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PREFACE.

N proportion to the advancement made by
A any {cience, and the improvement of it's
progrefs by the acquifition of methodical pro-
cedures, will be the multiplicity of it’s general
truths. This is ftrikingly exemplified in the
prefent ftate of chemiftry. The principles of
this {cience have been created but a few years;
and it is already rich in corollaries, or general
refults, which embrace it’s whole circumfe-
rence. A chain of thefe refults may be ofin-
finite utility. For twelve years I have been
“conftantly occupied in the inveltigation of this
chain: and I have repeatedly prefented a
fketch of it in my le€tures; particularly in
thofe, which I deliver annually at the conclu-
dion of my general and detailed courfe of che-
miftry. In the difplay of the phenomena ex.-
hibited by the elaftic fluids with which we are

acquainted,






PREFACE, vil

.Such are the ideas I have formed, and by
which I bave been guided in my fearch of
thefe truths. 1 have imagined, that they might
ferve to eftablifh a complete fyftem of the doc-
trines of chemiftry ; which, as fertile init’s ap-
plications asin it'’s principles, fhould recall to
the mind of the adept all the faéls comprifed
within the vaft domain ofthe {cience, and give
to him who feeks inftruttion a competent no.

tion of the career through which he has to run,

To accomplifh effettually this objeét, I have
conceived it neceflary, not to deliver a {eries
of detached, unconnetted, and incoherent pro-
pofitions ; but to avail myfelf of their general
relations, and give them an arrangement, which
may enable the reader to difcern and appreci-
ate their connexion, and, if I may ufe the term,
their reciprocal reattion. This is what [ un-
derftand by the philofophy of chemiftry. All
the propofitions of which it confilts have been
infcrted in the Chemical Diétionary of the Ency-
clopedia, under the head of Axioms; but I {hall
render fome fervice, I conceive, to the lovers

2 of






PHILOSOPHY or CHEMISTRY.

L I, the facts and experiences of

twelve

ehemiftry may be referred to

general phenomena, which are

the followin g:

-

1. The aé&ion of light.

2.
. The a&iql of air in combuftion.

3
4.
5

The ation of caloric.

The nature and action of water.

. The nature and aéion of earths,

and the formation of alkalies,
with the parts they perform in
combinations.

The nature and properties of com-
buftible bodies.

B . The
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CY I AP, L

~HE ACTION OF LIGHT.

I. LIGHT, whether it come from the
fun and fixed ftars, or be diffufed throughout
{pace, has four different modifications with
regard to the bodies with which it comes
into contact; either it is refleCted entirely
from their furfaces to our eyes, and excites
the fenfation of whitenefs ; or it is decom-

<~ pofed, and fome of its parts only are reflected,
,-r whence arife different colours ; or it is more
i; or lefs completely abforbed, and produces
blacknefs ; or, laftly, it paffes through bo-
dies, deviating more or lefs from its courfe,
by approaching the perpendicular, and this
b conftitutes tranfparency.

IT. In its paffage through tranfparent bo-
dies, it experiences a refraction, the degree
of which is in a direé ratio to the denfity of
the body, if incombuftible, but increaf-

B 2 ing
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creafing in proportion to the combuftibility
of the body through which it paffes. Hence
Newton divined the combuftibility of the
diamond, and the exiftence of a combuf=
tible principle in water,

ITI. Light, in refraling, is decomipofed
into feven rays ; red, orange, yellow, green,
blue, indigo, and violet. It has been fup-

5 pofed, that three of thefe colours, the red,
yellow, and blue, were fimple ; and that the
other four were formed each of .it's two
neighbours ; that is, the orange from the
red and yellow, the green from the yellow
and blue, the indigo from the blue and vio-
let, and the violet from the red and indigo.
But this fuppofition has never been proved.
The decompofition effe¢ted by means of the
prifm is a fort of analyfis of light.

IV. Light alfo aé&s chemically on fub-
ftances, occafioning decompofitions and
combinations. This we infer from the differ-
ence exhibited by bodies involved in light,
from the fame deprived of this element.
The former become in general coloured,

5 volatile,
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volatile, and inflammable; the latter have
the oppofite qualities.

V. Thus by the conta& of light fome
acids are decompofed ; many falts change -
their nature ; the oxyds of metals in general
re-approach the metallic ftate ; and vegeta-
bles acquire colour, and become fapid and
inflammable ; while, depri___ved of light, they
remain pale and infipid, they are what we
call etiolated,

VI. Thefe general effeGs are almoft al-
ways owing to this circumftance, that light
deprives burnt bodies of the principle they
abforbed in burning, fo that from incombuf-
tible, which they had become, they return
to the combuftible flate. It may be faid,
that light generally wnburns burnt fub-
{tances,

Application of the preceding Propafitians,

The colours of bodies.
Tranfparency.
B3 Opacity,
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fame temperature, really contain different
quantltlcs of calonc, thﬂugh they raife the
thcrmamctt':r to the fame degree.

V. This different quantity of caloric
dontained in bodies raifed to the fame tem-
perature, which is with propriety termed
Jpecific beat, being inca pable of being mea-
fured by the thermometer, 2 mode of afcer-
taining it has been invented, by means of
the quantity of ice which bodies at an equal
temperature will diffolve in defcending to
the fame degree. The diffcrence of -the
quantity difiolved gives the proportion of ca-
loric contained in the feveral bodies, and the
inftrument employed to afcertain this dif-
ference is called a calorimeter. .

VI. All the experiments made by the |
modern philofophers, who have inveftigated
the theory of caloric, prove, that bodies, in
changing their flate, change alfo their ca-
pacity. We call change of ftate in bodies
their becoming folid, liquid, or elaftic fluid.
Hence it follows, that by mixing two folid

bodies
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than it's parts did feparately; and then,
when the combination takes place, the mix-
ture grows cold, the ealoric which was at
liberty between it's particles unites with
them more clofely, and they even take fome
from the neighbouring bodies.

IX. Sometimes caloric adheres fo forci-
bly to bodies, that it prevents their com-
bining with others. Thus many diffolved
into gas, or claftic fluid, unite neither with
other bodies, nor with one another, as long
as they retain this ftate of invifible folution
in caloric; fo that recourfe muft be had to
double attractions to effet their combina-
tion,

X. The attraction of caloric for fome
{ubftances is fo great, that it is very fre-
quently employed with advantage for fepa-
rating thefe fubftances from' the compounds
into which they enter, and for analyfing or
decompofing compound bodies. This is what
we do in diftillation, and in all the decom-
pofitions cfteCted by means of fire alone, or

caloric,



( 12 )
caloric, applied to very compound matters.
The different elements of thefe com pounds
are gradually diffolved, in the order of their
folubility in caloric, and feparated in the ftate
of vapour, or gas. :

XI. Light, applied at the fame time with
caloric, frequently affifts it’s action, or has
it’s action affifted by it. Hence tranf{parent
veflels employed in furnaces are extremely
ufeful to chemifts, by tran{mitting light and
heat at the fame time. A fimilar effect is
“ produced by penetrating opake veflels fo
thoroughly with caloric, as to make them
red-hot, or render them permeable 1o

light.

XII. There are bodies, which abforb
caloric much more fpeedily than others;
this is called the property of conduciing ca-
loric.  In general thofe bodies which are
moft coloured are the-beft conductors. The
caufe of this phenomenon is unknown.

XIL. Al
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XII. All thefe fa&s demonftrate, that
caloric is a particular f{ubftance, and not a
modification of all fubftances, as fome natu-
ral philofophers have imagined : and it is
far from having been fhown to be the fame
thing with light ; for the farther we advance
in the fcience of phyfics, the more differ-

ence appears between the modes of action of
thefe two fubftances.

Application of the preceding Axioums.

The dilatation of folids, and the rarefac=
tion of fluids.

Thermometers.

Fufion.

Stcblimation and volatilization.
The calorimeter, and tables of the {pe-
cific heat of bodics. '
The changes of temperature in different
mixtures.

Artificial refrigeration.

The production of gafes, and their fixa-
tion,

Dif=
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CoH. AP, 5 TIL

THE ACTION OF THE AIlR.

I. THE air a&ts in a colle&ive mafs on
all natural bodies, by it's weight, moifture
or drynefs, temperature, &c. Accordingly
experiments of fynthefis or analyfis, made
in contact with the air, differ confiderably
from thofe, which are performed in a
vacuum, and it is always neceflfary to af-
certain the ftate of the barometer, thermo-
meter, and hygrometer, in chemical experi-
ments.

II. The atmofphere is a vaft labora-
tory, in which nature operates immenfe
analyfes, folutions, precipitations, and com-
binations : it is a grand receiver, in which
all the attenuated and volatilized produétions
of terreftrial bodies are received, mingled,
agitated, combined, and feparated. Con-

; i fidered



( 16 )
fidered in this view, the atmofpheric air is 2
chaos, an indeterminate mixture of mineral
vapours, vegctable and animal molecules,
feeds, and eggs, which the luminous, caloric,
and eleCtric fluids are pervading and traver{-
ing continually. 'The grand changes it ex-
periences, of which we are fenfible in ex-
tenfive fpaces by the appearance of water,
light, free caloric, or noife, are called me-
teors.

ITI. Notwithf{tanding this mixture, of
which it feems impoffible for us to afcertain
the nature, the atmofpheric air is fenfibly the
fame with regard to it’s intimate qualities,
wherever we examine it ; and it is decidedly
marked by it’s two properties of fupporting
refpiration and combuftion. The clofeft
analogy fubfifting between thefe two grand
phenomena, from a careful fludy of what
pafles in combuftion we may acquire 2
knowledge of the air.

IV. A combuflible body cannot burn

without the contact of atmofpheric air, or a
certain



-
™,

(17 )

certain matter extracted from it. Thus
combuftion cannot take place in a vacuum.

V. A combuftible body cannot burn in
a given quantity of atmofpheric air, beyond
a certain period. A hundred parts of this
air contain’ only twenty~feven capable of
fupporting combuftion ; when thefe twenty-
{feven parts have been abforbed by the com-
buftible body, the combuftion ceafes, as the
other feventy-three parts cannot any way
contribute to it’s fupport. Hence it ap-
pears, that atmofpheric air is a compound of
two different fubftances, fetting afide a few
matters foreign to it, which are mingled
with it, but amount not to more than a
hundredth part of it’s bulk, Of thefe two
{ubftances, one fupports refpirationand com-
buftion : this is termed wita/ air: the
other is the reverfe of it in both thele re-
fpeCts, and is called azotic gas.

VI. Thus a body burning in the air ef-
fe€ts a real analyfis of this fluid. It {fepa-

rates from it and abforbs the vital air, which
C augments
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IX, The portion of air thus abforbed
by combuftible bodies, called above vital
air, is alfo named oxygen air. The former
name is derived from it’s being the fole elaf=
tic fluid capable of fupporting life: the
latter is given it, becaufc many bodies on
abiorbing it are rendered acid,

X. Combuftion then confifts in the fixa-

tion and abforption of vital air by the com- %+ 7

buftible body, and the decompofition of
the atmofpheric air by it’s means. As the
vital air only ferves to fupport combuftion,
it is eafy to conceive, that a very com-
buftible body, capable of abforbing the
whole of the vital air, may be em-
ployed to determine the proportion of the
two atmofpheric fluids : thus phofphorus is
now ufed for the purpole of eudiometry, or
to difcover the purity of the atmofphere,
that is to fay, the proportion of this vital
air which it contains.

XI. As vital air 1s a gas, and many com-’
buftible bodies, when they abforb it, render
Caz2 it
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dies, with the compofition of which we are
unacquainted, are incombutftible folely from
being faturated with oxygen. With regard
to {fome in this predicament, this conje€ure
has already been verified.

