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PREFACE,

THE prefent pubhcatmn is an outline
of a courfe of Leétures on Chemiftry,

delivered by the Author, and is publithed .

principally with the defign of facilitat-
ing the ftudy of _the Science to thofe
to whom thefe Lectures are addrefled.

Convinced that a mere enumeration
of the fubjects which the courfe includes,
would be very imperfectly adapted to that
defign, he has endeavoured, by a concife
ftatement of leading fadts and principles,

to render this abftra& of more general
utility, and to frame a work which may

ferve as an elementary introdudion to
Chemiftry, With this view, he has en-
deavoured



i E t ® F - | , ;
. | & L B - 1 J -
of 1 =
: - = 1
' : j :




Vii.
opinions he may have offered on thefe and
{fome other f{ubjeéls, that, as in this ab-
firat they muft be very concifely ftated,
they may appear to lefs advantage than
when accompanied by thofe illuftrations
and collateral arguments which contri-
bute to their fupport. For this unavoid-
able imperfe@ion, candid criticifm will
make due allowance.-—In the difcuflion’
of one of the moft. important of thefe
queftions, that refpecting the nature of
radiant caloric and the heating power
of folar light, he is flattered to find, that
the conclufions which he has deduced from
the valuable experiments of Dr. Herfchel
in the 2d part of the Philofophical
Tranfacdtions for the prefent year, are
the {fame as thofe which the Doctor has
eftablithed in the {equel to his papers, in
the 3d part of the fame volume, publifhed
while the laft theet of this volume was in
the prefs. Thele conclufions are, that radi-
ant caloric is entirely different from light,

and that vifible light has no heating
POWET ;
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INTRODUCTION. €

CHEMISTRY s the principal branch of that
department of Phyfical Science which inveftigates
the actions exerted between the minute parti-
cles of matter. Befides the general tendency
which bodies, even in the largeft mafles, and at
the greateft diftances, have to approach, until
they come into apparent contact, the exertion of
which gives rife to all thofe fenfible motions
that compofe fo important a part of the econo-
my of the univerfe ; there exifts a fimilar power
of attraction between the minute ultimate parti-
cles of matter, which tends to bring them inte
intimate union. This power exerted between
the particles of heterogeneous bodies, is termed
Chemical Attration, or Affinity. From its exer-
tion, different bodies, placed under certain cir-
cumitances, aCtupon each other, fo as to form {ub-

flances diftinguifhed by the pofleflion of new
B properties 3
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2 INTRODUCTION.

properties ; and the invefligation of fuch adions
conftitutes by far the moft extenfive and im-
portant part of the Science of Chemiftry.

There is another power, that of Heat, or Ca-
loric, likewife exerted between the minute par-
ticles of matter; which tends not to unite
them, but to place them at grcatér diftances
from each other. It expands bodies, renders
them fluid, or converts them into vapour; and
it always modifies, by its attion, the exertion of
chemical attra&tion. Its properties, therefore,
the effects it produces, and the laws by which
it acts, are fubjects of chemical inveftigation.

Such is the nature of Chemical Science,. It
inveftigates the changes arifing from thefe two
powers, Chemical Attraction and Caloric ; and
determines the laws by which thefe changes
are regulated.

Chemical Attra®ion, the firft of thefe powers,
is clearly diftinguifhed, by its mode of operation,
from the other {pecies of attraction with which
matter is endowed. The Attradtion of Gravita-
tion is exerted between large mafles of matter,

and at the greateft diftances: the phenomena it
produces
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produces arife merely from changes of place in
the bodies operated on, and are accompanied by
no change of properties, nor any permanent u-
nion. The Attraction of Cohefion, or Aggrega-
tion, is exerted between particles of the f{ame
kind of matter, and forms aggregates poffefled
merely of the properties of the particles-of which
they are compofed. Chemical Attraction is ne-
ceflarily exerted between the particles of difer-
ent kinds of matter: in order to its being ex-
erted, thefe particles muft be nearly in contaét ;
they are {o intimately united as to form a homo-
geneous mafs, indeftructible by mechanical means ;
and properties more ar lefs new are always ac-
quired. It is to chemical union that the vaft
variety of fubftances exifting in nature owe their
origin, as they are all formed from the combina-
- tions of a few fimple principles.

The fimpleft cafe of the exertion of chem-
ical attraction, is that where two bodies, placed
in contact with each other, form a drie&
union. In chemical language, this is termed
- Combimation : “the {ubftance produced a com-
. pound; and the bodies from which it has been
formed, its conflituent principles, or component
parts, ‘Thefe are retained in union, by a force

of
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of attration, which in different bedies is very
different ; but which is always fuch, that the
compound refifts any mechanical force em-
ployed to difunite its principles ; and can be de-
compofed only by the exertion of a fuperior
chemical power. The properties of a compound
are in general very different fhom thofe of the
component parts.

Chemical Union may be illuftrated by the
following example: If a quantity of any {ub-
{ftance, not {oluble in water, or very {paringly fo,
fuppofe it to be the earth termed Magnefia, be
diffufed in a portion of that fluid, a white turbid
mixture is formed, which, upon ftanding fuffiei-
ently dong at reft, depoﬁta a powder ; the fluid
above remaining tranfparent. In this cafe, no
chemical action has taken place ; the magnefia
and the water have been merely mechanically
mixed, but have not combined, fince on ftanding
they feparate, ecach obeying its fpecific gravity.

But fuppofe that to the mixture of Magnefia
and water, a fmall quantity of another fluid, term-
ed Nitric acid, be added, a change very quickly
appears. The turbid mixture becomes tranfpare
ent, and the properties of the acid, and of the

magnefia,
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smagnefia, are entirely loft by their entering into
chemical union.

It is this intimate wunion, this formation of a
new kind of matter, in which the paiticles of the
former fubftances can no longer be diftinguifh-
ed, and in which new properties are acquired,
that characterifes chemical combination.

When a compound is formed, if left to itfelf,
it remains unchanged, its principles having no
tendency to {eparate. But if it is placed under
certain circumftances, in conta@® with anothér
body which has an attraction to one of its'‘com-
ponent parts, {fuperior to the attracion by which
thefe are united, the two between which the at-
traction is ftrongeft combine, and the other is
feparated. Thus, if t6 the above compound of
Magnefia and Nitric acid, the fubftance termed’
Potath is added, it combinés with the Nitric a-
cid, and the Magnefia is depofited with its pro-
perties unchanged. "In the language of Che-
thiitry this is termed Decompofition, and it is as
extenfive in its agency as Combination.

In many cafes, both of Combination and De-
rompofition, chemical action is rendered ftill more
ftriking,
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Atriking, by the phenomena which it exhibits
while it is taking place ; as by the produétion of
heat or light, by the extrication of air, or by

. change of colour, of form, or of other proper-
ties in the bodies combined.

The great objeéts of chemical refearch are to
trace the various combinations exifting in nature,
and thofe ca-pahle of being effeCted by art. In
thefe inveftigations, the Chemift, proceeding
through innumerable decompofitions, ultimately
arrives at a few bodies, which he is unable far-
‘ther to decompofe, or to refolve into two or
more component parts, fo as to afcertain that they
are compounds. Thefe therefore he confiders as
Simple Subftances, or Elements, which, by their
various combinations, form every other kind of
matter that can be produced. He traces them
through all their combinations, obferves the phe-
nomena by which thele are accompanied, the
laws according to which they are produced, the
properties of the compounds which are formed,
and the farther combinations into which thefe
compounds are capable of entering.  To fuch
inveftigations, which form the prineipal part of
Chemical Science, we are indebted for our know-

ledge of many of the phenomena of nature, and
¢ : : the
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the eftablifiment and improvement of mary of
the arts, | ol ot

The other department of Chemiftry is that
~which relates to the properties and modes of ac-
tion of Caloric. It of courfe comprehends the
confideration of expanfion, fluidity, and vaporif-
ation ; of the manner in which Caloric is tranf
mitted through bodies; of the quantities of it
which they contain ; of its extrication and ab-
forption ; and of its influence on the exertion of
chemical attraction.

The appricatioNs of Chemiftry, and its Corni-
nections with the other Sciences, are extenfive
and 1mportant ; many of the phenomena which
nature prefents to our obfervation, arifing from
- the chemical actions of various fubftances on each
other, and many of the arts being nothing more
than a feries of chemical procefies.

Thus, in the general economy of nature, the
temperature of the globe, and the caufes of its
variation ; the evaporation of water ; the forma-
tion of clouds, rain, dew, fnow ; the appearance
of meteors, and other changes produced in the
atmofphere ; the corruption and amelioration of

' | " the
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the air; the temperature and impregnations of
fprings ; the formation of minerals; the difpofi-
tion of the ftrata of the earth ; thefe are, more or
lefs, the refult of chemical adtion, and are there~
fore to be explained on chemical principles.

To. natural hiftory, Chemiftry lends the moft
effential aid. It in particular enables the Miner-.
alogift to difkinguifh and; arrange thofe produe~
tions of mature which it is the obje& of his
{cience to inveftigate,

In the animated world, chemical influence is
not lefs perceptible. It explains the growth and
nutrition of organifed beings, and the formation
of all their produdts; and is often able to point
out the caules of thole deraﬂéemtnts: which their
fun@tions fuffer from external agents. Hence the:
intimate. conneétions which Chemiftry has with
Medicine, and with animal and vegetable Phyfio-.
logy.

Pharmacy is merely a branch of this fcience;
its objet being the preparation of {fubftances em-.
ployed. as remedies, and thefe being in general
the refults of chemical procefles.

With
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With the Axts, Chemiﬁi—y is not lefs exten-
fively connefted than with the Sciences. Diffe-
rent fubftances act upon each other when placed
in certain circumftances, fo as to produce certain
effe@s, which, were thefe circumftances net at-
tended to, would not take place. The arrange-
ment, and management, in particular cafes, of
fuch circumftances, fo as to produce thefe effects,
conftitute the ?armus ChEII'IICH.]. arts.

Agﬁcﬁlture, the firft of thc'artsi is nothing
more than the juft application of the principles of
vegetable phyfiology, {o as to obtain, at the leaft
expence, the largeft produce from ufeful plants.
Chemiftry eiplﬁim the growth and nutrition of
vegetables, difcovers the modes of action of ma-
nures, teaches their proper application, and dif-
covers the nature of any foil. :

In the application of the ﬁro&u&s of Agricul-
 ture, the influence of this Science is ftill to be
traced. The arts of making bread, of brewing,
of diftilling, of making ftarch, fugar, vinegar, of
« varnifh-making, of bleaching, and of dyeing, are,
finétly fpeaking, ﬁatﬂing more than chemical
- procefles.  Such alfo are thofe arts which apply
to ufeful purpofes the produéts of the animal

C kingdom,
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kingdom ; as tanning, making of foap, of glue,
and many others.

Metallurgy, or the art of extradting the me-
tals from their ores, that of purifying, of forg-
ing, and of cafting them ; that of making me-
tallic alloys, or metallic compounds for painting
and dyeing, the procefles of glafs-making and
enamelling, and the fabrication of pottery and
porcelain, are likewife arts the principles of which
are immediately dependent on Chemical Science.

Laftly, various applications to purpofes of uti-
lity are likewife ymade of the effe@s attending
chemical action ; as of the expanfive force of
fteam in the fleam engine, or that of the airs
which are difengaged in the detonation of gun-

powder.

In arranging this vaft body of knowledge,
either directly chemical or connected with
Chemiftry, various plans have been followed.
Thefe may in general be reduced to two kinds;
one, in which the arrangement is founded on the
phyfical and chemical properties of bodies ; the o-
ther in which their chemical compofition only is

regarded.
Of
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Of the firft kind is the old divifion of the che-
mical agents, into Salts, Earths, Inflammables,
Metals, and Waters; each of thefe claffes con-
taining a number of fubftances, diftinguithed by
the poffeflion of fome common properties, and be-
ing {ubdivided into orders and genera, in which
the fame principle of arrangement is obferved.

It requires no minute inveftigation to difcover
the imperfe@ions of this method; for, as the
principal obje&t of chemical inveftigation is to
difcover the compofition of bodies, and their
combinations with each other, it is evident that
any arrangement in which the compofition is
difregarded, muft be imperfectly calculated to
facilitate the ftudy of the Science. Simple and
Compound fubftances will be placed in the fame
clafs : in whatever order the clafles be diftribut-
ed, compounds will frequently fall to be con-
fidered before the fimple-bodies of which they
are formed, by which every advantage of arrange-
ment is loft : and, laftly, feveral of the moft im-
portant chemical agents are ifolated in their pro-
perties, and cannot with propriety be brought un-
der any of the eftablifhed claffes.

In that arrangement founded folely on the
chemical
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OF THE CHEMICAL OPERATIONS AND
; APPARATUS.

P —
j———

Tue great objeé of Chemical inveftigation is to
difcover the cunipnﬁtiun of Bodies. This is ef-
fe@ed, either by decompofing them into two or
more conftituent principles, or by forming them
from the combination of certain fubftances. The
former procefs is in chemical language termed
Analyfis ; the latter, Synthefis: and under thefe
are comprehended the greater part of the opera-
tions of Chemiftry.

Analyfis, which, from this definition of it, .is
merely {ynonymous with Decompofition, is effect-
ed either by the agency of Caloric, or by the ex-
ertion of a fuperior Affinity.

It frequently happens that when a compound
is expofed to a high temperature, the force of at-
traction,
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traction exifting between its principles is weak~
ened, and they feparate; and one _of‘them, be-
"ing in general more volatile than the other, is
expelled.

In other cafes, a compound is not decompofed
by the moft intenfe heat: but if it be mixed with
fome other chemical agent, and placed under cir-
cumftances favourable to the exertion of chemi-
cal attraction, the fubftance mixed with it may
combine with one of its component parts, when
of courfe the compound will be decompofed, and
from the producéls, its conftituent principles may
be afcertained,

Thefe are cafes of Simple Analyfis: others
more complicated are thofe, in which two com-
pounds are mixed together, and a complete ex-
change of their principles takes place; or in
which a compound confifting of feveral princi-
ples is expofed to a high temperature, by which
its principles are feparated, but, inftead of pafling
off pure, they enter into new combinations with

each other,
-

When analyfis has been accomplifhed, the

principles which have been {eparated may fre-
quently
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quently be again combined, fo as te form the ba-
dy that was decompofed. This is termed Syn.
thefis, and itis always the fureft proof of the ac- |
curacy of the hﬁnal}'fm.

~ As the exertion of Chemical Attradtion is
much influenced by various caufes, --- the tempe-
rature of bodies, their ftate of aggregation, &ec.;
certain artificial arrangements of circumitances
are generally requifite, in order that combinations,
or decompofitions, may take place. Similar ar-
rangements are neceflary to colle&t the producdts
of thefe actions. Thefe conftitute the Operations
of Chemiftry.

The circumftance moft requifite to the exer=
tion of Chemical Attradion is the minute divi-
fion of bodies, or the diminution of that force of
cohefion, by which the tendency to combination
is counteraled. Several preliminary operations
are had recourfe to with this view,---as Pulverifa-
tion, in which the body is reduced to powder by
beating ; Trituration, where the fame effe@ is
produced by rubbing ; and Levigation, where the
powder 1s reduced to a greater finenefs by long
continued rubbing with a {fmall quantity of wa-

ter, or any other fluid which is not capable of
diffolving
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diffolving it. Thefe operations are performed ia
‘mortars of metal, marble, earthen ware, or glafs,

Sifting is the operation by which the finer parti-
cles of the powder are feparated from the coarfes
by a fieve: Wathing, that in which the fame
end iz attained by diffufing the powder In water,

allowing the coarfer particles to fubfide, pouring
off the fluid which holds the finer fufpended, and
allowing thefe to be depofited.  The metals,
from their greater hardnefs, require to be filed
down, to be hammered into thin leaves, or to be
granulated, by pouring them, when melted, thro’
a perforated plate into water. | '

Thefe operations are very far from reducing
bodies to their minute integrant particles, be-
tween which only attraction .is exerted. They
are therefore merely preliminary to thofe, in
which fuch an extreme divifion is obtained by
chemical meane.

Of thefe, the ﬁrﬂ: is Solution; by which is to bf'z
underftood, that operation in which a folid budy
combines with a fluid, in fuch a manner that
the compound retains the fluid form, and is
tran{parent and permanent. Perfect traniparen-
¢y, and the permanent fufpenfion of the folid,

are
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are the marks of perfect folution, by which it is
diftinguifhed from fimple mixture, or mechanical
diffufion.

Chemiftry is indebted to Newton for the firft
juft view of the nature of this operation. He
rejeCted the vague explanations which fuppofed it
to depend on the figures of the particles, by
which the one body was fitted to break down the
other ; and afcribed it folely to an attraction fub-
fiting between the particles of the two bodies,

by which they were united.

In chemical language, the fl /id body is termed
the Solvent, or Menftruum ; the {olid, the Solvend.
This diftin&tion muft not be underftood as con-
veying the idea, that the one body is more adive
‘in the operation than the other: the attra&ion

by which it is produced is mutually exerted.

In general, the folution of a folid in a fluid can
be carried only to a certain extent; a given
quantity of it being 'diffﬂlved, and no more,
though the fluid be kept over it for any length
of time. This is termed Saturation, and the
fluid in fuch a cafe is faid to be faturated.

The point of faturation in any fluid is very
D _ different
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different with refpe@ to different folids: of
fome it will diffolve its own weight ; of others,
one half or one fourth ; and of others, not more
perhaps than one or two hundredth parts. With
refpect to fome fubftances, the folvent power ap-
pears to be without limitation. When a fluid is
faturated with one fubftance, it is ftill capable of
diffolving another, but not in fuch large quanti-
ty as it would do were it pure.

" An increafe of temperature favours folution; it
not only facilitatesit, or caufes it to take place more
rapidly, but it enables the fluid to diffolve a larger
portion. The larger quantity diffolved is again
depofited when the folution cools. The folvent
power is not with refpect to every body equally
promoted by an increafe of temperature : Water,
for examiple, will diffolve five, fix, or {feven times
more of fome fubftances, when boiling, than
when cold ; of others, three or four times ; while
there are fome nearly as foluble in the cold as
in the hot fluid. Thele differences exift princi-
pally with refpe to thofe fubftances termed
Salts. Lavoifier has obferved that the falts, whieh
have their folubility in water promoted moft large-
ly by an augmentation of temperature, are thofe

which are moft fufible by Caloric.
Agitation
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Agitation favours folution, by removing from
the folid the portion of fluid already faturated
with it, and bringing a new portion to act upon
- it. The fame end is attained by increafing the
{urface of the {olid body ; and hence, in part, the
utility of thefe preliminary operations by which
folids are reduced to pﬂwder.‘

By {olution we communicate to bodies that
fluidity which 1is neceflary for their mutual che-
mical action, and hence of all the chemical ope-
rations it is the moft extenfive in its application.
It is performed in veflels of different kinds, in
- phials, matrafles or cucurbits of glafs. = Ba-
fons of earthen ware, or metallic veflels are" like-
wile occafionally ufed.

