-
- luble in alcohol. It has a sweet astringent taste. Itis
composed of , « . . 44 2lumina

56 acid and water

: X0 e
- When ‘cxpos'ed to the air it deliquesces; and if it has
been previously well dried, its weight is increased by
3ds. It reddens turnsolef.

* Bergman, i. 261. + Klaproth’s Beitrage, 1ii..75-
$ Bemgmiangiu. 387.7 1 T, 1
- Hh3
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T HE oxalats of glucma and zxrcoma are snll uns
known.

S

Gmws VIII "ME,Lﬁ'J;s. s e e

{

© THis genus of salts is but unperfectly known, i,
consequence of the scarcity of mellitic acid. = Hitherto
they have been examined only by Klaproth and Vau-
quelin, and even by them foo ‘slightly to admit a de-

_scription of their propertles. The followmg are all theA

facts hitherto ascertained. : e e
1. When meliitic acid is neutralized by potass, the
solution crystallizes in long prisms *. . The acid ap-
peats capable of combining with this salt, and forming
a supermellat of potass : For when the meilite (or na-

 tive mellat of alumma) 15 decomposed by carbonat of

potass, and the alkaline sohmons mixed with nitric
acid, crystals are obtamed consisting of mellitic acid
combined with a small portlon of potasst. o

2. Wben mellitic acxd is neutralized by soda, the so-
lution crystallizes in cubes or three-sided tables; some-
times insulated, sometimes in gloupsi '

3- When mellitic acid is saturated by ammonia, the
solution yields fine transparent six-sided crysmls, which
become opaque when exposed to the air, and assume -
the white colour of sﬂver§ : : :

4. When mellitic acid is dropt into bar_ytes water,-

* Kh;proth’s Britrope, ii-i I3X.
t Vauguelin, Ann. de Chim. xx3vi. 209. Tk
i Klaproth’s Beitrage, i, 137 ' § Klaproth, Jb@e
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strontian water, or lime water, a white powder imme-
diately precipitates, which is redissolved by addmg a
little more of the acid *.

4. When the acid is mixed with 2 solutlon of sulphat
of lime, very small gntty crystals precipitate, which do
not destroy the transparency of the water: but the ad-

dition of a little ammonia renders the prec1p1tate fleakyt.
The precipitate produced by this: acid in lime water is
redissolved by the addition of nitric acidf.
- 5. When this acid is dropt inte acetat of barytes,
fleaky precipitate appears, which is dissolved by adaing
more acid. With muriat of barytes it produces no pre-
cipitate ; but m a short time a group of transparent
needleform crystals is deposited, cons1stmg most hkely
of supermellat of barytes.

6. When this ac1d 15 dropt into sulphat of alumina,
it throws down an abundant precipitate in the form of
a white fleaky powder §. :

Several of the properties just mentioned point out 2
resemblance * between the mellats and oxalats ; but in
“others these two genera of salts differ materially. Ox-
alic acid, for instance, does not precipitate alumina from
snlphunc acid, nor does it precipitate lime from the
“sulphat of that earth in the state of crystals,

* Klaproth’s Beitrage, iii.  31-
4 Vauquelin, Ann. de Chim. XXxvi. 210
% 4 Klaproth's Beitrage, iii. 131.
R FEmts o Vauquelm, Ann. de Chiz. XXEV1. 210

Hhq
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_GLN us IX. | ,TARTRA‘!‘S.

TuoveH tartaric acld was ﬁrst obtamed by Scheele in

a separa.te state, several of the tartrats hid been previ-

ously exam.med havmg been formed, partly by decom-
posing zartat, and partly by combmmg it with other
bases. Since the discovery of pure tartaric acid, they
have been examined by Retzius, by Von Packen, and
more lately by Thenaxd They may be dxstmgmshed
by the following- propexues £

- 1. When exposed- toa red heat, the acxd is decoma
posed and the base remains, genera]ly m the state of a
carbonat, and mized w1th charcoal. .

2. The earthy tartrats are nearly 1nso]ub1e~1n water ;
the alkaline are soluble ; but they- combme with an ex-
cess of acid, and are converted into supertartrats whach
are much less soluble than the tartrats. S

3. When boiled with sulphunc acid, the tartanc acid
is separated, and may be detected by droppmg ina so,-
lution of potass. Tartar preczpltates in small gntty‘
crystals like sand. Via ; ¢ :

4. All the tartrats are capable of combining Wlth an-
other base, and forming trlple salts.

Sp I. ‘:Tartrat l_Jf Lime. :

. Tuis salt may be formed by dlssolvmg hme in tar-
taric acid, or morée economxcally by d:ssolvmg tartar in
boiling water, and addin§ to the solution lime in pw- .
der till it ceases to produce any effervescence, and: to
redden vegetable blués. Tartrat of lime precipitates in
the state of 2 white powder tasteless, msoluble in wa°

ter, but soluble in an excess of tartaric acid.
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1t is decomposed by sulphuric, nitric, and muriatic

-g;ids, but by none of the earths and alkalies.

Sp- 2- Zartrat of .Baryte.r‘.

‘Tartaric acid forms with barytes a soluble salt, the

properties of thch have not been examined. It is de-
cgmposed by oxalic acxd 2

Sp 3. Tartrat qf Strontzan.

‘Tais salt, first examined by Dr Hope, and after-
wards by Vauquelin, may be formed by dissolving stron-
tian in tartaric acid, or by mixing together solutions
of nitrat of strontian and tartrat of potass. Tts crystals
are'small regular tnangular tables, having the edges and
angles sharp .and well defined. It is insipid. = It dis=
solves in’ 320 parts of boiling water.. It is composcd of

47-12 acid and water .
©52.88 strontxan infe:
“doorecf Wi

‘ Sp- 4. T/.zrtrat of Potass.

or this salt there are two varietics: The first, which

- contains an excess of acid, is usually called tartar ; the :
s_econd, which is neutral, was formerly distinguished bgf

the name of soluble tartar, because it is much more so-
luble in water than the first variety.
Variety 1. Supertartrat of Potass. —_This salt is ob-

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

#nd sides of casks in which wine has ‘been kept. Itis
4fterwards punﬁed by dlssolvmg 1t in bmlmg water,

* Fourcroy and Vauquelin, Mem. de I Instit. i 6.
4 Vaugquelin, Four. de Mir, An. vi. p- I5.
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and filtering it while hot. On cooling, it deposites the
pure salt in very irregular crystals. In this stateit is |
sold under the name of crystal; or cream of tartar.
This salt attracted the peculiar atténtion of chemists,
probably in consequence of the extravagant encomiums
and invectives bestowed on it by Paracelsus. It is call-
ed tartar, says he, because it produces the oil; water,
tincture, and salt, which burn the. patient as be// does,
According to him, it is the principle of every disease
and every remedy, and all things contain the-germ of

- Fhis ridiculous theory was combéted by Van Hel
mont, who glves a pretty accurate account of the form-
ation of tartar in wine casks*. It was known to Van
Helmont, and even to his predecessors, that potass
could be obtained from tartar : but it was long a dispu-
ted point among chemists, whether. that alkali existed
in it ready formed. Duhamel, Margraff, and Rouelle,
at last established that point beyond -a doubt§ but the
other component part of tartar was unknown; ot very
imperfectly known, till Scheele pomted out the method

~of extracting it

The erystals of tartar are very small and n'rcgnlar
According te Montet, they are prisms, somewhat flat,
and mostly with six sides. - Tartar has an acid, and ra-
ther unpleasant taste. It is very brittle, and easily re-

~ duced to 'po’wdef Its specific gravity is 1.953 1. Itis

soluble in about 6o parts of cold water, and: in about
30 parts of boiling water. It is not altered by exposure
to the air 3 but when its solution in water is allowed#ta

% Turtar: Viri Historia, Van Helmont, p. 224.
.+ Hassenfratz, dan. de Chim. Xxviii. 12,
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remain:for some time, the salt is gradually decomposed,
a mucous matter is deposited, and there remains in so-
lution carbonat of potass coloured with a little oil.
This decomposition was first accurately described by
Berthollet in ‘1582 *.

-When tartar is 'heated, it melts, swells, blackens, and
the acid is entirely decompesed., The same changes
take place when the salt is distilled in close vessels.
The phenomena of this distillation have been deseribed
with great care, and its products very attentively exa-
mined by chemists; because, before the discovery of the
tartaric acid by Scheele, distillation was the only me-
thod thought of for obtaining any knowledge of the
acid part of tartar. These products are an enormous
quantity of gas, consisting of carbonic acid and carbu-
reted: hydrogen, an oil, and an acid 3 and, according to
- some chemists, carbonat of ammonia. The acid ob-
_tained was Iong considered as a peculiar body, and was

denominated pyro-tartarous acid by the French che-
mists sn 1787 : - But Fourcroy and Vauquelin “have
lately demonstrated, that it is no other than acetic acid
‘contaminated with a little empyreumatxc oilf.
'I'artar, according to'Bergman, is composcd of
77 acid
23 potass

s b
Or OF T e tartrat ofpotasc

i;4 tartaric acid
*

Ansof

* Mo, Par. '} Aun. de Chim. Xx¥V. 161,
1 Bergman, iii. 368, :
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« According to the late analysrs of Themr@ﬁs comga.
ponent parts ate . . . §7 acid =
- 33 potass & i ::."z
. « 7 water :
= s -
9%

Variety 2. Tartrat nf Potm:.——Tht& salt,ls Esually
prepared by adding at intervals tartar in- powder toa
hot solution of carbonat of potass-till all effervescence
ceases.  The solution is then boiled fo_r,somé time, and
afterwards evaporated till a pellicle forms on its surface.
On cooling, the tartrat of potass erystallizes in flat four-
sided rectangular prisms, terminated by dihedral sum-
mits. This salt has an unpleasant bitter taste. Its spe-
cific gravity is 1.5567+. It is soluble in four parts of
cold water, and still more soluble in hot water. When
heated it melts, swells up, blackens, and is decomposed.

Sp. 5. Tartrat of Soda.

- Teis sake may be formed by dissolving soda in tarta-
tic acid. It erystallizes in fine needles, Its specific
gravity'is 1.9437%. It is capable ‘of combining with

-an excess of acid, and forming a supertartrat of soda,

whmh is nearly as insoluble in water as tartar g.

Sp. 6. Tartrat of dmmonia.

Tae erystals of this salt are polygonous prisms, not
unlike those of the last described salt. It has a cooling
bitter taste like. that of nitre. It is very soluble in wa-

- ® Ann. de Glim. xxxvili. 39.
+ Hassenfratz, Ann. de Chim. xxviii, 12. =
% Hassenfratz, Ibid. xxviil. 12. § Thenard, 1bid.
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ter. . Heat decomposes it.  This salt also, as Retzius
. affirms, combines with an excess of acid, and forms a
supertartrat alniost as insolublc in water as tartar.
o o B8pey. Tartrat of Magnesia.

Ta1s salt is insoluble in water except there be an ex-
cess of ‘acid present. It then affords by evaporation
small ‘crystals in the form of ‘hexangular truncated
~prisms*. Tt has a more saline taste, and is more fusgbk:
than tartrat of lime 4. Heat ﬁrst melts and afterwargis
decomposes it

sP 8 Tartrat of Yitria.

Yttria is precipitated from its solution in acids by
tartrat of potass; but an addition of water dissolves the
~ precipitate}. Hence it follows that tartrat of yttria is
~soluble in water. : :

 8p. 9. Tartrat of Alumina.

Tuis salt does not crystallize, but forms by evapora-
tion a clear transparent gummy mass. ~Its taste is as-
tringent. - It is soluble in water. It does not deli-
quesce in the axr§ '

Sp. 10. Tartrat of Potan-and—Lzme.

v

Tris salt was first pomtcd out by Thenard. It may
be formed by pouring lime-water into the solution of
tartrat of potass till a. precnpltate begms to appear, and

-

L Bcrgmqp; i. 388. + Von Paﬁkgn de Sale Essent. Acid. Tartar.
4 Klaproth’s' Beirage il 75- e § Von Packen.