XIV. From feveral of the preceding
axioms it follows, that, when we burn a
combuftible body in order to procure heat,
as we do to mitigate the rigours of winter, we
obtain at leaft the greater part of the calo-
ric from the air itfelf, with which it was
combined. We may even affert, that the
colder the air, the more heat is derived from
it ;, becaufe, when the atmofphere is ex-
tremely cold, more air paffes into the fire
in a given bulk. Indeed it is well known,
~that the fire 1n our grates i1s much more
fcorching, and burns much more brilkly,
when the air fuddenly becomes cold ; and
the art of increafing combuftion by means
of condenfed air thrown from a pair of bel-
lows on wood already heated 1s founded on
this principle,

C3 _ XV. C-ram«-
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folve it in a greater or lefs quantity of ca~
loric, but it is neceflary at the fame time to
add light: 4thly, there. are burat bodies
which lofe their oxygen on the contaét of
light alone : in this fenfe we muft under.
ftand the property of unburning and decom-
buftisn, mentioned as a charalteriftic of
light in the firft chapter.

XVII. Vital air, therefore, 1s to be con-
fidered as a compound of a folidifiable, pon-
derous, acidifying bafe, oxygen, diffolved
in two menfltrua, caloric and light, which
of themfelves are extremely attenuate,
highly elaftic, and deftitute of affignable
weight. Combuftion confifls in a more or
lefs complete precipitation of the oxygen
of thefe two menftrua.

XVIII. Thus a combuflible body in
burning difengages from vital air not only
caloric, but alfo hght ; and every combuf-
tible body difengages a different quantity of
light from the vital air, as it does of caloric.
It is probable, that there are combuftible

Cu bodies
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XXI. Befide the greater or lefs force
with which oxygen is retained in combuf-
tible bodies, according to it’s being com=
bined with them in a ftate of greater or lefs
folidity, and it’s having loft a greater or
lefs portion of it’s folvents, it adheres to
them by it’s attraction, it’s particular affinity
to each. A confiderable number of thefe
affinities of oxygen for different fubftances
are already known, and the degrees of {ome
of them have been afcertained.

XXII. It is from the degrees of thefe af-
finities, that we are frequently enabled to
transfer oxygen from a burnt body to a
combuftible one. In this procefs a com-
buftion takes place, fo much the more im-
perceptibly, or tacitly as it were, according
as the oxygen is more folid in the burnt
body, and more fimilar in denfity to the
body which abforbs it, or into which it
pafles. But this kind of combuftion fome-
times takes place with a vivid heat and
flame : which phenomena occur, whenever
the body which is to receive the oxygen

muft
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1V. Whenever fluid water lofes much ca-
leric on entering into any combinatien, it
ought to be confidered as folid in it: fre-
quently it is even much more {o than ice at
32 ; whence arifes the folidity of mortars,
or cements, of which flaked lime form a

part.

V. Water remains eternally folid on
mountains, cooled for ages by the prefence of
Jee, and underneath the poles. In thefe
places it forms a kind of rocks, or white
concretions almoft fimilar to ftones.

VI. Fluid water is pure, infipid, deftitute
of fmell, and 8 5o times heavier than air. It
forms rivers, brooks, ponds, {prings, rivu-
lets, &c. Itoccupies the cavities, furrows,
and generally {peaking, the loweft parts of
the globe. -

VII. Itis veryfeldom pure, for it diffolves,
in the eirth, and on it’s furface, air, ialine
gafes,and terreftrious falts : it alts evenon the
melt folid flones, which it diflolves, carries

; ' along
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ufes of the arts. On the contrary, that
which traverfes chalk, gypfum, and marbles,
. or ftagnates on turf, bitumen, and ores of
metals, or in fubterranean cavities far from
the contact of the atmofphere, is more or

lefs impure,

X. The art of correcting hard or impure
water by chemiftry confifts in expofing it
to the atmofphere, agitating it in contact
with the air, boiling it, diftilling it, and
afterwards combining it with air. Fre-
quently the addition of afhes, alkalies, or
weak acids, ferves to diminith the bad qua-
lities of water ; and fometimes even com-
pletely removes them. Moft adventitious
fubftances, which diminith the purity of
water, being either much more volatile, or
much more fixed, than it, diftillation is the
moft certain method of obtaining pure
water.  For this reafon chemifts alway$
¢mploy diftilled water in their experiments.

XI. Fluid water, being a combination of

iceat 32°, and fuch a quantity of caloric as.
would
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XIII. Water is not a fimple fubftance, as
had long been fuppofed. By burning with
rapidity a number of combultible bodies,
more or lefs heated, as charcoal and pit-coal
already on fire, red-hot iron, zinc melted
and red-hot, oil, &c., water is decompofed,
yielding to thefe combuftible bodies the
oxygen it contained.

- XIV. In proportion as the oxygen of the
water becomes fixed in the combuftible bodies
which it burns, it’s other principle capable of
diffolving in caloric forms the inflammable
gas which is gvolved. As this fecond prin-
ciple is one of the elements of water, it has
been called Aydrogen, and it’s elaftic fluid
folution in light and caloric hydrogen gas.
The difengagement of this principle in the
form of gas, which takes place wherever
water is decompofed by a combulftible body,
is the caufe of a great number of the detona-
tions and fulminations, which occur 1n
chemical procefies. |

D XV. The
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XV. The hydrogen gas produced in va-

rious experiments always originates from
water, either in confequence of a preceding
decompofition, in which it had been cem-
bined in the ftate of fixed hydrogen, with
one of the fubftances employed, or from a
decompofition of water actually taking place
in the experiments themfelves. All hydro-
gen gas, therefore, proceeds from water.

XVI. Reiterated experiments haye proved,
that water contains about 8 5 hundredth parts

of oxygen and 15 of hydrogen. The re-
compofition of water, one of the grandeft
difcoveries of modern chemiftry, confirms
the analyfis of this body ; for on uniting
" by combuftion 85 parts of oxygen with 15
of hydrogen, a hundred parts of pure water
are obtaincd.

XVII., When water 1s decompofed by a
combuftible body, this is effeted by means
of a double affinity ; that of the oxygen of
the water for the combuftible bedy, and that
of it’s hydrogen for caloric. For this reafon,

the
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the more caloric matter is employed in the
experiment of decompofing water by means
of iron, charcoal, or the like, the fooner is
the water decompofed. From this neceflity
for an extreme abundance of caloric in the
operation, it is eafy to conceive how the
hydrogen, one of the elements of the water,
acquires a levity fo far beyond that of the
fluid from which it is derived : in fadt,
while a cubic foot of water weighs feventy
pounds, a cubic foot of pure hydrogen gas
weighs only fixty-one grains.

XVIII. Hydrogen gas, though always
produced by the decompofition of water,
carries along with it various fubftances,
either fufpended or diffolved in it, according
as the bodies from which it is extricated
are more or lefs fimple: thus it is mingled
with azotic gas, carbonic acid gas, or vital
air ; or it holds in folution water, coal, {ul-
phur, phofphorus, arfenic, oil, alcohol, ether,
&c. From the difference of thefe adven-
titious {ubftances which it contains, it varies
in fmell, weight, and inflammability, the

1) 2 colour
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colour of the flame it yields, it's aCtion on
different bodies, and alfo in the produdts
diftinét from pure water which it affords in
burning. Hence are derived the feveral
{pecies and- denominations of inflammable
gas admitted by authors, of which hydrogen
oas always conftitutes the general bafis,

XIX. Hydrogen gas being one of thofe
natural {ubftances that contain moft caloric,
it is among the number of combuftible
bodies which give out] moft, and confe-
quently afford moft heat in burning. Hence
all compound combuftible bodies, of which
hydrogen conftitutes the bafis, fuch as oils,
fats, and in general all that originate from
organized bodies, yield, during the procefs of
burning, a_confiderable quantity of heat.
Wood, oil, pit-coal, bitumen, alcohol, ether,
and the like, are of this kind.

XX. It follows, alfo, from what has
been faid, that thofe compound combuftible
bodies, which contain. much hydrogen in

their compofitien, neceflarily require a large
portion
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portion of oxygen in burning, and afford
water as a product of their combuftion, in
proportion to the quantity of hydrogen they
contain. Thus a pound of alcohol, on
being barnt, yiclds more than a pound of
water, &c.

XXI. The combuftible bodies which de-
compofe water, generally fpeaking, are thofe
which bave a greater affinity, or ftronger at-
tration, for oxygen, than hydrogen has:
but this attraltion is greatly afiifted by the
prefence of caloric, which has a tendency
to unite with the hydrogen. A large quan-
tity of caloric can even occafion the decom-
pofition of water by bodies which would
be incapable of decompofing it cold. To
this light equally contributes.

XXII. The combuftible bodies which
will not decompofe water at any tema
‘perature, in confequence of their feeble at-
traction for oxygen, which in this cale
always remains inferiour to that which fubfifts
between oxygen and hydrogen, mufl, on

D3 the
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the contrary, when they have been burnt by
other means, be decompofed, or fuffer their
oxygen to be taken from them, by hydrogen.

This happens to the oxyds of lead, bif-
muth, &c.

XXIII. Hitherto the art of chemiftry
has arrived at the knowledge of no means of
decompofing water, but by combuflible
fubftances, which take from it it’s oxygen :
we are unacquainted with any capable of at-
tracting it’s hydrogen, and fetting it’s oxygen
free. It would feem, however, that nature
has inftruments for effecting this inverfe
manner of decompofing water : the leaves of
vegetables ftruck by the rays of the fun ap-
pear to decompofe water by abforbing it’s
hydrogen, and difengaging it’s oxygen in the
form of vital air. This we may prefume to
be in part the mechanifin of vegetation, of
the formation of oils, and of the renovation
of the atmofphere, See Chap. IX.

XXIV. While hydrogen and oxygen,
each diffolved into gas by caloric and light,
remain
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remain in conta&t with each other éoia, fhey
do not combine ; no inflammation occurs,
no water is formed. But if the mixture be
expofed to an ignited body, ftrongly com-
prefled, or affected by any violent and forci-
ble concuffion, a combination of the two
commences, combuftion takes place, and
water is produced.

XXV. A fimilar phenomenon appears to
take place in the atmofphere, Atmofpheric
detonations, claps of thunder, feem to be
nothing more than a combuflion of hydro-
gen gas and vital air ; and accordingly they
are often fucceeded by a torrent of rain,
Some ftorms of rain alfo appear to be in like
manner owing to a fudden formation of
~ water in the atmofphere, from the rapid
combuftion of hydrogen gas and vital air,
occafioned by an electric {park, arifing from
the neceflary re-eftablifhment of an equili-
brium of ele€tricity between different
clouds, or between the clouds and the
earth. | |

D 4 XXVI. A mul-
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The diftillation of water in the great,
and that of falt water.

The theory of fogs and dew.

The theory of the hygrometer, and hy-
grometrical phenomena.

The burning of combuftible fubftances
by means of water.

The gafes difengaged from ftagnant wa-
ters.

The variety of inflammable gafes.

The coleuring of fubftances by inflam-
mable gafes.

The oxydation of metals, or ruft, pro-
duced by damp air.

The theory of detonations.

Some phenomena of metallic folutions.

Some fundamental principles of the
theory of vegetation, the formation of
oils, &c.

CE AP,
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nefs, infipid, &c.; while the other three
poflefs faline properties, which render them
fomewhat akin to the fubftances denomi-
- nated alkalies. Thefe three, which have
in confequence been termed falino-earthy,
falinie earths, alkaline earths, and earthy al-

kalies, are baryt, magnefia, and lime. The
other two are {ilex and alumin.