The fecond principal operation by which che-
mical combination between bodies 1s promoted, is
Fufion, or melting them by the application of
heat. It weakens the force of cohefion fubfifting
- between their particles, and gives them that flui-
dity neceflary for their motion, and in both thefe
ways facilitates their union., This operation for
chemical purpofes, and where large quantities are
not employed, is performed in veflels termed Cru-

cibles, made of clay with a fmall proportion of
fand.
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nace connected with a chimney, when it is kin-
dled, the air in the upper part of the furnace is
neceflarily rarified, and afcends by the chimney ;
the preflure of the external atmofphere forces a
quantity of frefh air through the openings below,
which, rifing through the fuel, oceafions a ftrong
combuftion. .

In furnaces, therefore, the ftrength of the com-
buftion depends on twe circumftances ; on the
accefs of the atmofpheric air from below, and on
the height of the column of heated air. When
the tube or chimney is lengthened, the difference
between the {pecific gravity of the column of
heated air which it contains, and of the column
of external air being greater, a larger quantity of
frefh air is conftantly forced through the fuel,
and a ftrong draught, as it is termed, is formed.
This is proportional to the height of the vent, to
a certain extent ; for beyond a certain point, the
- air in the vent being cooled, no-addition to the
draught 1s gained.

It is alfo obvious, that the draught of air may
be diminifhed or increafed by leffening or en-
larging the accefs of air from below ; and by
clofing up that accefs, the combuftion will be

-mtaHy
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The Blow Pipe is another convenient inftru-
ment for exciting a very ftrong heéat, and operat-
ing on fmall quantities of materials. It is merely
a tube with a very fmall aperture, through
which a ftream of air is forced, either by the
mouth or by bellows, upon the flame of a candle’
or lamp, and the flame is directed upon a {mall
point where it excites a very intenfe heat.

An intenfe heat, the moft intenfe indeed which
we can raife, is likewife capable of being excited
by the {olar rays, concentrated by a concave
mirror, or a- lens,

There is one other mode in which we can
raife the temperature of bodies, fo as to facilitate
their combination, which 1is more immediately
applicable to the permanently elaftic fluids, or
airs, that of paffing the Electric {park through
them. This raifes the temperature of the part
through which it pafles to ignition, at which thefe
- bodies combine, '

After chemical combination or decompofition
has been effected, various operations are requifite
in order to obtan the produéts. Such are Lixi-

viation,
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forms the procefs termed Diftillation, which is ala
ways performed with the view of obtaiuing the
more volatile part,

Diftillation is carried on in veflels of different
kinds. The common ftill is made of iron or cop-
per, and the fire is directly applied to the bottom
and fides; the vapour pafles off by a pipe iffuing
from the head, and is conducted through a fpiral
tube, termed a worm, placed in a veflel of cold was
ter, by which its condenfation is promoted. The
comnion figuve of the ftill was formerly that of a
cylinder, the height of which was at leaft double
the diameter; but it is now made much more
fhallow, as there can be no doubt that the exa
tent of evaporation is proportional to the extent
of furface to which the heat is direcly applied,
and to the free exit allowed to the vapour,

In the diftillation of many fubflances, metal.
lic veflels would be acted on either by the ma-
terials, or the produéls of the operation. Veflels
of glafs or of earthen ware are therefore employ-
ed; and of thefe the Retort is the moft con-~
venient. It is a kind of conical bottle, the
bottom of which is convex, and the neck bent at
an angle of about 6o degrees. The materials are

E put
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to the other, by which in many cafes the product
would be fpoiled.

In thefe and other kinds of apparatus, lutes,
or ftiff paftes, are neceflary to clofe up the-join-
ings, and prevent the efcape of any vapour. They
are made of different adhefive materials ; as of
flour and water, of clay and fand, or of dried
clay mixed with drying oil.

Sublimation is an operation fimilar to Diftilla-
tion, a volatile body being feparated from one
more fixed by the application of heat. But the
matter thus volatilifed, condenfes in the folid
form, which ferves to diftinguifh the one opera-
tion from the other. The apparatus employed
for Sublimation is the alembic, with its capital ;
the former being merely a conical bottle round
in the bottom, the other a globular head adapted
to it, with a groove or edge in its under part to
allow any fluid to run off.

Precipitation is an operation of a different kind.
1t is applied to that procefs in which, by chemi-
‘cal action, a folid body is feparated from a fluid,
‘and depofited. There are three varieties of it :
Ift, That where a folid has been diflolved by

: .3 flnid,






AND APPARATUS 29

more particularly employed as an operation of
Chemiftry, to obtain the produdls of other ope«

rations.

Cryftallization is promoted by affording a
nucleus, or folid point, at which it may com-
mence ; and fill more fo, if this nucleus is of the
fame kind of matter as that which is diffolved.
The accels of the air likewife has an important
influence on this procefs. If a faturated folution
of a falt in boiling water while it is hot be in-
‘clofed in a veflel, fo as to exclude the atmoiphe-
ric air, it does not cryftallize even when cold ;
but 1f the air be admitied, the cryftallization 1m-
mediately commences, and proceeds with great
rapidity, A production of fenfible heat always
accompanies cryftallifation.

Cryftals depofited from water always contain
a quantity of that fluid, often more than half
their weight. It is termed their water of cryi-
tallifation ; it gives them their tranfparency and
denfity, thefe qualities being always loft when
this water is evaporated.

Every body that cryftallizes takes on a figure

peculiar to atfelf; and hence the figure of the
cryftals
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QF CHEMICAL ATTRACTION, OR AFFINITY.

ArTrAcTION, in the language of modern Philo-
{ophy, is employed merely as the expreflion of the
general fa®, that the mafles or particles of mat-
ter have a' tendency, when left to themfelves, to
approach until they come into apparent contact,
The different fpecies of it have been already no-
ticed and diftinguifhed from each other.

Chemical Attradtion, that particﬁiar {pecieswhich
we are now to invefltigate, may be d;:ﬁned, that
‘power by which the particles of heterogencous
bodies have a t#ency to unite, and by which,
when united, :thcy are retained in a flate of
combination; forming, not a mere “aggregate, or
mixture, but a new body, in which the properties
of the component parts are more or lefs changed.
T'wo lfubftances may be intimately mixed toge-
ther,
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in aeriform fluids it is entirely overcome, and a
repulfion eftablifhed between the particles.
From the difference between Combination
and Aggregation, arifes a diftintion of fome
~ ‘importance ; that between the integrant parts
, or particles, and the component or conitituent
parts of bodies. . The latter are particles of mat-
ter, differing in their nature from each other, and
which, by their union, form a compound, or fub-
ftance, with new properties. The former do not
differ from each other; nor do they differ, as to
their nature, from the aggregate which they form.
They are merely the fmalleft particles into which
a body is divifible without decompofition. They
are held together by the attraction of aggregation,
or cohefion, while the conftituent parts are united
by chemical attraction. It is evident that fimple
bodies confift entirely of infegrapt parts, all their
“particles being alike in their properties. Com-
pounds, again, #\ay be confidered as confifting
both of integrant parts and of component parts,
~or diffimilar particles. When two compound
fubftances unite chemically, it is the integrant
particles which combine, and not the more fim-
ple principles of which thefe are formed.

F Such
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Such 1s the nature of chemical combination.
What is its caufe? In other words, By what
power is the union of two different bodies effect-
ed? We are indebted to Newton for a fatisfac-
tory anfwer to this queftion. After having de-
monftrated the laws nf_ Gravity, and thewn their
application to the fenfible motions of the uni-
verfe, he obferves, that there might be other
fpecies of attraction which reach to fuch {mall
diftances as to have efcaped obfervation. At the
end of his treatife on Optics, he reviews a great
number of chemical phenomena and a&ions,
and applies this principle to their explanation.
‘When two bodies unite, this he conceives to be
owing to an attraction exerted by the particles of
the one to the particles of the other, by which
they are brought together : when they refufe to
unite, it is becaufe no fuch attraction exifts ; and
when a compound is decompofed by the addition
of any other body, it is in confequence of that bes
dy exerting an attraction, to one of the principles
of the compound, flronger than that which exift-
ed between them. Thefe explanations were fo
much fuperior to the crude notions formerly en-
tertained by Chemifts upon thefe fubjects, that
they were generally received. The laws regulat-

ing the exertion of chemical attraction have fince
been
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been inveftigated by the moft celebrated Che-
mifts. As they form the bafis of the {cience, they
require to be fully ftated.

Law I. Chemical Attraction is exerted only
between the minute particles of bodies.

" No exertion of chemical attracticn can be
perceived between mafles of matter. Hence the
neceflity of mechanical divifion, in order to fa.
cilitate chemical combination. Hence alfo,
when two bodies have united, the {malleft
parts of the compound are found to confift of the

component parts united in their due propor-
tion.

Law II. The Attraction of Aggregation muft
be overcome before Combination or Decompofi-

tion can take place from the exertion of Chemi-
cal Attraction.

This law follows in part from the former ; for
fince attraction is exerted only between the*mi-i*
nute particles of bodies, it is evident that, ingor-
der to effect a union, the aggregation muft bc.
broken, and the bodies to be united reduced to
their {malleft parts. The circumftance, however,

of
e
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parately. From the confideration of fats of
this kind, Morveau has modified th1s axiom,
and exprefled it more juftly in the following
terms: * There is no chemical adtion’ between
« hodies, if one of them is not fufficiently fluid,”
(or rather, if its aggregation is not fufficiently
weakened,) ¢ that its particles may yield to
¢« that affinity, which tends to bring them into
¢ contaét with the other.”

There is another clafs of exceptions to this
law, of a different kind. It is in general true,
that the weaker the aggregation is, the more
eafily combination is effected ; liquids, there-

fare, combine with more facility than folds, or

even than a folid and liquid ; and in like manner
vapours combine with rapidity and cafe ; fo that

in many cafes, the only practicable method of

combining twe bodies is, to prefent them to each
other in the ftate of vapour. There are, howe-

* ver, many other cafes in which the ftate of va-

pour, efpecially if it is permanently elaftic, op-
pofes chemical union.  Few of the Gaffes can be
combined but at a high temperature, and even
then the union is often flow and relu@ant. = The
caufe of this circumftance, depending on ‘the a-
gency of Caloric, is afterwards to be explained.
Law
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Law II. When Chemical Combination has
taken place, the compound which is formed
does not poflefs properties merely intermediate
between thofe of its component parts, but has
acquired others more or lefs new.

T'his law of Chemical Attradion is of vaft im-
portance in its application, fince it is from it
that the properties of the greater number of ma-
terial bodies are derived. Almoft all the pro-
ductions of nature or of art are compounds of a
few fimple bodies; and the immenfe variety of
properties they poffefs, and by which each may
be diftinguifhed from every other, is derived
from this fimple law of attraction, that cnmbizlajw
tion alters, more or lefs, the properties of the bo-
dies combined. The fenfible qualities, fuch as
tafte, {mell, colour, form and denfity ; and the
chemical properties of fufibility, volatility, folu-
_bility, tendency to combination, and order of at-.
traction in the compound, bear in general no re-
femblance to'the fame qualities in its conftitu-
ent principles. In no cafe, therefore, can we, from
our knowledge of two bodies, infer with certain-
‘ty, a priori, what will be the properties of the.
compound which refults from their union.

It
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It is not invariably true, however, that the
properties of a body are completely changed by
its combination with another. There are many
examples in which they are only flightly altered
or weakened ; and there are fome, the folutions
of falts in water for example, in which they are
fcarcely perceptibly changed ; though that thefe
are real chemical combinations is certain, as they
are not deftructible but by the exertion of a fu-
perior affinity. In thefe and in other cafes in
which the properties of a body are little alter-
ed, there is generally one change which marks
chemical union, an alteration of {pecific gravi-
ty, that of the compound not being the mean of
the fpecific gravities of the component parts.

Law IV. The exertion of Chemical Attrac-
tion is accompanied by a change of tempera-

ture.

This law, if not univerfal, is at leaft very ge-
neral ; there being few inftances of chemical
actien which, if accurately obferved, do not
fhew a change of temperature, and in many ca-
fes 2 very confiderable one. The temperature
may be either increafed or diminithed ; in other

words, either heat or cold may be produced :
and
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the other by peculiar properties. Thus oxygen u-
nites with azot, in not lefs than four proportions,
each proportion forming a different compound.
This peculiarity of combination is highly impor-
tant ; the immenfe variety of properties, in the
produéts of the vegetable and animal kingdoms,
being chiefly derived from flight differences in
the proportions of the few principles of which
they are formed, |

3. In certain circumftances, the combination
is unlimited to a certain extent : one ﬁudy
may combine with another in any proportion,
until a certain quantity of it is combined ; but
beyond that quantity, the capability of combi-
nation eeafes. The folutions of falts in water
afford examples of this kind. Any portion of
falt, to a certain quantity, combines with the wa-
ter ; but more than that quantity cannot be
diffolved.

- Laftly, there are cafes of combination appar-
ently unlimited, two bodies uniting in every pof-
fible proportion. Alkohol and water, or fulphuric
\acid and water, afford examples of this kind: they
'unité in whatever proportion they may be mixed
'together, and the compound has always a fpecific

G gravity,
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gravity, different from the mean fpecific gravity
of the fluids combined..

Of fome of thefe claffes of facts, Guyton (late
Morveau) has given a different ftatement, which
feems to be generally admitted. He fuppofes,
that any two bodies are capable of combining on-
ly in one precife proportion ; but the compound
which is thus formed may farther combine with a
new quantity of one of its conftituent parts, and
this may be carried to the length of two, three,
or four fucceflive combinations. All the com=
pounds, therefore, which were formerly confidered
as combinations of bodies in different proportions,
are fuppofed to be f{ucceflive combinations of the,"
compound formed, with new quantities of one of

its ingredients. 3

This opinion applies with facility to thofe
cafes of combination in which bodies unite in twoy:
three, or perhaps four combinations; and with.
refpect to many of thelfe, it is probably juft. Buf
in thofe cafes where combination is unlimited, as. |
in the union of acids, or of alkohol with water,’ }
it 1s impoflible to conceive how the combinations:
can fucceed each other, in the manner which |

Morvean has {uppofed.
The
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The limitation of combination, which has been
noticed under this law, forms what is termed, in
the language of Chemiftry, Saturation. When
one body has combined with another in the larg-
eft poflible proportion, it is {aid to be faturated ;
and the precife proportion in which they have
thus combined, i1s termed the point of Satura-

tion.

" Law VI Attra@ion is in the inverfe ratio of
Saturation : Or thofe particles which enter firft
into combination, fo as to form a peculiar com-
bination, are united by a ftronger attra¢tion than
thofe which are afterwards added. |
This law has been inferred from the facts ftat-
ed under the preceding ; and it is in general juft.
Among thofe bodies which unite in two or three
determinate proportions, there is {carcely one ex-
ception to it the force of attraction being ftrong-
eft in the firft compound, and weaker in the o- -
thers. Hence there are many of thofe compounds
‘which it is poffible to decompofe partially, even
by the interference of very weak attradtions,

‘While it is extremely difficult to effect their entire
'decompofition,

Law VIIL
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gain combine with a fourth, if it be prefent,
In confirmation of this opinion, it is obferved,
that very frequently if two of the bodies be
firft combined, and then the third be added, the
fame compound is produced as when they are
all dire@ly mixed. This, however, is by no
means always the cafe; and there are even fome
fadts, particularly the folutions of two or three
fubftances in the fame fluid, of diffecent falts in
water for example, which are unfavourable to
this opinion.

Under this law may be noticed what hz;.s
been termed by Chemifts, the Affinity of In-
termedium. There are many inftances in
Ewhich two bodies do not combine together,
but on the addition of a third {fubftance, a che-
mical union is effe@ted. Such cafes, however,
are merely examples of a compound being form-

ed of two {ubftances, and this combining with a
third body.

Law VIII. Bodies exerting an Attracion to o-
thers, exert it with different degrees of force, each
individual having its peculiar attra&ipﬁ to others,
which can be only aiceitamned by obfervation
or experiment,

This
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Suppofe A to have an attration to C, equal
in force to 6. If placed under the neceflary cir-
cumftances of divifion and temperature, they
will unite and form a compound A C. But
fuppofe A to have an attraltion to B equal
to 8, if B be added to the compound A
C, it will immediately decompofe it by u-
niting to A, The compound A B will there-
fore be formed, and C will be difengaged.
The fame decompofition, it 1s evident, would have
been produced, if the attration between B C
had been fuperior to that between AC. B
would have combined with C, and A would

‘have been feparated. &

,' ~ The {ame principle' may be illuftrated by ex-

periment, by {ubftituting Nitric_ Acud for the let-
‘ter A in the above diagram, Potath for B, and
Lime for C.

After the fact was difcovered that the force of
‘attractions was different, it was a very obvious i-l-
'dea to conftruct tables in which the relative forces
‘of attraction of any fubftance towards others
?:_might be exhibited, fo far as thefe were afcer-
tained by experiment. This was firft done by
Ceoffroy, a French Chemift, Thefe have been

extended,






OR AFFINITY. 44

fourth fubftance, is united to C, with an attraction

~ equal to' 73 and {fuppofe that D-has an attraction

to B equal to 12, then a decompofition muft be:

eff-@ted on mixing thefe two compounds; for
 the fum of their exifting attractions is inferior to
" the fum of thofe tending to {eparate them, the

one being 24, the other 28. A B, C D, there-
fore are decompofed, and two new compounds,

' CA, BD,are formed.

This is what is termed, in the language of
Chemiftry, Double Ele@ive Attraction ; two eléc-

-~ tive attractions being exerted, and two new com-

pounds formed. Of the two attractions which
are exerted, one tends to preferve the original
compounds undecompofed ; the other tends to
feparate their principles. The former have been

" termed by Mr Kirwan the Quiefcent, the latter
- the Divellent Attractions, terms which are gener-
- ally ufed. It is evident that a double decompofi-

tion can only be effected, where the fum of the di-
vellent is {uperior to that of the guiefcent attrac-

© tions.

In order to reprefent more clearly and con-
cifely what paflfes in thefe complicated attrac-
tions, diagrams have been conftruéted. The i-

H {

JH",
{
l‘ &
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Muriat of Potalh. .
rPuta[h .32 Muéiatic Acid
Sulphat : Muriat
of 16: \Y 20=82 p ; of
Potath % Lime.
l LIRS |
Sulphuric Acid B—- Lime
6

Eulph;t of Lime,

Thus in the fcheme which Bergman himfelf
gives, if the two compounds, termed Sulphat of
Potath and Muriat of Lime, the former confift-
ing of Sulphuric acid and Potafh, the latter of
Muriatic acid and Lime, be mixed .together, a
double decompofition takes place, and two new
‘eompounds, Muriat of Potafh, and Sulphat of
Lime, are formed. This is reprefented by plac-
ihg on the outer fides of the two brackets the
‘names of the twe compounds mixed, and at the
corners of the brackets, the names of their ingredi-
ents, fo difpofed that the one acid fhall be dia-
gonally oppofite to the other., If the numbers
exprefling the relative force of attractions of the
principles of thofe compounds be alfo added, it

will
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By fome flight variations in their conftruc-

tion, thefe diagrams have been rendered {till
' more extenfive, fo that they are capable of repre-
fenting all the phenomena of thefe combinations.