%®93
Chap. 1L
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the vessel i in crystals i

Sp. 11. and 12. Tartras. of Potas.r-and-&arytes, and
Zartrat of Pota:.r-and—.rtrontzan. :

THESE two triple salts may be formed -in the same
‘way. They have been pointed out by Thenard ; but,
like the preceding salt, their properties are still unde-
scribedt. , % :

X

Sp. 1 3- “Tartrat of Potass-and-soda.

Tais salt is usually prepared by puttmg one part of

. tartar in five parts of boxlmg water, and adding gra-

dually carbonat of soda in powder as long as it continues
to produce an effervescence.  The tartar gradually dis-
solves.  'When the saturation is complete, the solution
is filtered and evaporated to the consistence of a syrup.
On cooling, the tartrat of potass-and-soda crystalhzes.

- This salt has been distinguished by the name ‘of salt
of Seignette, because it was first formed and introduced
into medicine by Mr Seignette, an apothecary at Ro-
chelle. This gentleman recommended it in a tract pub-
lished in 1672. * It was soon after introduced into prac--
tice in Paris by Lemery; and, becoming a fashionable
“medicine, madé the fortune of th'e discovercr. For some
time its composition was kept secret 5 but Boulduc and
‘Geoﬂ:roy discovered its component parts in r731. Its
crystals are prisms of eight or ten unequal sides, havmg
their ends truncated at right angles. They are ‘gene-

# Ann de Chim. xxxviil, 31. : f Ibid. p. 32,
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zally divided into two in the direction of their axes;
and the base on which they stand is marked with two
diagon’al lines, so as to divide it into four triangles. Tt
has a bitter taste. It.is almost as soluble as tartrat of
 potass. It efloresces when exposed to the air. Heat
decomposesiit. it E a2 o :
According to the analysis of Vauquelin, it is compo-
sediof . v s wi.a . g tartratof potass: ¢
s 46 tartrat of soda

100*

- Sp. 14.  Tartrat of Potass-and-ammonsa.

Tais triple salt may be formed by pouring ammonia
into supertartrat of potass. Its crystals, according to
Macquer,  are prisms with four, five, or six sides: ac-

ing to the Dijon academicians, parallelopipeds, with two .

alternate sloping sides. 5
It has a cooling taste. ‘It is soluble enough in wa-
ter. It effloresces in the air. Heat decomposes it

Sp. 15. Tartrat of Potass-and-magnesia.
THis triple salt, first examined by the Dijon acade-
inicians, may be formed by dissolving magnesia or its
' carbonat in tartar. - The solution, according to them,
yields, by evaporation, needle-form crystals: but, ac-

cording to Thenard, this triple salt does not erystallize ;
and when evaporated, it deliquesces -

S;p. 16.  Tartrat af ‘Pa__ta..fs-vand-allz_c‘?inq.

Tuis triple salt is formed by saturating tartar with

# Fourgroy, vil. 246. |t dea. dz Chim. xxxviil. 33

495
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alumina. It bears a very striking Tesemblance ‘tor-zhg :
Jast described salt. Thenard has observed, that no pre-
cipitate is produced in this salt, either by the addmon of

alkalies or their carbonats *.

AW

Genvus X. CiTRATS.

As the citric acid was first obtained in a state of pu-
rity by Scheele, we may consider him as the a;qthor of

. the first accurate remarks on the citrats. Several of

Characters.

them have been lately examined with considerable atten-
tion by Vauquelm but they are stlll very xmperfectly
known.

The citrats may be dxstmguxshed by the followmg
properties :

1. The solutlon of barytes forms a precxpxtate in the
alkaline citrats.

2. They are .decomposed by the stronger mmeral

_ acids.

3. They are decomposed by the oxalic and tartaric
acids, ‘which occasion an insoluble precsztatc in their
solunons ;

4. When distilled, they yseld traces of acetic acxd

5. Their solution in water is gradually decomposed;

deposxtmg mucous flakes.

Sp 1. Citrat.of Barytes.

- 'WaEeN barytes is'added to 4 solutxon of citrio acid, a
ﬂocky precipitate appears, whxch is at first dissolved a-
gain by agitgtion ; but remains permanent when the sa-

% Ann. dé Chim. XXXViil. 33.- :
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' wuration is complete. - The citrat of barytes, ths forf-
ed, is precipitated in the#tate of a white powder ; but
it gradually assumes the appearance of silky flakes, or

497
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forms a kind of vegetation very brilliant and beautiful.

It requires a grzat-quantity of water to dissolve it. This
salt, according to Vauquelin, is composed of

: * 50 acid crystallized

‘ 50 banytes.. & 5.

"loo* | '.* St

Sp. 2. Gitrat of Lime.
- Tears salt is formed by dissolving carbonat of lime in
citric acid. It is usually in the state of a white powder;
scarcely soluble in water ; but it is soluble in:an excess

of acid, and may be obtained from that solution in crys~

tals.  According to Vauquelin, it is composed of
: 62.66 acid e
| 37-34 lime

100.00% Sk e
Sp. 3 Cz'trat"ofStrd}ztimtg :

. Tars salt was obtained by Vauquelin by mixing a sa-

iutil of citrat of ammonia with nitrat of strontian.

No'precipitate appears ; but when thegliquid is slowly

" evaporated, small crystals of citrat of strontian are gras
B G, S S . : 4
Mdually formed.. This saltis soluble in water, and exhi-

bits nearly the same propestics as the oxalat or tartrat,

of strontian .

120 Fourcroy,_vif. 207. } Ibid: °
't Four. de Min. An.Vi. p- 16. -

Vor. H. e / Ii.
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Sp- 4. - Citrat of Potass.

i~ - This salt may be formcd%y dissolving - carbonat of

potass in citric acid, and evaporating the solution to the

] requisite consis'tqncy,.' It is very soluble in water ; does
- not crystallize easily ; and readily deliquesces when ex-
posed to the air. It is composed, according to Vau-’
‘quclm, of . ...... §5.55acid

4445 potass
. =

100.00 *

- This salt, or rather its solution in water, is often em-

ployed in this country as a medicine to allay sickness,

and put a stop to vomxtmg

Sp. §- Citrat of Soda.

Tr1s salt may be formed by the same process as the
last species. By proper evaporation, it is obtained cry-
stallized in six-sided prisms, not terminated by pframids,.
Its taste is salt and cooling, but mild. It is soluble in

1% parts of water. When exposed to the air, it efflo- -

resces slightly. "'When heated, it melts, swells, bubbles
up, blackens, and is decomposed According to Vau-

-quelin, it is composed of . - « 60.7 acid

39-3 soda .

&

10001 - &

. S‘b.'6. C?txa.t cfdmhania.

! ;
* Tais salt, formed by dissolving carbonat of ammonia

in citric acid, does not crystallize till its solution be eva-.

€ F_our;:roy, Vils 207. ; 4 Ibid. -

K [l
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pordted to the c‘én‘sispe’ncy‘%f a thick syrup. It crys- Chap. .
stals are elongated prisms: It is very soluble in water. % 5w
Its tasté is cooling and moderately saline *, The am-
monia is separated by the application of heat t.
« According tu V,auque_:lin,f it is composed of
‘ ] 62 acid ;
e - 38 ammonia

1961 &
Sp- 7 Citrat of Magnesia.

Tais salt niay"be formed by dissolving carbonat of
magnesia in citric .dcid.  This solution, though-evapo-
rated to a thick syrup, does not cgyétalh"'ze,;f but it gra-
dually assumes the form of a white opaque soft miass,
which rises in the vessel like a 'mushfoom. According
to Vauquelin, it is composed of '

‘ 66.66 acid
33.34 magnesia,

100.00§ 3
The remaining citrats have not beeni examined, and

are therefore still unknown.

@ Genus XI SaccoraTs. : .

)

_ Taese salts, hitherto examined only by Scheeley are
- almost entirely unknown. ¢The following are all the'
facts 'me ntioned by that illgstrious discoverer.

", % Dobson. § Scheele:

t Fourcroy, vii. 208. § Ibid,

|
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1. Saccolat of potass. ﬁinall crystals, spluble in elght

e txmes their Welght of boiling water *.

2. Saccolat of soda. The same;j soluble 1 in ﬁve times

: their wexght of boiling’ water .

3. Siccolat of ammonia. A salt wh.ch has a: sounsh
taste. Heat separates the ammoma 3

4. Saccolat of barytes. y

5. Saccolat of lime. "
6. Saccolat of magnesia. { in water §

5. Saccolat of alumina.

- Genus XIL s;:ans,

As the sebacnc acid was, strlctly speaking, unknown
tilthe late experiments of Thenard, the description of
the sebats published by former chemists cannot be ad-
mitted as exact till they be verified by a flew examina-
tion. These salts of course are unknown, if we except
the few facts pointed out by Thenard. This chemist,
however, has announced his intention of publxshmg a
detailed account of them €.
1. When sebacic acid is dropt into barytes water,
lime water, or strontian water, it does not render these

liquids turbid. Hence we learn, that the sebatsiof the

alkaline earths are soluble in water.”
2. The alkaline sebats are likewise soluble.” Sebat of
potass has little taste, does not attract moisture from the

7 j"axr and when sulphuric, m&nc, or munat:c acid is pour-

upon 1t, sebacic ac1d is deposited. thn the con-

# Scheele on Sugar of Milk. . 1 1bid.
'$ 1bid. y e § Ibid.
§ The salts, descnbed by Crell as “cba!:, appear to have been Mezizts,

.

" These salts are insoluble”

.

-
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ccntrated solutxon of this salt is mu:ed with any of these
acids, it becomes solid f"om the crystalligation of thc
sbacwc LR e

. GEI-;{‘US XII. MaraTs,
o j
 Turs genus of salts is almost unknown, owmg chief-
cly to the difficulty of procuring pure mallic acid. The
followmg are the only facts hxtherto ascertained.

1. Malit of potass. These salts were formed by
2. Malat of soda. ¢ Scheele. [beyare deliques-
3 Malat of ammonia. ) eent and very soluble:

4 ‘Malat of barytcs When mallic acid is dropt into
barytes water, a white powder precipitates, which is ma-
lat of barytes. According to Scheele, the properties of
this salt resemble those of malat of lime. - :

5. Malat of strontian. Malic acid occasions no preci-
pitate in strontian water. Hence it follows, that malat
_of strontian is more soluble than “malat of barytes £

' 6. When mallic acidlis neutralized with lime, it forms
a salt scarcely soluble in water, which may be obtained
in crystals, by allowing the supermalat of lime to evapo-
rate spontaneously, ~ Crystals of neutral malat are
formed in the solution . But this acid has a strong
tendency to combine in excess with lime, and to form a
supermalat of lime. This salt is formed when carbonat of
lime is thrown into malic acxd or into any liquid contain=

mg it. This supe alt exists in various vegetables, espes
# "»5

¥

- % Thenard, Nicholson’s 8vo. Four. i. 34.
4 Pelletier, Ann, de Chim. xxi. 141.
. ;Scheele, Crell’s Annal.;, 175, Eug ‘Trans,

=143

5ot

Chap. 1L,

.



592 : smxrs.

)

Book IL cully the sempemvum tectorum, and some of t‘ie sé-

- Division IL - : -
; \—'-H dums. L ‘ « ' fee = #

. Supermalat of lxme has an acxd taste. It yxelds a pre-

cxpxtate with a]kahes, sulphumc acid, and oxalic acid.
lee water satyrates the excess of acid, and throws
-down a precipitate of malat of lime. VVhen the Super-
ok malat of lime is evaporated to dryness, it assumes ex-'_
acﬂy the appearance of gum arabic 3 and if it has been
*spread thin upon the nail or wood, it forms'a varnish, .. -
Tt is not’so soluble in Water as gum arabic, and the taste
readxly d1st1ngulshes the two. Supermalat of lime is in-
~ soluble in alcohol *. & ,
7- Malat of n;agnesxa. Thzs sa;t 15 very: colublc in
Water and when exposed to the air dehquesces i
'8. Malat of alumina. - This salt is almost insoluble in
water 1. Of course it precipitates when mallc acid is
- dropt into a solution containing alumina. Mr Chene- -
vix has proposed this acid to- separate alumina from

magnesia ; which earth§, as is well known, haye 2 strong
2ffinity for each other fe - i

s

kGE:N‘US XIV. LacTaTs.