III, The generical charadters common
to all thefe are drynefs, unalterablenefs in
the fire, infufibility, and the quality of
being infufceptible of decompofition, and
alting as imple and indeftructible fubftances
in combination. Befide thefe, each has

fpecific chara&ters by which it is diftin-
guifhed.

IV. Silex, which has been named fili-
ceous earth, quartzofe earth, and vitrifiable
earth, 1s rough to the touch ; it fcratches
and wears away metals; it is infufible, in-
combuftible, infoluble in water. and moit
acids, f{oluble by alkalies in a ftrong fire, and
forming glafs with thefe falts, It is found

n
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ing water. By fome it has been erroneoufly
confidered as filex changed, attenuated, and
rotted by the action of air and water, but
with it's intimate nature, or principles, we
are totally unacquainted.

VI. Baryt, or beavy earth, is remarkable
for it’s extreme ponderofity. This is never
found alone in nature, but always united
with the fulphuric or carbonic acid. In the
fire, and in contaét with the filex or alamin
of the crucible, it aflumes a blue or green
colour ; it is foluble in nine hundred times
it’s weight of water, changes fyrup of vio-
lets green, has a ftronger affinity even than
alkalies for moft acids, and will any where
detect the prefence of fulphuric acid, and in=-
dicate it’s quantity. It’s principles are un-
known, though 1t is fufpected of being a
metallic oxyd.

VII. Magnefia is very fine, very white,
unalterable in the fire, foft, and ligcht. It
refembles vegetable feculz, requires near
two thoufand parts of water to diflolve it,

2 very
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folution a pellicle of chalk, improperly
called cream of [lome ; 1s unalterable alene,
but melts with filex and alumin; and is
formed of principles with which we are yet
unacquainted, though it is evidently a com-
pound.

IX. The pretended converfion of earths,
each into other, admitted by natural philo-
fophers, is nothing more than a chimera : fo
far is it from being proved, that filex be-
comes alumin in confequence of expofure to
the air, that flints are changed into chalk,
and that chalk is converted into magnefia,

as fome have fuppofed on much too feeble
grounds.

X. The three alkaline earths are to ap-
pearance more manifeltly compound than
the other two. There is reafon to p'refume,
that azot is one of their principles, and
gives them their alkaline properties: how-
ever, experience has yet afforded no proof in
fupport of this opinion ; though their ori-
gin, afcribed with confiderable probability to

marine
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X1I. Earths combine by twos, thregs,
and even greater numbers, by procefies un-
known to us, which nature employs on a
very extenfive fcale, to produce ftones dif-
fering in bardnefs, texture, tra'nfparﬂncy.
opacity, colour, form, &c. If art have
failed to imitate thefe compounds, the rea-
fon is, time, {pace, and quantity, are want-
ing.  Something fimilar to the natural
earthy compounds, however, may be pro-
duced, by leaving a long time in contact
earths, intimately mingled, and moiftened at
firft with a little water.

XIII. The three alkaline earths form a
- kind of intermediate link between earths and
alkalies, The latter are diftinguifhable by
their acrid, burning, and urinous tafte, their
caufticity, their fingular acion on the fkin
and all animal fubftances, the quality of
changing the blue colour of violets to a
green, and even a greenith yellow, and de-’
liquefcency. We are acquainted with three
{pecies, potath, foda, and ammoniac. The
firft and fecond have been called fixed alla-
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quefcency, combination with filex by means
of fufion, ation on animal fubftances, &c. ;
fo that it was long confounded with it, and
might have continued to be fo, if it did not
form very different falts with acids, and yield
thefe acids to potath. It has been imagined,
that foda was a compound of magnefia and
azot, becaufe falts with foda for their bafe
have been as frequently found with falts
having for their bafe magnefia, as calcareous
falts with thofe having potath for their bafis:
but both thefe opinions remain hitherto
equally devoid of proof.

XVI. Ammoniac, or volatile alkali, dif-
fers greatly from the two preceding {pecies
in it’s form of gas when diflolved in caloric,
in it’s fluid formi when diflolved i water,
in it’s pungent and fuffocating {mell, it’s
folubility in air, and it’s known and eafy de-
compofition by the electric fpark, metallic
oxyds, and the nitric and oxygenated muri-
atic acid. This decompofition evinces, that
ammoniac is a compound of hydrogen and
azot ; and for this reafon it frequently exhi-
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III. We call thofe combuftibles fimple,
which we are hitherto unable either to de-
compofe, or to compofe by the union of
different fubftances. With their intimate
natare. we are unacquainted. Sometimes
they occur fingly in the mineral kingdom,
or in one of the others ; but they are found
moft ufually combined two and two toge~
ther. Such are the diamond, hydrogen,
fulphur, phofphorus, carbon, and the me-
tals. Each of thefe fix genera muft be
confidered {eparately.

1V. The diamond is-the hardeft of all the
bodies that we know. It is very remark-
able for the power with which it refradts
and decompofes light, from which Newton
difcovered, that it was very combuftible. It
is found native, cryftallized in otaedra, do-
decaedra, &c. ; exhibits fome varicties dif-
fering in texture, denfity, and colour ;
burns with a perceptible flame, and is con-
verted into vapour by burning. It's com-
bination with oxygen is unknown. FIew
fubftances a& upon it; and, if it were not
E 4 combuftible
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combuftibles they contain. See Chapters
1V, and X.

VI. Sulphur is a yellowith fubftance,
odorate, electric, tranfparent and oltaedral,
opake and prifmatic, and fufible. It is ful-
ceptible of two kinds of combuftion ; the
one flow, with a blue flame, and the for-
mation of fulphurous acid ; the other rapid,
with a white flame, during which fulphu-
ric acid is produced. It combines with
earths and alkalies ; becomes f{oluble when
thus combined; unites with metals, and
forms f{ulphurous ores ; and exifts in the
earth in very large quantity, either alone,
or combined with metal.

VII. Phofphorus is a white, tranfparent,
cryftallized, lamellated, and extremely fulible
fubftance. It burns in two modes ; flowly,
in every temperature with which we are
acquainted, emitting a white flame and
acid odour, and forming phofphorous acid ;
rapidly, in a temperature of 147°, with a
vivid and very brilliant flame, without any

- perceptible
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of caloric ; 1s foluble in alkalies, and hy-
drogen gas; unites with metals, forming
with iron, in particular, fteel, and carbure
of iron, improperly called plumbago, lead
are, or black lead ; and is found in each of
the natural kingdoms.

IX. Metals are well known for their great
ponderofity and luftre: they are fufible,
cryftallizable, and combuftible; decom-
pofe water and feveral acids; unite with
fulphur, phofphorus, carbon, and each
other, at different temperatures ; and in their
ftate of oxyds perform a double function,
that of acids with earths and alkalies, and
that of falifiable bafes with acids. This
genus differs from all that precede particu-
larly in the number of it’s {pecies. To give
a juft idea of thefe, of which there are fe-
venteen with which which we are well ac-
quainted, and this number will probably be
ftill farther increafed by new refearches, I
fhall divide this genus into five {feCtions : in
the firft I {hall comprife brittle and acidifiable
metals, of which there are three, arfenic,

4. : tungiten,
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A. Arfenic is lamellated, of a bluifh gray
colour, brilliant, and fragile ; and burns
with a blue flame, and a {mell rf:ﬁ:mbling
that of garlic,

B. Tungften is of a gray white colour,
granulated, friable, almoft infufible, and
fcarcely foluble in acids, though extremely
oxydable and acidifiable by the operation of
air and caloric.

C. Molybdxna is in the ftate of powder,
or grains, blackifh, thining, agglutinated,
fragile, very little fufible, and by burning
becomes a white, volatile, prifmatic, and
acidifiable oxyd.

D. Cobalt is granulous, fine, of a rofy
white colour, fragile, pulverable, difficult
of fufion, and becomes blue when melted
with glafs.

E. Bifmuth is in large laminz, of a yél-
lowith white, brittle, eafily fufible, very
cryftallizable, and extremely oxydable.

F. Nickel
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K. Mercury is fufible at 30° below o
of Reaumur’s thermometer, and congeals
at 319, becomes a black oxyd [=tbisps per
/¢) by mere divifion, or is extinguithed by
this fimple procefs in every vifcous or con-
fiftent matter with which it is triturated.

L. Tin is of a brilliant white colour,
foft, light, little fonorous, capable of being
fcratched by the nail, very fufible, very
combuftible, and affords a white oxyd,
which deitroys the tranfparency of glafs,
and converts it into enamel.

M. Lead is of a dull bluith colour,
heavy, foft, extremely fufible, and affords
an oxyd the moft vitrifiable of all we know,
and a glafs of a yellow hue refzmbling that
of a topaz,

N. Iron is white, fibrous, the moft te-
nacious of metals, very diflicult to fufe,
very combuftible, and the only metal at-
trated by the magnet. It readily decom-
pofes water, changes to a powder in the

air,
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R. Platina is the heavieft, moft infufible,
leaft combuftible, and leaft alterable of all
metals. It is of a gray white colour, poffe(les
little brilliancy, and will at fome future

period become one of the moft valuablc
inftruments of the arts.

X. Compound combuftible bodies are all
fuch as refult from a combination of fome
of the preceding ones : thus the folutions of
fulphur, carbon, phofphorus, and arfenic,
in hydrogen gas, are inflammable gafes : and
the combinations of fulphur with phof-
phorus, of carbon with iron, of different
metals with fulphur, phofphorus, and each
other, are compound bodies. Such are al-
moft all the combuftibles we meet with in
nature : it is the province of art to fepa-
rate them from each other, and exhibit them
pure and ifolated.

XI. When we compare the properties of
compound combuftible bodies with thofe of
fimple combuftibles, we perceive, that the
former fometimes abforb oxygen with more

F avidity
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elements, and uniting them feparately with
oxygen. Accordingly the products of thefe
compound combuftibles are univerfally water
and earbonic acid. It is the fame with alco-
hol, and with ether, formed by modifica-
tions of the principles of vegetable matter,
which, in their ultimate analyfis, are no=-
thing elfe than combinations of hydrogen
and carbon with more or lefs oxygen and

water. See Chapters X, XI, XII.

XIII. This exhibition of the different {pe-
cies of combuftible bodies, and their principal
chara&eriftic properties, thows the part they
a& in the phenomena of the globe. It
authorizes us to divide almoft all the pro-
du&ions of nature into two grand clafles,
one of combuftible bodies, the other of
bodies already burnt: in the mafles and
action of the former we difcern the caufes of
inflammable meteors, partial heat, volca-
noes, the perpetual alterations of the fur-
face of the earth, &c.; in the exiftence of
the latter, we perceive the fource of the
number and diverfity of acids, faline com-
pounds, oxyds, and metallic fzlts, which

Fa vary
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vary in a thoufand ways the appearance
of ores, their reciprocal decompofition, and
their alterations by the aétion of water, air,
and light ; in fine, we difcover in vegetables
machines which nature has organized for
the purpofe of intimately combining feveral
of thefe {fubftances with each other, in
order to form compounds more {ubfervient
to it’s grand defigns, as they are lefs durable
and permanent.

Applications of the Propofitions in this
Chapter.

The circumftantial hiftory of the come
buftion of each combuftible fubftance
in particular.

The hiftory of foils impregnated with
fulphur, and of native fulphuric acid.

The phenomena of natural inflammable
gafes in quarries, mines, the atmo-
{phere, &c.

The properties of earthy, alkaline, and
anetallic fulphures,

The
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The converfion of fulphures into ful-
phlts and fulphats by the a&mn of
air and water.

The properties, extraction, and combi-
nations of phofphorus : metallic
phofphures.

The exiftence of native metallic car-
bures.