Where the, quiefcent attractions are fuperior
to the divellent, and where of, courfe no decom-
polition takes place, the {cheme confifts. of two
anconnected brackets, with the names of the com-
pounds at each fide, and of their ingredients at
each corner ; the numbers, denoting the forces of
attraction, being interpofed. .

[Potath 62 SulphuricAcid]

Muriat | i Sulphat
of 432 54=86 of
Potafh Lime,
Muriatic Acid 2o Lime
L 82 )

In the oppofite cafe where decompofition is
effected, the fcheme No. 3 is ufed, varied only
to fhew the peculiar phenomena.

Thus in fuch decompofitions it frequently hap-
pens, that one or both of the new compounds

prove
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prove infoluble, and confequently fall down. This
is denoted by bending downwards, in the mide
dle, the line placed between the fubflance and
the {quare, as in diagram 3, where the under-
moft line is bent down to exprefs that the Sul-
phat of Lime is precipitated. If, on the contrary,
one of the fubftances be volatilifed or fublimed,
the line is bent upwards in the middle, as in dia-
gram 4, where the upper line is drawn in this
manner, to thew that the Nitric acid is volatilif=
ed. If they are neither precipitated nor vola-
tilifed, the brackets are merely conne&ed by
two ftraight lines.

Laftly, the circumitances under which the de-
compolfition takes place, require to be pointed
out. Sometimes it is effected, by the fubftances
being diflolved by water, fometimes by the ap-
plication of heat to them in the {olid ftate. Berg-
man diftinguifhed thefe decompofitions in the hu~
mid and in the dry way, by inferting in the middle
of the diagram a triangle, A, which was the old
chemical mark for fire, to denote that the decom-
pofition was effected in the dry way, or by the
application of heat ; and an inverted triangle, ©7,
the mark for water, to point out when it was done

in a watery folution. The fame method is ftill
ufed
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‘ufed, the marks only being changed ; a ftraight
§.Perpcndicu!a-r line,] ,is the mark for caloric, or
"heat, a compoeund figure, !, for water.

To facilitate the conftruétion of fuch dia<
. grams, all. the chemical agents have likewife
|been diftinguifhed by particular characters,

There is a peculiar cafe of chemical decompofi-
ition, formerly regarded as anomalous, which may
Ibe noticed under this law. It is what has been
itermed Reciprocal Attraction. It is that cafe in
which a compound is decompofed by the addi-
ttion of a third body, and yet the principle difen-
tgaged is capable of readting upon the compound,

i6 as to decompofe it again, and form a quantity
of the original {ubftance. An example will il
lluftrate it. If Sulphuric acid is poured on the
compound termed Nitrat of Potath, it’ decompo-
pofes it by combining with one of its principles,
he Potafh, and difengaging the other, the Nitric
acid : but if this Nitric acid be again digefted
n the compound of Sulphuric acid and Pot-
jafh, it decompofes it, and a quantity of Nitrat of
fotafh 15 found to be formed. Still there can
e no doubt that the attraction of Sulphuric a-
91d, is much firenger than that of Nitric acid to

Potaih

¥
1
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Potafl.  How therefore is the latter decumpo-t'
fition produced?

Bergman, by an admirable explanation, has
removed this apparent exception to the uniform-
ity of the laws of chemical attradtion. He ob=
ferves, that Potafh can combine with Sulphuriﬁ
acid in two proportions, one in which they are
m tually faturated, and a perfeét neutral falt is
formed. ‘another in which the acid is in excefs,
and which may therefore be confidered as a coms
pound of the neutial falt with a frefh quantity
of Sulphuric acid. © When the Nitric acid is
added to the Sulphat of Potafh, there are two-
confpiring affinities; the one that of the Nitric
acid ‘fur Potath, the other that of the Sulphat
of Potafh for an escefs of Sulphuric acid ; and

thefe being fuperior to the bare quiefcent attrac-
tion between the Sulphuric acid and the Potafh,
the decompofition 1s efleted. The proof that
this explanation 15 juft, 1s, that whatever quanti-
ty of Nitric acid be added, not more than a cers
tain quantity of the Sulphat of Potafh, about
one third, can be decompofed : becaufe when the
two thirds of the neutral falt acquires the fre
~ quantity of the Sulphuric acid, there remains§

mﬂy the fimple attraction of the Potafh to the
Nitric
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Nitric acid, which is unable to effet the decom-
pofition. . = Another decifive proof of its. juftnefs
is, that the Nitric acid has no effe on the fame
compound of Potafh, with an excefs of Sulphu-
ric acid.

What is termed Difpofing Affinity, or Attrac-
tion, furnithes another apparent exception to the
uniformity of force with which chemical attrac-
tion operates.. It is that cafe in which two bo-
dies are incapable of uniting, but in which the
combination is effe¢ted by the addition of a third
bn&y, though it has no apparent attraction to ei-
ther of the others, or at leaft none which, by any
obvious operation, can facilitate the union.

This will be better illuftrated by example.
Water is 2 compound of oxygen and hydrogen ;
phofphorus has an attraltion to oxygen, but not
fufficiently ftrong to enable it to decompofe the
water : but if the phofphorus be combined with
lime, it decompofes water rapidly, by attracting

. its oxygen. Iron, in like manner, has an attrac-
tion to oxygen; but {o little fuperior to that of
hydrogen, that it is unable to decompofe water at
a low temperature, or at leat the decompofition is
very flow: but if 2 imall quantity nffulphf:ric acid

I be
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be added, it immediately commences with great
rapidity.. In the one cafe the Lime, in the other
the Sulphuric acid, is faid to exert a difpofing afe
finity. 'The explanations that have been offered
of the nature of this operation, are unfatisfactory,
fome of them abfurd. The term, however, of
Difpofing Attraction may be retained, as the ex-
- prefiion of the general fact, which is unqueftionable,
that chemical union between two bodies is often
facilitated by the additionof a third, which exerts
no apparent attraction to either that can influs
ence the refult. When the nature of this a&ion
is difcovered, it will be exprefled with more pre-
cifion as a particular law, or it will be reducible to
{fome of the other eftablifhed laws of attracion.

Law IX. The force of attraction between bo-
dies is not eftimated by the facility with which
they combine,

Though it might be fuppofed, that thefe bo-
dies, between which the firongeft attradtion exits,
would combine moft eafily, yet we find this
is not the cafe. Some combine with facility,
which have comparatively a weak attra@ion to
each other ; while others, between which a fitrong
attration exifls, are combined with difficulty.

3 This
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This is owing to the exertion of chemical attrac-
tion being always influenced by the ftate of ag-
gregation, the difpofition to fufibility or volatlity,
and other circumitances.

The problem of determining the relative forces
of chemical attradion amongft different bodies, is
highly important ; ‘but hitherto we have only
approximations to its {olution. The ufual mea-
fure of the force of attraction is, that of decom-
pofing a compound by the addition of a third bo-
dy. But all that we learn from this is, that the
attraction of one is ftronger than that of another
to a third: how much ftronger it may be, or
what is its abfolute force, is not determined.

Morveau obferved, that different metals, plac.
ed in contaét with mercury, adhere to it with
different degrees of force, which he found to be
in the order of the different chemical attractions
of thefe metals to mercury. 'This method, there-
fore, might be followed, as a mean of determining
the relative forces of attraGtion; but it is {fo limit=
ed in its application, that it cannot be applied to
the {olution of the general problem.

Mr Kirwan, in making experiments on the
{aturations
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faturations of the acids by the alkalis and earths,
difcovered, that the quantity requifite to faturate
an acid, 1s diretly as the force of attraction
{ubfifting between the acid and bafe; 100
grains, for example, of Sulphuric acid, require
for {aturation 215 grains of Potafh, 165 of Soda,
“and 110 of Lime: asitis known that Potafh has
a ftronger attraction to that acid than Soda, and
Soda than Lime, Mr Kirwan concluded, that the
above numbers exprefs the proportional forces of
attraction in thefe bodies. But it has been found,
that on mixing different compound falts toge-
ther, the actual refults are not always f{uch as
ought to be obtained, did the above numbers ex-
prefs the precife forces of attraction of thefe fub-
- ftances ; and Mr Kirwan himfelf has pointed out
fources of fallacy in the original experiments, a-
gainft which it is {carcely poflible to guard.

Law X, The exertion of chemical attraction
between bodies is influenced by their ftate with
refpect to temperature, independent of any effect
that temperature may have in changing their
- forms. ' |

It has already been obferved, that fluidity is
in general a neceflary requifite for the exertion of
chemical
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chemical attradion, and that fufion, by the ap-
plication of heat, is one method by which this flu-
idity is obtained. = But befides this, there are ma-
ny cafes in which it is neceflary to expofe bo-
dies to a high temperature, in order to bring them
to act chemically on each other; altho' the heat
applied is not carried fo far as to render either of
them fluid. It is this circumitance that is com-
prehended under the prefent law.

This influence of temperature may be noticed,

firft, as it promotes Combination. Of this there
are two cafes ; that in which the force of chemi-
cal attraction feems to be augmented, and that
in which its exertion appears to be only facilita-
ted, by a high temperature,

Of the firft of thefe, the folutions of the
falts in water afford examples ; a larger quantity
of the falt combining with a given quantity of
water,.at a high than at a low temperature, and
this larger quantity being depofited when the
temperature is reduced. The power of combi-

nation is therefore, in this cafe, augmented by the
encreafe of temperature.

Of
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Of the fecond cafe, that in which the exertion
is only facilitated by the agency of Caloric, or/
in which bodies require to have their temperature :
raifed to a certain point, in order to combine,,
but the combination remains unaltered by any
reduction of temperature, there are many exam-.
ples.

Thus feveral of the pure earths, when mixed
tng&ther and expofed to a high temperature, u-
nite, though the temperatur& be fill inferior to
that neceflary to melt either of them previous te
their combination ; thefe earths are likewife info-
luble in {everal of the acids, unlefs the acid be
boiled upon them ; and the greater number of in-
flammable fubftances are mcapable of combin-
ing with oxygen gas, but at a high temperature.

In all thefe cafes, it is evident that Caloric may
promote combination, by diminifthing the force
of aggregation by which the particles are held
together, and by which chemical attraction is
counteracted. The whole of the effet cannot,
however, be aferibed to this caufe ; for there are
cafes in which buéies combine with others at fow
temperatures, though in neither of them is the

power of cohefion remarkably weak, or chemi-
- cal
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cal attraction proportionally ftrong ; while others
require to be expofed to a high temperature in
order to combine, though the chemical attrac-
tion which they exert to each other is powerful,
and their aggregation not greater than it is in
thofe which combine with more facility, The
comparative relations of Phofphorus and Char-
coal to Oxygen, or of Copper and Arfenic to 'the
fame principle, afford examples of this kind.

The influence of temperature is equally ex.
tenfive with refpe to decompofition. Many
fubftances remain in union within a confidera-
ble raﬁge of tempﬂrﬁturﬂ ; but if the temperature
be raifed beyond a certain point, the attraétion
between them is overcome, and, of courfe, the
compound which they form is decompofed.

In fuch cafes of fimple decompofition, it is
perhaps always true, that one of the bodies is
volatile, or eafily convertible into vapour, while
the other is comparatively fixed : hence the ap-
plication of Caloric will a&t with unequal force
on the component particles of the compound ;
it will have a much greater effet on thofe of the
volatile body, than on thofe of the fixed ; they
will be {eparated from each other; and the fepa-

ration
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ration proceeding till they are placed without
the fphere of mutual attradtion, decompofition
is produced. '

- There are’ other cafes of a fimilar nature in
which the attradtion of a third body is introdue-
ed. The compound can t be decompofed mere-
ly by raifing its temperature to any point: but
if it be mixed with fome other fubftance which
has an attraction to one of its component parts,
efpecially to that which is fixed, this attraction,
co-operating with the expanfive force of the Ca-
loric, effects the decompofition. |

Laftly, a double ele¢tive attraction, which can-
not otherwife be accomplifhed, is often effected by
expofing the fubftances to a firong heat. In fuch
cafes, though part of the effect is alfo to be a-
fcribed to the Caloric diminifhing the force of
aggregation, it 1s mnot entirely owing to that
caufe ; fince frequently the fame effet is not pro-
duced when the aggregation is diminifhed by
folution in water; on the contrary, affinities of
an oppofite kind are frequently exerted.

There are alfo cafes of double decompofition,
' which are effe@ted only at a very low tem-
perature 3
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‘perature 3 but thefe are-evidently of a fimilar
kind.

From thele fats it is. obvious, that ‘Calotic
powerfully modifies the exertion of chemical at-
traction. So far as its effects are referable to ifs
power of leffening aggregation, they are eafily
underftood ; but we find this caufe infufficient
for the explanation of every cafe, in which its mo-
difying power is :prefﬁnt; nor has the theory of its
effects been fully elucidated. Some have attempt-
ed to folve the difficulty, by fuppofing Caloric it-
{elf to exert, in {fuch -::aTes, a chemical attraction :
but thjs involves an inadmiffible hypothefis, and

at any rate it cannot be applied with fufficient
precifion,

It only remains to ftate the opinions entertain.
ed refpecting the nature of chemical attradion.

Since the laws of its action are different from
thofe which regulate the actions of the other kinds
. of attra&ian,thg obvious conclufion is, that it is
to be regarded as a peculiar power. Some phi-
lofophers, however, from a fondnefs for gener-
alization, have endeavoured to fhew, that the
attractions exerted between the minute particles

| of



66 CHEMICAL ATTRACTION,

of bodies, ‘whether homogeneous or heterogene.
ous, are only modifications of that more general
power exerted between the mafles of matter,
and at the greateft diﬁaﬁc&s; in other words,
that the attradtions of aggregation and of com-
Bination are ultimately the fame with the attracs
tion of gravitation,

The circumftance that has been particularly
pointed out as modifying thefe attraéions, is that
of the figures of the particles of bodies. ¢ Con-
“ fidering the vaft diftance, we may negleét
¢ the diameters, and look upon the-heavenly
‘¢ bodies, in moft cafes, as gravitating points.
“ But contiguous bodies are to be regarded ina
2 Ivery different light ; for the figure and fitua-
¢ tion, not of the whole only, but of the parts,
“ produce a great variation in the effects of at-
« traétion., Hence, quantities, which In diftant
« attractions might be negle&ed, modify the laws
“ of contiguous attradtion in a confiderable de-

¢ gree’t . %
This queftion is one which it is fc;.-ncely pols
fible to determine with certainty, fince we have
| it

—_————————— E ——————

1 Bergman.
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CHAP. III
e R

OF CALORIC.

TuE terms heat and cold, as denoting certain fen-
fations, though incapable of ftrict definition, are
{ufficiently well underftood, Thefe fenfations are
excited by bodies applied to the organs of ani-
mals; and as the fame body, at different times,
excites very different {enfations, its power of excit-
ing them is confidered as depending on a certain
quality it poflefles, or a peculiar {ubtle principle
prefent in it ; and which, according to its inten=
fity or quantity, will give rife to thefe different ef-
feGs. If the body applied contain a certain
quantity of it, the fenfation of heat isexcited ;
if the quantity be diminifhed to a certain extent,
that of cold is produced ; and the intenfity of
either fenfation is proportioned to the accumula-
tion or diminution of this quality or principle.

This
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This power, whatever be its nature, is capable
of being communicated “to all bodies. When
prefent in one, it may be transferred from 1t to
another ; and then the power of exciting the pe-
culiar fenfation is alfo transterred : and this com-
munication may continue to be made, till a per-
fect equilibrium of power 1s eftablifhed.

Philofophers have further obferved other pe-
culiar effeéts which it produces. When a body
is heated, it is alfo invariably expanded, or its
volume is augmented in every direction ; when it
Is cooled again, the volume is dimmithed ; and the
diminution or increafe of volume is always pro-
portioned to the abftraction or addition of the
peculiar power on which thefe effects depend.

It has, laftly, been proved, that when this ex-
panfion is carried to a certain extent, bodies
change their forms, folids becoming fluids, and
fluids being converted into vapours or airs.

Thefe effects being thus infeparably connedt-
ed, are juftly confidered as arifing from the exer-
tion of the fame power. It has been diftinguifh-
ed by different appellations ; as Fire, Heat, the
Matter of Heat, or the Igneous fluid,~-terms now

fuperfeded
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fuperfeded by the more unexceptionable appella-
tion of Caloric. » :

By Caloric, then, is to be underftood, a power
or quality prefent in bodies, the caufe of their exs
panfion, and of their converfion into the fluid and
aeriform ftates ; and which, when prefent in a cer
tain quantity, excites in animals the fenfation of !
heat ; the fenfation of cold being alfo the effedt
of its abflraction, |

Some have confidered this power, as a pecus
liar fubtle fluid diffufed over matter, and capable
of entering into every body : others have fup-
pofed all the phenomena exhibited by heated
bodies to arife merely from a peculiar ftate of
thofe bodies, or, to fpeak more precifelj, from a
vibratory motion, more or lefs violent, of their
minute particles. The queftion on this fubject
will be more properly difcufled after the effects of
Caloric have been confidered. It is fufficient to
remark, that whatever may be the nature of this
power, its exiftence as the caufe of certain effects
is demonftrated ; and thefe effects, their relations
to each other, and the general laws according

to which they are produced, may be inveftigated
' with
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'Iﬁith' {ufficient precifion, though the nature of
‘the caufe may remain unknown,

W

EFFECTS OF CALORIG

- 'Tux ftate of a body, with refpec to its power _
‘of producing the effects above enumerated, as a-
'_i'iﬁng from the prefence of Caloric, is termed
Temperature. In each body, the temperature
depends on the quantity of Caloric it contains, -
If at any temperature 1t contain a certain quan-
tity, the addition of more Caloric raifes the tem-
bamturc, or the body now poflefles the power of
;zxcitiﬂg either a weaker {enfation of cold, ora
fironger fenfation of heat, and of producing in
other bodies a greater degree of expanfion. An
abltraction of Caloric equally caufes a rcduﬂwn
of t&mperature -
" Formerly the temperature of a body was efti-
mated by the fenfation which it excites ; but the -
ienfations of heat or cold, like all others, are fo
much influenced by external circumftances, inde-
pendent of the dire caufe by which they are
excited, that no dependence can be placed in

the
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of expanfion, inftead of air, and confining it in 2
tube hermetically fealed.  Alkohol and Mer.
| Cury are the fluids now always employed : the
former for meafuring low temperatures at which
mercury would freeze; the other, as being
more.equable in its expanfions, is preferred for
meafuring the variations of every other tempera-
ture to which it can be applied.

The thermometer, conftru¢ted with either of
thefe fluids, confifts merely of a glafs ball, which
terminates in a long cylindrical tube, of a very
{fmall bore, and partly filled with the thermome-
trical fluid. According as Caloric is communi-
cated to the fluid in"the ball of the thermometer,
or abftracted from it, its volume increafes or di-
minifthes, and it therefore rifes or falls in the tube.

' The changes of volume are accurately meafur-
ed by a graduated fcale: and thus the tempera-

ture of any body in conta® with the ball is afcer-
'ta-ined.