TrIs genus also is'scarcely known. The few obser-
vations of Scheele, the only chemist who examxned them,

agre the followmg g - CE

1. Lactat of potas - - A deliqueacent Salt, soluble in
algohol L s Tk S
. - el

v

* Scheele, Crell’s A)mal:, ii. 5. Eng. Trans. Vaugquelin, Andids Chiri

FHLV- 154, . : 1 Scheele, 1Ibid. p: xO.
} Ann. de Cim. xxviii. 921, § ucheclc, it ba.
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2. Lactat of soda. This salt does not crystallize, It Chap. 1L
 is soluble in alcohol.# "‘ S g
. 3. Lattat, of ammonia. Crystals which deliquesce.
Heat sepaggtes a great part of the ammonia before de-
stroying the acid. e - '
4. Lactat of erytes;. : %These salts deliquesce. The

-

5. Lactat of Lime. lactat of lime is soluble in
6. Lactat of alumina. ) alcohol. e
7. Lactat of magnesia.  Small deliquescent crystals.

. GEnus XV. SUuBERATs.
TaEsE salts have been described with agood deal of
 detail by Bouillon Lagrange. * They have in general a
bitter taste, and-are decomposed by heat. 2
. Sp. 1. Suberat of Barytes.
Tais salt does not crystallize. Heat makes it swell
up, and melts it. It is scarcely soluble in water except
- there be an excess of acid. . Itis decomposed by most
* of the neutral salts except the barytic salts and the fluat
of lime *. '

Sp. 2. Subtrat of Potass.. ' o®
Tiars salt oughtsto be formed by means of crystalli-‘
zed crarbAon'at of potass-‘. 1t crystallizes in' prisms, ha-
ving four-unequal sides. It has a bitter saltish taste,
and it reddens vegetable blues. It is very soluble in
water.  Caloric r;ielts'ft, and at last volatilizes théj,:fé}%d.
PR isdecqmposed by most of the metallic salts, and by

* Ann. de Ghim. xxiil. 52 ) . +1bid.
Tig
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sulpha't of alumina, muriat of alumina and*of lime, ni--
trat of alumina. and of l:mc, &d phosphat of alu-
mina *, ; i ‘-@ : ;o

« Sp 3 Suberat of Soda.

THIs salt does not crystallize. It xeddens the tinc--
ture of turnsole. Its taste is slightly bitter, Itis very
soluble in water and in alcohol. . 1t attracts moisture
from the air. Caloric prodices the same effect on it
that it does on suberat of potass. It is decomposed by
‘the calcareous, aluminous, and mggneéiar'i galts 1. :

Sf 4 Suberat of Lzme. 4

THIS salt does not crystalhzc. It is perfectly white :
it has a saltish taste : it does not redden the tincture of
turnsole. It is very sparingly soluble in water except
when hot; and as the solution cools most of the salt
precipitates again. When placed upon burning coals it
swells up, the acxd is decomposed, and there remains
only the lime in the state of powder, _ i

Itis decomposed by the following salts : 3
1. Muriat of alumina.

2. Carbonats of potass and soda.
3. Fluat of magnesia.

4. Phosphats of alumina and soda e
5. Borat of potass. :

6. All the metallic solutions 1.

.
=

ki
=

# Az de Chim, xaill. 52. $ Thid. p. 525
« 1bid. miii, 54, : 4



' " SUBERATS.
. N Sp.g. Suberat of Ammonia.

Tiis salt crystallizes in parallelopipeds. Its taste is
saltish, and it leaves an impression of bitterness. It
reddens Vegetable blues. It is very soluble in water.

505
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It attracts moisture from the air. “When placed upon, -

Buming coals; 'it loses its water of crystallization, and
swells up; and before the blow-pipe it evaporates en-
urely It 1 15 decomposed by the alummous and magne=
sian salts :

Sp. 6. Suberat bf-Magrzesia. g

THis salt is in the form of a pbwder . it reddens the
tincture of turnsole. It has 2 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 miagnesia
remains in a state of purity. ) :

, It is dec.omposed by the followmg salts :
1. Muriat and phospha&of 2lumina.
2. Nitrats of lime and alumina.
3. Borat of po‘tass. " <
4. Fluat of soda .

. Sp. 4. Suberat of Alumina

" Tis salt does not c\rystallizé. “When its solution is
evaporated bya. moderate heat in a wide vessel, the salt
obtained is of a yellow colour, transparent, having a
_btypuc t‘aste, and’ lcavmg an lmpressmn of bxtterness oni
the tongue.  When too much heat is employed, it melts
. and blackens.” It reddens the tincture of turnsole, and

%

-

‘% Aun. de Chim. xxsiii. p. $5- « Gt bl
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Gallic acid
formsa -
green solu-
tion with
alkaliesand.
alkaline
carths.

*

Gallat of
szagnesia.

SALTS. SSei

attracts moisture from the air. Before the blow-pipe
it swells up, the acid is volatihzed and dccomposed, and °
nothing remains but the alumina. Ly

It is decomposed by the following saIts Sl
1. Carbonats of -potass and soda. .
2. Sulphat and muriat of i xron. s
3. Nitrats of sxlver, mercur-y, and lead *,

v GENUSXVI. GALLATs.

‘WHETHER gallxc acid be capable of formmg crystal-
fizable salts with the different bases, isstill 2 problem
which chemists have not resolved. -«

1. When the alkalies are dropt into a solutlon of gal-
lic acid in water, orinto a solution containing gallic
acid, it assumes a green colour. This éhange is consi=~
dered by Proust as the most decisive test of the presence
of gallic acid. 'The same change of colour takes place
when gallic acid is poured into barytes water, stronti%m :
water, or lime water, and at the same time a powder
of a greenish brown colour pretipitates. . The green li-
.quid which remains cbntains only gallic acid combined
with the earth employed in the experiment. But if we
attempt to evaporate it to dryness, the gf,eér'i colour dis-
appears, and the acid is almost complefely decomposed.

2. When magnesia is boiled with the infusion of nut-
galls, the liquid becomes almost limpid, and assumes the
same green ‘colour as the former mxxmres F rom the
experiments of Davy, it appears, <hat in this case all the
extract Qf tan is separated from the infusion, .togethcx

\ 3 3
L4

* Zan, de Chim. ¥xiii. 55.



PRUSSIATS.

~

' thh a pornon of the ga]hc acid 3 and that the hqmd
_holds in solution nothing - but a-combination of that acid
- and magniesm. Butin this case also the acid is decom-
~ posed, ana the green colour. disappears when we ats
tempt to obtain the compesxtxon in a dry state.
3. When a§mall_ portion of alumina is mixed with
‘the infusion of nutgalls, it separates the whole of the
- tan and extract, and leaves the hqu% limpid and of a
very pale yellowish gxieen colour. This liquid, by spon-
taneoys evaporation, yields small transparent ‘prismatic
crystals, which, according to Mr Davy, are supergallat of

- alymina. They afford the,only instance of a gallat ca- -

pable of existing in the state of crystals.. The quantity
of alumina is very small ; too small to disguise the pro-
perties of the acids.

- ‘GENUS XVH. PRUSSIATS.

THE prussic acid presents so many anomalies, and
its nature 1s so easdy altered, that it has been hitherto
impossible to ascertain With precision the properties of
the compounds which it forms with: the different bases.
Indeed the sdlts formed by the prussic acid have scarce-

1y any permanency -unless they be united with a little
of some metallic ox1de, and ‘therefore in the state of
triple salts *, I\’Iere exposure to the alr,-or to a heat

* Curaudau, who has, Jately published a paper on prussic acid; af-
firms that it ‘exists in three states. When first prepared by the calcina-

tion ‘of blood, it is merely a carburet of azote. The instant that this car- °

. buret comes in contact with water, it combines with its hydrogen, and
forms gaseous prussic acid, or praussire as he terms it. This prussite
combinies with alkalies and earths ; but it has none of the properties of

- 22 acid.  When it comesin contact with a peroxide, it is modified by

-
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PRUSSIATS.

Jiguid carbomc acid as is just sufficient to precipitate all
the Lime from the same bulk of lime-water. It is then
-to- be ﬁ]t\,red again, and preserved in close vessels. It

P is decomposed by all the other acids, and by the alka-

’

hes. When distilled, the prussxc ac1d is separa!sed, and
the pure lum remains*®.

Sp 5 * Prussiat of dmmoma.

* Tars salt has the odour of pv.ge amsienia 3 whzn
heated it evaporates .completely .

Sp. 6. Prussiat. uf nghész'a. ;
7 Tais salt may be formed by puttiag pure magnesia
int6 prussic acid. In a few days the earth is dissolved,
and the compound formed. The magnesia is precipi-
‘tated by the alkahes and lm& and by exposure to the

azri -

8p. 7. Prussiats of Iron.

Ag the prussiats of iren entcr as ingredients into the
- triple salts formed by the prussic acid, it will be neces-
sary to gwe some account of them before entering upon
the consideration of these triple salts.

It has been demonstrated by chetmsts, ‘that there are

I no fewer. than four prussiats of iron; namely,

1. White prussiat, 3. Yellow. prussiat,
. 2. Blue prussiat, 4. Green prussiat.
The white pruss1at dlscovered by Mr Proust is com-
posed of prussic acid and protoxza’e of iron. It becomea-

gradually blue when exposed to the atmosphere, because’

E

L 3
# Scheele, ii. 168, + 4 1bid.p.166. }Ibid. p: 167.
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Dit;:i%;‘il the oxide absorbs oxygen, and 1s convierted into fexs‘
e oxide*: = : Al
' Blue ptussiat, or prussian blue, is compose«l of pruse
sic ac1d_and peroxide of iron. It is a deep blue powder, ]
insolublé in water, and scarcely soluble in acids. Tt is
~ composed, according to the most accurats’ expériments %
hitherto made, of equal parts of oxide of.iron and prus-
sic acid. It is not affected by exposﬁfe to 'theiaie:
Heat decomposes ittby destroying the acid, and the ox-
. ide of iron remains behind. The "prussian\blue of com-
merCé,*beside‘s other impurities, contains mixed with it
a great quantity of alumina.. : ;
* Yellow prussiat is composed of prussw acid combmed
with an ‘excess of peroxide of 1 iron: it is therefore a
sub-prussiat of iron.  This prussiat is soluble in acids.
"It may be obtained by dlgestmg the alkalies or alkaline
/-« earths with prussian blue.. Part of th&acid is carned
off by these bodies, and the yellow prussiat remains in
: the state of a powder. ; 2
Green prussiat, first dlscovered by Mr Berthollet is
composed of oxyprussic acid and peromde of iron. T, i
is therefore in fact an oxyprussiat. -
.8p. 7. Prussiat of Barjte:laizd-irozz.

-

Fox the first accurate description of this salt we are
indebted to the ingenious: Mr William Henry. It may
be formed by adding prussian blue to hot barytes water
till it ceases to be discoloured. The solution, when fil-
tered and gently evaporated, ylelds crystals of prussiat
of barytes- and-lron. : S 3

S

% Nicholson;s j'ourn}zl, 11453



PRUSSIATS.