The phenomena depending on the den~
fity, weight, dudlity, and fufibility
of metals.

The properties and ufes of alloys.

The formation of fecondary ores, from
native metallic falts.

Volcanoes, and fulphurous and thermal
waters.

Bitumens ; the comparifon of fulphur,

carbon and fimple combuflible bodies,
with ails, &c., &c.
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AR )

fubftances, which are akin to each other
from the prefence of the acidifying prin-
ciple.

II1. There are two methods of acquiring
a knowledge of the nature cf acids: one
by forming them, by compofing them
from their conftituent parfs, in  uniting
with oxygen fuch fubftances as are capable
of becoming acid by an union with it: the
other, by decompofing them, by unburning
them, in depriving them of their oxygen
by the aid of fubftances with which this
principle has great aflinity.

IV. Confidered in the laft mentioned view,
all known acids may be divided into three
claffes, namely, ' 1ft, thofe which may be
both compofed and decompofed, of which
our knowledge is moft complete: zdly,
thofe which we can only compofe, being
incapable of decompofing them; and with
thefe alfo we are well acquainted : 3dly,
thofe which have never yet been either com-
pofed, or decompofed ; the nature of which

remains almgethcr unknown.
F 4 V. Since



( .72 )

V. Since, out of thirty known fpecies of
acids, as there are but three, ftri&'tiy {peaking,
which are in the laft predicament, or which
we can neither compofe nor decompofe, fo
that we are neceflarily ignorant of their
nature, there is no reafon why we {hould
not regard fubftances of this kind as accu-
rately difcriminated, and contemplate their
general properties and compofition.

VI. Allacids being compounds of oxygen
with different fubftances, the former princi-
ple is the caufe of their refemblance and
common properties; the latter, being diffe-
rent in each, may ferve to charaterize each
in particular. For this reafon, thofe mat-
ters which are variable in acids are termed
their radicals, or acidifiable principles.

VII. Thus all acids are combinatiens of
radicals, or acidifiable fubftances, different
in each {pecies, with oxygen, which is the
fame in all: whence it follows, that their
common properties, their characters as acids,

depend on oxygen; their particular proper-
tics,
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ties, their {pecific charalers, arife from their
radicals.

VIII. The word acid, indicating the
general and identical nature of thefe fub-
ftances, forms their generical name, while
the particular name of the radical contained
in each may with propriety defignate each
particular acid. Thus fulphur is the ra-
dical of the acid we name fi/pburic, phol-
phorus that of the pbg/phoric, carbon that of
the carbonic, and f{o on. |

IX. Though this nomenclature enjoys
the advantage of exprefling the nature of
each acid, we are unable to employ it for all,
becaufe the radicals of fome areunknown, and
thofe of others are themfelves compounded
of {everal principles, and would confequently
require too complicated appellations.

X. Acidifiable radicals may contain diffe-
rent quantities of oxygen, and under this
point of view they poflefs two ftates of
acidity. The firft is that, in which they

contain
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not fufficient to impart to it the natare of
an acid, and in this it is nothing more than
an oxyd: fuch is fulphur coloured red or
brown, by expofure to the air, and a degree
of heat inadequate to produce inflammation ;
when it is oxyd of fulphur: 2dly, contain-
ing more oxygen than in the preceding
cafe, and enough to become an acid, though
weak; as in the fulphurous acid: 3dly,
poflefling {till more oxygen than in the
fecond inftance, and having acquired power-
ful acid properties: fuch is the fulphuric
acid: 4thly, conjoined with a larger dofe of
oxygen than is neceflary to conftitute a
powerful acid, an acid in 7c; when it is
termed an oxygenated acid, or even {uperoxy-
genated,

XII. From the confiderations above enu-
merated it follows, that we have two modes
of forming at will acids with different pro-
portions of oxygen. One is, to combine the
radicals with fuch determinate quantities of
oxygen as are neceffary to convert them into
the ftate required, as is done with fulphur,

phoi-
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fition ; but it is not the only combuftible
fubftance, that will anfwer the purpofe; for
moft metals, phofphorus, fulphur, and hy-
drogen in a dry and {olid ftate, as it exifts in
vegetable compounds, poflefs the fame pro-

perty.

XV. All the acids, the {pecific nature of
which is owing to their particular radicals,
as has been already faid, may be divided into
four claffes, according to the nature of their
bafes being known or unknown, fimple or
compound.

A. Thefirft clafsincludesacids with known
and fimple radicals, or fuch as are formed
by the union of indecompofable combuitible
fubftances with oxygen. It’s fpecies are the
following: fulphuric acid, nitric acid, car-
bonic acid, phofphoric acid, arfenic acid,
tungflenic acid, and molybdenic acid.

B. The fecond clafs comprifes acids with
radicals that are unknown, but ftrongly ful-
pected of being fimple. In it may be
| 2 reckoned
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learnt from, Linné to employ. A fketch of
this method will be exhibited in the fol-
lowing fetions.

XVII. All acids with fimple and known
radicals are capable of being decompofed by
combuftible bodies, which they burn with
more or lefs rapidity, and are thus reduced
to their radicals. It is even by means of
this decompofition, that the nature of their
radicals becomes known. We can alfo form
them from their conftituent principles, by
uniting their radicals with oxygen.

Acids with unknown radicals, which are
fufpetted of being fimple fubftances from
ftrong analogy, have no other claffic cha-
racter thain thofe of being infufceptible of
decompofition by means of combuftible fub-

flances, and incapable of being formed by
art.

Acids with binary radicals,. or vegetable
acids, are diftinguithable by the following
chara@ers, 1. They are all decompofable

by
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by a ftrong fire and a fufficient addition of
oxygen. 2. In this decompofition they af-
ford water and carbonic acid, formed by
the disjunction of their hydrogen and car-
bon, each of which unites feparately with
a portion of the oxygen. 3. They are de-
compofed fpontaneoufly and flowly in a tem-
perature above §3°, if diffolved in water.
4. They cannot be decompofed by any
known combuftible bedy, their radical being
compounded of two fubftances which have
the ftrongeft attraction for oxygen of any
with which we are acquainted. 5. They
are convertible into each other ; which is
owing to the difference between them con-
filting folely in the proportion of their three
conftituent principles.

Acids with ternary radicals, and thofe
which are ftill more compound, or animal
acids, though the leaft known of all, pofie(s
_fome properties which may be deemed claffic
characters. Such are thofe of affording am-
moniac when decompofed by fire, and fur-
nithing
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nithing pruflic acid on the proportion of
their principles being changed.

XVIII. To thefe clafiic charaéters their
{pecific characters muft be added, attempting
a language analogous to that of the botanift
and zoographer.

Acids of the firft clafs, or with fimple and

Enown radicals.

A. Sulphuric acid, formed of fulphur
and oxygen by the combuftion of fulphur,
inodorous, twice as heavy as water, very
cauftic, lefs volatile than water, affording
fulphurous acid gas and fulphur on being
decompofed by red-hot charcoal, metals,
&c., and forming fulphats with earths, al-
kalies, and metallic oxyds.

B. Sulphurous acid, having a powerful
{mell, very volatile, gafeous, deftructive of
blue vegetable colours and removing ftains

produced by thefe colours on white, gra-
G dually
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nitrous gas on the contact of combultible

fubftances, and forming nitrits with earths
and alkalies.

E. Carbonicacid, formed of twenty-eight
parts of carbon with feventy-two of oxygen,
a gas heavier than air and difplacing it, filling
{ubterraneous cavities, difengaging itfelf from
liqugrs in a ftate of vinous fermentation, ex-
tinguithing lighted candles, killing animals,
reddening only light vegetable blues, precipi-
tating chalk from lime-water, re-diffolving
the chalk in the water, mineralizing acidu-
lous waters, baryt, lime, copper, iron, and
lead, in quarries and mines, forming carbonats
with earths, alkalies, and metallic oxyds,
decompofable by phofphorus alone, and
when it is united to alkaline bafes, particu-~
larly foda in the ftate of carbonat.

. Phofphoric acid, compofed of phof-
phorus and oxygen united by rapid and
complete combuftion, liquid, denfe, or fo-

~ lid, vitrifiable by means of fire, diffolving

filex in the a& of vitrification, decompofable
G2 by
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lowith powder, fixed, infufible, difficultly
foluble, reducible to tungften by means of
bydrogen, carbon, &c., forming the native
tungftat of lime called Zapis ponderofus,
and the native tungftat of iron, or wolfram
of mineralogiits,

K. Molybdenic acid, compofed of the metal
named molybdena and oxygen, of a rough
tafte, metallic like the two preceding fpecies,
in a white powder, becoming blue on the
contact of fuch fubftances as reduce it, and
in confequence of the lofs of oxygen return-

“ing to the ftate of molybdena.

Acids of the fecond clafs, or with unknown
radicals,

XIX. There are three acids, the radicals
of which are unknewn, though fufpected to
be fimple : the muriatic, fluoric, and bo-
racic.

G3 A. Mu-
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little tafte, difficultly foluble, melting with
filex, having very feeble afiinities, and re-
ficning earthy or alkaline bafes to almoit
all other acids.

Acids of the third clafs, or with binary ra-
dicals.

XX. Acids with,binary mixed or com-
pound radicals belong particularly to the
vegetable kingdom, and are formed by the
union of carbonated hydrogen or hydroge-
nated carbon with oxygen in different pro-
portions, which accounts, as has already
been faid, for their reciprocal converfion
into each ether.  Thefe acids being pretty
numerous, and capable of becoming ftill
more fo by daily difcoveries, I have divided
them into five genera, in which I have re-
gard to their nature and formation. The
firft genus includes the pure acids formed
in vegetables, reckoning amongft thefe the
fuccinic acid, which is manifeftly of vege-
table origin, In this there are five fpecies :

G4 the
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minous {mell, oleaginous and inflammable,
volatile, cryftallizable in the fhape of need-
les, forming permanent cryftallizable falts,
particularly with metallic oxyds, and ad-
hering more forcibly to the three alkaline
carths than to alkalies.

B. Citric acid, cryftallizable in rhomboi-
dal lamine, not convertible into oxalic acid
by means of the nitric, having more affinity
to earths than to alkalies, and {pontaneoufly
decompofable in water and by the action of

fire.

C. Gallic acid, abounding in galls, cry-
ftallifed in little gray or yellowith needles,
{typtic, precipitating iron black from it’s fo-
lutions, reducing metallic oxyds upited to
other acids, and convertible into oxalic acid
by means of the nitric.

D. Malic acid, abounding in apples, not
cryftallizable, convertible into oxalic acid
by means of the nitric, and forming at the
faime time with the malic acid, and even be-
fore it, in vegetables treated by the nitric
acid.,

E. Ben-
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and muriats of potath and foda, till they re-
ciprocally form acidules, and convertible into
oxalic acid by means of the nitrie,

G. Oxalic acidule, formed of oxalic acid
partly faturated with potafh, extracted from
the juice of forrel, cryftallized in paral-
lelopipeds, little decompofable by fire, af-
fording no oil, little foluble, and forming
triple falts with earths and alkalies. The
oxalic acid extracted from it is very foluble,
and very cryftallizable, attracts lime fromall
other acids, perfectly refembles that which is
formed from all vegetable fubftances by the
contac of nitric acid, and is the leaft de~
compofable and moft oxygenated of the ve-
getable acids.

H. Camphoric acid, produced by diftil-
ling camphor with nitric acid, cryftallizable
in parallelopipeds, forming perfectly cryftal-
lizable falts with earths and alkalies, and not
attracting lime from all the other acids as
oxalic acid does, This acid is very little
known,

I. Py-
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M. Acetous acid, formed by the fermen-
tation of wine, on which account it is called
vinegar, of an agrecable fmell and tafte,
volatile and liquid, decompofable by a firong
fire, capable of being furcharged with
oxygen when diftilled with metallic oxyds,
and thus becoming acetic acid, or radical
vinegar, which is more acrid and odorous
than the acetous acid, inflammable,and
mixed with alcohol,

Acids of the fourth clafs, or with ternary

radicals.