In order that different thermometers may cor-
refpond together, it is neceflary that two fixed
points may be eftablifhed, between which the
fcale may be divided, fo as to render it always
uniform. Thele points have been obtained in

L the
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tormer, which 1s the one ufed in this country, the
fcale commences at the temperature produced by
a mixture of fnow and fea falt; this being the
Toweft temperature known in Fahrenheit’s time.
The range of temperature between this and the
freezing point: of water, is divided into 32 de-
grees; that point, therefore, flands at the 32d
degree.” That part of the {fcale between the
freezing and boiling point of water, 1s divided
into 180 degrees. The latter point is therefore ?
.equal to 212, '

The divifion of Reaumur’s, which -has been
generally ufed in France, is more ﬁﬁlple. e Tihe
freezing point of water is termed the Zero, or 0
and between that and the boiling point of water,
there is a fcale divided into 8o degrees, the point
at which water boils being termed the 8oth de-
gree above o. To exprefs higher temperatures,
the fcale is carried on, divided ‘into degrees equal
to thofe inferior; and in like manner to denote
diminutions of temperature below the freezing
point : a defcending fcale, divided into equal
‘parts, commences at that point.

The correfpondence between obfervations
made with thefe thermometers is eafily difco-
vered.
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vered. Each degree of Fahrenheit’s fcale is e-
qual to 4-gthsof a degree of Reaumur’s. If, theres
fore, the number of degrees of Fahrenheit, r&ckql
oned above or below the freezing point, be muls
tiplied by 4, and divided by g, the gquotient will
be the correfponding number on the {cale of
Reaumur.

The centigrade thermometer, the ufe of which
has been lately eftablifhed in France, has a{cale
in which the range of temperature between the
freezing and boiling points of water is divided in-
to 100 degr_e::s. :

In order that the thermometer might be ems
ployed with certainty as an inftrument for mea«
furing variations of tcmperaturé, it was neceflary
to afcertain that the expanfion and contradtion
of the thermometrical fluid correfponded in es
very degree to the addition or abftracion of cals
oric. Experiments have been made with great
great care to determine this point, and it has
been found that in feveral fluids, as water, {pirit
and oil, the expanfions do not exaétly correfpond
to the increments of temperature. Mercury
likewife fuffers fome irregularities when its tem-"

perature rifes nearly to its boiling point. But at
all
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all natural temperatures it is found to be. fuffici-
ently exa® ; and it is therefore the fluid of all
others the moft proper for the conftraction of the
thermometer. Alkohol, however, muft be uied
for ‘meafuring very low temperatures at whuch
mercury would freeze.

To meafure very high temperatures, different

methods have been propofed. The one that is
generally ufed is that founded on the particular
property of clay, that it contrads inftead of exa
panding by heat. This forms the thermometer,
or pyrometer, of Wedgwood. It confifts of two
pieces of brafs, fixed on a plate, {o as to be 6 10ths
of 'an inch afunder at one end, and 3-10ihs at
the other: a f{cale is marked upon them, and
fmall pieces of baked clay are adapted to this
gage, {fo as merely to enter it.  The higher

the temperature to which one of thefe pie-

ces of clay has been expofed, the greater is the
contraction in its volume, and of courfe the far=
ther does it enter the gage. High temperatures
can thus be afcertained with tolerable accuracy.

Fach degree of this thermometer is equal to 130
of Fahrenheit’s, |

Since
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by preceding imprc{ﬁuns.' Our body is furround-
ed with an air, at a temperature at leaft in this
climate always inferior to the animal tempera-
ture ; it is therefore always abftracting caloric.
Hence it happens that if any matter is applied to

the body inferior to its temperature, but {uperior '

to the temperature of the furrounding atmo-
{phere, the abftraction of caloric which it produ-
ces is inconfiderable, and, compared with the
impreflion which the air makes upon us, feems
hot,---in other words, le(s cold,

In general, therefore, it may be affirmed, that
whatever communicates caloric to our body pro-
duces the fenfation of heat, and that whatever
abftracts it caufes the fenfation of cold; but
that abftradtion requires at lealt to be great-
er than that made by the furmundiﬁg atmo-
{phere, in order to convey to us the fenfation of
pofitive cold.

It is to be obferved too, that different bodies
at the fame temperature will occafion different
{enfations, according to the rapidity with which
they abforb, or give out caloric. A piece of iron
at 32 will feel much colder than a piece of wood

at that temperature; becaufe the former abftracts
caloric

-
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it 15 difficult to form a juft conception, it muft
have contained much caloric, fince, by artificial
means, a ftill further reduction of it could be ef-
feCted : and if the mercury in the thermometer
contained caloric in thefe extreme colds, all bo-
dies muft have contained it, fince it is the invari-
able property of this power to diffufe itfelf, till an
equilibrium of temperature is eftablifhed.

But even at that temperature, there is not the
leaft reafon to believe, that bodies were near to be-
ing deprived of their caloric, fince even then their
particles muft have been far from being in actual
contact ; and it is only by the repulfive power
of caloric that thefe particles are kept afunder.
This affords a ftill more extenfive view of the
diftribution of this power. A folid body is to be
conceived of as confifting of a number of parti-
cles of the {ame nature, kept at certain dif-
tances from each eother by its agenu:y‘ or - -
terpofition: when a portion of caloric is with-
drawn, thefe particles approach nearer to each
other ; and hence the diminution of volume
‘that takes place. But any condenfation hither-
to effected, is very far from that in which thefe
particles would be in contaét ; nor, perhaps, is fuch

a condenfation poffible.
M It
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/
OF EXPANSION.

O r the effedls produced upon bodies by Cal-
oric, the moft general is Expanfion. When the -
temperature of a body is raifed, its volume is
augmented in every direttion; and when the
temperature is again reduced, it contradts, and
continues contraling, proportional in general to
the reduction of temperature.

In different bodies, the expanfion produced
by the addition of a given quantity of caloric is
very different; f{olids are much lefs expanded
than fluids, and fluids much lefs than vapours or
airs : and i general it may be faid, that the ex- |
panfibility is inverfely as the denfity. It is only
in a general fenfe, however, that this is true ; the
exceptions to it are even numerous: metals, for
example, are more expanded than glafs, by a gi-
ven change of temperature, though they are
much more denfe.

Neither are the expanfions in each body pro-
portioned to the quantities of caloric it recelives.

If a certain degree of expanfion be produced by
the
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from air, or in fluids which contain none. It has
been explained on the fuppofition that the parti-

———

cles of the fluid havea certain polarity, or tenden-. |

cy to unite by certan fides in preference to o-°

thers, when they affume the folid ftate, and thus

run into lines, applied to each othex at a certain

angle, by which the volume is increafed.

Woater affords a flill more fingular exception.
It not only, in common with other fluids, expands

in becoming folid, but it does fo, even for feve-

ral degrees, before it arrives at its freezing

point. This expanfion begins about the 4oth

degree of Fahrenheit. Previous to its tempe- |

rature being reduced to that point, its volume
diminifhes as caloric is abftra¢ted from 1t ; but
when it has fallen to the goth degree, it begins to
expand, and it continues expanding, while its
temperature is reduced to 32, at which it freezes.

The caufe of this fingular phenomenon has not |~

been pointed out.

There 1s only one other exception to the ex-
panfion of bodies from the entrance of caloric,---
that of the peculiar earth termed Argil, which
is the principal conftituent part of the natural

clays.
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approach ; when within certain diftances t-hEy u-
pite, and the fluid is bmught back to the {olid
ftate. :

Thefe changes of form depend on the actions of
two oppofite powers upcn matter. By the mu-
tual attraction, or force of cohefion, which fubfifts
between the particles of bodies, they are held to-
pether {o as to form folid mafies ; by the repulfive
power of caloric, they are feparated to diftances
at which this ‘attraction ceafes. When the for-
mer force predominates, the body exifts in the fo-
lid flate; when the latter prevails, it pafles’
into the fluid form. Fluidity, therefore, is
not eflential to any fpr:r.:lts of matter, but
always depends on the prefenr:e of a quan-
tity of caloric. Solidity is the natural ftate
of every body; and there can be no doubt
that every fluid is capable of being rendered fo-
lid by a due reduction of temperature, as every
folid may be fufed by the agency of caloric, if
the caloric does not decompofe them at a tempe-
rature inferior to that which would be neceffary
for their fufion.

- Fluidity differs from expanfion in the mode
in which 1t is induced. Expanfion is pro-
duced -
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them in thefe pofitions in which they are difpof-

d to unite. The contact of the folid particle fa-

I:uurs the freezing, by affording a nucleus, whence
the cryftallization may commence.

~ During liquefa&ion, a quantity of caloric is
abforbed by the body, which does not raife its
tempc%ﬁture ; an iImportant chemicalphenomenon,
the explanation of which muft be referred, until
the queftion refpecting the quantities of caloric
which bodies contain, is confidered.

OF VAPORISATION.

WHEN a body has been rendered fluid by cal-
oric, by the farther addition of this power, the
fluid is expanded in the fame manner as when it
exifted in the ftate of folidity. This expanfioh
continuing to increafe as the temperature is raif-
ed, the particles of the body are at length {eparat..
ed to fuch diftances, that a change of form again
takes place ; the attraction of cohefiori is entirely
overcome, a repulfive or elaftic power is acquir-
ed, and the body becomes invifible, or pafles into
the acriform ftate. This is the #hird general

N effect
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It is fcarcely neceflary to add, that Gravity is
. property poflefled by all the vapours, or gases,
fince they are all folid matters, brought into this
form by the adion of ecaloric. Their {pecific
gravities, however, although different from each
‘other, are much inferior to that of any fluid.

The point at which bodies pafls into the galeous
fiate is very various. Some aflume it at fo low a
temperature, that even the moft intenfe cold
that has been produced is infufficient to reduce
them to the fluid form ; others are convertible in-
to vapour at a moderately high temperature, and
condenfe again when that temperature is re-
duced ;- while there is a third clafs of bodies,
the metals and earths, for example, not con-
vertible into vapour but by the moft inten{e heat ;
there are even fome of them which have not {uf-
fered this change. Thefe are termed Fixed, in
contradiftinCion to thofe which arve wvolatile, or
eafily convertible ifito vapour: but the term is

.merely relative ; as there can be no doubt
that even thefe bodies are volatile, though it may
be at a higher temperature than has hitherto been
produced.

This
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the aeriform ftate at a temperature extreme-
ly low. Itis probable that means will be difco-
:rr_:r:d of producing temperatures ftill lower, fo
that thefe bodies may be deprived of their gafe-
ous form ; two of them indeed, which were believ-
ed to be'permanently elaftic, have, by extreme
cold and preffure, been reduced to the fluid ftate ;

and as we have fucceeded in freezing mercury *

and ether, which were once regarded as eflential-
ly fluid, Chemifts may fucceed in condenfing at-
mofpheric air, or other gases, and thus difcover-
ing their {olid bafes. By caufing them to enter
into combination with each other, or with other
bodies, we; obtain compounds in the fluid or fo-
Iid form; and fuch cembinations are always ac-
companied with the, dilengagement of a large

-

quantity of caloric.

The tranfition of bodies to the aeriform ftate
15 much influenced by the prefiure of the atmo-
fphere. It refifts the expanfion of their bafes from
the agency of caloric : hence, to produce this

change of form, a greater rife of temperature is

neceffary when that preffure is prefent, than
when it is removed ; and by increafing the pref-

ure, fluids may be heated to a vef}f intenfe de-
‘gree.  On this influence of preflure on vaporifa-

tion,






CALORIC 93

{from the others, by the repulfive power of calo-
izic : when two gases, therefore, are mixed, the par-
iticles of the one muft remain at a diftance from
‘thofe of the other; and as .chemical attraction
.is exerted only within a certain diftance, no
combination can take place between them.
Hence we find, that in the vapours, the facili-
ty of combination is much greater than in the gas-
‘es, becaufe in the former the particles are lefs fe-
parated, and there is befide a perpetual tendency
to condenfation 3 that even amongft thofe of the
permanent gases between which a ftrong chemi-
cal attraction exifts, the repulfive power 1s over-
come, and the particles brought into union ; and
that a union is in general more eafily eflected be-
‘tween a gas and a body in the fluid or folid form,
than between two gases; fince the particles of the
one, being lefs feparated from each other, may be
brought more nearly in contact with thefe of the o-
ther, and therefore any attraction exifting between
them may be more effectually exerted.

Another queftion more- difficult remains to be
folved. How does the introduction of more ca-
loric operate in effeting the combination of bo-
dies in the gafeous form? Two gases may be
mingled together without {hewing any temdency

to






CALORIC 97

prefs upon the latter, much more quickly than
ithe temperature can be communicated. Thefe,
itherefore, inftantly approximate within the verge
of chemical attraction, and thus the union muft
lbe effeted. After it has taken place, more cal-
coric is rapidly, but fucce‘fs'ively‘ extricated by the
«combination itfelf, which will of courfe produce a
Himilar effe& on the remaining mafs, till the com-
Ibination is completed. There are fome gases,
thowever, from the union of which fo little caloric
iis extricated, that the introdudtion of a fingle
ifpark is infufficient, and therefore a fiream of
{{parks muft be kept up.

OF THE PROPAGATION OF CALORIC.

ALL bodies are permeable to caloric, and it
‘has a conftant tendency to diffufe itfelf over mat-
ter, till an equilibrium of temperature is eftablifh-
ed. It is impoffible to accumulate it in any body
'beyond a certain extent, or to preferve it in that ac-
‘cumulated ftate. If a body, at a high temperature,
is placed amongft a number 'of others at a low
temperature, the excefs of caloric which it con-
tains paffes off from it, till it arrives at the fame

0O temperature
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temperature with thofe around it: and in like
manner, when a cold body is placed emong o=
thers that are hot, 4t continues to receive caloric
from them, till its temperature rifes to an equali-
ty with theirs. = This propagation of caloric takes
- place even through the Torricelian vacuum ; and.
it 15 evidently uwing to its repulfive power which
conftantly tends to an equilibrium, *
. ",
Bodies, in receiving or parting with calorie,
do {o with very different degrees of celerity ; fome:
being quickly heated, and as quickly cooled ; o-
thers undergoing thefe changes much more flow-
ly. If a number of bodies be expofed to a com-
mon fource of caloric, they will all at len gth arrive
at the fame tem perature, but fome will do fo much
more quickly than others: and if after they have
attained this common temperature, they be re-
moved from the fource whence they received cal-
oric, the fame difference will be obfervable in the
celerity with which their temperatures fall. Each
body always receives and parts with caloric with.
the fame celerity.

The permeability of bodies to caloric i1s terme
ed their Conduéting power. Thofe which re-
ceive and part with caloric quickly, are faid to be

better
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JE’hettfﬂ: condu@ors of it, than thofe which re-
ceive and part with it more flowly. In general,
the cenduding power is nearly as the denfiry of
‘bodies ; thofe which are rare and porous, being
lefs perfect conduétors than thofe which are more
‘denfe. Thus the metals are the beft conductors.
But to this general rule there are many excep-
tions. The beft conductors of electricity are alfo
' the beft conductors of caloric, though neitheris this
‘correfpondence uniform. = The exifting tempera-
f:-ture has a confiderable influence on the condué-
‘ing power ; caloric being tranfmitted through
‘f‘fhe fame body at different temperatures, with
‘different degrees of celerity: at a high tempera-
"'tur& it parts with it much more rapidly than
‘it does at a low temperature. The celerity with
‘which any body i1s heated or cooled, is cateris
ﬂiaﬁ&m, proportioned to the extent of contact with
'E‘thﬂ body by which caleric is added or abftracted.

l:HEnCE the fame matter, when in maffes of equal
‘weights, but of different figures, have their tem-
- peratures altered with different degrees of celeri-

From the difference amongft bodies in their
‘power of conduting caloric, arifes the great dif-
‘ference in the fenfation excited by their applica-
' tion,
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tion, when at the fame temperature, to our organs,
"The fenfation of cold is produced by whatever
abftracts caloric from the part to which it has been
‘applied ; and of two bodies at the fame tempera-
ture, the one which is the beft conduéor of caloric
will abftract it moft rapidly, and therefore occa=
fion a more intenfe fenfation of cold. The fenfa-
tion of heat, again, is produced by whatever com-
municates caloric to our organs; that body, there-
fore, which is the beft conductor, will allo part
with a larger quantity in a given time; and there-
fore, when applied hot, will excite a greater {fen-
fation of heat, than another will do at the
fame temperature, which 1s a worfe conduétor,
Hence a piece of metal at a low temperature, ap-
pears to be much colder than a piece of wood,
| tho’ their temperatures are fhewn to be the fame
by the thermometer ; and on the contrary, it will
at a high temperature appear likewife to be hotter
than the other, .

Many ufeful applications are made of this dif-
ference in the permeability of bodies to caloricj
as in the different contrivances to prevent the
wafte of heat in chemical operations, or to guard
againft the effe@s arifing from the fudden altera-
tions of temperature, The caufe of the warmth

of
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of different kinds of clothing is likewife to be ex-
plained from this difference of conducting power.

The preceding obfervations apply only to the
conduding power of folids. With refpect to fluids
two opinions are at prefent entertained ; one which
confiders them as capable of conduéting caloric,
though very imperfectly ; the other which fuppo-
fes them abfolutely impermeable to this power.

When caloric is diftributed over any mafs of
matter, we conceive of it as paffing from one par-
ticle to another, and this conftitutes the conduct-
ing power, this being more-or lefs perfect as
the paflage of the caloric is more or lefs ra-
pid. In this way it was always imagined, that
caloric might be diftributed through fluids, as
well as folids; at the fame time it was al-
lowed, that the diftribution through the former
was, in part at leaft, effedted .in another mode.
When a body has its temperature raifed, it is ex-
panded or increafed in volume, and confequently
its fpecific gravity becomes lefs. If a portion of
any fluid, therefore, be heated, it muft change its
place and rife to the furface, another portion muft
come into contact with the part from which the
caloric 1s commuaicated, be heated, and afcend ;

and
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and thus the whole mafs is fucceflively Brnught_+-
into contact with that part, till a common tempe-
perature is formed, or the fluid is evaporated.

In both thefe ways caloric was conceived -to
be diffufed over any mafs of fluid. The part
which is heated afcends, and another portion
comes to be heated. At the {ame time it was

- {uppofed, that the caloric is alfo communicated
from one part of the fluid to the other parts with
which it comes in conta®, and thus the tempera-
ture of the whole is raifed more quickly than

_if it were diftributed merely by the fuccef-
five applications of the fluid to the heated
furface, It was alfo fuppofed, that the condué-
ing power of different fluids is very various; and
experiments were inftituted to afcertain thefe dif-

ferences.

In oppofition to this opinion, Count Rumford has
lately endeavoured to fhew,thatcaloricis propagat-
ed thro’ fluids folely in one of thefe modes, by the
{fucceffive applications of the fluid to the heated
part ; and that the portion which is heated gives
none of its caloric to the reft of the mafs. * Al-
“ though the particles of any fluid individually
“ can receive heat from other bedies, or commu-

“ nicate
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Lﬂ nicate it to them; yet among thefe particles

w themfelves, all interchange and communication
“¢ of heat is abfolutely impoffi Ble.” - Fluids, there-
tore, are perfect nonconductors of caloric.