" These crystals haye the figure of rhomboidal prisms;
; they tave a yellow colour, and are soluble in 1920 parts
of cold water, and in about 100 parts of boilifly water.
In 2 red beat they,are decomposed, the acid being de-
stroyed- They are soluble in nitric and muriatic acids;
_ sulphuric aci ccasions a precipitate of sulphat of ba-
rytes *,

Sp. 8. Prussiat of Strontian-and-iror.

Tars salt was also first examined by Mr Henry. It
. may be formed by the same process as the last specxes,
but the solution does not crystalhze nearly so readily.
“When evaporated to dryness, 1tdoes not deliquesce, and
1s again soluble in less than fourﬁparts of cald watert.

_Sp. 9. Pmuzat_gf Lzmg'—and—zran.

Tais salt was perhaps first mentioned by Mr Ha-
gent; but we are indebted to Morveau for the first ac-
curate account of its properties and preparation§.

Upon two parts of Prussian blue of commerce, pre-

- viously well washed with a sufficient quantity of boil-
ing water to separate all the foreign salts, about 56 parts
of lime water are to be poured, and the mixture must
be boiled for a short time till'tile‘limé is saturated with
the prussic acid, which is known by its no longer al-
tering paper stained w1th turmeric: it is then to be fil-
tered.

This hquid, which contains the triple prussiat of lime
in solution, has a greenish-yellow colour ; its ‘specific
. = ;

* Nicholson’s Fournal, iii. 170. $ Ibid. p. x71.
i Crell's Annals, 1784,1. 291, ~ =" § Encyc. Method. Chim. i. 242.
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gravity is 1.005 ; and.it has an.unpleasapt.bittg;isi; :
taste. When evaporated to dryness, it yields*small
crystallifle grains, soluble without alteration in water,
It is insoluble in alcohol. R Jin

This triple prussiat may be used ‘with advantage as a
test to ascertain the presence of metals Feld in selution.
The only impurity which it contains is a little sulphat
of lime. ;

Sp. 10.  Prassiat of Potass-and-iron.

- Tas salt, known also by the names of prussian al-
&alt, pblogi:ﬁ?mted%léali, prussian testy triple prussiat
of potass, &e. has been chosen Ey'chemists as the best
combination of prﬁss‘_;‘q‘:ért_cid for detecting the p’résencé
of metals, and more especially for detecting the exist~

Importance. ence of iron. To chemists and mineralogists it is one

of the most irpportaint instriments ever 'invented; a8,
when properly prepared, it is capable of indicatin g whe-
ther any metallic substance-(platinum excepted) be pre-
sent in any solution whatever, and even of pointing out
the particular metal, and of ascertaining its qua‘ntit}u'
This it does by precipitating the metals from their so-
lution in consequence of the insoluble compound which
it forms with them. And the colour of the precipitate
indicates the particular metal, while its quantity enables
us to judge of the proportion of metallic oxide contain-
ed in any solution. : e

In order to be certain of the. accurgey of these re--
sults, it is necessary to have a prussian alkali ﬁer.fectly
pure, and to be certain before-hind of ghér quantity, or
rather of the p}'oporfipns; of its ingredients. To ob-~
tain a test of this kind has been the.object of chemists
ever since the discoveries of Macquer' pointed out ifa
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[ fmpo*tance. Tt tp e use of' nnpure (ot st n Chap. 111.
* great pact of the contradxctory results of mme;aloglcal

analyses by different chemists is t.‘l‘"be ascubed

sililihe great ob;ect of chemists at ﬁ:rst was to obtam =
ut thelr attempts

thxs prussiat e «irely free from irom;
uniformly failea ecause the e of ron is one of its
"necessary comﬁ ’ent parts. lsr was ﬁrst propetly
pointed out by Morvean.  *
s There are two * ways in whxch this test may be ren- Often im-
dered impuire, besides the introduction of foreign i mgre ke
dients, which it is needless to mentmn, because it is ob-
vious that it must be guarded agamst 1. There may
be a superabundance of alkali present; or, which is the
same thing; there may be mixed with the prussian test
a quantity of pure alkali; or, 2. There may be contain-
ed in it a quantity of yellow prussiat of iron; for which

prussiat of potass has also a considerable affinity.
If the prussian test contain a superabundance of al-
kali, two inconveniences follow. This superabundant
quantity will precipitate those earthy salts which are
liable to contain an excess of acid, and which are only ;
soluble by that excess: Hence alumina and barytes will
be pl‘eclpltated It is to the use of impure tests of this
Kind that we owe the opinion, that barytes and alumina
‘are precipitated by the prussian alkali, and the conse-
quent theories of the metallic nature of these earths.
This mistake was first corrected by Meyer of Stetm-f-
Another inconvenience arising from the superabun-
dance of alkali in the prussian test is, that it gradually
decomposes' the blue prussiat whlch the test contains,

-

* See Ku‘waus Min. . 487 . ¥ Erell’s Amm\l:: 1786, il. 142+
Vor. 1L, : Xk :

%
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and converts it into yellow prussiat.” In what' mannér®
it does this will be understodd after what has oeen sald,

Wlthout any explanation.*
On the other hand, ‘when the prussmn alx;ah contains

'a quantity of yellow prussmt of iron, ac great inconves
"niences follow. This yellow prussiat has an affinity for

prussic acid, which, though inferior to that of the pot-
ags, is still considerable ; and, on' the other hand, the
potass has a stronger affinity fgr every other acid than.

- for the prussic. When; therefore, the test is exposed

to the air, the carbonic acid, which the atmosphere al-
ways conitains, assisted by the affinity between the yel-
low prussiat and the prussic acid, decomposes the prus-
siat of potass in the test, and the yellow prussiat is pre-
cipitated in the form of prussian blue ; and every other
acid prodﬁces the same effect. A test of this kind would
indicate the presence of iron in every mixture which
contains an acid (for a precipitation of prussian blue

2.

~would appear), and could not therefore be employed

with any confidence. :
To describe the various methods proposed by che-

~ mists for preparing this salt would be unnecessary, as

‘the greater number do not answer the purpose intend-
ed *. The method practised by Klaproth, first made
known to chemists by Westrum +, and afterwards de-
scribed in our language by Kirwanf, is conmdered as

one of the best. It is as follows :

- % A historical account of these different preparations, with their pro-
perties and defects, may be seen in Westrum’s Treatise (Crell's New
Entd. in d. Chem. Th. xii.), in Morveau’s Dissertation on the Prussic A<
cid (Enzyc. Metbod. Ghim. i. 225.),and Kirwan’s Treatxsc on the Method
_of Analysing Minerals (Kirwan’s 2ix. 1. 487 i,

4 Crell’'s danals, 1785, 1. 405. 1 Mineralogy, i.-494-
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ing to each genus ought to amount to 31, wl’uch :)vould Chap. HI
make the metallic salts in all 713. But it is not the
‘metals which combme with acids; it is their oxides, or
_the compounds which they form with oxygen: the
metals themselves, as far as is known at present, are
not capable of combining with any acid.  Now as most
- metals form more-than one oxide, and as each of the
oxides of a metal is often capab].e of coﬁxbining with
acids; it is evxdem. that the number of metallic salts
* must greatly exceed 713. Thus iron being capable of
. forming two ox1des, the specxes of salts of iron, instead
of 31, must amount to 62, provxded each of these ox-
‘ides be capable of combmmg with all acids : the contra-
1y of which has not been proved. i ; : :
It has been shown formerly thgt‘, the dlﬁ'erence be-
~ tween the oxides of the same metal consists in the pro-
~portion of oxygen which they contain. Now, in gene-
" ral, all omdes which do not contain 3 maximum of oxy- -
gen have a tendency to absorb that prmcxple, whenever
Citis presented to them, till they are completely satura-
(ted.  This tendency displays itself with most energy
when the ox s are combined with acids and in 2 state
of solution; eonsequently all those metallic salts, whose
 bases do not contain a maxunum of oxygen, are liable Varicties.
to.absorb that pr1nc1ple, and by that means to change
into a different salt. Thus green vitriol is 2 salt com-
posed of sulphuric acid and black oxide of iron. When
dissolved in water and exposed to the air, it very soon
" absorhs oxygen, the black oxide is changed into the red,
~and thus a new salt is formed composed of sulphuric
. acid and red ozide of iron. This is a change exactly :
the teverse of what happens to those earthy and alka-
ke salts, which contain anacid with'a mxmmum of
Kk4
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“a'?» d,,much valucd by them, may b‘re formed by dissol-  Chap. T
ving gold in a mixture composed Qf equal parts of ni- S
,_.qand, munattc acids. The metal is attacked mstant- Formatios.
and dissolves with a strong effervescence occasioned
by the emission of nitrods gas. The liquid, when sa-

~¢nratcd, Whu:h is known by. its refusing to dissolve

more gold forms a solution.of a deep yellow colout, ex-

ceedmgq caustic, andof 2 very astringent metallic taste.
It tinges the skin mdehbly of a deep purple colour, 20d
produces the same effect upon almost all anitimal and we-

getabl\, bodxcs, and. ‘even upon matble The colom- is

owing to the pamal reduction of the yellow oxide of
.gold, and its permanency to the strong affinity between
.metallic oxides and the cpxdermxs. g
. ‘When this solution, which consists chiefly df muriat
a0 of gold, is evaporated, nitric acid is disengaged, and the
muriat is obtained in small crystals of a fine yellow <o-
lour, having the form of fout-sided prisms or truncated
_octahedrons: They are obtained more readily if the se-
lution be -‘evép‘orated to half its bulk, and a little alca-
hol be afterwards added to it. : :

_ This salt is very soluble in water. When exposed Propertisa:
“to the au’, 1t 566N attracts moisture, and runs. into a li-

.‘qmd In a very strong light it acquires a red colour ;

m consequence, as is supposed of the partial reduction
iof its oxide *. When its solution is heated gradually
in’ a retort, there passes over. muriatic acid ; and muriat
of gold is also carried along with it undecomposed1

*xaA proof that both the éxides of gold are capablé of combining with
acids, though all those formed with the purple oxide are unknown.
+ To the liquid obtained by distilling over the solution of gold in'ni-
‘tro-muriatic acid, the alchynusts gave the name of leo rubeus, & red lion.”






- GOLD:

% see what makes water so igdispensggbly,necéssary. It
 isnot, as is commonly supposed, in order to-secure the
ﬂmd;ty of the mixture: for Mrs F ﬂlha’me has shewn
39 t%;at ether, though a liquid, has no effect in reducmg
 gold unless water be present. She accouats very inge-
o mously for the ‘phenomena, };y.sgp,gﬂ_smg_ ﬁlat the wa-
ter is decompused. The combustible combines with its
- oxygen, while its hydrogen combines with the oxygen
of the gold, and reproduces water.. This theory accounts
 wery well for the phienomena ; butit would require some
direct proof to establish it completely. .
The greater number ‘of the metals, when plunged -
to the solution of muriat of gold, occasion a precipitate
cither of gold in the metallic state, or of its purple ox-
ide; while at the same time a portion of the precipi-
tatmg metalis oxidized and dissolved by the acid:  Zinc,
iron, bismuth, copper, mercury, precipitate it in the me-
. tallic state. . Lead, sﬂver and tin, precipitate ity 1n the
state of purple oxide. The sulphat of iron precipitates
it in the metallic state, and is at the same time convert-
ed into oxy-sulphat by the oxygen which it has ab-
sorbed : whereas the oxy-sulphat of iron produces no ef-
fect at all. The same thing happens with tin. The muriat
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 preczpztate of Cassiusy and used
to give a red colour to. porcelain and glass: But the
oxymuriat of tin, ‘which is already at a maximum of
- ©xygen; produces no such effect ; because it does not ab-
s0tb oxygen from the gold.