XXI. Acids with ternary compound
radicals, which were fpoken of above as
formed in general of carbon, hydrogen, and
azot, united with oxygen, appertain more
efpecially to animal fubftances. With thefe
we are fhill lefs acquainted than with the
preceding acids : but recalling here to the
reader’s mind, that they all furnith ammo-
niac on being decompofed by the a&ion of
fire, and prufiic acid on a change in the pro-
portion of their principles, I fhall remark,
that the pruffic acid feems to be to thefe

acids

L






G o% )

fearcely at all foluble, decompofable by fire,
when a falt refembling benzoin in fmell
fublimes from it, and forming cryftallizable
falts with alkalies. This is wvery little

known.

C. Sebacic acid, obtained from fat by the
action of fire, feparated from it alfo by
alkalies and lime with the afliftance of a
ftrong heat, liquid, white, fmoaking, very
acrid in tafte and {mell, forming cryftaliiza-
ble and fixed falts with earth and the alkaljes,
decompoling muriat of mercury, and de-
compofable by a ftrong heat.

D. Lithic acid, exifting in human urine,
forming the ftone in the bladder, dry, cryftal-
lized in flat needles, almoft infipid and
infoluble, in part volatile, decompofable by
a {trong heat, aftording ammoniacal carbonat
and pruffic acid by the agency of fire, for~
ming a beautiful red folution with nitric
acid, foluble in cauflic alkalies, and precipi-
tating of a gridelin er reddith colour from
the urine of perfons labouring under fever,

E. Fore
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G. Prufiic acid, faturating iron and colou-
ring it in pruffian blue, obtained at prefent by
the diftillation of blood,.or the a&ion of nitric
acid on albumen, gluten, animal fibre, &c.,
and difengaged in proportion as oxalic acid
is formed, remarkable for a noxious fetid
{mell analogous to that of bitter almonds,
very decompofable by a ftrong fire and then
affording ammoniac, fufceptible of the form
of gas, taking metallic oxyds from a great
number of other acids, capable of being
artificially formed by the union of hydrogen,
carbon, azot, and oxygen, little acid 1n it’s
tafte, and containing, as far as appears, very
little oxygen.

XXII. It follows from what has been
advanced in the preceding fettions, that if
acids be divided into two clafles, diftin-
guifhed by having fimple or compound radi-
cals, they will be found to differ principally
in this cireumftance, that thofe with fimple
radicals are not convertible into each other,
becaufe the properties of one fimple radical,

fulphur for example, vary much from thofe
H of
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difcovered not only the nature of feveral
acids, with the compofition of which we are
unacquainted, but alfo perhaps a confiderable
number of new acids, in plants and animals.
For among the produions of thefe organi-
zed beings, the principles of which we have
only begun to inveftigate, we are far from
having exhaufted all the pofiible combina-
tions of carbon, hydrogen, azot, and oxygen,
as the moft {uperficial calculation willdemon-
ftrate, To this order of inveftigation and
difcovery we muft refer the examination of
the acids indicated in cork, gray-peafe, and
feveral other vegetable matters, as well as
thofe of the gaftric juice, the coagulum
of the blood, cruoric acid, &c. It will be
perceived too, from the fucceeding chapter,
that moft burnt metals fcem to enter into the
clals of acids, and comport themfelves as
thefe falts in a great number of combina-
tions: fo that acids appear  to be the moft
numerous of all bodies, and perform the
principal parts in the chemical alterations,
which both fimpleand ccmpound {ubftances
are deftined inceflantly to undergo.

H 2 Application
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I1I. Every compound fzlt ought to have
a double name, one branch of which fhould
indicate it’s acid, the other iUs earthy or
alkaline bafe. The former has two different
terminations announcing the ftate of the
acid. Words ending in af are employed
when the falt contains an acid faturated with
oxygen, which is denoted by the termina-
tion sc : thus nstrats are formed by the nz-
tric acid : and words ending in iz imply
feeble acids, not faturated with oxygen, for
which, as has been already obferved, we ufe
the termination ous ; thus the compounds of
the nitrous acid are nitrits.

III. As there are thirty-four kinds of
acids known, and feven earthy or alkaline
bafes, which may be united to form com-
pound f{alts, the number of thefe falts might
be eftimated at two hundred and thirty-
eight: but fuch a calculation would be far
from exa&; for, 1ft, there are only few
acids capable of combining with filex : 2dly,
there are others which cannot unite with
certain earthy bafes on account of their

H 4 weaknels,
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one tenth of thefe combinations has not yet
been dualy inveftigated.

V. To begin the hiftory of compound
falts methodically, we muft divide them
into genera and fpecies, and fix their
generic and fpecific charatters. As this
branch of the fubie& has not yet occupied
the attention of chemifts, a flight fketch of
it is all that can be given; though in the
prefent ftate of {cience it is effential to em-
ploy the method of botanifts in the enun-
ciation of chemical propertics.

There are two methods of dividing com-
pound falts, to which recourfe might be
had; the one founded on their acids, the
other on their bafes: at prefent, however,
it 18 from the acids only we can eftablifh
genera comprehending the whole of thefe
falts, for they alone are capable of furniibing
generic charaters ; the influence of the bafes
on the properties of thefe compounds not
being fufficiently known, to enable us to
confider thefe earthy and alkaline fubftances
as the heads of the generical divifione.

VI. Thus
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Genus XVIII, GALLATS.
Genus XIX, MALATS.
Genus XX, BENZOATS.
Genus XXI, TARTRITS.
Genus XXII, OxAaLATS.
Genus XX[II, CamrHORATS.
Genus XXIV, PvyromuciTs.
Genus XXV, PyrorigNITS.
Genus XXVI, PyRoTARTRITS.
Genus XXVII, AceTATS.
Genus XXVIII, AceriTs.
Genus XXIX, ILacrAaTs.
Genus XXX, SaccHoLATS.
Genus XXXI, SeBATs,

Genus XXXII, LiTuHiaTs.
Genus XX XIII, FormiaTs.
Genus XXXIV, BomsraTs.
Genus XXXV, PrussiaTs.

VII. Each of the thirty-five genera of
compound falts above enumerated fhould be
confidered with refpet to it’s difcriminative
charallers, or thofe qualities which are fuf-
ficient to diftinguith it, and give an accurate
idea of it’s difference from all others. For

this
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nent ; and producing with all acids a brifk
and fenfible effervefcence, till their carbo-
nic acid is completely evolved.

Genus VI, ProsPHATs: decompofable,
mediately or immediately, by charcoal, which
feparates from them the phofphorus.

Genus VII, PuospuiTs : all decompo-
fable immediately by charcoal, which fepa-
rates from them the phofphorus ; and emit-

ting vapours on the contat of fulphuric
acid, &c. |

Genus VIII, ArsEntaTs: affording on
the conta@ of red hot charcoal the fiell
and white vapour of arfenic; and not de-
compofable by acids alone, unafiifted by a
double afhinity.

- Genus 1X, ArseNIiTs: the arfenious
acid is feparated and precipitated from their
folutions, by the contaét of all the acids,
even of the arfenic 2cid,

Genus
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Genus XV, BorAaTs: fufible, with or
without feparation of their bafes; and af-
fording, when another acid is united with

their folution, boracic acid in feliated cry-
fals.

Genus XVI, SuccinaTs: thefe are not
to be known, or charalerifed, but by de-
compofing them, and obferving their acid :
moft of them retain the {mell of burnt
amber.

Genus XVII, CiTraTs: not fufficiently
known for us to find in them generic cha-
racters: to diftinguith them, the citricacid

muft be feparated by the moft powerful
mineral acids,

Genus XVIII, GarraTs: all ftrongly
chacacterized by their property of precipi-
tating iron black from it’s folutions, and
partly reducing the oxyds of filver, gold,
and mercury, in feparating them from the
menftrua in which they are diffolved.,

Genus
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prefence of the camphoric acid, and the re-
cognition of it’s properties when feparated.

Genus XXIV, PyromuciTs: fimilarly
circumftanced with camphorats.

Genus XXV, PyrorigNiTs : the fame
may be faid of thefe.

Genus XXVI, PyroTARTRITS : thefe
rank with the three preceding genera.

Genus XXVII, AceTaTs: yet too little
diftinguifhed from acetits: evolving, when
decompofed by mineral acid, a very firong
and pungent white vapour.

Genus XXVIII, AceTiTs: all recogni-
zable by their acid difengaged by means of

ﬂ]arpcr acids.

Genus XXIX, LacTAaTs: very little
known : their acid, feparated by others, can
alone chara&erize them.,

I Genus
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fpecies contained in thefe thirty-five genera,
they would require to be profoundly ftudied,
and in this refpect fcience is yet little ad-
vanced. While our knowledge is thus de-
feGtive, it is of importance to indicate at
leaft the path we ought to purfue to com-
plete the hiftory of thefe compounds, and to
afcertain with precifion the method of in-
veftigating their properties.

Each compound earthy or alkaline falt
prefents to our obfervation,

1{t, Figure, and the varieties of that figure.
This ought to be defcribed geometrically :
the inclination and degrees of it’s angles,
. the primitive formation of the cryftals, the
interiour form, their diffeion, and the laws

of decreale which determine their varieties,
fhould be detailed.

2dly, It’s exiftence by art or nature, with
a comparifon of the native and artificial

falt.

12 '3le:
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combining with it {o that a triple falt is
formed. |

1othly, The comparative a&ion of acids
different from that which it contains, de-

compofing the falt, changing it’s nature, or
producing in it no alteration.

11thly, The operation of other neutral
{alts on it; which may produce a complete
union, forming a triple falt; a doubledecom-
pofition, by an interchangeof acids and bafes ;
a precipitation, in confequence of their at-
trattion for water; or no alteration what- |

CVEer.

12thly, The diffolubility or indiflolubility
of the falt in alcohol.

13thly, It's alterability or unalterability
by means of charcoal, which may decompofe
it’s acid, or leave it untouched.

14thly, The influence of vegetation and

fermentation on the falt.
I3 1 sthly,
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together in cubic quartz, phofphat of lime
and fluat of lime in the earth of Marmaroch
and the Eftremadura ftone, &c,

Applications of the propofitions in this chapter.

The knowledge of native falts.

The cryftallization and purification of ufeful
faltSt

The phenomena of felutions,

The precipitation and preparation of alu-
min, magnefia, &c.

The attraction of lime, potafh, foda, and
ammoniac for acids.

The formation of neutral falts by nature.
All the details of halotechny.

The preparation of the nitric, muriatic,
boracic, and feveral other acids.

14 CHAP.






{ vet i

much more common to fece them combined
with oxygen previous to their union with
other bodies ; or, in other words, for them
to enter into the greater number of com-
pounds of which they conftitute a part, it is
neceffary, that they firft unite with oxygen,
or be converted into the ftate of burnt
bodies. Accordingly, all the fingular phe-
nomena difplayed by metals in their combi-
nations, and the changes of form they under-
go, are owing to their attraction for oxygen,
and the different proportions in which they
contain this principle.

ITI. Though there are various circum-
ftances under which metals may be united
with oxygen, they may be reduced in gene-
ral to three. The firft is the contaét of air,
affifted by caloric; the fecond is owing to
the decompofition of water; the third, to
that of acids. In this triple view the oxy-

dation and diffolution of metals are here to
be confidered.