. Count Rumford was led to adopt this opinion,
ifrom obferving, that when a fluid is heated, very
mapid afcending and defcending currents are pro-
«duced in it; and that when the motions of its
jparticles are impeded from its vilcidity, or from
ithe intermixture of folid matter, caloric is propa-
gated through it with extreme flownefls. Thefe
ffacts he eftablifhes by numerous and ftriking ex-
[petiments,

He has allo endeavoured to eftablifh it by .
more diret proof. It is evident, that if his opi-
mion be juft, a fluid cannot be heated down-
wards ; that is, if a heated body is applied to
tthe furface of the fluid, the portion in contad
with it will be heated, but, according to the o-
jpinion, it cannot communicate caloric to the flu.
id beneath it, and it will not change its place,
ifince, by being heated, its {pecific gravity is di-
minifthed, {o that it neceffarily muft remain occy-
[pying the upper part: hence no change of tem-
[perature can take place through the mafs,

The
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The refearches of Count Rumford on this
fubje& afford very ftriking refults, He found

that water may be heated fo far that it fhall boil
in the upper part of a glafs tube, while that be-
neath has not its temperature {enfibly increafed ;
that water may be even made to boil within 1-4th
of an inch of a furface of ice, without immedi-
ately melting it ; and that ice fixed at the bottomy
of a cylindrical veflel, filled with boiling water,
melts more than eighty times flower than when
it is allowed to {wim on its furface. Nor would
it even melt at all, Count Rumford fuppofes,
were it not for the fingular property poflefled by
water, that when its temperature is reduced be
low 40°, a farther reduéion of temperature down
to 32° does not diminifh its volume, but occafions
a degree of expanfion. Hence when the water
in conta with the ice has its temperature redu~
ced below 40° or 39°, it does not remain covering
it, but becoming fpecifically lighter afcends. Its
place is fupplied by water, whofe temperature is
fuperior by one or two degrees to 403 and thus
the whole mafs of water, after a certain length
of time, is fucceffively brought into contaét with
the ice, and communicates to it calotic, by which-
it is at length melted. From this fingular fad,

Ceunt
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Count Rumford drew the conclufion, that if wa-
" ter be a non-conduor of caloric, a quantity of it
at the temperature of 40°, muft be able to melt
as much ice in any given time, when fRanding
on its furface, as an equal volume of water at a-
ny higher temperature, even thou h it were
boiling hot ; a conclafion which, on experiment,
he found to be juft.

Count Rumford made a variety of other ex-
“periments, to prove that caloric cannot be com-
municated from one body to another, if a fmall
quantity of any fluid, as of water, oil, or mercury,
intervene, and if no part of that fluid change its
place. "From the whole he concludes, that fiuids
are abfolutely non-conduétors of caloric.

It is difficult to determine whether this con-
clufion is firictly juft, or whether fluids only con-
duct caloric with extreme flownefs. Although
the greater number of Count Rumford’s expe-
riments do no more than eftablifh the latter

,.’-cnncluﬁoﬁ, yet there are fome of them, thofe
particularly which were made to prove that ca-
loric does not defcend through fluids, the refults
of which feem inconfiftent with#the {fuppofition,
that a body in the fluid form pofleilesany conduct-

g o ing
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ing power. The experiments of other Chemifls,
it is true, have been lefs favourable to Count
Rumford’s conclufions ; but all experiments of
this kind are liable to fources of fallacy, the ef-
fects of which are much greater than we fhould
a priori expect, and againft which it is extreme-
ly difficult to guard. In performing the experi-
ment, which is the only one pﬂrl::aps calculated
to decide this queftion, zbat defigned to afcertain
whether caloric defcends thro’ fluids, ---indepen-
dent of other fources of error, it is {carcely prac-
ticable to prevent the caloric from being con-
ducted by the fides of the veflel. If a quantity
of any fluid be put into a cylindrical glafs veflel ;
and if a thermometer, bent fo that its ball fhall %
higher than that part of its ftem to which the {cale
is attached, be placed at fome depthin it ; and if
a hot fluid of a {pecific gravity inferior to th at of
the other, be poured over its furface, it is evident
that this fluid, coming immediately into contact
with the fides of the veflel, will give to them
part of its caloric. This will be conveyed down-
wards, and be immediately again given out to
the colder fluid in contact with the internal fur-
face of the glafs ; this, being expanded, of courfe
tends to rife, m muft extend itfelf, {o as to form
a ftratum, which' is continually augmenting. The

' % thermometer
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thermometer is thus heated, fooner or later, ac-
cording to the diftance between it and the hot
fluid. If inftead of a hot fluid, a folid, as a ball
of iron heated, be {ufpended in the cold fluid,
{till as it muft give out caloric to the portion of
fluid in which it is immerfed, the fides of the vel-
fel will be heated, though more flowly, and of
courfe the fame fource of error will be introduc-
ed. If, to obviate this, the veflel 1n which the
thermometer is put, be placed in another filled
with a cold fluid, though the quantity of caloric
conveyed by the fides of the internal veflel will
thus be leflfened, it cannot be entirely prevented,
fince it muft ftill give out as much caloric from
ts internal as from its external Turface.

Every precaution that is taken to obviate
this fource of error, fuch as employing a folid bo-
dy as the medium for conveying caloric, ufing a
very wide veflel to contain the fluid in which the
thermometer is placed, or placing the thermome-
ter at a diftance from the heated body, tends e-
- qually toleflen the effect which would refult from
the conduéting power of the fluid, fuppofing it to
poflefs fuch a power; and hence the difficulty of
conducting the experiment {o as to obtain a cer-

tain refult.  On performing it with every precau-
tion,
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rifen 6 degrees, when it became ftationary. That
the caloric, however, which occafioned this rife
of temperature, was conveyed principally or fole-
ly by the fides of the veflel, was proved by the o-
ther thermometer rifing nearly at the fame time,
l_and rifing to the fame extent. From thele expe-
riments, it does not appear that the conclifion
can fairly be drawn, that fluids are capable of
conducting caloric: they are rather more favour-

able to the oppofite opinion.

It had been known, that bodies exifting in the
‘aerial form are very in‘np&rf&& conductors of ca-
loric. Count Rumford holds the fame opinion
with refpe¢t to them as*with refpect to liquids :
they may receive caloric from other bodies, ei-
ther folid or fluid ; but he fuppofes they are in.
capable of communicating it from one particle
to another, and therefore-that the change of
temperature in any mafs of matter exifting ‘in
the form of vapour, or gas, arifes folely, as in
fluids, from the motion of its parts, produced by
the alteration in the fpecific gravity which the
communication of caloric occafions. The experi-
‘ments 1n fuppart of thisopinionare the famein prin-
ciple as thofe by which the non-conduéing power

of
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of liquidsis eftablithed ;.’and the fame conclufion
is probably to be drawn from them.

To this impermeability of aeriform fubftances
to caloric, the property which {fpongy bodies have,
of fuffering changes of temperature very flow-
ly, is owing. All light porous fubftances, as furs,
feathers, wool, and down, contain a large quan-
tity of air in their interftices. As it cannot con-
du&t caloric, and as the motions of its particles
by which it might tranfport it are much re-
tarded, thefe fubftances are very imperfeét con-
ductors ; they therefore furnith the warmeft clo-
thing, as they confine moft effe¢tually the heat
of the body, and prevent it from being abftract-
ed by the furrounding colder atmofphere. |

Though fluids, elaftic and non-elaftic, are in-
capable of condud@ing caloric, or conduct it with
extreme flownefs, they are ftill, by their power of
tranfporting it, active agents in heating and cool-
ing bodies ; and it is by their means that the ge-
neral diftribution of caloric is regulated, and the
temperature of the globe rendered more uni-
form. The atmofphere and the ocean chiefly
ferve the important purpofe of moderating the

extremes of temperature, whether of heat or cold,
mn
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in every climate. Different fluids and airs, from
differences in their {pecific gravities, their expan-
fibilities, and their LC{}I!_lﬁﬁtI'ICE, will tranfport cal-
~ oric with different degrees of celerity, and will
confequently differ in the rapidity with which
- their temperatures are changed, or with which
. they change the temperatures of other bodies.
Different bodies too, exifting in the fluid or aerial.
form, although all perhaps equally incapable of
condudting caloric through their fubftance, differ
much in the rapidity with which they receive it
from any other body, or with which they give it
“out, which gives rife to differences in their appa-
rent conducting power. Mercury, for example,
receives caloric more rapidly than water does,
and of courfe parts with it more quickly : hence,_

at a low temperature, it excites a feeling of cold,

and at a high temperature a fenfation of heat,

much ftronger than water does. Mercury like-
wife receives caloric more quickly than alkohol :
hence the thermometer with the one fhews the
temperature of any body applied to it, fooner
than that with the other.

From the combination of thefe circumftances, -

of the confiftence of fluids allowing a free motion
-of their particles, of the greater or lefs change
produced

¢
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ithe mercury immediately began to rife, and con-
itinued to alcend for feveral minutes,  An iron
‘ball, 2 inches in diameter, heated fo far that it
“was not luminous in the dark, raifed the mercury

‘not lefs than rof degrees of Reaumur’s fcale,

in 6 minutes:  a lighted candle occafioned a
rife in the thermometer nearly the fame : a glafs
matrafs, containing 2 ounces 3 drams of boil-
ing water, raifed Fahrenheit’s thermometer 3
degrees. The increafe of temperature was fRill

greater when the ball of the thermometer was
blackened. |

Thefe experiments prove, that from bodies at
‘a high temperature a matter is thrown in right
lines, capable of refle¢tion and concentration,

which raifes the temperature of any body on
which it falls.

This matter, it has been farther proved, paffes
with the greateft velocity, equal to that of light ;
1t 1s retarded 1n its paflage by the atmofpheric
air, and by tranfparcnt fluids, as water, and it is
fearcely capable of penctrating glafs. It has alfon

been thewn by Dr, Herfchel, that it is capable of
refraction,

Q, aauilre
*F
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Dr. Hutton, afluming this principle, further
fuppofes, that a fpecies of light may be radiated
from bodies, capable of raifing the tempcratufe of
any {ubftance on which it falls, but not difcover-
able by illumination. And what has been term-
ed Radiant caloric, he fuppoles to be merely

light of this kind.

This opinion is founded on the fimilarity in
the motion of light, and of this radiant caloric.
It is fuppofed to be improbable, that the {fame
matter {hould be capable of two kinds of motion ;
that caloric fhould be flowly propagated by e-
manation from one body to another ; and that a-
nother portion of it fhould, at the fame time, be
thrown off in a rapid projective motion. And as
this radiant caloric obferves in its motion all the
laws peculiar to light; fince, like it, it is found
capable of reflection, and even of refracion, we
may fuppofe with juftice their identity, if from
this fuppofition the phenomena in queftion can
be fatisfactorily explained. '

The affumption from which this opinion ori-
ginated, that caloric cannot, without abfurdity,
be fuppofed capable of radiation, is entirely gra-

tuitous. There 18 no neceflary connection be-
tween

-
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iter on which it is thrown is blackened, than when
it is not. This circumftance appears to connect it
clofely with light, fince the heat which light ex-
cites is always greater in bodies of a dark colour,
‘than i thofe which are of a lighter fhade ; and ac-
cordingly Dr. Hutton ftiles this the experimentismn
orucis, in {fupport of his opinion. But what is the
caunfe of this peculiarity in the heating ‘power of
light ? It is, thatits particles undergoing nufne-
rous reflections and refractions, in the pores of -
dark coloured hﬂdles it 1s retained more com-
pletely, whilft when it ftrikes upon thofe of a
lighter colour, it is in a- great meafure refleGted
from their furface. But if 1t 1s afflumed, that ca-
loric is {ubjec to the fame laws of motion as light,
and is capable, like it, of reflectionand refraction,
the {fame effe@ ought to follow, when it is thrown
by radiation upon a black body; and the circum-
ftance that this actually happens, does not tend
more to identify radiant caloric with light, thﬁn
the more general fad, which 'neceflarily muft be ‘
afflumed, that they move according to the fame

laws. This peculiar circumftance, therefore;
furnifbes no additional argument for their identi-

ty, nor does it extend the analogy-between them.

There
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:as a peculiar kind of matter. Sennebier long a-
.go remarked, that the different rays of light pof+' °
ifefled the {'me chemical properties in a very dif-

iferent deg'rce; that the violet, for example, pro- .
«duced a peculiar chemical effect, that of blacken-

iing the muriat of filver in fifteen feconds, while
ithe red did not produce the fame effect in lefs
ithan twenty minutes. The late valuable experi-
yments of Dr. Herfchel have fhewn that in the red
irays, alongft with vifible light, there is intermix-
red a large proportion of radiant calorie, while the
*violet rays contain fcarcely any of it, but are near-
1y pure light. By thefe fadts, therefore, it is ren-
'dered extremely probable, that radiant caloric
'does not poffefs the chemical properties by which
lightischaracterifed ; and I have accordingly found
by experiment, that the radiant caloric emitted
'by bodies at a high temperature has no effect, like
‘that of light, in darkening the colour of muriat
of filver. Butif a diftin&ion is to be eftablifhed
'between two bodies, it is evident that it muft be
drawn chiefly from .the comparifon of their che-
'mical propertiés: if thefe differ, the conclufion
follows that they are different kinds of matter.

Laitly, it may juftly be queftioned, whether
light poflefles any power of heating bodies'; and if
it
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. that it diminifhes from that point towards the
" more refrangible vifible rays, till in the violet,
which are the moft refrangible, and which are of
courfe at the gréateft diftance from the invifible
~ calorific matter, it is extremely weak. ‘ It is evi-
.dent, that fince in the folar light, a matter exuits
. different from vifible light, which is powerful in
'~ exciting temperature ; fince this cannot be per-
 fectly feparated from the vifible rays, and fince
- the more completely it is feparated, the lefs heat-
_ing power do thefe poffefs, the {fuppofition that
light, apart from this radiant caloric, has any pow-
er of raifing the temperature of bodies,is not only
unfupported by any proof, but the oppofite con-
clufions follow as extremely probable, that pure
light is deflitute of any fuch power, and that it is
- on the prefence of this invifible calorific matter
' that the heating quality of the folar rays depends.
- But if thefe conclufions be admitted, it is evident
that the hypothefis of Dr. Hutton muft be relin-
| quifhed, fince the phenomena of radiant caloric
. can never be explained on- the fupgnﬁtinn that it
1s a fpecies of light, if light itfelf has no power of
caugmenting temperature.

From theé confideration of thefe facts it may
be concluded, that the peculiar invifible calorific
R matter
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matter which has been found to be :mittedth
right lines from heated bodies, and which is alfo
prefent in the folar rays, is rather caloric than
light, fince its properties are more analogous to
thofe of the former than thofe of the latter.

Or, perhaps, whaj: is termed Radiant caloric may
be merely caloric combined witha quantity of light,
to which it may owe its capability of radiation, réb
fle@ion and refration, while it ftill retains its heat-
ing power; nor is it improbable, that even the
different vifible rays may be compofed of p'urg:
light, to which different quantities of caloric ad-
here, and that from this may be derived the dif-
ference which exifts in their power of miﬁng the
temperatiires of bodies. The violet ray will thus
be light in its pureft form, while the red ray will
have the largeft proportion cf caloric, and will
therefore approach moft nearly in.its properties

to radiant caloric.

Pictet difcovered another very fingular facef
refpecting the tranfmiffion of caloric,---the app
vent radiation and refleétion of cold. }Hhcg |
mf’cead of a hot body, a matrafs full of ice or fno

is placed in the focus of one of the mirrors, th

thermometer in the focus of the other imme
atel
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ately falls, and afcends again whenever the cold
body is removed. : |

This phenomenon may be explained on the
fuppofition, that from every body at every tem-
perature caloric radiates, but in lefs quantity as
~ the temperature is low ; fo that, in the above ex-
| 1periment, the thermometer gives out more calor-
ic by radiation, than it receives from the body in
the oppofite focus, and therefore its temperature
falls : Or, as Mr Picet has fuppofed, when a num- .
‘ber of bodies near to each other have the fame
temperature, there is no radiation of caloric, be-
_cau{'e in all of them it exifts in a ftate of equal
tenfion ; but as foon as a body at an inferior tem-
perature is introduced, the balance of tenfion is
broken, and caloric begins to radiate from all of
them till the temperature of that body is raifed to
an equality with theirs, In the above experiment,
therefore, the placing the fnow or ice in the focus
of the one mirror caufes the radiation of caloric

from the thermometer, and hence the diminution
of temperature which it fuffers,
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peratures and quantities of matter, --- in other
words, that any number of bodies at the fame
temperature would, in equal weights, contain e-
qﬁal qu:;;ntiti.es of caloric. | :

On making the experiment, however, this is
not found to be the cafe, If a number of bodies
of different kinds, alkohol, oil, mercury, water,
and others, in equal quantities, and at the fame
temperature, be expofed to a common fource of

- caleric, they will all receive it, and in a certain
time arrive at a common temperature. But it
will be found, that in arriving at this tempera-
ture they have abforbed very different quantities
of caloric; the water will have taken in more

- than the alkohol, and this more than the others.
It 1s evident, therefore, that altho’ we fuppofe
that at the beginning of the experiment they
contained equal quantities of caloric, they muft
at the temperature to which they are raifed con-
‘tain unequal quantities. But the fame caufe that
difpofes one to abforb more caloric than another
continues always to operate ; and it is according-
ly found, that at every point in the fcale of heat
«different bodies contain very different quantities
of caloric, in the {fame weights and at the fame
temperatyres,

Boerhaave

.
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Boerhaave firft inferred, from an experiment in
which equal quantities of mercury and water at
different temperatures were mixed, that thefe

two fluids in equal weights contained unequal
quantities of caloric. Dr. Black further fhew-
ed, that the quantities they contained were not
proportioned to their volumes, as Boerhave had
fuppofed ; and by inveftigating this {fubject, he
drew the general conclufion, which numerous ex-
periments by other chemifts have eftabli{hed, that
the quantities of caloric contained in heterogene-
ous bodies at the fame temperature, are propor=
tioned neither to their weights nor volumes,
but are in ratios which cannot be referred to
any of the obvious qualities of bodies, and can
therefore be afcertained only by actual experi-
ments,

The general experiment by which the quan- §
“tities of caloric which bodies contain are afcer- §
tained, is that of mixing together equal weights
of two different bodies at different temperatures,
and obferving the temperature produced.