These precipitations have been long known to che-

 mists ; but a satisfactory explanation of them was till

' lafﬁly considered as hopeless ; and even at prcsent not-
~

-
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PLATINUM A

axxde, and when the gald is very much divided, 45 in
the state of gold leaf.- The solution has an orange co~
pur; and always retains an excess of acid. It cannot
aporated to dryness without decomposition, as the
nitrat of goldywhich it confains is decomposed by light
and by heat. . This salt is dccomposed by muriatic
Baade s s . ,

T T PR
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" ! .
GENUS II SALTS OF PLAT!NUM.
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As platmum agrees with gold m‘% power of resis-

“ing all the acids except theﬂbxy-mnnatrc and nitro-mu-

. Tiatic, the same obstacles lie in the way of an examina-.
tion of the salts of platinum swhich have prevented us
from getting acquainted with the last genus. Indeed

 the’ scarcxty of this metal, and the great difficulty of pro-
cmmg it in a state of purity, render it still less easy to
 examine the salts which it forms. We need not be sur-

pused therefore, that this genus is scarcely farther ad- '

' vanced than the last.
- Mr Chenevxx, in his admirable dissertation on Palla.
dlum not yet pubhshed, has ascertained, that platinum
is capable of combining with two doses of oxygcn, and

°f formmg tswo oxides. .
i Oxygcn
1. The protoxide whxch is green and comams 0.07
2. Theperoxxde, OB yellow R

Both of thicse oxides he has shewn to be capable of com-
bmmg with -acids ; ‘but* those salts of platinum only
 have been examined which contain the peroxide. They
are in fact oxygemzcd

30

* Fouri:roy, Vi, 397. : =%

VOL_’ i 45!

Oxides of
platinumnz.
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ks « =5 Sp 2. Muriat qulatmum ;

© Tais salt may be formed by dxssolvmg p]atmum in
‘-'bxy -muriatic acxd but it is more easily obtamcd by
means of nitro-muriatic acid. Sixteen parts of a mix=
. ture, composcd of one part of nitric and three parts of
_muriatic acids; when boxled upon platmum previously
reduced to powder, gradually dissolve it with.a violent
eﬁ'ervescence, during which' hyperoxymunatlc acid gas is
dxsengaged as Mr Chenevnx has agcertained. This sos
> ‘ur? which gradually

lution assumes at first a yellowﬁc
deepens as the platmum dissolv
tion is finished, it is of a w*ry deep red or brown. It is

and when the solu-

exceedmgly acrid and caustlc, and tinges the skin inde=
libly of a d"lrk brown colour. When it is sufficiently
concentrated by evaporation, very small irregular crys-

tals of muriat of platinum ate deposited of a reddish

brown colour ; when properly edulcorated and dried;

they are less soluble in water than sulphat of lime *. -

' This salt has a disagreedbly 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 ozide ; and
the same effect, as Bergman first demonstrated, is pro-

 duced bya sufficient quantity of soda{. But the other
‘two alkalies combine with the muriat of platinum, and .

¥
.

. forn triple salts.

¥ Bergman, ii. 167
+ Mr Chenevix found that lime precipitates only a porhon of thed
?de, and not the wholc
1 Bergman, p. 172 ‘
Y el
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- of tungsten ; and ‘lt is not prob;

- but it resists the action of the: greager nuniber. The'
’mmc d:ssolveb it wuh great famhty ; hence it is the ni-
“trat of silver with which we are best acquainted. Most
of the other acids form with it compounds scarcely so-
Juble in water. ~.-A~lrl- the salts of silver, as far as is

combined with ammonia *. It appear
; Q»Q‘x‘xde of platmum, with what acid soever it be united,
: ha!; the property of cembmmg w:th’potass and ammo-
: nia, and of forming with them triple salts. In this re-

S1L VER.

&

s, then, that the

sﬁect the oﬁdemf,,plannnm agrecsfthh the yellow oxuic
ble that the property is

cfmﬁned to tb - o metalhc hachesw

SEVERAL of the acids are capabw

known, aré'dcgompdég:;’éi by the alkélies and earths, ex-
cept the muriat: . Vauquelin has ascertained that the

‘alkalies have no effect upon this salt, and that oxide of
3_Sr1ver 18 capable of decomposing the alkahne muriats.

The salts of silver may be easxly ascertamed by the fcl-

' «lbwmg properties ¢

. When exposed to the action of the blow-plpe upon

. e}m'coal they are Ieduced anda globu‘e of silver ob-
: tamed Rl ‘ Fiias

of oxidizing silver 5
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12: The pruss:ats, when dropt into a solutxon of a saIt Characters,

Of silver, ocedsion a white precipitate. -
134 Hydrosulphuret of potass occasions a Black preci-

: pltate : i G &

g Munatic ac1d or the alkalme muriats occasion a

: thte heavy fleaky precipitate resembling curd.

. % Bergman, ii. 174-

Llg
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’fft‘“ly 1"*feﬂuced

¥ '~,-~€nmes bmwn, ami the 511ver 4

zed internaily in needles. In that state, it is cast m
moulds by apothecanes, and fcj~ )

destroy fungous excrcscences. i

' When this salt i is exposed to
put upon burnmg coals, - it det
mams pure, attached to the s
‘same reduction - takes place w

heat, as when it is
‘and the silver re-
‘of the coal. The

a retort, and mtrous gas, oxygen gas, and azotic gas,

are disengaged. i@ :
Mrs Fulhame has shewn, that when this- salt is dis-
solved in water, itis deqpmposed ‘and the silver reduced
by means of hydrogen gas and phosp}‘arus. A bit of

: sle ‘moistened: w1tb this soluuon, and exposed to thc
 action of hydrogen gas, s almost immediately covered
; thh a thin layer of silver, which adheres strongly “Fhe

.fhen heated, 1t readdy melts, swel]& up, and Ioses its

537
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t 'i‘orma 2 grey—coloured mass crystalh- =

Lunar caps

- tis,

en the salt is distilled 1 in

Action of
combus-
tibles.

» same effect is produced by phosphorus and by sulphu- - 1

Mmonseaeidiinasi kv AW

"¢ This salt, both in crystals and after being melted ‘has
‘ :}h(; /pifpperty_of fulm;natmg violently when mixed thb;
phosphorus, and struck smartly with a hammer. This

was first observed by Brugnatelli. Fo the same inge-, :

nious chemist we are indebted for the two follovvmg
facts : When three grams of sulphur and nine graing
of nitrat of silver, mixed tonrether, are struck with a
- cold hammér, the sulphar inflames, ‘but no-detonation
takes place ;  whereas if the -hammer be hot, ‘the mix-
turc detonates, and mc silver is reduced If charcoal
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ith 2 little of the metal employs . Copper, iron, Chap. L.
; tin, zinc, anumony, and blsmu h have been used

 for that purpose. . . R, e B

Murxat of sﬂver is formed also when s11ver is expo-

"s d to. the action of oxymunanc -acid. :

ver while cold;
tate of powder, -

Summmc ACiD does not tact on
¢ but when bmled upon that metal i
an effervescence is produced, oe
of sulphurous acid gas, and the
white mass soluble in diluted su
lutien is limpid and colopxle,ss
tion crystals of sulphat of silver. These crystals are
white and bnlhant, and have the form of very fine
prlsms. ;

This salt is but very sparmgly so]uble*’m Water, Prepertics,
hence the -reason that it is generally prempxtated in
: the state of a white powder when sulphurlc acid is

d by the escape

is reduced to a -
ic acid. - This so-
ylelds ‘on evapora-

* dropt into 2 solution containing silver. It is soluble in
fitric acid Withwt.' decomp‘osition *, 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 de-
composed. Itis decomposed also by the followmg bo-
dies : e
1. Alkahes and alkaline eaxtha, and their catbonats
2. Munats, phosphats, fluats.
Accordmg to Bergman t, 100 parts of silver, prec1p1..
taated from its solutlon by su]phurlc acid, yleld 134 of

i i T s & =

. Klapx;oth, e ' 8 4 Opwsea i 391,
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2% SpS Fluat of Silver. =

Fruoric acID does not attack silver ; but 1ts omdé

is partly dissolved by that acid, and partly forms with

it an insoluble salt*. This acid prec1p1ta.’ées the ﬂuat

of silver from the hqmd nitrat in the form of a white
heavy powder, which is supposed by some to resemble
the muriat of silver. . This salt is decomposed by the
sulphuric acid. '

i Sp 9 Bomt qf Szlver. :

- Boracrc Acip has no actlon on silver Whatever buft
the borat may be formed by pouring a solution of bo-
raxinto liquid nitrat of silver. The salt falls to the
bottom in the form of an msoluble whlte powder, whlch.
has not been exammed ;

I1I. ComMBUSTIBLE SALTS. *
Sp. 10.  Acetat of Silver.:
ACETIC AcID has no action whatever on silver; but
it readily dissolves its oxide, ‘and forms with it acetat

of silver. The propcrtles of this salt are but 1mpet-
fectly known. It may be formed casily by puttmg

acetat of potass into a solution of nitrat of sllver, or by

saturatmcr hot acetic acid with the oxide of silver. On
cooling, the solution yields, according to Meargraff, small
Pprismatic crystals of an acrid metallic taste, and easily .
dissolved in water +.  When heated, it swells up, the

* Scheele, i..32. : :
t This lias been denied by Monnet, but found accurate by Kirwan.
The saturated solution, filtered whﬂ‘e hot, yicldéd him very speedily ack
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1V. Mgerarric SALTS.
 Sp.19. Arseniat of Silver:

For the only ‘;a:cédunt of this salt hitherto given we
dre indebted to Scheele, the discoverer of arsenic acid.
This acid does not attack slltrer at the common tempe.
fature ; ‘but when the two badles are heated together.

pretty strongly, arsenic is subhmed; the silver oxidized;

and the mixture mélts into a transparent glas;s. “Water
tarries off from this glass atsenic acid, holding silver in

solunon, and leaves a brown msefuble powder, which

is arseniat of ‘silver. When this salt is exposed to a
heat sufficient to melt the silver, that metal is reduced.

The arseniat of silver may be obtained also by drop-
ping arsenic acid into a selution of silver innitric acid.

The salt precipitates in the state of a brdwn powder. -

It may be obtained equally by using, mstcad of arsenie
acid, the alkaline arseniats*

Scheele has observed, that 4 mixture of arsenic an'd‘.
muriatic acids oxidize silver in a digestidg heat; and
convert it into muriat, though neither of these acids has
any effeet on it separately. Durmg the process the ar=

senic acid loses its oxygen; and is converted into at-
senic f.

Sp 0.  Chromat of Szlwer.

WHEN chromat of potass is dropt into: liquid nitra¢
of silver, a powder precipitates of a beautiful crimson;
- which becomies- purple when exposed to the action of

. # Scheele, i. (67~ f IBid. p. 169.
Mm2 ‘






: MERCURY.

~The important cures performed by their means,
; esp '"iall'y in cases of the venereal disease, were early
seen by physmtans but the energy ‘with which they
acted, and Ehe rayages which they sometimes made on
the constitutivbns of those who used them, were equally
visible. These deleterious effects were ascribed to a
certain acrid something ‘which was '

yosed to consti-
tute a compenent part of ‘mercury. The objeet of
chemical physlcmns was long directed towards disco-
vering a method of removing, neutralizing, or destroy-

dng this acrid something, without impairing the good

5

" Chap. TI%.

effects of the medicine. Hence x%e NUMETous prepara-

tions of mercnry Whlch Were one after “another intro-
duced into
measure answered the purposes for which they were in-

ractice’; some of whwh have ina great
' p gt

“tended ; while the ‘greater number, after continuing fa-"

shlonable for a time, have gene one after another out
' of use. ; ¥

philosophical chemists, because, from the peculiar na-
ture of the metal, the changes which take place during
their formation are more easﬂy traced.  To them we
are indebted for the dmcovery of the composition of sul-
phuric acid, of metalhc oxides, and for the first decisive

‘proofs of the non-exlstence of phlogiston : to them we

owe the discovery of oxygen gas, and perhaps also of
nitrous gas, 1 .