1V. All
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IV, All metals heated in the air, and
raifed to a temperature more or lefs high, are
fufceptible of burning with a vivid flame,
great heat, and a true deflagration, either
previous or fubfequent to their entering into
fufion : thus they abforb oxygen in a ftate
of greater or lefs folidity : thofe which
oxydate flowly, and without perceptible in-
flammation, equally difengage light and ca-
loric from the vital air, but in fo fmall a
quantity at a time, that they are not rendered
fenfible to our organs.

V. Elevation of temperature favours the
abforption of the oxygen of the atmofphere
by metals, and renders the combination of
this principle with thefe combuftible bodies
more {olid.

VI. While there are fome metals which
never burn in the air, except at a very high
temperature, as gold, filver, and platina,
there are others which burn at all tempera-
turcs, even the loweft, and with great

promptitude ; as manganefe, which oxy-
dates,



(123 )

dates, and falls into powder, in a few hours,
on the contact of air feveral degrees below
the freezing point. Some, as iron, copper,
lead, &c., burn flowly, and in the courfe
of fome months, in the air, even theugh

cold,

VII. All metals increafe their weight
during this operation, which does not take
place without the contac of air, and confe-
quently abforb a principle, the oxygen of the
atmofphere, without lofing any one. Nei-
ther the name of calcination, which was’
given to this phenomenon, nor that of me-
tallic calces, can be retained ; but inftead of -
thefe have been {ubftituted the terms of
eombuftion and oxydation for the operation,
and of metallic oxyds to denote the metals
thus burnt,

VIII. The colours which metals difplay
in burning, or with which their flame is
tinged, appear to be owing to the diffolution
of the metallic molecules in the light that is

evolved.
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X. All metals differ in their attraltion
for ‘oxygen. From f{ome, as gold, filver,
&c., oxygen is elicited by means of light
almoft alone, or affifted with a very fmall
portion of caloric ; others, as mercury, re-
quire for it’s feparation a great degree of fire,
and much light ; while the greater num-
ber do not part with this principle, merely
by the intervention of light and caloric. To
decompofe oxyds of the laft defcription, they
muft be heated with charceal, which at-
trats from them their oxygen.

XI. It is owing to this diverfity of at-
tractive power for oxygen, that fome metals
are deprived of it by others, as filver and
gold are by almoft all the reft, mercury by
copper, copper by iron, &c. We are not
yet perfectly acquainted with all thefe de-
grees of attrattion, but the prefent ftate of
our knowledge indicates the following order
of the metals, beginning with that of which
the attraction for oxygen is moft powerful :

manganefe, zinc, iron, tin, coppcr, mercury,

filver, gold.
XII., Va-
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oxyd, becaufe iron is capable of eliciting
oxygen from water only to that degree
which oxydates it black, and beyond this
degree of oxydation decompofes it no
longer.

XIV. All metals capable of decompofing
water effe this operation with more eafe
and rapidity, when affifted by the contact of
a fubftance which has a great tendency to
unite with their oxyds. Frequently even
metals, like other combuftible bodies, which
alone would not decompofe water, are ren-
dered capable of it by the prefence of fome
other fubftance, which aés by a predifpo-
nent affinity.  Thus almoft all metals are
enabled to effect the decompofition of water
by means of acids.

XV. Metallic oxyds have this peculiarity
in their combinations, that they {eem, with
regard to acids, to perform the functions of
alkalies, or earthy and alkaline bafes ; though,
on the other hand, they are capable of
uniting with earths and alkalies, as it they

were
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or the other is decompofed ; and fometimes
it originates from both, when both are de-
compofed at the fame time by the metal.

XVIII. Sulphufic acid thus decompofed
by metals, when in a concentrated ftate, gives
out fulphurous gas ; and nitric acid, nitrous

gas.

XIX. Sulphuric acid diluted with water,
oreatly facilitating the decompofition of the
aqueous fluid by means of metals, evolves in
this procefs hydrogen gas : this is eminently
the cafe in the diffolution of iron or zinc by
dilute fulphuric acid. The phofphoric acid
acts nearly in the fame manner as the ful-
phuric with metals.

XX. Nitric acid is not only decompofed
by feveral metals, but alfo admits the de«
compofition of water at the fame time.
For this it {uffices, that the metal diffolved
in it be extremely greedy of oxygen: fuch
is particularly tin. In this cafe, the hydro-
gen of the water, uniting with the azot of

K the
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folving the oxyd of iron, which other acids
are unable to attack. If metallic oxyds be
furcharged with oxygen when we diffolve
them in muriatic acid, an effervefcence arifes,
becaufe a part of the acid flies off in the form
of oxygenated muriatic acid gas. If the
oxyds be only at the proper point of oxyda-
tion for uniting with this acid, they diffolve
in it without any movement or effervefcence,
as falt or fugar will in water.

XXIII. The boracic and fluoric acids u-
nite but feebly with metallic oxyds : they do
not diffolve pure metals, becauic they are not
decompofable by them ; but they enable wa-
ter to oxydate fuch of them as have moft
affinity for oxygen. . It is the fame with the
carbonic acid, which unites well with moft
metallic oxyds, and is often found com-
bined with them in their native ftate.

XXIV. Metallic acids are eafily decom-
pofed by very combuftible metals : they unite
very perfecily with their oxyds, and are fre-

K2 quent]}'
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oftentimes very confined. There is a deter-

munate proportion of oxygen in-the combi-
nation of an acid with a metallic oxyd.

XXVIII. Itis in confequence of this law,
that metallic folutions expofed to the air
grow turbid, and form a precipitate, in pro=-
portion as the metallic oxyd, by abforbing
oxygen from the atmofphere, becomes gra-
dually infolublein the acid. This is the rea-
fon of the decompofition, which the atmo-
[phere effects on moft metallic fulphats and
nitrats,

XXIX. It even frequently happens, that
metallic oxyds diffolved in acids react by de-
grees on thefe falts, and take from them,
though in clofe veflels and without the con-
tact of air, a portion of their oxygen, fo that
they foon f{eparate, and are precipitated to the
bottom of the folution.

XXX. Heat is eminently favourable to
this fucceflive decompofition of acids by
metallic oxyds. Thus nitric folutions, when

K3 , heated,
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affinity for oxygen, or bring them into con-
tact with this principle.

XXXIII. Metallic compound falts have
always, or almoft always, an excefs of acid :
all of them likewife are more or lefs acrid or
corrofive, which fhows a tendency to be-
come acid in moft metallic oxyds.

XXXIV. Thofe properties of metallic
falts with which it is of importance to be ac-
quainted may be included under the follow-
ing heads. :

1. Figure, and it’s varieties : 2, fapidity or
caufticity, more or lefs powerful : 3, altera-
tion by means of light : 4, fufion, deficca-
tion, decompofition, by means of caloric,
more or lefs marked : 5, deliquefcence, ef-
florefcence, or decompofition, more or lefs
complete, by the action of theair: 6, folubility
in water, warm or cold ; decompofition more
or lefs promoted by pure water; &c.: 7,
decompofition by earths and alkalies ; nature
of the metallic oxyds precipitated ; complete

K 4 precipitation,
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precipitation, or formation of triple falts,
partly alkaline or earthy, partly metallic: @,
alteration of the metallic oxyds precipitated,
at the inftant of their precipitation, either by
the air, or by the nature of the alkali em-
ployed for the precipitation, as happens when
ammoniac is ufed : ¢, reciprocal alteration
by different aeids; decompofition taking
place, or not ; aflinity of acids for the me-
tallic oxyds ; changes of the oxyds difcover~
able by their colour : 10, alteration by earthy
or alkaline neutral falts, whether exhibiting
an union without decompofition, or a double
decompofition: 11, reciprocal acion of
metallic falts on each other, announcing ei-
ther fimple unien, a fimple change of bafes
by the acids, or a difplacement of oxygen
precipitating both the oxyds, one becaufe it
is parily difoxydated, the other becanfe it is
{uperoxydated, as 1s the cafe, for example, in
the ufeful precipitation of the muriatic folu~
tion of gold by the muriatic folution of tin,
which furnifthes the purple precipitate of
Caffius - 12, union with earthy or alkaline

2 ' fulphures ;
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fulphures ; the formation of a kind .of ful-
phurous ores, |

XXXV. Metallic oxyds have different
degrees of affinity with acids, and fome may
be employed to decompofe combinations of
others.. But thedifferent aflinities of metals
for oxygen are the moit important caufe of
the phenomenon of the precipitation of me-
tallic folutions. Thus feveral metals, by
taking oxygen from others difiolved in acids,
occafion their reappearance in the metallic
form ; as mercury does with'filver, copper
with mercury, iron with copper, zinc with
iron, &c. Sometimes metals do not deprive
metallic oxyds difiolved in acids of all their
oxygen ; which occurs when the precipitat-
ing metal has no occafion for all the oxygen
of the metal diffolved, to afflume it’s place in
theacid: Thus tin, when it precipitates the
oxyd of gold, does not elicit from it all the
oxygen it contains, but fuffers it to precipi-
tate in a peculiar ftate of oxydation. Metallic
oxyds, in dividing oxygen among them in

new
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Col AP X,

THE FORMATION AND NATURE OF VEe
"GETABLE SUBSTANCEKS.

I. THE fubftances which conftitute the

texture of vegetables differ from mineral
fubftances in this, that they are of a more
complex order of compofition, and though
all are extremely fufceptible of decompofi-
tion or analyfis, not one is an obje&t of

fynthefis.

II. Nothing but the texture of living ve-
getables, nothing but their vegetating organs,
can form the matters extracted from them ;
and no inftrument invented by art can imi-
tate the compofitions, which are formed in
the organic machines of plants.

III. Though vegetables form all the ma-
terials which conftitute their texture with

four
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V. The different place occupied by each
of thefe materials of vegetables often enables
us to obtain them eafily feparate and pure.
It is fufficient, when this local diftribution
occurs, to bruife and open the vefiels or cells
which contain them, and exprefs their liquid
juices. " Nature herfelf frequently exhijbits
this feparation at the furfaces of plants, even
by the power of vegetation : thus the fap,
manna, gum, refin, &c. {pontaneouily flow :
though art is often obliged to reparate from
cach other feveral of thefe materials united
and confounded together. The means it
employs for this purpofe are ufually fimple
and eafily praltifed: fuch as reft, filtra-
tion, expreflion, ablution, and diftillation
with a gentle heat, which produce no altera-

tion in the {ubftances fubjected to thefe pro-
cefles.

VI. Among the materials of vegetable
bodies obtainable by fimple means, which
change not their nature, may be reckoned
the following fubftances, either fluid or
folid =

1. The
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VII. It is neceflary here to be fuly
aware, that, on reducing all the fa&ts of ve-
getable analyfis to general terms, or leading
refults, nothing more has been found in any
of the plants hitherto examined, than the
eighteen fubftances abovementioned ; fo that
we may affirm, that they actually compofe
the texture of all known vegetables, and that
a very accurate analyfis is made of a vegeta-
ble, when we feparate thefe from it. Yet
it is not to be underftood, that all thefe
eighteen immediate materials are to be found
in the different parts of vegetables, or even
in each vegetable taken all together. There
are plants, all the parts of which do not
furnifb fo many as five or fix of thefe mate-
rials : others contain eight or ten : fome af-
ford them all. But fuppofing we could
mingle and blend together even chemically
all the plants which have ever occupied the
attention of the chemift, this mixture, this
combination, confufed in appearance, would
exhibit only the fixteen or eighteen above-
mentioned fubftances, as the refults of the
moft accurate and refined analyiis ; whence

we
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vegetables by infpiffation, or from decocions
or infufions of them by evaporation ; af-
fording by diftillation an acid, a little ammo-
niac, and fome oil ; abforbing oxygen from
the atmofphere, and by this abforption be-
coming gradually infoluble ; erroneouily
confidered as a native foap; compofed of
carbon, hydrogen, azot, and oxygen, and al-
ways tending to abforb more of the laft than
it contains in it’s primitive ftate.