In homogeneous bodies, as has already been§
obferved, the temperature produced by mixing -
qual quantities of them at different temperatures,
is

al
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is alwavs the arithmetical mean between the tem-
 pecature of each; the excels of caloric which the
one contains above the other being equally di-
vided between them, and producing the fame
rife of temperature in the one portion, as it
* does of reduction of temperature in the other.
 But when the fame experiment is made with
two heterogeneous bodies, the refult is entirely
different ; the temperature produced never be-
ing the mean of the two original tempera-
tures. ‘Thus, if one pound of water, at the tem-
perature of 156, be mixed with one pound of
mercury at the temperature of 40, the tempera-
ture which refults is not the arithmetical mean,
98, but is not lefs than r52. This proves that
the change of temperature produced in the one
by a certain quantity of caloric, is entirely differ-
~nt from that produced in the other by the fame
quantity ; for the water in this experimeht hav-
ing had its temperature reduced from 156 to 152,
has loft only 4 degrees; but thefe have raifed
the temperature of the mercury not lefs than
112 degrees. The quantity of caloric, therefore,
neceflary to raife the temperature of one pound
of water 4 degrees, is fufficient to raife that of an
equal weight of mercury 112 degrees; or the
quantity requifite to raife the temperature of one

i : of
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When, inftead of comparing the quantities of
caloric which equal weights of different bodies
contain, we compare the quantities contained in
equal volumes, we ftill find that a fimilar differ-

_ence exifts. Thus it is found by experiment, that
the quantity of caloric neceffary to raife the tem-
~ perature of a given volume of water any number
- of degrees, is to that neceffary to raife an equal
volume of mercury the fame number of degrees,
as 2 to 1. This is, therefore, the proportion be-
tween the comparative quantities of caloric which
thefe two bodies contain, eftimated by their vo-
lumes ; and fimilar differences exift with refpect
to every other kind of matter. The comparative
quantities of caloric in bodies are ufually eftimat-
ed from equal weights of them; the experiments
for this purpofe being in general. more eafily exe-
cuted, than thefe by which they are eftimated
from equal volumes.
» '

The property by which different bodies con-
tain their refpective quantities of caloric, has been
termed the Capacity for heat, or, to adapt the
expreflion to the language of the eftablifhed
nomenclature, the Capacity of 2 body for con-
taming caloric. This term is not defigned to
poiat out any particular caufe, mechanical or

S chemical ;

"
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From the nature of the experiment by which
the quantities"bf caloric which budies contain
are afcertained, it is evident, that we difcover
merely the comparative, not the abfolute quanti-
ties. We find only how much caloric a body
gives cut, or abforbs, during a certain change of
temperature ; and by obferving, at the {fame time, -
the change of temperature which the body from
which it has received or to which it has given
caloric fuffers, we may afcertain the comparative
quantities neceflary to produce equal changes of
temperature In thefe bodies. But we do not
learn the proportion which the quantity in each
bears to the whole caloric which it contains ; and
therefore the capacities of different bodies are to
be confidered as merely comparative. Hence it
becomes neceffary to fix on one body, as a ftan-
dard to which the others may be referred. Wa-
ter has been chofen as this ftandard ; its capacity.
is {tated at the arbitrary term of* 1000, and with
this the capacities of other bodies are compared.
Thus the capacity of arterial blood is ftated at
1030, indicating, that if at any temperature a cer-
tain quantity of water be fuppofed to contain
1000 degrees of caloric, the fame quantity of ar-
terial blood at the fame temperature will contain

1030 degrees, ' :
Water
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ence, more or lefs confiderable, on the refult.
Dr. Crawford, in his excellent treatife on this
fubjed, has given a number of cautions founded
‘on thefe circumftances, and neceflary to be at-
tended to in making thefe experiments ;° but fill
_r.:frurs, to a certain extent, can fcarcely be avoid-
ed, and evidently give rife to the differences in
the experiments of different chemitls,

From confidering the difficulties ﬁttending the
method of afcertaining the capacities of bodies by
“mixture, and alfo that it is not pofiible to apply
it to thofe bodies which, when mixed, exert a
chemical acion on each other, fince fuch an ac-
tion changes entirely the exifting capacities, La-
voifier and La Place propofed another method of
afcertuining the compatative quantities of calori;::
in different bodies. This method is founded on _t!;c‘
fact, that iceinmeltingablorbs a quantity of caloric,
which is always the fame. One pound ofice, for ex-
ample,bywhatevermeans it may be melted, abforbs
a quantity of caloric equal to what would raife the |
temperature. of one pound of water 135 or r40 '
degrees of Fahrenheit’s {cale. If, therefore, any
fubftance the temperature of which is higher than
32° of Fahrenheit, be fuppofed to be included in
a fphere of ice, fo that the caloric’ which it will

give
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ithe refults which have been obtained from it, are -
ymore accurate than thole from thg more fimple

ymode of mere mixture.

The capacities of agreat number of bodies for ca-
Horic have been afcertained by,the experiments of
ll}vinc, Crawford, Lavoifier and La Place, Wilcke,
IGadolin, and other chemifts ; and have ferved as
ithe bafis of many important applicati'nns to the ex-
|planation of chemical phenomena. From changes
iof capacity arife both the evolution and abforp-
ttion of caloric which accompany chemical ac-
ition, a rife of temperature being produced when
ithe capacities of the {ubftances acting on each
tother are diminvthed, and a reduction of tempera-
tture following from the reverfe. On this princi-
iple are explained the extrication of caloric produ-
iced by combuftion, refpiration, and other chemi-
teal procefies, and the abforption of it which takes

iplace during the folution of falts in water, or the
iaction of different falts upon each other,

OoF
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{ts truth is fufficiently evident, when the phen-
emena attending liquefaction and vaporifation
are attentively examined. When caloric is com-
municated to a folid body, an increafe of tempe-
rature is. produced, and the temperature conti-
nues to rife while the caloric continues to be add-
ed, till the body arrives at its melting point : but
_whenever it begins to melt, the rife of tempéra-
ture ceales, though the addition of ealoric be con-
~tinued as before ; and the fluid, as it forms, re-
‘mains at one point till the fufion is completed.
In this cafe then it is evident, that a quantity of
caloric difappears ; for it continues to be added
to the body, but has no effe in raifing its tem-
- perature.

- The cafe is the fame when a fluid is converted
“into vapour. lts temperature is firft raifed to a
eertain point by the communication of caloric to
it ; it then begins to affume the gafeous form :
but though the communication of caloric be ftill
“the fame, the temperature, neither of the fluid,
“which is evaporating, nor of the vapour formed,
is' rdifed, but remains ftationary at that point
in the thermometrical fcale at which the con-
verfion into vapour commenced, till the whole
be evaporated. It is evident, therefore, that

£y in
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in this cafe alfo a quantity of caloric is ablorks
ed by the vapour formed, without haﬁné a-
ny effect in raifing its temperature. The fluid
“or vapour, after it is formed, like other bedies,
has its temperature raifed by additions of caloric.

It was from confidering thefe known faés,
that Dr. Black concluded, that during liquefac-
tion and vaporifation a quantity of calosic is loft,
becomes latent, or pafles into the body without
- raifing its temperature---a conclufion which he e-
ftablifhed by the moft fimple but decifive experi-
ments. He fhewed, that when a piece of ice 1s
expofed to a warm atmofphere, its temperature
rifes till it arrives at the 32d degree of Fahren-
heit ; but the rife of temperature then ftops till §
‘the whole 1s melted, though it is all the timé re-
ceiving caloric : and he found by calculation, that
one pound of ice in melting abforbs not lefs than
140 deprees of caloric, the temperature of the wa-
ter into which it is convertéd flill remaining at
32°.  This refult he confirmed by adding dire&-
ly to 1 pound of ice at 32° 1 pound of water at
172°. The ice was melted, but the temperature
of the whole fluid, inflead of being the mean§
102°, was only 32°; 140 degrees of caloric had

therefore
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therefore in this, as in the former expeviment, dif-
appeared.

Experimeants fimilar to thele were tﬁ_aidr: by Dr.

* Irvine on {permaceti, wax, and other bodies ; and

by Landriani on feveral of the metals: and ia all

thefe fubftances an abforption of caloric accom-
panied their fufion.

In the converfion of bodies from the fluid into
the aeriform ftate, a fimilar abforption of  caloric
 takes place, though the temperature of the va-
: pour {till remains the fame as that of the fluid
from which it is formed. To demonftrate this
by experiment, Dr. Black heated a quantity of
water, in a ftrong phial, clofely corked, till its
temperature rofe 10 degrees above 212°; its ufual
boiling point.  On drawing the cork quickly, a
{mall portion of water rufhed out in vapour, and the
temperature of the remaining fluid funk inflantly
to 212°. Ten degrees of caloric, therefore, had
been abforbed by the quantity of vapour that ef-
caped. Mr Watt, by heating the water under a
till ftronger preflure, that of an iron veflel, rai{‘ed.
its temperature to 402°; yet ftill when the pref-
Aure was removed, only part of the water was con-
verted into vapour, and the temperature of this

vapour,
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vapour, as well as that of the remaining fluid,
was no more than 212°. There were therefore
188 degrees of caloric abforbed in its formation,
which had no effe¢t in producing any rife of
temperature. ¥

The fame general fact is farther proved by the
great degree of cold produced by the evaporation
of certain volatile fluids, as ether, alkohol, and
even water, the fluid, in evaporating, abforb-
ing a quantity of calorie from the furrounding
bodies.

All thefe facts fully prove the truth of the
general propofition, that when bodies pafs from
the folid to the fluid, or from the fluid to the
gascous form, a quantity of caloric is abforbed,
which has no effe@ in raifing the temperature of
the fluid, vapour, or gas, which is formed.

This caloric is agzin difengaged and ren-
dered fenfible, when the body returns to its
former flate.

If a fluid is expofed to an atmofphere colder -
than what would be fufficient to freeze it, itss

temperature is gradually reduced, till it arrives
= | at



CALORIC, I41

\at its freezing point. But whenever it reaches
'this, its temperature becomes ftationary, and con-
'tinues fo till it is completely frozen, though the
\eolder atmofphere is flill abftracting caloric from
iit, as before. Dr. Black, by an experiment of
ithis kind, found, that a pound of water in treez-
ling gives out the fame quantity of caloric,
ias a pound of ice had abforbed in becoming
Hiquid.,

There is another experiment, in which the
textrication of caloric from this caule is rendered
fenfible. By avoiding agitation, any fluid, wa-
iter, for example, is capable of being cooled a
mumber of degrees below its freezing point. If,
when cooled thus far, it be agitated, it immedi-
rately becomes folid, ‘and’ from the evolution of
iealoric which' accompanies the change of form,
lits temperature inftantly rifes to that of its ufual
ifreezing point. |

A fimilar extrication of caloric, attends the re-
iduétion of a vapnur,-ﬂr gas, to the fluid ftate.
“Thus if a certain quantity of aqueous vapour be
ccondenfed by receiving it in water at a low
ftemperature, the water has its temperature raifed

much
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much higher than it would by the addition of thie
fame weight of water, the temperature of which
was as high as that of the vapour. Mr. Watt,
by condenfing by mechanical force a quanti-
ty of aqueous vapour, the temperature of which
was no more than 212°, found, that as much calo-
ric was difengaged “ as would be fufficient to
% raife the temperature of an equal weight of a.
“ body having the fame capacity as water, and
“ which would not evaporate, 943 degrees of Fah-.
“ renheit’s feale.” In like manner whenever a
permanent gas is by any means deprived of its
gafeous form, caloric is extricated.

L3

By thefe facs the general truth is eftablifbed,
that * when bodies, in confequence of expofure
% to heat, have arrived at the melting or boiling
“ points, thﬁ:}"‘ abforb a quantity of heat, which
« does not increafe their temperature; and on
# the contrary, when vapours are condenfed, or
o non-elaftic fluids are congealed, they part with
¢ ¢he heat which they had formerly abforbed.”

This portion of caloric is termed Latent, to dif-
tinguifh it from that which contributes to pre=

ferve or raife the temperature of bodies, which is§
t#rmed Senfible caloric. Thele terms are {yne-
nymouys
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‘nymous with the latent heat, and fenfible heat of
Dr. Black.

On this abforption of caloric attending change
of form, many important chemical and natural
phenomena depend ; asthe uniformity and fixity
of the freezing and boiling points, the flownels
with which large colle@ions of water are frozen,
or large mafles of ice are melted, the cold produc-
ed by evaporation, and the heat by condenfation
of vapour.

Different opinions have been entertained re-
fpe@ing the caufe of this phenomenon which ac-
companies liquefaction and vaporifation.  Dr.
“Black confidered the abforption of caloric as the
caufe of the change of form, and as neceffary to

the conflitution of the fluid or vapour. De Luc

went a ftep forther, and fuppofed that the abforp-

tion of caloric 1s a chemical combination of it with
‘the fubftance melted or evaporated, and that to

this combination the change of form is owing,

‘Dr. Irvine propofed a: third opinion, very different

from thefe : he "confidered the abforption of cal-

oric, not as the cauafe, but the confequence of. tfl%ﬁ,;, :
change of form, from the capacity of the bnd)f be
4ng enlarged,

L
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Of thefe opinions, that advanced by Dr. Black §
can {carcely be confidered as oppofed to that
which afcribes liquefaction and vaporifation to a §
ebemical combination of caloric 3 fince, if the ab-
forption and 'latent ftate of calorie be the caufe
ol the change of form, it is probable that it is fo
by an aclion of this kind. It is this do@rine, then,
of caloric entering into chemical union with the
body fufed or evaporated, that is to be confidered §
as oppofed to the explanation of Dr. Irvine. The
former 1s the one which is generally received, but
it 1s very doubtful whether it is founded in truth.
It is founded only on fome general analogiés,---
principally on the analogical argument, that if
caloric be matter, it muft be fubjeé to the laws of
chemicab; and that in the particular cafes of li-
quefaction and vaporifation, the phenomena are
fimilar to thofe which take place in the combina-
tion of other chemical agents.

The firft of thefe arguments is of no force ; for
although, the materiality of caloric fhould be ad-
mitted without difpute, yet it is certain that its

gether peculiar; and therefore no argument can
be eftablifhed on its analogy to them, for no fuch
analogy cxifts. We have every reafon to be-
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lieve that it is not fubjeét to the attraction of gra-
vitation, and we know that it is an antagonift to
the attraction of cohefion. So far, therefore, are
the properties it poffefles from leading to the con-
clufion that it muft be endowed with all the ge-
neral properties and affections of matter, that they
lead to the oppofite conclufion : for if analogy is
to have any weight, fince caloric is not fubject to
the attractions of gravitation and cohefion, the
prefumption follows, that 1t will be alfo exempt
from the influence of chemical attraction.

The other argument, that derived from the
analogy between' the abforption of caloric in the
cafes of liquefaction and vaporifation, and chemi-
cal combination in general, {feems more conclu-
five, and it is the obfervation of this analogy that
has given rife to the opinion. When one chemi-
cal agent is merely mixed with another, the pro=
perties of neither are altered ; but when chemically
combined, they are more or lefs changed ; and
this combination always takes place in certain de-
terminate proportions, Caloric aéts upon matter
in 2 manner fimilar to this: it may be diffufed
through bodies to a certain extent without having
its properties altered ; but in liquefaction and va-
porifation it is united to the body, fo that its pro-

U perties
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perties are entirely loft. Ought not this, in con=
formity to general analogy, to be alcribed to its
having formed a chemical union ; efpecially fince
it is abforbed by different bodies in different quan-
tities, but always in certain determinate propor-
tions---circumftances which extend the analogy
between this abforption and chemical combina~
tion ?
i
But though it feems fo far complete, when
more minutely examined it will be found ex~
tremely deficient. We know of no cafe of che-
mical combination in which the properties of one
of the bodies combining are entirely loft, while
thofe of the other are not alteved ; but in lique~
faction and vaporifation this muft be {uppofed to
be the cafe, fince, though the prﬂpertié;s of the ca~
loric abforbed can no longer be recognifed, thofe
of the {ubftance fufed or evaporated remain the.
fame, Every folid too may be rendered fluid,
and every fluid converted into vapour; and con-
fequently it muft be fuppofed, that calorie is ca-
pable of combining chemically with every other
body,---a property poflefled by no other chemical
agent. And, laftly, the contact of any body at
a low temperature is fufficient to reduce a vapour
to fluidity, or a fluid to the folid ftate ; and in fuch
5 cafes,
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cales, the caloric abftraced does not enter into
combination with the body to which it is commu-
nicated, but is merely diffufed through it fo as to
raife its temperature. But that union cannot be
termed chemical which is not eletive, and which
can be fo eafily broken, one of the principles being
abftradted without the interference of a ftronger
affinity.
2 |
The opinion of Dr. Irvine is better fupported.
Its principle, that a change of capacity takes
place, is eftablifhed by experiment, and it ac-.
pnunts {atisfactorily for the phenomena.

“That the abforption and latent ftate of caloric
~which take place. in liquefaction and vapﬂrifatién,
are fully accounted for by the fuppofition that the
capacity is increafed, cannot be doubted. If any
body have a certain capacity, and if by any means
the capacity be increafed, nothing can be more
evident than that a proportional abforption of ca-
- loric muft take place, which will not caufe the leaft
increafe of temperature. If therefore in fufion and
vaporifation an increafe of capacity does take place,
‘the phenomena which ought to be produced are
precifely thofe that are altually obferved.

That
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That there fhould be fuch a change is @ prior
extremely probable; for fince, as there is reafon to
believe, the capacities of bodies depend on cer
tain fitudtions of their minute particles, it is a pro-|
bable inference, that'when the form of a body is
altered, its capacity will alfo be altered : and as
rare bodies have in general greater capacities than
thofe which are more denfe, there is fome reafon
to prefume that the capacity of the fluid will be
{uperior to that of the folid, and that of the va=
pour or gas to the capacity of the fluid,

This conclufion is eftablifhed by experiment,
Dr. Irvine found, that the capacity of water is
‘greater than that of ice by one-tenth, and Dr.
Crawford ftates the capacity of aqueous vapour to
that of water as 1550 to 1000.

It has been objected to this opinion, that i
the abforption of caloric be not confidered as the
caufe of the change of form, no adequate cauf
1s pointed out. The reply 1s obvious, that th

- change is owing to the body being expanded t
“"a certain degree. The particles are feparated tof
certain diftances, the force of the attraction of ¢
hefion by which they are held together is dimin

ifhed or overcome, a new arrangement of its par
ticles§
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“ticles takes place, it paffes into the fluid or aeri.

al form, and the ftate in which it now exifts is -
fuch that more caloric is contained in it at a giv-
en temperature, and therefore, to preferve that
temperature, a quantity muft be abforbed.

The general queftion would be unequivocally
‘decided, were it poffible to determine whether
‘the change of form precedes the abforption or ex-
‘trication of caloric, or whether the reverfe be the
cafe. But this cannot be direétly determined. fince
the two are fimultaneous. It is probable, how-
ever, from fome confiderations, that the effect of
the reduction of temperature, is firft to change
the form, and that the extrication of caloric is
the confequence of this. Thus it 1s evident, that
the effect of the reduction of temperature is to
caufe the particles of the body to approximate
more clofely ; by this approximation carried to a
certain extent, the form of the body may be
changed, and then the extrication of caloric will
take place. We find even that the form of a bo-
dy may be reduced, by a caufe which muft ac
in this manner. By mere preffure it is poflible
to reduce the vapours to the fluid form. This
preflure, it is evident, can have only a mechanical
efiect on the vapour; it muft merely occafion a
change
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change of form, by caufing an approximation of
its pamcles, and can have no effect m {cparating
caloric, were it chemically combined,

~ Some have imagined that the permanent ggs~ |
es afford 2 more unequivocal example of the
chemical combination of caloric, fince they can-
not be reduced to the fluid ftate.  But it has al-
ready been fhewn, what Lavoifier demonftrated, |
that thefe gases differ from the vapours, not in
the combination of caloric being more intimate,
but merely in their gravitating matter affluming
the gaseous form, at temperatures lower than that
which art has yet produced.