‘Mercurial salts are.dlstmgmshed by fhe followmg
' \properties: ;

1. When strongly heated, they are volauhzed and
dlssxpated, and traces of ) mercury may b be sometimes
observed. ; : :

2. Triple prussiat of potass or lime ‘occasions a whi-

Mm 3

Mercurial salts have lately engaged the attention of -

Characters.






- MERCURT.

; ;genmatmg of the first of these salts coml ined with an

excess: of acid. So tha.t we have three varieties of ni--

trated mercury ;5 and to these it 1s necessary to. add a
"fourth the mbmtrat, consxstmg of the nitrat combmed
with an -extess of base. - i '
1. Nitrat of Mercury. —When mtnc ac1d is poured
upon mereury, an eﬁ'erveﬁcence takv la;e, and nitrous
~ gas is disengaged ; the metalls grad ly o;mdlzed, and
dissolved in that portion of the ac1d which/remains un-
,decomposed. Nitrie acid, Wlﬂ";l‘ajﬁt the assistance of
heat, is capable of .dissolvin_gﬁalmggg its. own weight of

mercury, ém.drtht? solution s colourless, very heavy, -
and exceedingly caustic. It tinges the skin indelibly-

‘black, and gives the same colour to almost all animal
substances.. By spontaneous evaporation it yields trans-
parent crystais composed of two four-sided pyramids
apphed base to base, having their apexes and the four
solid angles at their bases truncated, This solution

_does not yield a precipitate when water is poured into

it, and the crystals of nitrat of mercury are soluble
without decomposition. But if nitric. acid be boiled
upon mercury till it refuses to dissolye any more, the

first portion is oxidized at the expence of the acid, ni-

. trous gas is disengaged, and exynitrat formed ; the se-

. cond portion is oxidized at the expence-of the oxide, no
gas is disengaged, and the whole is in the state of ni-
trat ; but the acid holds a much greater proportion of
oxide in solution than in the former case. If water be
poured into this. sol&tion, the salt immediately divides
itself 1 into two portions: The first, contairling an excess
of base, falls down in the state of a white insoluble
powder ; it is a subnitrat of mercury : The second,

- Mmg

®

Chap 111, -
e

* Action of "

njtric acid]
on mercu=
Iy.

Varieties of
nitrat,






MERCURY..

mﬂis. (it detonates feebly, emxttmg a lively white flame.

When mixed W1th a little phosphorus; and struck with

“a hot hammer, it detonates v1olent]y, and the mercury

is: reduced* i

H ijerax_ymurzat l_if M ercury

Tms smguiar salt was discovered by M
When Qxymnrlatic acid is made to' pass through water,
in which there is rmxed red oxide of mercury, the ox-
Jde acquires a dark brown. colour, and part of it is dis-
solved. Byevaporatmg rq\,,‘dxfyness, a salt was obtain.
ed; which, as usual, wasa mixture of the oxide com-
bined with muriatic and ‘hyperoxymunatlc acid. By
canefully separating the last formed crystals, Mr Che-
nevix obtained some hyperoxymuriat, which he puri-
fied by a second crystallization. This salt is soluble in
zbout four parts of water. When sulphuric, or even
‘weaker acids, are poured on it, hyperoxymuriatic acid
is disengaged in the usual way. The other propertxes of
83,16*1% nat been examined f,

” -"I'I.‘ INCOMBUSTIBLE SALTS.

S}b 3. MurmteJMercury

THE compounds formed by the combination of mu-

 matic acid with the oxides of mercury have, on account
~of their very great importance, attracted the peculiar
attention. of chemical philosophers. * There is scarcely

a smgle writer on the science who has' not exther at-

* Brugnatelli, Arn. de\Chim. xxvii. 74.

1 Chenevix on Oxygemzed and Hyperoxygemze;d Muriatic Acids
«p.’z;l Trans, 1802. i A
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tempted to vary the processes for making them; or to as-
certain their properties,  or to explain their nature and
composition.  In 1769 Bergman published a treatise on
the mercurial muriats, in which he collected the more -
important labours of his predecessors, and gave us also
his own experiments * ; but that illustrious philosopher
failed in his attempts thxplam the cause of the different
properties. exhibited by these salts. It was only after
the - discovery of the ‘oxymuriatic acid, and of the na-
ture of the different oxides of mercury, that this difhcult
problem conld receive a satisfactory solution : .and for
the first complete solution we are indebted to Berthol-
let. His conclusions have been decxswely conﬁtmed by
the experiments of Chenevix.

. There are two mercurial muriats; one of them 'is
composed of muriatic acid and mercury ‘comb_med,‘wxat;h
2 maximum of oxygen ; it isof course an ogy-murial;
the other, containing mercury oxxdmed toaless degtee,
is only a muriat: ‘

Muriatic acid has no actxon whatcwer upqn m ny 3
butit combines very readily with its oxides, and its ‘affi-
nity for these bodies is so strong that it separates them
from the sulphuric and nitric acids. It will be proper
first to describe the oxymunat of mercury, becausc it is
usually employed in the manufacture of the muriat.

" % Oxymuriat of mercury. This salt is usually de-
neminated corrosive sublimate; or corrosive muriat of
mercury.. The original discoverer of it is unknown.
It is mentioned by Avicenna, tho-died before the mid-
dk of the eleventh century; and was even known t&

X Opuse. iv.279.
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:Rhases, who lived in the century before him. The

Chmcse have been acquamted w;th it also for a long

555
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time *. The alchymists appear all to have been ac-

quamtcd thh it, and to have reckoned it among their
secrets ; ‘and some of them, Albertus Magnus for in-

stance, describe it with a good deal of precision. Berg-
man has enumerated no less than 14 different processes-

recommended by Chemists for preparing this salt; and
since that time several new methods have been propo-
e o PRI SR A R ' :

- The process most commonly followed isto mix toge-
ther equal parts of dry oxynitrat of mercury, decrepita-
ted common salt, and calcined sulphat of iron. One-
third of a matrass is filled with this mixture ; the vessel

is placed ina sand-bath, and gradually heated to redness. .
,When' the apparatus is cold, oxymuriat of mercury is

found sublimed in the upper part of the matrass. The

theory of this process is obvious, The heat expels the

splpbunc acid from the sulphat, which in its turn de-
composes the common salt, and leaves the muriatic acid

at liberty to act’ upon the mercurial oxynitrat, from :

which 1t sepérates the oxide, and sublimes with it in the

- state of oxymuriat. Aunother process, first proposed by
Kunkel, is to expose, in a similar vessel, a mixture of

equal parts of oxy-sulphat of mercury and dry common
salt o a strong heat: oxymuriat of mercury is equally
sublimed. Tt may be formed likewjse by passing oxy-
muriatic acid into a golution of nitrat of mercury, and

Preparg-
tion,

evaporating the solution till the salt crystallizes +. But

it weuld be tiresome and useless to enumerate all the

¥ Bergman, iv. 281. { Fourcroy, V. 337%






- MERCURY. 57
mpatated of a yellow colour, which soon becomes ‘brick- Chap. TH.
‘red.  This decomposition renders oxymuriat of mercury T
2 useful test for ascertaining the presence of alkalies in
solutlon. If liquid oxymuriat of mercury be dropt into

~ asolution centammg the smallest portxon of alkali, the
hnck-red precipitate appears.. The alkaline earths also
decompose this salt, and ammonia forms with it a triple
compound Several of the metals, or their snlphurets,
decompese it also by the assistance of heat. This is the
case in partxcular with arsenic, bismuth, antimony, and
. tin.  These metals are oxydized and combined with mu-

¥

viatic acid, while the mercury is reduced ‘and combined
with sulphur if it be present.
Before the late experiments of Mr Chenevxx, the com= oo
.ompoxgw
posmon of this salt was. very imperfectly known. By tioz.
preclpnatmg its oxide by means of  potass, and its acid
by means of nitrat of sxlver he asccrtamed then' propor-

. tions to be as follows- ety o s
: LR eslaieXide
RS ; 18.ac1d
Lt T Q0 '

One hundred grains of mercury dissolved in nitric
acid, mixed with r‘n"ui*iaﬁ'é acid, evaporated to dryness
- and sublimed, gave 143.5 grains of oxymuriat of mer-
, cury. But of these nearly 26 grains are muriatic acid.
Of course, the o'<1de in oxymuriat is composed of 100
~ mercury and 17.5 ox.ygvn, or nearly of 85 mercury and

15 oxygen. Hence oxymuriat of mercury is composed
of : ;
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cess first suggested by Schecle, but lately corrected by
Mr Cheneviz. _ :
~ Scheele’s method is to form a nitrat of mercury by
dissolving as much mercury as  possible in a given quan-

 tity of boxlmg nitric acid. = A quantxty of common salt,

equal to half the weight of the mercury used, is thea

dissolved in boiling watcr, and the boiling nitrat is cau-

 tiously poured into it. = A white precipitate falls, which

isto be edulcoratcd, with water till the liquid comes off
without any taste, and then dried upon a filter *.
“We have seen formerly, that'the nitrat'of mercury,
_farmed as Scheele prescribes, contains an wnusual pro-
portion of oxide. When water is added to its solution,

i immediately separates into two portions; supernitrat,

which remains in solution ; and subnitrat, whxch precipi-
tates in the state of a white insoluble powder. ‘When the
solthon of commonsalt is a.dded to the solution, a portion
only of the oxide will have time to combirle with muriatic

acid ; another portion must be precipitated by the wa-
ter in the state of subnitrat. Scheele’s precipitate then

is not muriat of mercury, but a mixture of muriat and
subnitrat. To obtain pure muriat, the nitrat must be
prepared wnhout heat ; in which case no excess of
base is present : or if it be prepared by means of heat,
the solution of muriat of soda must be mixed with some
muriatic acid. In the first case, no submtrat is precipi-
tated ; in the second, it is dccomposed by the murlatlc
acid present + Y
The theory of the, formatlon of this salt is obvmus.

* Scheeley 4. 221
-+ Chenevix on Ox)gcmzcd and Hyperoxygemzcd Muriatic Acids,
Lhil, Tram 1802
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- MERCURY. | : ' sdx
parts of it in nltmc aczd and preczpltated the acid by Chap. IIL
. aitrat of silver. The precipitate 1nd1cated 11.5 muri-

atic acid.’ The oxide obtamed was 88. 5 Therefore the
component parts of muriat of meéreuty are’

; Compesis
‘ e ds no B8 oxide n : i poe.
11.5 acid ; s
100.0

To ascertain the composition of the dxidé, he con= -
_ verted 100 grains of muriat into oxymuriat - by means
of nitromuriatic acid and sublimation. = Thus changed,
it amounted to 113 grains. The addition was 1 3508
this, 8.8 was acid. For 113 grains of oXymuriat con=
tain 20. 3 acid; whereas the calomel contained only 11.5.
The addmonal 4 2 must have been oxygen.. Now 113
. grains of oXymutiat contain 79 parts of mercury ; whlch
must be precisely the quantity contamed in 100 of ca«
lomel. Hence that salt is composed of

I1.5 acid %,
79.0 mercury
9-5 oxygen
! Yoo, g7 %
Hem:e it fOHOWS that the, oxide in calomel contains
10,7 per cent. of oxygen *.

8p. 4. Sulpl»ated Mercar_y

: Tas. action of sulphurlc acid on- mercnry had been:
Observed by chemlsts In the s very mfamcy of the smence 3

ST

-~ il

> Chenevu: on Oxygcm?.ed and Hyperoxygcmzed Muriatic Acids.
}’bzl Trans. 1802

b Vo I e ey
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Sulphat.