X MUCUS, or MUCILAGE: an agglua
tinative, vilcous, infipid fubftance ;  af-
fording much pyromucous acid on diftilla-
tion ; foluble in both warm and cold water ;
abforbing no oxygen from the atmeofphere ;
drying and becoming brittle in the form of
gum ; exifting in roots, young ftalks, and
leaves ; ifluing from the bark of trees by
exprefiion ; gluing their fibres together.

XI. Sucar: fapid and agreeable to the
tafte ; cryftallizable, foluble, and fermenta-
ble ; in moft circumftances refembling mu-
cilage, but differing from it in the property

L of
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XIII. Fixep or1r : formerly called grofs

or expreffed oif; thick, fweet, inoderous ;
burning when volatilized ; forming foap
with cauftic alkalies ; mixed with a muci-
lage named the fweet principle of oils by
Scheele ; infpiffating and becoming concrete
by the contact of air and abforption of oxy-
gen ; experiencing the fame effedts by the
ation of acids and metallic oxyds; com-
pofed of carbon, hydrogen, and a little oxy-
gen. It differs from the preceding com-
pounds in containing a larger proportion of
hydrogen : whence arife it’s combuftibility,
and it's property of being converted into
water and carbonic acid, when it burns with
a fufficient quantity of air, as it does in the
hollow wicks furrounded on all fides with
air, which conftitute Argand’s lamp.

XIV. VoraTILE oiL: heretofore named
effential oil, or effence : highly acrid, highly
odoriferous ; entirely reducible to vapour at a
heat of 184°; combining difficultly with
alkalies ; capable of being fet on fire by
acids ; infpiffating to a refin by the a&ion of

Lz oxygen ;
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XVI. CampHOR: a matter now recog-
nized in a number of vegetables, and claim-
ing to be reckoned among their immediate
principles; of a concrete and cryftalline
form ; very volatile; burning with the e-
mifiion of fmoke ; foluble in a large quantity
of water, in alcohol, and in ether; exifting in
{everal volatile oils; contained pure in the
trunk and leaves of the {pecies of laurel which
furnifhes it ; too little known yet with regard
to it’s intimate nature; yielding a peculiar
acid by means of the nitric.

XVII. Resin: a foft or dry fubftance;
little odorous ; combuftible ; foluble in al-
cohol, but not in water; uniting difficultly
with alkalies ; little alterable by acids; ori-
ginating from infpiffated volatile oil, and
appearing to differ from it only by a larger
portion of oxygen.

XVIII. Barsam: refin united with ben-
zoic acid ; more odoriferous than pure refin ;
affording it’s acid in a concrete ftate by the
agency of fire and water ; yielding it to al-

L3 kalies






Caksr )

XXI. GLuTEN: an elaftic, duile body,
as if fibrous or membranous ; infoluble in
water ; flightly foluble in alcohol ; affording
‘aconfiderable quantity ofammoniac on diftil-
lation ; putrefcible like animal matter ; turning
yellow like it on the contact of nitric acid ;
convertible by this acid into oxalic acid ; oc-
cafioning the difference bei 2en the farina
of wheat and other farinaceous fubftances,
and beftowing on it the capability of being
made into a pafte.

XXII. CoLOURING MATTER : always
attached to one or other of the preceding ma-
terials ; appearing variable in it's nature;
fometimes {oluble in water, at others attack-
ableonly byalkalies, oils, oralcohol ; indebted
for the diverfity of it's propertics to the dif-
ferent quantities of oxygen fixed in it ; pof-
{efling an affinity of attrattion for alumen,
oxyd of tin, &c. ; and capable of combining
more or lefs intimately with the textures of

vegetables and animals,
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are all reducible, on an ultimate unalyfis, to
three or four principles, which are their pri-
mitive component parts ; ramely hydrogen,
carbon, oxygen, and, in many, azot; and
that they differ from each other only in the
various proportions of the elements from
which they are formed. Now if we invefti-
gate by fimple calculation the number of
different compounds, that may reflult from
the union of three or four principles in every
pofiible proportion, we fhall find, that a
much larger number might exift. But as
each of the ternary or quaternary compofi-
tions which conftitute the immediate mate-
rials of vegetables admits, as far as it appears,
a certain latitude of proportions, while re-
taining it’s general nature of extract, muci-
lage, oil, acid, refin, &c., it is ealy to con-
ceive, that the different proportions of the
principles included within thefe feveral lati-
tudes fet bounds to the vaft, immeafurable
variety of colour, fmell, tafte, and confiften-
cy, which are obf¢rvable in all the materials
of vegetables, and which men difcern in fuch

of
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of this knowledge leads to an apprecis;tion
of the changes wrought in vegetable matters
by different chemical agents, Thus we can
no longer profefs ourfelves ignorant of the
action of the deftrutive agent fire on vege-

- table fubftances. From the preceding con-

fiderations are underftood how, when a com-
plete vegetable, or any one of it’s different
produdts, is fubjected to the adtion of fire,
caloric tends to reduce thefe complicated
compounds to more {imple ones, by occa-
fioning the union of their principles, two
and two together, in proportions very differ-
ent from thofe which before obtained. By
gently heating them, the hydrogen is extri-
cated, which burns alone, and much carbon
remains : if they be ftrongly heated, the car-
bon is difengaged at the fame time with the
hydrogen, they both burn in theair, and the
only refiduum left confifts of that f{mall
quantity of earth and fults, which conftitutes
vegetable afhes. '

XXVIIIL. All the immediate materials of
vegetables being reducible in their ultimate
analyfis
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at the fame time in the texture of the vege-
table, in which it is retained chiefly by the
carbon. :

XXX. It is not fo ealy to account for the
carbon that exifts in vegetables. Some na-
tural philofophers fuppofe, that vegetables
decompofe carbonic acid at the fame time
with water, and abforb it’s carbon: but
this fuppofition is not proved, though it has
acquired ftrength, fince the decompofition of
carbonic acid combined with foda by means
of phofphorus has been difcovered. Other
chemifts are of opinion, that vegetable earths,
mould, dung, and particularly the water of
dunghills, furnith the carbon, attenuate, and
¢ven diffolved in water ; that plants abforb
this principle by their roots; and that they
do not extract it from carbonic acid. Ac-
cording to this hypothefis, manure affords
only carbon, and the water of it is nothing
mare than a faturated folution of this prin-
ciple, To thefe data we muft reftrain at
prefent the theory of vegetation.

Apﬁf;’.
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are already afforded us by modern difcove-
ries.

II. The moft certain means of folving
this important problem are unqueftionably
firft to acquire an accurate knowledge of
animal fubftances, to compare them with
thofe of the vegetable kingdom, and to invef-
tigate with care their difference or analogy.
There is no doubt, were thefe differences
once well known, they would enable us
to underftand the caufe from which they
arife.

ITI. If we compare the refults of all the
modern analyfes made of the blood and
humours, and of the folid parts which ma-
nifeftly originate from the concretion of
thefe, we fhall find, that animal fubftances
differ from vegetable fubftances in

A. The property of affording a confider-
able portion of ammoniac, and very fetid
products, by the action of fire:

M B. In
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of phofphoric acid, and the different phof-
phats, particularly thofe of foda, lime, and
ammoniac, in the animal humours. To thefe
falts are owing the peculiar quality of the
coal of animal fubftances, efpecially it’s
being almoft incombuftible,

VI. The peculiar principle, which is fo
abundant in thefe fubftances, and more el-
pecially renders them different from vege-
table matter, azot, appears, then, to be
the efficient caufe of the properties which
diftinguifh them, and particularly of that
fort of concrefcibility, or plafticity, which
will foon be confidered' more at large. It
may be affirmed, therefore, that, if we
were to deprive animal fubftances of azot,
they would become again in fome meafure
vegetables ; as, to convert the latter into
animal fubftances, it is fufficient to coms=
bine with them, or introduce into them,
azot.

VII. Thus all the matters which form
the bodies of animals may be confidered as

M2 o
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combination of oxygen ; the fame general
nature in the red ferum, which differs from
the white only in the prefence of oxyd of
iron; in the fibrous matter, or fibrin, {pon-
taneous concrefcibility, and folubility in al-
kalies. Thefe principal characters ought to
be confidered in the whole of the blood,
which appears to be the primary principle
of all animal fubftances, the common origin
of all the humours and of all the folids. It
has been called fluid fleth, in confequence of
the fibrin, which concretes in it on cooling.
The caufe of it’s heat has been difcovered
in the alteration and abforption of vital aic
in refpiration: and the renovation of the
blood by the chyle, and the converfion of
the chyle into animal matter, have in like
manner been found to originate from the
extrication of a confiderable quantity of
carbon and hydrogen, which appears to take
place in the lungs.

IX. Mirk : a white fluid, bland and
faccharine, formed of ferum, cheefe, and
butter, intimately mixed, and exhibiting a

Mg true
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true animal emulfion, In the ferum of milk
we fhould particularly notice the fubftance
called fugar of milk, which may be faid
to have the character only of an incipient
fugar, and the quantity of phofphat of lime,
more abundant than in the other humours,
which feems to indicate, that nature thought
fit to place in the firft nourithment of ani-
- mals a quantity of oficous bafe, with a view
to the neceflary celerity of the formation and
growth of the bones in the earlieft {tage of
their lives. The cheele is a true albuminous
matter. The butter i1s a concrete oil, the
folidity of which, and it's eafy feparation
from the milk by fimple agitation, appear
owing to the abforption of atmofpheric
oxygen during the formation of the cream,

X. Bire: an oily faponaceous fluid;
compofed of an oil approaching the ftate of
fpermaceti and foda, mingled with albumi-
nous fluid ; formed in the liver, a vifcus
which itfelf contains a large quantity of oil.
In the fyftem of the voluminous gland juft
mentioned, every thing indicates a difpofi-

tion,
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tion, an organization, defigned to feparate
from the blood the large portion of fat,
which arifes from the retardation of this
fluid in the venous {yftem of the abdomen.
This confideration, deftined fome day to be-
come one of the principa\l bafes of the phy-
fiology hinted at above, accounts for the
bulk of the liver in the feetus which has
not breathed, as well as in animals which
have no refpiratory organ fimilar to thofe of
man, birds, and quadrupeds. It alfo ex=
plains the origin of fome difeafes of the
liver, particularly of it’s concretions, or gall-
ftones.