From thefe facts the conclufion may perhaps
be drawn, that the abforption of caloric which
acccompanies liquefaction and vaporifation, is ow-
ing not to 1ts Eﬂfﬁl‘ing into chemical combination,
but to the enlarged capacity which the body ac-
quires by a change of form.

It may be {uppofed, however, that the difficul-
ty 1s only amided; not removed. May not this
very difference of capacity in bodies, in whatever
ftate they exift, proceed from a chemical combi-
nation of caloric? By faying that diﬁ'etcnybu-;

“dies,
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dies, or different forms of the fame body, have .
different capacities for caloric, the general faét is
merely exprefled, that in equal quantities, and at
equal temperatures, they contain unequal quanti-
ties of this power. But the caufe of this is not
pointed out. - May it noet’ then be chemical
‘combination of part of the caloric, of that part
‘of it in each body, which amounts ‘to the dif-
ference of the quantity it contains, compared
n:d. with another? This. opinion, however, Is at
ronce refuted by the confideration that, were it true,
'the quantity of free caloric, or caloric of tempera-
iture, ought in all bodies to be the fame, and that
confequently in equal changes of temperature, e-
‘qual quantities of caloric ought to be abforbed, or
given out by all, fince the very principle which
iis affumed is, that the caufe of the difference in
ithe abfolute quantities of caloric which bodies
icontain, i3 that that portion in one body, which
rexceeds what is contained in another, exifts in it
in a ftate of chemical combination.

Whether, therefore, the queftion be confidered
s relating to the caufe, why different bodies con-
‘tain at the fame temperature, unequal quantities
wf caloric, or to the caule why different forms of
the fame body follow the fame law, in ncither

cale
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cafe is it probable that a cheémical combination of
part of that caloric, is the caufe of the difference,
And as the phenomena are in both cafes the
Jame, they muft be afcribed to the [ame caufe,
whatever that may be. Until this is difcovered, the
general fact ought merely to be exprefled : Ca-
loric whether matter or motion, is to be confider-
ed as a power diffufed over matter, as the caufe
of that ftate of bodies termed their temperature,
as having a tendency to _r:iiﬁ'u['é itfelf, untila com-
mon temperature is formed ; but for the produc-
tion of this temperature in different bodies, and
in equal forms of the fame body, ﬁHEqual quan-
tities of this power are required.

Still fome philofophers of the firft eminence, |
without alledging that the difference in the quan-
tities of caloric in different bodies, or the abforp-
tion of it during liquefaction and vaporifation, is
owing to chemical combination, have {uppofed,
that there may be a portion of caloric exifting in
bodies in fuch a ftate of combination ; and if the
doérine (s at all to be maintained, it probably
muft be on this ground. Lavoifier and La Place §
inclined to this opinion, from finding by experi- §
ment, that in different cafes of chemical union,

or of change of form, the quantity of caloric ren-
dered
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dered fenfible, does not correfpond to the changes
of capacity that take place, but is fometimes
greater, at other times-lefs. Thefe chemifts ad-
mit, however, that very trivial errors in the eftis
mation of the capacities might have given rife to
the different refults they obtained ; and when the
fources of fallacy attending fuch experiments are
confidered, it will be admitted as extremely pro-
bable that {uch errors have been prefent. “ I
¢“ have made many experiments,” fays Dr. Craw-
ford, « with a view to determine this queftion,
“ and I have uniformly found, that when bodies
« produced heat in confequence of a change of
¢ form, their capacities were diminifhed ; and on
“ the contrary, that when they produced cold,
¢ their capacities were increafed. I have not yet
‘ been enabled to bring my experiments to fuch
“ a degree of accuracy as to determine with cer-
“ tainty whether the increafe or diminution of
‘ capacity were proportional to the quantities of
“ heat and cold produced. The refults, howe-
* yer, were by no means inconfiftent .with that
“ law, and did not deviate from it more than
“ might naturally be expeéted from the inaccus
“ racies to which fuch experiments are liable.’’ #

X No
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*® Crawford on Animal Heat,
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No experiments fubfequent to this have been
publifhed by which' the queftion can be deter-
mined. The fuppofition, therefore, that caloric
exifts in bodies in a ftate of chemical combina-
tion remains a mere hypothefis.

If it is proved, that different bodies at the fame
temperatures contain different quantities of calor=
ic ; if it is alfo proved, that thefe differences of ca-
pacity cannot be afcribed to a chemical combina-
tion of part of this caloric ; and if no dire& proof
is given that any portion of caloric exifts in fuch
a combination,---it is evident, that the hypothefis
that it does fo, independent of the objeétions to
which it may be liable, is unneceflary, and that
the affumption of it tranfgrefles againft that fim-
plicity which is always to be fought for in philo-
{ophical {peculations, fince it is fuppofing a caufe
to operate, where the phenomena to be explained
mmust partly, and may entirely, be owing to ano-
ther, the exiftence of which is proved. To fay,
when caloric is rendered fenfible, that it is fo from
its being feparated from a {ubftance with which it
was combined, by means of a fuperior affinity ; or,
that when it is abforbed, it is from a ftrong affini-
ty exifting between it and the fubftance into

| which
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which it enters---fuch a phrafeology, though com-
mon among chemifts, is an abufe of language, and
one fo much the greater as the fame facts may be

fully ftated. without any reference to any hypo-"
thelis. | oy ' '

In order chiefly to determine the queftion,
whether caloric exifts in matter in a ftate of che-
mical combination, many experiments have been
made tq folve the problem refpecting the abfolute
quantities of it which bodies contain, or to difco-
ver by calculation the actual zero, or point in the
thermometrical {cale, at which bodies would be
~ entirely deprived of this power. Dr. Irvine firft
attempted to determine this point. The capaci.
ty of ice he found to be to that of water as g to
IO ;---in other words, water contains one-tenth
more caloric tham an equal weight of ice at the
fame temperature does. When, therefore, water
is converted into ice, it muft give out this tenth
part; and by afcertaining how much this is, the
whole quantity which w%;\and of courfe any o~
ther fubftance, containg;Smay be difcovered.---

The quantity, according %o fome chemifts, is 135°,
according to ethers, 1403, of Fahrenheit’s fcale,

e

whieh multiplied by Icf"" ies 1350 or 1400. The
e real
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real zero, therefore, may be fuppofed to be at that
number of degrees below the freezing point of
water. This calculation has been in fome de-
gree confirmed by other experiments. Dr. Craw-
ford, by afcertaining the capacity of water, the ca-
pacities of its conftituent principles, and the quan-
tity of calofic evolved when they ccmbine, fixes
the zero at 1500 below o of Fahrenheit ; and Mr
Gadolin, by obferving the changes of temperature
réfulting from the folution of muriat of {foda in
water, or from the combination of {ulphurc acid
and water, and comparing them with the changes
that ought to take place from the differences in
the capacities produced, ftates it at r4c0. Thefe
refults, confidering the errors to which fuch
experiments are fubject, muft be regarded as
agreeing nearly with each other., The experi-
ments, however, of Lavoifier and La Place afford
refults entitely different from thefe, and even
from each other ; and the errors to which fuch
experiments are unavoidably liable render every
conclufion on this queftion extremely doubtful.

. From the diverfity of opinions among che-
mifts refpedting the ftate in which caloric exifts in
bodies, feveral forms of expreflion have been in-

troduced, which it is proper to notice.
Free
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Free caboric, is caloric in that ftate 1 whicti t
‘expands bodies, and, accumulated to a cevrain ex.
‘tent, occafions the fenfation of heat. It is ;-
nymous with the ﬁnﬁb!e beat of Dr. Black, antl
‘with the caloric of temperature of fome other chic-

-miits.

The fpecific caloric of the French chemifis, ex-
prefles the relative quantities of caloric containcd,
in equal weights of different bodies at the fan e

temperature. It is {ynonymous with the com/.

rative beat of Dr. Crawford. Others have uled
‘the phrale relative beat in a fimilar fenie.  Thus
however, 1s employed .by Wilcke, to dernote the
ipecific caloric of a body, eftimated, not by ke

weight, but by the volume.

The difpofition or property, by which differ-
rent bodies contain certain quantities of caloric, at
‘any temperature, is termed their capacity for ca- -
Worie. ;

Latent caloric, or latent beat, is the expreflion
rafed to denote that quantity of caloric which a
'body abforbs, when it changes its form. Combin-
wed calorie is that portion fuppofed to be contain-
‘ed in any body, in a ftate of chemical combina-

tion,



15% CALORIC.

tion. The abfolute heat of Dr. Crawford denotes,
the whole quantity of caloric which any body
contains ; and is exprefled, accordin g to the lan-
guage of the new nomenclature, by faying, the
abfolute quantities of caloric prefent in bodies.

OF THE NATURE OF CALORIC-

By the ancient philofophers, the caufe of heat
was confidered as a peculiar fubtle fluid or ele- }
ment ; and this opinion {feems to have been receiv- |
ed till the time of Bacon. From obferving that |
the circumftances which caufe augmentation of |
temperature are fuch as excite motion, and that
in general whatever produces motion produces
heat, he advanced the hypothefis, that the heat-
ed ftate of bodies depends merely on vibration of
their particles. Though this opinion was adopt-
ed by fome chemifts, particularly by Boyle, New-
ton, and Macquer ; the other, which confiders
the phennrnenﬁ of heated bodies as depending on
the prefence of a peculiar fubtle elaftic fluid dif-
fuled over matter, continued to be more general-
ly received. It was admitted, though with fome

referve,



CALORIC: 150

‘yeferve, into the antiphlogiftic doctrine, and came -
‘at length to be confidered as neatly a demonitrat-

ed truth.

The ﬂpiﬁinn of Bacon has, however, been late-
ly revived, and is fupported by arguments fo for-
cible, that the queftion refpe@ing the nature of
caloric is at prefent more than ever a fubject of
difpute.

* The fa&s which have led to the revival of this
opinion are the fame with thofe which induced
Bacon to advance it,---the various cafes of aug-
mentation of temperature pmducecf by impulie,
frition, or whatever is capable of exciting motion
‘of the particles of any mafs of matter. On the
fuppofition of the materiality of caloric, this was
explained, by fuppofing that the caloric prefent
was expelled by the repeated impulfe arifing from
the fri¢tion, or percuffion, forcing the particles
nearer to each other. Count Rumford and Mr,
Davy, obferving thefe fafts with more care, and
varying them by experiment, have fhewn, how-

. ever, that caloric continues ‘to be extricated from
a body fubjected to friction, fo long as the friction
is kept up, and the texture or form of the body is
not ﬂcﬂrﬂyed ; and have hence concluded, that

the
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the phenomena are inexplicable on the fuppofi-
tion of caloric being matter, Count Rumford, }
foeaking from his experiments, obferves, * that
¢ any thing which any infulated body, or f{yftem
% of bodies, can continue to furnith without hmita-
“ fion. cannot be a material fubftance : and it aps
% nears to me,” he adds “ te be extremely diffi-
& cult, if not impoffible, to form any diftin&® idea
“ of any thing capable of being excited and com-
“ municated, in the manner the heat was excited
# and communicated in thefe experiments, except
“ it be motion.” *

From thefe inveftigations it has been conclud-
ed, that the phenomena which have been refer-
red to the operation of a peculiar calorific matter;
depend entirely on a vibratory motion of the par-
ticles of bodies : according as this is more or lefs in-
tenfe, a higher-ﬂr lower ‘temperature will be pro-
duced ; and as it predominates over, is neatly e=
qual, or inferior, to the attraction of cohefion, bo-
 dies will exift in the gaseous, fluid, or folid ftate :

* different bodies will be fufceptible of it in differ-}
ent degrees, and will receive, or communicate it
with

——

* Rumford’s Effays, Vol. IL
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with different degrees of celerity : and from the
generation, communication, or abftraction of this
repulfive motion under thefe laws, all the pheno-

mena afcribed to caloric are explained. *

The explanation, however, will be found very
unfatisfactory. By friction, or any other {pecies
of mechanical motion, vibration of the particles
of bodies will indeed be induced ; but can the
exiftence of this vibration explain the moft im-
portant effedts of caloric? Does it account"&:-r
the moft general effect, expanfion, or for the
production of the fluid and aeriform ftates? Vi-
bration is merely the ofcillatory motion of the
particles of bodies,---that ftate in which they ap-
proach to and recede from each other. How can
fuch a ftate enlarge the volume of a body to any
moderate extent, much more to rboo or 1800
times its bulk, as happens in many cafes, where a
folid is converted into vapour? However violent
the vibration may be, it is not eafy to perceive
“how it can induce a permanent repulfion of the
particles. If| to explain the phenomena, it is af-
{fumed, that the caufe of heat is not fimple vibra-

1 _ tion,

* Davy’s Effay in Dr, Beddoes’s Medical Contribu-
tions.
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tion, but a peculiar {pecies of repulfive motion, it
becomes neceflary to point out the kind of mo-
tion ; fince, if this is not done, it is not account-
ing for the phenomena, but only ftating the ge-
neral fact in other terms, and faying, that a repul-
fion is eftablifhed between the particles. And
were the kind of motion pointed out, it would
ftill be neceffary to fhew how it was generated by
friction ; which, fuppofing it to be different from
vibration, it might be as difficult to do as to ex-
plain the rife of temperature from that caufe,
on the hypothefis of the materiality of caloric.
In afcribing temperature, therefore, to mere mo-
tion, we have either an opinion, which, though
precife, is not fufficient to account for the pheno-
mena, or one which is fo vague, that it can be
{carcely made the fubject of realoning.

We find alfo, that the laws of the propagation.
of caloric are inconfiftent with the fuppofition of

" its being motion. Were this fuppofition juft, it

ought to be propagated inftantaneoufly through
an elaftic body, while, like a fluid, we find it

.. paffes with confiderable flownefs. It ought alfo

to be capable of pafling through fluids and airs,
which the experiments of Count Rumford fhew.
that it is not. Neither is the difference in the

~quantity
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quantity of it contained in bodies fatisfaCtorily
explained : for, were it mere motion, it ought to
be proportioned to their temperatures and quan-
tities of matter.

On the oppofite bypothefis, that of a fubtle
fluid, whofe particles are mutually repellent, the
phenomena are eafily accounted for. The intro-
duction of {fuch a fluid muft caufe expanfion,
which, carried to a certain extent, will produce
fluidity or vaporifation. This fluid may be cap-
able of being communicated from one body to
another ; and from its peculiar relations to each,
1t may be communicated with different veloci-
ties, and may act upon them unequally, fo as in
equal quantities to produce unequal effects. It is
the fatisfactory explanation which this hypothefis
affords ot the phenomena, that has always led to
its general adoption.

There are even facts which tend to prove the
exiftence of fuch a calorific matter, and which
are f{carcely capable of being explained on the
fuppofition of caloric being motion: f{uch are the
radiation of caloric, its pafling through a vacuum,
and its difpofition to afcend, as proved by the ex-
periments of Pictet.

90
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So far the one hypothefis is much fuperior to
the other, » There remains only the difficulty of §¢
explaining how caloric, fﬂppoﬁng: it to be matter,
can be produced by friction.” In ftrict reafoning,
this difficulty does not warrant the conclufion,
that no {uch matter exifts, and the argument,
fuch as it is, is perhaps fully counterbalanced bf
the difficulties attending that opinion, and the
facts that may be urged in favour of the other.

It is alfo perhaps poflible to conceive how the
caloric, fuppofing it to be matter, is excited by
friction. The phenomena of ele@ricity furnifh a
cale fﬂmewhat analngnus and if we had it not in
out power, frotn the diftinction of conduclors and
non-condullors of the ele@ric fluid, to trace the
{fource whence it is derived when excited by fric-
tion, they would apparently exhibit the impofiibi-
lity of a finite body furnifhing an unlimited quan-
tity of a certain power. May not caloric be ex-
cited in g fimilar manner? When a body is put
into a ftate of vibration, the caloric interpofed be-
tween its particles, muft, in their approximation,
be forced out ; and it is poffible that in the alter-
nating retroceflion, the body may be difpofed to
take caloric from the matter with which it is in
contact, rather than again to abforb what it hs,d

l'l
o
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gwenlnut Such a fuppnﬁtinn which, from the

.cnnﬁdemtmn of the excitation of the eleétric flu-

id, is not improbable, would be fully fufficient to.

‘account for the production of ecaloric by friction ;
for it would not be difficult to fhew, that the ar-
iguments ufed by Count Rumford and Mr Davy,
‘to prove that caloric cannot be communicated
from the matter in contact with the body to
which the frition is applied, are not conclufive.
It does not follow, but that that matter might
‘conduct calotic to the body, though it mrght at
the fame time be receiving a portion of the calo-
Tic, which the frition renders fenfible ; neither is
it a neceflary confequence, that the temperature
of the matter thus conducting caloric fhould be
confiderably reduced. '

If after all we fhould be obliged to admit,

that the motion is more diredly the caufe ¢

of the rife of temperature than' this fuppofi-
‘tion allows, the fafls that have beer {ftated
flill render the opinion, that the mere motion
atfelf conftitutes heat, improbable. And when
‘the oppofite facts which appear to prove the ex-
ftence of a calorific matter are confidered, we
fhould perhaps be compelled to admit, that if the
phr:numena of caloric are not owing to the mere

prefence
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prefence of a fubtle fluid, neither a_nré they to the
'vibration of every kind of matter indifferently,
but rather to the combination of thefe caufes, te
wibrations excited in a peculiar matter, capable
iof penetrating all bodies ; augmentation of tem- |
jperature being produced either by the communi-
cation of a larger portion of this fluid, or by the
mmotion of its particles being rendered more vio-
Ient. This hypothefis, however, which is fimilar
to the notion entertained by the eatlier chemifts
of the nature of fire, is much lefs fimple, and is
perhaps unnecefary,

It has been endeavoured to determine the na-
ture of caloric, by afcertaining whether it pof-
~ fefles weight; but the experiments that have been
made with this view have afforded very different
refults. Some chemifts fuppofed that a body when
heated weighed rather more than it did at a low
temperature ; others concluded from their experi-
ments that it weighed lefs. Lavoifier, in perform-
ing thefe experiments with his ufual accuracy,
could obferve no difference of weight in the fame
mafs of matter at a low and at a high tempera=
ture ; and more lately, Count Rumford drew a fi-
milar conclufion, from experiments performed

with the greateft care.
oF
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OF THE MEANS BY WHICH VARIATIONS OF TEM-
PERATURE ARE PRODUCED.

As caloric has a tendency to diffufe itfelf
rever matter, till an equilibrium of temperature is
‘eftablifhed, it is evident that, were no foreign
icaufe to difturb this tendency, fuch ah equilibrium
iwould at length be formed. Caufes, however,
.are conftantly operating, by which it is counter.
iacted ; and thofe wvariations of temperature ne-

iceflary for the operations of nature are produc-
red.