_SALTS OF
but the phenomem of that action were ﬁrsc explained
by Lavoisier in 1977 *, and the different _compounds

obtained were first. exammed with precision. by Four-
croy in 1791 t. Sulphunc, like other acids, combines

" with two oxides of mercury; and forms a* .rulpbat and

oxpsulpbat ; and each of these is capable of combining
with an excess of acid and of base. We have therefore
no less than six varieties at least of sulphated mercuryl
These are, ;

. TaSulphats oo g Ox;isulphat 5
- - 2. Supersulphat; 5. Superoxysulphat ;,
3. Subsulphat; ' 6. Suboxysulphat,

1. Sulphat of Mercury. —Sulphurlc acid has no ac-
tion on mercury while cold ;. but when heat is applied,
an effervescence ensues, and sulphurous acid gas is emit-
ted.. This indeed is the methed usually followed for
obtammg that gas in a state of _purity. At the same
time the mercury is gradua]ly oxidized and converted
into a white mass ; the nature of which dlﬁ'ers accord-
ing to the proportion of the 1ngred1ents and the. degree
of heat employed ; but it is usually a mixture of su-
‘persulphat and superoxysulphat. Sulphat of mercury
may be formed by boiling over mercury a quantity of
sulphuric acid diluted with its own weight of water.
Very little sulphurous acid gas is dlsengagedi By
proper. evaporation this salt is obtained in small pris-
matic crystals. It i3 soluble without decomposxtmn in
500 parts of cold water, and in 287 parts of boiling wa~

“ter.: At Is not altered by exposite to the air 5 but heat

]

* Mm.‘P;r. 17_77." . + /,;}m. de Ghim. %.203. :
1 Berthollet, Mem. de I Instit. iii. 230,
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MERCURY.

décomposes it. Accorcmg to Fourcroy, it is compos -

s_éd'df;,‘.”. .. w12acid
5 Eas e 83 oxide of mercury
Ny 1 7‘ watet
% 5 s €

100

. The alkahea and limé water precxpltate the mercury 1

the state df black oxide, or rather :ub;ulplmt as it re-
tains a small portion of acid. ~Sulphuric acid combines
with it, and converts it into supersulphat of mercury#.

This last variety may be obtained at otice. -~ If sul-

“phuric acid be boiled on mercury, and the process be
stopped before the whole of the sulphuric acid is eva-

porated to dryness, the white mass obtained, after bemg
washed with a little water, is supersulpbat of mercury.

‘This salt has an acrid taste, it reddens vegetable blues,

and does not become yellow when exposed to the air.
As it contains different proportlons of acid; according
to the process, its solubility of ‘course is different.

563
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Composis
tion,

Superenl-
phat;

When the excess of acid amounts to about the twelfth -

of its Welght, itds soluble in 155 parts of cold water,

-and in about 33 parts of boiling water .

2. Oxysulphat of Mer cary.—When three parts of sul-
phuric acid are boiled upon two parts of mercury, the
whole is gradually converted into supersulphat, If the
heat be continued, the excess of acid is slowly decom-

. 'Posed; sulphurous acid gas is dlsengaged the mercury
| combines with an additional dose of oxygen, and there
. femains oxysulphat of 1 mercurLy. This salt crystallizes
i small prisms. Its colour is a dirty white when per-

e e — ——
P a

*® Fourcroy; Ann. & Chim.%: 299:~ 414 298.

ok Naa

Oxysulphat:
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Dli:t::o E-[ 2 fectly neutral; but when obtained 4t once in a\dry mass,
g__v—-& it isof a fine white colour, and always contams an ex—v
; cess of acid. It undergoes no alteration by belr\g ex-
posed to the air, unless it has been allowed to retain an
‘excess of acid ; but in that cise it deliquesees. When
S water is poured upon thls,salt, it is immediately sepa-
rated into two portioné; namely, superoxysulpbat “and
suboxysulphat : The superoxysulphat with a great ex-
cess of acid, is dissolved by the water ; and the suboxy- ‘

sulphat remains in the. state of a beautiful yellow pow-
der, known formerly by the name of turpeth mineral.

Suborysul- That it is oxysulphat with an excess of base was first
phat proved by Rouelle.  Itis soluble in 2060 parts of cold
water, and in Goo parts of boxlmg water. The soluuon
is colourless *. :

: :;‘;:’::f The name tarpgtb, mineral seems to have. bee,n given
' to this salt by Crollius, who boasted of its medicinal
virtues, but kept the préparatidn a secret. He attempt-

ed to moderate the violent action of this substance by 2

long digestion, but fwitho.u‘t success. The process for
‘preparing it was afterwards made public. Kunkel pub-,
lished 2 set of experiments on it in 1700, in his Labo-

ratorium Chymicum. The name furpetb was no doeubt

given from some resemblance which it was supposed to
have either in its colour or effects to the root of the

convolvolus turpethum, a plant formerly used in medi-
cine, ;

Sp 5 Pbasplzat of. Mercury

PHOSPRORIC ACID does not act on mercury ; but it’

* Yourcroy, Ann, de Chim. x. 298,




MERCURY.

combmes with its oxide, and forms phosphat of mercu-
ry. This salt is formed most conveniently by mixing
together the solutions of nitrat of mercury and phosphat
of soda.  The salt immediately precipitates in the state
of 2 white powder. T hls salt has been lately introdu-
ced into medicine, and seems to answer’ equally well

£ w1th the other mercurial preparations, It phospho-

-

resces when rubbed in the dark ; and when'distilled it

" yields phosphotus, hke the other metallic phosphats.

Its specmc gravxty 15 4. 9835 *%..

i
‘ij 6. Carbonat of Mercury.
Carpoxic actp does not attack mercury, but it may

be combined with its oxide by pouring an alkaline car-
bonat into nitrat of mercury. The precipitate in that

_ ease is a white powder, composed, according to Betg-

B0 U e ket e 909mercury

9.1 oxygen and acid

; Ioo.o G . ;
S8p.q. Fluat ofMercz.lrf.

" Fruoric acip has no action on mercury ; butit com-

~ bines with its oxide, and forms a white insoluble fluat

of mercury f. The same salt is preeipitated when the .

alkaline fluats are mixed with the nitrat of mercury.

Sp. 8. Borat of Mercur_y

BorAcro Acrp has no actxon on mercury ; but borat

# Hassenfratz, Ann, de Chim. Xxviil, 12.
{ Bergman, 1i. 391. - - § Scheele, 1. 32.
wi'Na3
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566 : T SALTS OF.
DBook “il of soda, poured into a solution of that metal in nitrie
ivision:
— acid, occasions a precipitate of b.ovat of* mercury in the

state of a yellow powder, first dEScnbed by Monnet,- 4
Its spes:lﬁc grav1ty 15 2.266%,

. i

III COMBUSTIBLE SALTs.

s QM

Sp 9. .dcetated Mercury

AcETIC ACID does. not act sensibly on mereury; but
it dissolves its oxides, especially when hot. With the
protoxxde it forms an acetat of mercury, and with the

_ red oxide an gxacetat; salts'which were first propcrly
distinguished from each other by Mr Proust $. ;

1. Heetat of Mercury.—This salt may be formed. by

: d1ssolvmg in acetic acid the precipitate obtained from

Crystals. . gitrat of mercury by ‘means of alkalies. As the solu-

- tion cools, thin brilliant plates of acetat of mercury are
deposited, resemblmg boracic acid. Tt may be prepared ;
also by mixing together solutions of nitrat of mercury
and. acetat of potass. Large flat crystals of acetat of
metcury, of a silvery whlteness, soon make#their ap- s
pearance: - This salt has an acrid taste, is msoluble if -

- alcohol, and searcely soluble in water. In alkalies it

_blackens. ' The proportion of the constituents of this
salt has not been ascertamed s emplgyed in mech==
cine. . 4
2 Oa,acetat of. Mercury ST salt is obtamed by ‘
ﬂlssolvmg the red oxide of" _mercury in acetic'acid. It
does not crystalh;e 5 but thn cvapoxated to dryness,,

S e o A il

e : Z T

% Hassenfratz, Arn. de iz, xxviits 32;
¥ Jour. de Phys, Ivi. Tl EBUIA S




MERCURY:.»? ;

: idrms a yellew mass, which soon dehquesces. It dis-
~ solves readily in alcohol ; but water divides it into two

- 55
Chaé. I,

- saltsy a superoxacetat,. which ‘remains dissolved in the Varicties

water, in consequence of its great excess of acid; anda
_suboxacetat, in the state of a yellow powder, insoluble
in water.  When the solution of red oxide of mercury
in acetic acid'is heatéd, some crystals of acetat are oba
tained ; because a part of the oxygen of the oxide is -
separated at the expence of the ac1d, a portion of Wthh
5 decomposed * : 7

. = Sp 10. Succuzat quercur_y

WHEN succuuc aCId s dlgested with the ox1de of

mercury, it forms with it a- shapeless mass contammg‘

- some crystals, and soluble in water ; from which the ox-
ide is precxpxtated by alkalies and hydrosu’lphuretsf

Sj) Ii. Bmzoat quercu;_y

Benzorc ACID d1ssolves the oxide o mercury, and

forms with it a white powder, not altéred 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 and muriatic acids, and by sulphurt.
Sp. 12. Oxalat of M;rtury.

OxaLic AcID does not act on mercury ; but it dis-
solves its oxide, and forms with it an oxalat in the state
; of a white powder, §carcely soluble in water.. When

s

¥ Proust, Four. de Phys.lvic205.  } Wenzel's Perawand, Pe 24§-
& Trommsdorf, Anm. de Clivi. xi. 316. :
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IuiERC'U RY-.

SP 16 arza' 17 S’accolat aﬂd Malat of Mercur_y

WHEN saclactlc ac1d or mahx: acid is dropt into mtrat
-éf mercury, a white prcmpxtate appears *

- wSp. 18. Pru;szat of }errcyry.

Tﬁ'rs salt, which was first formed by Scheele, is com-

posed of the pruss,lc acid combined with the red oxide

_of mercury. It may be formed by boiling the red oxide

" of mercury with prussian blue. It crystallizes in tetra-

hedral prisms, terminated by quadrangular pyramids,

the sides of which correspond with the angles of the
- prism. Its spec1ﬁc gravity is 2.7612%.

This salt is capable of combmmg with sulphurlc and |
muriatic acids, and foxjm_mg triple salts; which have not’

_ yet been examined.
AV, METALEIC SALTS.
. Sp. 19. Arseniat of Mercury.

WaEN arsenic acid and mercury are heated in a re-
tort, white oxide of arsenic, mercury, and oxide of mer-
cury of a yellow colour, are driven over, and there re-
‘mains a yellow-coloured insoluble mass, consisting of

~ arseniat of mercury. - The same salt is precipitated in

' the form of a yellow powder when arsenic acid is pour-
~_ed into the liquid nitrat or sulphat of mercury §.

# Scheele, ii. 80 and Crell’s Amml.r, il 11. Eng Trausl
+ Hassenfratz, Ann. de Chim. xxvm I 5
-$ Berthollet, Thid. 1. 33.

§ Bergman, il., 391.
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ME‘RCUR!‘.

Sp 24. Oxymurzat «yf Soda-and-mer cary

Wuey four parts of oxymuriat of mercury and one
part of muriat of soda are mixed, they form a triple- salt
more soluhle than corrosive subllmate * »

Sp. 25" Suboxymurmt of Ammoma-arzd—mercury

- WrEN ammoma is poured into a soluuon of oxymu-

yiat of mercury, a whlte precrpltate falls, consisting of
the oxymunat of mercury-and ammonhia with excess of
base. Ithas a taste at first earthy, afterwards metallic.
Tt is scarcely soluble in water. According to Fourcroy,
it composed of ' 16 acid
- 81 oxide

3 ammonia

100 -

- Sulphuric and nitric acids decompose it, and convert
it into oxymuriat of mercury and sulphat of ammonia-
and-mercury, or, nitrat of ammonia-and-mercury, ac=
eording to the acid. The addition of muriatic acid ren-
ders it soluble in water +. In this last state it has been

long known by the names of sal alembroth and salt of

wisdom. It was formed by dlssolvmg oxymmlat of
mercury in a solution of sal ammoniac in water, or by
subliming the tw0 salts together. ;

1

o §p- 26. ‘Tartmt of Patau zznd—mer cur_y

Tais salt, first described by Monnet, r 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 tartrat of ppt'lss -and-mercury. The-

% Bertho Uet, Mo de Mastiy. it 236. . + Ann. de Chim, xiv. 49,

37%

" Chap. IIL.
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nard has ascertamed that the same thple salt may be

formed by mixing together the solutions of tartar and
mercurial nitrat. This salt is decomposed by the alka-

lies," the alkaline carbonats, the hydrosulplmrets, the'
 sulphats, and the munats

i
"'GENUSV. SarTs or CoPPER.