XI. FaT ; afort of oily matter; formed
at the extremities of the arteries, and as
far as may be from the centre of motion and
animal heat ; affording a kind of refervoir, in
which that large quantity of hydrogen which
could not be evacuated by the luigs be-
comes fixed ; an oil united to a confidera-
ble portion cf oxygen, and containiug be-
fides febacic acide This manner of coufi-

M4 dering
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the modifications of the body, in health or
ficknefs, by a feries of obfervations, which
phyficians have already commenced under for-
tunate aufpices. We (hould confider it, too,
as always containing the matter of renal and
vefical concretions, which feem to require for
their formation only a little longer 1efidence
in the refpective organs than nature intend-
ed, or the prefence of a nucleus, which at-
trats, in fome meafure, the fuccefiive lithic
ftrata. We muft alfo obferve the propor-
tions of the different principles in the urine,
particularly of the uncombined acids it con-
tains, and the phofphat of lime which it car-
riesalong with it ; for thefe, differing remark-
ably in difeafes of the joints, the aponeurofes,
and the bones, will at fome future period
become, in the hands of fkilful obfervers,
new means of difcovering the nature of thefe
complaints, afcertaining their progrefs, and
perhaps infuring their cure,

XIII. Little can be faid here of the other
animal fluids, fuch as the infenfible perfpira-
tion, {weat, the gaftric juice, faliva, tears, the

mucus



{( 170 )

mucus of the nofe, the cerumen, the feminal
liquor, &c., becaufe none of thefe fluids
have yet been much examined, All have
unqueftionably their peculiar compolition,
and differ in fome points, particularly in the
proportion of their principles: Some of
thefe humours, with which modern experi-
ments have rendered us a little better ac-
quainted, exhibit the union of a peculiar
mucilage with water, pure foda, phofphat
of lime, and phofphat of foda: fuch are the
tears, the nafal mucus, and the fpermatic
fluid,  Of thefe the firft and fecond difplay
likewife the property of infpiffating by the
contact of the air and the abforption of oxy-
gen, which probably conftitutes the maturity
as it is called of the humours in catarrh,
whether it be confined to the nofe
and fauces, or extend to the lungs. The
{feminal liquor has offered us the fingular
phenomenon of the cryftallization of phof-

phat of lime, which was never before
known.

AIV. On
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X1V. On confidering the whole of the
folid matters which compofe the various
textures of the different organs of animals,
the fubftances of which they are formed
may be divided into three principal genera :
the firft comprehends the albumen ; the fe-
cond, the gelatin, or gelatinous matter ;
the third, the fibrin, or fibrous matter : two
of thefe have already been diftinguifhed under
the article of blood, in the eighth fetion of
this chapter. I fhall do no more here than
give a concife fketch of the conftant pheno-
mena, which may be confidered as the cha-~
racters of each of thefe genera.

GE NUS I

ALBUMEN : coagulable by heat, acids,
oxyds, and in general by oxygen in a con-
crete or nearly concrete ftate; (oluble by
alkalies ; found more or lefs condenfed or
oxygenated, and interwoven in the mem-
branes, tendons, caitilages, and, in general,
all the white parts of animals.

GENUS
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which fixes in thefe organs, and more parti-
cularly with regard to their apparent exclu-
fion of it under various circumftancgs of
difeafe, old age, &c.

XV. Thefe three matters, albumen, ge-
latin, and fibrin, in a {tate of concretion, of
combinations of two and two or all three to-
gether, and efpecially in different propor-
tions, form all the folids of animals, and are
{eparable from each other by a fimple and
eafy analyfis : they alfo, particularly the
albumen, form many of the fluids: of ani-
mals ; only in thefe they contain lefs, oxy-
gen, more water, and are combined with
acids, neutral falts, &c. It muft be ob-
ferved, that in the fluids the gelatin is
as deficient as in the {olids it is abundant,
appearing to acquire it’s nature of gelatin
in pafling from the fluids to the fo-
lids. Albumen diffolved in acids by art af-
fumes properties analogous to thofe of gela-
tin.

XVI. The
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fomewhat more, and fibrin the moft. In
proportion as this change of combinations
in the principles of animal matters is effe@-
ed by means of the nitric acid, they feem to
revert to their ancient ftate of vegetable mat-
ter, from which they do not effentially differ,
as has already been faid, but by the prefence
of azot, their proportion of carbon and hy-
drogen not being the fame, and greater com-
plication in the number of principles, froma
combination of which they are formed.
Thus inftead of being ternary compounds, as
vegetable fubftances are, animal matters are
quaternary compounds, and even ftill more
complicated. Azotis the fourth primitive
principle, which is fuperadded to hydrogen,
carbon, and oxygen.

XIII. Accordingly, the converfion of
vegetable into animal matter, which confifts
only in the fixation or addition of azot, muft
be confidered as the principal phenomenon
of animalization : this alone explains it’s
chief myfteries ; and when once we are per-
fectly acquainted with the mechanifm of

this



(130" )

this addition of azot, moft of the fun&ions
of the animal economy, which effe¢t it, or
depend on it, will become equally known.

XIX. What we already know of the
fubject is confined to the following confide-
rations. ‘The phenomenon is not {fo much
owing to the fixation of a new quantity of
azot, as to the fubtraction of other prin-
ciples, which increafe it’s proportion. In
refpiration the blood exhales a large quantity
of hydrogen, and of carbon, either fimply
diffolved in hydrogen gas, or converted into
the ftate of carbonic acid by the very act of
circulation, and in the vafcular (yftem, ac-
cording to fome modern philofophers. In the
cavities of the bronchia, during the a¢t of ref-
piration, and by the inftrumentality of this act,
the hydrogen forms water, which exhales in
expiration. A portionof oxygen appears at the
fame time to become fixed in the pulmonary
blood, and, circulating with this fluid through
the veflels, gradually combines with the
carbon, fo as to form that carbonic acid,
which is extricated from the venous blood in

the
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the Jungs. Itis cafy to conceive, that, by
thus difengaging a large quantity of hydro-
gen and carbon, refpiration muft neceflarily
augment the proportion of azot, The ftudy
of the mechanifm of the other fun&ions,
which remains to be purfued, will undoubt-
edly lead to new difcoveries, ftill more im-
portant than the preceding : what has been
performed within a few years naturally
prompts us to imagihe, that ftill more wilt
be done. 'The analogy of action which has
been difcovered between digeftion, refpira-
tion, circulation, and infenfible perfpiration,
has begun to eftablith on new views, more
folid than were heretofore pofieffed, a {yftem
of animal phyfics, which promifes an abun-
dant harveft of difcoveries and improve-
ments. Unqueftionably it will be in pur-
fuing the phenomena of digeftion and
growth in young animals, that an edifice
equally novel and folid will be ereted on
thefe foundations. Every thing is ready for
this grand work ; feveral philofophérs pur-
fue this unbeaten path of experience; freth
_ardour, fpringing from thefe new concep-
N tions;
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II. From the general definition of fer-
mentation it would feem, that there ought
to be as many peculiar and different fermen-
tations, as there are vegetable and animal
matters to be changed and decompofed : but
{everal of them purfuing a fimilar path to ar-
rive at a more fimple ftate of compofition,
the number of fermentations has been re-
duced to three, the vinous, acetous, and pu-
trid.

I1I. Vinous fermentation, as it’s name
imports, is that which produces wine or al-
cohol: The faccharine matter is the only
cne which undergoes this fermentation, when
diluted with a certain quantity of water, and
mingled with a third fubftance of fome kind,
vegetable or animal, as extra&, falt, fecula,
or the like; for it is now fully proved, that
fugar and water alone never enter into vinous
fermentation. The faccharine matter 1s [0
abundant and generally diffufed through ve-
getable and even animal fubftances, that there
are a great number of bodies capable of af-
fording wine, or yielding alcohol. All {fweet
and faccharine fruits reduced to a PUIP: and

N 3 more






{ £:4855)

fugar divefted of it’s carbon, and, combining
with it, gives birth to alcohol. Thus al-
cohol may be defined to be fugar minus a
certain quantity of carbon, and plus a certain
portion of hydrogen. This theory explains
both the formation of the carbonic acid evol-
ved during the progrefs of vinons fermenta-
tion, and that of the alcohol, as well as all
the properties of this new produdtion.

VI. Pure alcohol is a white liquid, of a
ftrong fmell, of a hot and acrid tafte; rifing
in vapour at a temperature of 1 50°; inflam-
mable at any temperature; affording much
water and carbonic acid in burning ; yield-
ing no {moke in combuftion ; mifcible with
water in any proportion, and expelling it’s
air and a part of it’s caloric while combining
with it ; diffolving pure or cauftic alkalies ;
decompofing acids, and convertible into ether
by this decompofition ; diflolving deliquef-
cent neutral falts, and feverat metallic ones ;
taking from vegetables their volatile oil,
aroma, refin, balfam, part of their gum-refin
and many coclouring matters : finally, of ufg
in various procefles of the arts in confequence

of thefe feveral properties.
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~ IX. Unqueftionably there are feveral other
fermentations analogous to that which forms
vinegér, though their products are not yet
well known, fuch for inftance are that of
water mixed with ftarch, called ftarch-
makers four water, and thofe which form
{our bread, four kraut, and four liquors. All
thefe changes are to be confidered as means
of decompofition for fimplifying the complex
combinations of vegetabless

X. Finally, after vegetable liquors, or
their folid parts moiftened, have pafied to the
acid ftate, their decompofition, continuing
under favourable circumftances, namely a
gentle or warm temperature, expofure to air,
and the conta& of water, leads them into
putrefaction, which terminates in volatilizing
moft of their principles under the form of
gas. Water, carbonic acid, carbonated and
even {ulphurated hydrogen gas, volatile oil
in vapour, and fometimes even azotic gas
and ammoniac, are evolved ; and after this
there remains nothing but a brown or black
refiduum, known by the name of mould,
formed of carbon fomewhat fat and oily,

4 from
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This reattion gives birth to binary com-
pounds, fuch as the carbonic acid, nitric
acid, ammoniac, and carbonated hydrogen
gas, which gradually efcape into the atmo-
{phere, proportionally diminithing the quan-
tity of animal matter. Itis thus, in confe-
quence of a natural decompofition, that we
perceive this animal matter foften, change
colour and fmell, lofe it’s texture and form,
and diffufe through the atmoiphere vapours
and gafes, which diffolve in the air and tran{-
fer to other bodies, particularly thofe of ve-

getables, the materials necefary for their for-
mation,

XIII. All the phenomena of the putre-
faction of animal fubftances depend on the
mechanifm here explained.  In the union of
hydrogen and azot we perceive the forma-
tion of ammoniac, which has been deemed
the principal offspring of putrefaction. The
combination of carbon with oxygen explains
the generation and evoluticn of carbonic
acid, in which all the myftery of putrefac-
tion was made to confift, about the time
- when gafes were firft difcovered. Nitric
acid, to the produstion of which it is well

know*
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fubftances : it furnithes them with the
quantity of oxygen neceflary to the compo-
fition of carbonic and nitric acids; and
it contributes highly to the production of the
putrefadtive movement, by the attractions of
the oxygen it intreduces to them. It is
equally indubitable, that the hydrogen
grifing from the decompofition of this wa~
ter contributes greatly to the formation of
ammoniac : for it is a well known faét, that,
when animal matters are diluted with a large
quantity of water, they furnith abundance
of ammoniac in their decompofition,

KA VI, Putrefation, confifting in a feries
of particular attractions, is modified in many
different ways by external circumflances,
fuch as temperature, the medium the
animal {ubftance occupies, the ftate of the
atmofphere, whether more or lefs light or
heavy, moift or dry, &c. Thus dead bodies
buried in the earth, immerfed in water, or
fufpended in the air, are differently affected ;
and moreover their bulk, their quantity,
their propinquity to other bedies, and all the
varying properties of the three mediums

above
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grees above 329, favours the putrefaction of
thefe fubflances, and their ditdolution into a
ftate of gas. On the contrary, a hot and
¢ry air, volatilizing the water, deficcates
and hardens the bodies of animals, and pre-
ferves them almoft as well as the diy and
burning fand of I gypt, fo abounding in na-
tural mummues.

XIX. Though all the circumftances of
_putrefaction ; and the almoft innumerable
varieties of the phemomena they exhibit, are
not yet defcribed, or even known, we have
difcovered, that they are confined to the
converfion of complex fubftances into {ub-
ftances lefs compound ; that nature reftores
to new combinations the materials, which
fhe had but lent as it were to vegetables and
animals ; and that fthe thus accomplifhes
the perpetual circle of compofitions and de-
compofitions, which attelts her power, and
demonftrates her fecundity, while it an-
nounces equal grandeur and fimplicity in the
courfe of her operations.

Appli-
