THESE salts, in consequence of the facxhty thh"
which copper absorbs oxygen, are in general more easily
formed, and, of course, may be more readily examined
than the preceding genera.  Hence, no doubt, the rea-

 son that some of them have been so long known and 50

generally employed. The alchymlsts and the earlier
chemists distinguished them by the name of salts qf Ve-
nus, because Venus was the term which they gave to
copper. They are the class of metallic salts with the
composmon of which we are at present best acquainted,

in consequence of the accurate analysis to which they
have been subjected by the celebrated Proustt, and the
important additions lately made to that analysls by Mr
Ehenevix .o : e

The cupreous salts may bc dxstmgulshed by the fol—
lowing properties : :

1. They are almost all soluble in water, or at least be-
come so by the addmon of an acid. ' This solution has
either 2 blue or a green colour, orit acqulres that colour .‘
after being for some time exposed tp the air, S

2. When ammonia is poured into this solutxon, 1t as-
sumes a deep blue colour..

* fnn. de Chim. x3xvili. 36, /. ; fll)id. xxxii. 26,
% Pbil. Trans, 1802, p. 193. { ool
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COPPER.

3 Trxple prussiat of potass occasions a grcemsh-

",yellow precipitate when poured mto a cupreous solu-

13 tlon. :

. 5uE
Chap. 1L

4. Hydrosulphuret of potass occasions a blacL precxp1- :
e » : (ol i

5+ Galli¢ acid occasxons a brown prcmpxtate. v
6. A plate of iron, when plunged into aliquid salt of

copper, precipitates. the copper in'the met'alhc state.

- Almost all the acids, as far as is Lnown, combine on-
ly with copper oxydxzed to 2 maximum ; so “that, strict-

ly speaklng, all the salts of copper are oxygenized. To

this general rule, howcver, there is one exception; the
munatxc acxd combines thh both oxides of thzs metal,
50 that there i is, both a munat and an oxymuriat of /cop-
per. It can scarcely be doubted, that similar salts will
be discovered composed of the other acids and protox1de

~of copper.

il D TONATIN.G ‘Salxs.

S Nm’at quappe;.

NiTric Acrp attacks copper with considerable vio-

lence 5 nitrous gas is emitted in great purity, while the

metal is oxidized and dxssolved The solution is of a
fine blue colour ; and when slowly evaporated yxelds re-
gular crystals of nitrat of copper.

~ These crystals are long parallelooipeds Theu‘ spe-

cific gravity is 2.174*. They have a fine blue colour ;
their taste is acrid and metallic ; and they are exceed-

'mgly caustxc,.corrodmg the skin with- great energy.

They are very soluble in water; and when eexposed to
the air, gradually attract moxsture, and dehquesce. Ata

* Hassenfratz, dan. de Chinm, Xxviii, 12.

i
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COPPER. ' : : 53

 the oxxde of copper exxsts in almost all thc cuprcous
: salts st = * ‘ : sieh
When potas's is poured into a solutxon of -mitrat of gypuitear.
: .;.mpper, a blue precipitate appears, which soon becomes

. green by agitation, provided the quantity of potass be

~ insufficient to decompose the whole of the nitrat. My

Proust has proved, that this green precipitate is a sué-

* uitrat of «copper. It may be obtained also by distilling

nitrat of copper in a retort. At a partxcular period of

this process the salt becomes thick, and encrusts the re-

tort in the state of a green- lamellar concretion. It is

then converted mto subnitrat. This salt is completely.
insoluble in water. _Sulphuric acid separates its acid; -

and the same separation may be effected also by distilla-

i tion, Accordmg to Proust, it is composed of

26 acid i s : Compe:-
- 67 oxide j
17 water
100 ¢

Nxmc acid does not seem to combme with protomdc
of copper.” When concentrated, it oxidizes the metal
to a maximum, and then dxssolvcs it: when diluted,
one part of the metal attracts oxygen from the other :
Blue nitrat is formed, and a red powder precxpxtatcs,
whxch s copper redncedi

‘_ 2 Sp 2, Hyperox]mmzat afCo‘taper. :

When a current ofnxymurxanc acid gas is passed thro”
the oxide of copper suspended in water, the oxide is
;apecdxly dxssolved But Mr Chcnevxx, to whom we are

A

—

* PHUL Tram, xBori: 7+ oo ffinn, de Chimbensit, 26,
§ Jour. de Pbys. 1i. 182, :

ey
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indebted for this experiment, has not exammed the pro-.
perhes of the, hyperoxvmunat whxch is. formed during
the process. ;

' IQCOMB'UST‘IBLE SALTs.

“p 3 Murmted Copper.

i

MUR:AT:C AcID, while cold does not act on copper
in close vessels, though in an open vessel it gradually
«corrodes and dissolves it. ‘When heated, it readily oxi-
dizes and dissolves the metal, while at the same time
hydrogen gas is evolved, and. part of the acid volatilized.

. 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
discovered by Mr Proust, and afterwards more precise-
ly examined by Mr Chenevxx. Let us dnstmgu ish these
salts, by calling the first Loxymuriat of copper, becausc

_the metal contained in it isoxidized to a max1mum and

giving the name of murmt to the salt dxscovertd by MI’
Proust. : "

DT Oxymurzatqf copper. "This salt may be obtamed

either by dissolving copper in muriatic acid by the as-
sistance of heat, or by throwing the oxide of copper in-
to that acid cold. The solution, which is of a fine green

; colour, ylelds, when sufficiently concentratcd, and al-

lowed to cool slowly, crystals of oxymuriat of c0pp€r,
in the form of rectangular paralleloplpeds, of a fine grass-'
green colour. :

This salt is exceedmgly acnd and caustic.. Its speci-
fic gravity is 1. 677 5 *. It is very soluble in water;

- * Hassenfratz, dnn. de Chim. xxviii, 1.
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and when exposed to the air, very soon attracts moisture, Chap. IIL v

and is converted into a liquid of the consistence of oil.

At a moderate heat it melts, and assumes a solid form

iwhen cold. Accordmg to Proust, it is composed of :
5 : 24 acid

4o_perox1dc :

.
36 water

. Ico*
This salt may be distilled to dryness without altera-

tion; but if the heat be increased, oxymuriatic acid
passes over, the copper loses part of its oxygen, and
there remains behind muriat of copper. When potass
is poured into the solution of oxymunat of copper, a
green powder is precxpltated, which is a suboxymuriat,
‘containing 72 parts in the hundred of brown oxide of
copper. - When copper is dissolved in nitromuriatic a-
cid, a similar green powder separates, composed, ac-
- cording to Proust, of 12.5 acid
79-0 oxide ‘

8.5 water

e

"L 160.0:F

Muriat of copper is not.dccon.uposcd by sulphuric or
nitric acid ; but the alkalies and alkaline earths precipi-
‘tate the oxide in the state of a subsalt, if the muriat
of copper predominate ; and in the state of a hydrat if

the alkalies predominate 1.
2. Muriat of copper. This salt, which contains cop-
P per combined with a minimum of oxygen, was disco-

* Ann. de Chim. xxxii. 47. { 1bid. - ¢ Ihid.,
Vor, 11, Oo
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i solved in mineral waters connccted w1th copper mities.
; From these waters it is often obtained by evaporation;

or it is formed. by. burnmg native sulphuret of copper,

or by moistening that substance and exposing it to the

air. By either of these methods the sulphur 1s acxdxﬁed ‘
and the sulphat of copper formed. This salt appears to

have been known to the ancients. In commerce it is

distinguished by the name of d/ue witriol, and sometimes
by that of blue copperas. It isin fact an oxysulphat.

“There are three varieties of this salt known, namely,.

mper‘sulpbat, wlpbat, and subsulphat. 5
1. Supersulpbat. This is the variety - whxch occurs

in commerce, and which is formed by the usual proces-'

ses. It renders vegetable blues red, and therefore con-

- tains an excess of acid. Ithasa deep blue colour. The

primitive form of its crystals, accordlng to Hauy, is an
oblique parallelopiped, whose sides are inclined to each
other at angles of 124° 1’ and §5° 59:3 and whose base
makes, with one of the sides, an angle of 109° 2¥/,and

with the opposite side an anglesof 70° 3¢'. It some-

times passes into the octahedron and decahedron, and
the edges at the bases are often truncated.

It has a strong styptxc metallic taste, and indeed is

. employed as a caustic. Its specxﬁc gravity is 2.£943 *
1t is soluble in four parts of water at the temperature

of 60°, and in two parts of boiling water. When ex-
posed to the air, it undergoes a very slight efllorescence,
and its surface is covered with a greenish white powder.
When heated, it loses its water, and is corverted into a .

bluish whxtc powder : if the heat be increased, the acxd

* Hassenfratz, dnn. de Chim, xxviii, 13.
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COPPER. : 593

is 4.280%  Itis compos@ of 29' aqi.d.,‘ . Chap. IIL.
: > 50 oxide - ;

21 water

100

But sometimes it is destitute of water altogthert.

Variety 4. Trihedral arseniat—The primitive form
of this variety is 2 trihedral prism, whose bases are equi-
lateral trlanglés but it occurs crystallized in a great va-
riety of figures, which have been described with great
accuracy by the Count de Bournon. They are usually
of a fine bluish-green colour, and of the same specific

gravity as the last species. When opaque, they are
sometimes nearly black. They are composed, accord-
ing to the analysis of Chenevix, of 30 acid
54 oxide
16 water

R

100

=

Variety 3. Superarseniat—This salt has not been
found native ; but it has been formed by Mr Chenevxx
by the following process ,Arsemat of ammonia was
poured into the nitrat of copper, and occasioned a pre-~
cipitate, which was the second variety descr;bed above.
The solution which retained its blue colour was par-
tially evaporated, and then alcohol was poured into it,
Another precipitation took place, and increased consi-
derably on allowing,the solution te stand. This préc,i-
pitate consisted of rhomboidal crystals of a blue co-
lour {. They were composed of

* Bournoa. # Cheneix. } Phil. Trans. 1801, p. 207.

Var. 11, i Pp






COPPER.

deposites the arsenite of copper in the form of a fine
gteen powder. It is to be washed well with water and
then dried *.

; 8p. 22.  Molybdat of Copper.

Moryepic acip throws down a green precipitate
from nitrat of copper+.

Sp. 23, and 724. :Tungstat and Chromat of Copper.

TuNesTIC ACID and its compounds occasion a white
precipitate when poured into the salts of copper; and
‘when chromic acid is dropt i mto nitrat of copper, 2 red
precipitate falls 1.

V.. TRIPLE SALTs.

Sp. 25. Tartrat of Potass and Copper.

Thrrs salt may be obtained by boiling together oxide
of copper and tartar in water.® The solation yields by
evaporation blue crystals, which have a sweetish taste,
and contain a great proportion of metal§. When tar-
tar and copper, or its oxides, are boiled together, they
dissolve; and by evaporating to dryness, a bluish-green
powder is obtained, which, accordmg to Leonhardi,
constitutes the better kind of the pigment called Bruns-
wick greenl|. 5 :
~ The oxides of copper are capab]e of entering into se-
veral other triple compounds, both with the metalline,

—_—

* Scheele, i. 261. 1 Hatchett,

1 Scheele and Vauquelin. x

§ Thenard, Ann. de Chim. xxxviii, 36.

¥ Gren’s Handbuck der Ghemie, iii, 331 v
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