Of thefe caufes, the principal is the heating
action of the folar rays, modified, however, bydu-
‘thers of lefs powerful operation. The extreme
of heat which it might induce, is obviated by the
abforption of caloric, which, when the tempera-
ture of the earth is high, muft take place from
the rarefaction of the lower ftratum of the atmo-
{phere,and the evaporation of moifture ; and the
extreme of cold is moderated by the quantity of
caloric fet loofe by the condenfation of vapour, -
and the congelation of water. The temperature

of
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OF LIGHT.

Tre materiality of Light is proved by a num-

ber of its properties. Its motion, though incon- .

ceivably rapid, is progreflive ; it may be ftopt, or
the direction of its motion may be changed ; it
may be condenfed inte a fmaller, or difperfed o-
‘ver a larger fpace; and it is infleCted when paf-
fing near to a body, which proves that it is fub-
ject to the attradtion of gravitation. It likewife
‘exerts peculiar chemical attradtions; and perhaps,
‘mext to oxygen, is the moft extenfive in its influ-
ience of any of the chemical agents. Thefe two
'bodies, light and oxygen, feem defigned as anta-
\gonifts; the combination of oxygen with any body
'being generdlly attended with the feparation of
|Yight, either in a fenfible form, or in 2 ftate of new
wcombination’;  while’ oxygen 1s {carcely ever ex-
itricated without the agency of light.

Light is ufually regarded as a fubftance, or
:emanation of particles of ‘inconceivable rarity,
projected in right lines from the fun, and from all
Huminous bodies, and moving with extreme velo-

city,
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city. Some have fuppofed that the phenomena
of light rather depend on vibrations, excited in an
extremely elaftic and rare fluid, diffufed through
fpace ; but the former opinion accords more

completely with the phenomena, and is more ge-
nerally received.

Light is not a hbmnggnenus {fubftance, but is
compofed of particles of various magnitudes, fe-
parable from each other. Thefe, when fepar-
ate, excite the fenfations of various colours, and
produce different chemical effects. It is feparat-
ed by the prifm into {feven rays, red, orange, yel-
low, green, blue, indigo, and :ariulet, Thefe have
diﬁ'er:e,nt degrees of refrangibility ; the red be-
ing the leaft, the violet the moft refrangible,

Light 1s very differently affeted by different
bodies. It pafles through fome with facility ; by
others it is reflected from the furface ; fome re-
flect only one {et of particles, the red, green, or
any of the others, which gives rife to the different
colours that bodies exhibit : and there are, laft-
ly, fome in which th‘;: light is entirely PEtiH_gl]Hh: |
ed.

Light
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Light can allo form a more intimate union
with bodies, of which there are different degrees.
In many cafes it appears to be ablorbed, but pro-
‘duces no :ihangc in the fenfible qualities of the
body, and is again’ gradually given out. *In o-
thers, it produces alterations of temperature and
of compofition, or acts as an important chemical A
power. 1 '

The firft of thefe cafes conftitutes what is
termed Phofphorefcence, or that  property by
which certain {ubftances, after being expofed to
the fun’s rays, appear luminous when removed to
a dark place, and continue to emit light for a
certain time.® It is pofiefled by-mau?fubﬁaﬁﬂfs,
both mineral and vegetable;. in general, in the
higheft degree by thofe which are white. They
are termed Solar Phofphori;  Artificial folar phol-
phori may be prepared much more powerful than
the natural: fuch is the Bolognian phofphorus,
which isa f ulphat, or rather a fulphuret of Ear}r tes;
Baldwin’s, which is a nitrat of lime; and Canton’s,
- which is afulphuret of lime. Some of thefe phof-

phort do not emit the white light, but exhibit the
prifmatic colours.

The
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The phofphorefcent property in all thefe bo-
dies appear to be the fame, differing only in de-
gree. Some require to be expofed to the folar
rays, and even to the rays concentrated by a lens,
to render them luminous ; others acquire the lu-
minous property by expofing them to ¢lear day
light for one or two minutes; and fome can be il-

luminated-even by the light of a candle, or by an _

electrical difcharge. After the luminous proper-
ty 15 acquired by the due expofure to light, it is
rendered more vivid by raifing the temperature,
but it ceales proportionally fooner. By rafing

the temperature ftill farther, it may be revived. © |

‘Thefe faéts, and the general phenomena of
phofphorefcence, evidently fuggelt the opinion,”
that the phofphorefcent body when expofed to.
the light abforbs part of it, different bodies aborba
ing different quantities; that this light is agata:
gradually emitted, and that its expulfion is promos
. ted by the agency of caloric. Thisis rendered
doubtful, however, by the facts, that when light
is tranfmitted to the phofphorefcent body through
a coloured glask, or when any of the prifmatic rays
is thrown upon it, it flill continues to emit its u-
fual light. The luminous appearance of thefe

fubftances

|
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{ubftances is entirely independent of any action
of the air.

There is another clafs of phofphorefcent bodies
which become luminous when heated, indepen-
dent of any pre;.rinus expofure to light, but the '
appearance of the light continues nnl—y#a very
fhort time, and becomes much fainter each time
it is excited. In fome of them the light is co-
loured, in others it is white. A fimilar light is
obtained from them by attrition. The native fiu-
at of lime, quartz, and the gems, are the prinuipaf
phofphori of this kind. '

~ The laft {pecies of phofphorefcence is that of
;animal matter. Marine animals are remarkable
ifor this property ; it has alfo been obferved in the
flefth of fome quadrupeds, and feveral infeéts ap-
|pear very luminous in the dark. The light from:
iTotten wood appears to be of a fimilar kind. This
ilight was Tuppofed to be emitted 1n confequence
tof incipient putrefaction, and fome even aicribed
it to a fpecies of gas difcharged during that pro-
«cefs, But Dr. Hulme has {hewn, that {o far fiom
ithis being the cafe, it ceales whenever putrefac-
tion begins. Its emiffion is mot accompanied
with any f{enfible extrication of caloric ; it is pro-
fmoted by a moderate heat. The luminous mat-

ter
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The experiments of Sennebier have proved,
ithat the different rays of light produce the {fame
«chemical effe@s in very different degrees. The
ymuriat of filver is blackened by light: he found,
ithat the fhade produced by the violet raysin 15
ifeconds required, for its production the action of
ithe indigo for 23 ; of the blue, 29 ; of the green,

37 ; of the yellow, 5: minutes ; the orange, 12 ;
and the red, not lefs than 20 minutes,

The laft general effe@ to be obferved in the
chemical hiftory of light, 1s its power of heating
bodies, or raifing their temperature.

The heat excited in different bodies by the
folar rays is very different. Thofe which are
tranfparent fuffer them to pafls with {carc:ly any
interruption, and have, therefore, their tempera-
‘ture little raifed. . White bodies, reflecting the
light from their furface, are lefs heated than thofe
which are coloured, in which more of the light is
retained « and from the experiments of Franklin,
it appears that the darker coloured any body is,
the more it is heated by the folar light. - The dif-
ferent rays of light have likewife different heating
powers ; the heating power, according to the ex-

periments of Herlchel, following inverfely the or-
A a der
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der of their refrangibility,---the leaft refrangible
poflefling it in the greateft degree. This laft fad,
compared with the experiments of Sennebier,
ferves to eftablifh clearly the peculiar chemical
properties of light. Count Rumford had fuppof-
ed, that the effe& of light in de-oxydating bodies
might be owing entirely to its exciting a very
high temperature in the point on which it ftrikes; -
an opinion at firft view not improbable. But thefe
experiments prove, that thé rays moft powerful in
exciting temperature, are thofe which poffefs the
lealt power of producing thefe chemical effeds.

It has always been an object of inveftigation
among chemifts, In what manner does light at
in heating bodies? or, What is the nature of that
intimate connection which appears to {fubfift be-
tween light and caloric ? The conneétion feems
{o intimate, that many were led toregard them as
eflentially the fame, or as modifications of the fame
kind of matter, differing from each other princi-
pally in their ftate of motion.” Others fuppﬂfEdL
that light was a peculiar matter, combined with a
large portion of caloric ; while not a few afcribed
the heating property of the rays of light to their
power of exciting vibrations in the matter on

which they ftrike. |
' k The
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The late valuable experiments of Dr. Her{chel,
perhaps render the difcuffion of thefe opinions

" unneceflary. He has thewn, that there exifts in
the folar rays, and alfo in the light thrown from

luminous bodies, rays which are invifible, or in-
capable of exciting vifion, but which are powerful
in exciting heat. Thefe invifible rays are propa-
gated in right lines with extreme velocity, and
are capable of refleftion and refraction. Bemng
lefs refrangible than the wvilible rays, they are
partly {feparated from them by the prilm, and are
thrown principally towards one extremity of the
prifmatic {pectrum ; and accordingly at that
point the heating power is greateft. The folar
rays confift, therefore, of two kinds of matter,---of
pure light, and of radiant caloric : their heating
power feems to depend on the latter, while it is
in the former that their peculiar chemical proper-
ties refide.

Light then may be confidered as a peculiar
{fubftance or matter, capable of entering into com-
bination with other bodies, and actually exifting
in them as a chemical conftituent principle.
Hence we explain its extrication in many cafes
of chemical action, and the important chemical
changes it produces in many bodies. Light at

the



-

18¢ LIGHT.

the fame time, whether derived from the {un, ox
extricated from bodies, is accompanied with calo-
rific matter in a {imilar ftate of motion; and on
the prefence of this matter does the power which
lLight has of raifing the temperature of bodies de-
pend. Thefe two kinds of matter are eflentially
different ; they are diftinguifhed not only by the
different {enfations they excite, but by the pof-
{eflion of very different chemical properties : calo-
ric in a ftate of projectile motion is ftill very dif-
ferent from light, and light in quiefcence has
properties entirely diffimilar from thofe of caloric.

ELECTRIC FLUI D

Tue phenomena of eleéricity are fuppofed to
depend on a certain fluid, diftinguithed by parti-
cular properties. It is prelent in the earth, and
in all bodies in certain quantities, it can pafs a-
long the furfaces of fome with facility, while
there are others which are nearly incapable of con-
ducting it. It is accumulated by friction on the
furface of bodies of the latter kind, and may be
carried off by the application of any of thofe
which are capable of affording it a ready pafiage.
Bodies, therefore, smay either be deprived of a

large
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large fhare of the portion of this fluid which they.
naturally contain, ora greater quantity than na-
tural may be accumulated in them.' On thefe
principles the general phenomena of eleCricity
are explained. It is foreign to the object of this
work to confider it otherwife than as a chemical
power. - &
B

When electricity is tranfmitted in confidera-
ble quantity through bodies, it raifes their tempe-
rature 3 and its heating power is fo great, that it
is able to melt even thofe metals that are moft dif-
ficult of fufion. Its force in this refpeé is found
to depend on the proportion between the guanti-
ty of fluid tran{mitted, and the volume of the bo- |
dy through which it is fent; and it is therefore
probable, that the heat produced depends on the
force of its mechanical impulfe. Van Marum
found, that the fufibility of the different metals by
the eleétric fluid, is different from the order of
their fufibilities, by the direct application of cal-
oric.

The eleétrical difcharge, from its power of fud-

denly raifing temperature to an intenfe degree, is
a powerful mean of promoting chemical combina-

tion. When tranfmitted through metallic wires,

n
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in contact with atmofpheric air, their furface is
oxydated ; even gold and filver fuffer from it this
change, though nearly incapable of oxydation
from the greateft heat which any furnace can
excite. The electric fpak is likewife the moft
effectual mean of effe@ing the combination-of {e-
veral of the gases, which, when merely mixed to-
gether, do not unite. It is equally capable, in
many cafes, of effecting decompofition, apparently
from its power of exciting a high temperature in
the point at which it is received.

‘The eletric fluid partakes likewife of the na-
ture of ght, as is evident from the fpark, and lu-
minous train which it may be made to exhibit,
and not lefs evidently from its chemical action :
we find it is capable of decompofing feveral com-
pounds, and refolving them into their conitituent
principles, one or both of which principles con-
tain light as a conftituent part; and the light ne-
ceflary for their conftitution cannot in thefe de-

compofitions be derived from any other fource
than the eledtric fluid.

Lately a particular mode of exciting the elec-
tric fluid, and directing its action, {o as to obtain

the moft important and fingular chemical effects,
has
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has been difcovered. Volta, in profecuting his
refearches on the phenomena of Galvanifm, or a-
nimal eleétricity, found that by the mere conta&
of conduéing fubftances of different kinds, pheno-
mena fimilar to thofe of electricity were produc-
ed. The apparatus he conftru¢ted confifts of
plates of metal, of two different kinds, as of
zinc and filver, or zinc.and copper, placed alter-
nately above each other, a piece of pafteboard,
or any other foft porous fubftance, moiftened
with water, or with certain faline folutions, being
interpofed between each pair. A column or pile
of this kind, confifting of thirty, fifty ,or more pie-
ces of each metal, excites electricity fo ftrongly,
that when the top and bottom pieces are touched
at the {fame time by the fingers moiftened, a {enfa-
tion is communicated, fomewhat fimilar to that of
the eleétric fhock, and a luminous point or {park
can alfo be produced. The operation of this ap-
paratus in effecting chemical decompofition is not
lefs ftriking, When a metallic wire from the plate
at the top of the column, and another from that
at the bottom, are inferted in a tube, containing
water, alkohol, ammonia, or any compound fluid,
one of the principles of which is a body which
exifts naturally in the gafeous form, a decompofi-
tion immediately commences, and continues to go

on
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on, as long as the apparatus retains its power not
much impaired.

There can be little doubt that the agent cona
cerned in the produdiion of thefe phenomena is
the eleciric fluid. This is proved by the fenfa-
tion it excites, by the fpark which it gives, by its
pafling eafily through conducors of electricity,
being ftopt in its courfe by non-conducors, and
by its affeCting the ele@rometer when in a pow-
erful ftate. It has even been afcertained, that
the ele@ricity dilcharged by the wires conneéted
with the top and bottom of the column, is in dif-
ferent ftates, that from the one being pofitive, that
the other negative. '

How the electric fluid is excited, or called in-
to action, by the mere contact of conducting fub-
Mtances which conflitutes this apparatus, is not
eafily explained. From the fads already afcer-
tained, it feems probable, that this peculiar difpo-
fition has little or no {hare in its production ; that
the utility of a feries of electrical conductors is -
only to colleét and conduét the power when ex-
cited ; but that its excitation depends on a very
different caufe, the chemical action going on in

the pile. Although friction be the principal and
indeed
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indeed the moft powerful mean by which eleétri-
::ity is excited, it is not the fole one: it is likewife
rendered active by heating and cooling bodies, by
fufion, and by vapm'ifatiﬁn.' It is therefore pro-
bable that it may alfo be excited by cheinical ac-
tion, and thus give rife to the phenomena of the
pile of Volta, and of Galvaniim in general.---
That a chemical action is exerted among the
fubftances compofing the pile, is indeed clear-
ly proved, fince one of the metals is always ox-
ydated, and the faline {folution employed to moif-
ten the pafteboard is decompofed : and that this
action 1s intimately conneéted with the excitation
of the electrical energy is eftablifhed by numerous ‘
experiments. The power of the apparatus ceafes
when it 1s placed in the exhaufted receiver of the
air pump, or in a veflel filled with azotic or hy-
drogen gases. It is more powerful in oxygen gas
than in atmofpheric air, and in either the oxygen
is confumed ; and its powers are much increafed
when the water in contact with the metal holds
iin folution, oxygen, nitrous gas, diluted ni-
'tric or muriatic acid, or any fubftance which ei-
'ther affords oxygen with facility, or promotes the
oxydation of the metal. The power of the gal-
vanic {eries or column feems indeed to be propor-
‘tional to the oxydation of the metal which com-
Bb poles
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pofes it, and hence it may with much probability |
be concluded, that it is to this chemical action,
that the excitation of the galvanic influence is ow-
ng.

The mode in which this peculiar power ope-
rates in producing the changes which arife from
its action is extremely obfcure. It evidently dif-
fers in certain refpets from the operation of the

common electrical difcharge, and the phenomena
it produces are {carcely analogous to any other

kind of chemical aion. When water, for exam-
pie, is decompofed by it, it is not by one of the
metals attracting the oxygen of the water and let-
ting loofe the hydrogen ; neither are ‘the princi-
ples of the water {eparated at the point at which
it alts, and the two gases difengaged together:
but from the extremity of the one wire pure oxy-
gen is extricated, and pure hydrogen from that |
of the other and this, although the wires be at a
diftance from each other, and even placed in fe-
parate tubes. Similar anomalous appearances are
obferved in the decompofition of other fluids, and |
they are fuch as, in the prefent ftate of our know-
ledge of the nature and powers of this agent, can-
‘not be fatisfactorily explained.

PART
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THE SIMPLE SUBSTANCES, AND THEIR
BINARY COMPOUNDS.

AVING confidered thefe general pmwers, ;
which, by their a&ion on matter, give rife
to the principal phenomena of Chemiftry, we have
next to inveftigate the chemical properties and ac-
tions of the individual fubftances on which they
operate. In this inveftigation we follow the divi-
fion of bodies into Simple and Compound, as the
one beft adapted to the nature of the {cience.

In
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/ifts have not hitherto been able to decompofe, but
‘which they have the ftrongeft reafon from ana-
Jogy to believe are compounds. The clafs of
‘chemical agents, for example, termed Acids, con-
fifts of fubftances, the greater number of which
.are proved not only to be compounds, but to con-
“tain one common acidifying principle. There
are three of them, however, which have refifted
‘every method of analyfis that has been applied :
but the analogy between thefe and the other in-
vdividuals of the fame clafs, is fo direét and unex-
‘ceptionable, that no chemift at prefent hefitates
in confidering them as compounds. A fimilar a-
‘nalogy exifts in another clafs of chemical agents,
the Alkalis. One of them has been proved to be
‘compound ; there are other two which have not
been analyfed, but which the fame analogy leads

us to regard as compounds; and there are even
facts which favour this conclufion. It would,

‘'therefore, be a very unneceffary adherence to rigid
Ayftematic arrangement, were any of thefe {ub-
ftances, either acids or alkalis, to be confidered as

fimple, and feparated from thofe with which they
‘have a natural conne@ion,

With



¥go SIMPLE SUBSTANCESY,

With thefe exceptions, the fubftances which
have not been decompofed are regarded as fim-
ple. The number of them whofe materiality
and diftin exiftence have been eftablifhed, and
whofe chemical charadters we can fix with cer-
tainty and dilcrimination, amounts to nearly for-
ty. They may be arranged under the following
orders: 1ft, Simple fubftances naturally exifting
in the gafeous form, comprehending Oxygen, Hy-
drogen, and Azot; 2dly, Simple mnflammable
fubftances, comprehending Carbon, Sulphur, and
Phofphorus ; 3dly, the Metals ; and, 4thly, the
Earths.

The fubftances comprifed under the firft or-
der, the Simple Gases, are the moft important of
the chemical agents, as they enter as conftituent
principles into by far the greater number of the
productions of nature. They, therefore, proper-
ly occupy the fiiit place in any chemical arrange-
ment.

After they have been defcribed, it will be con-
venient to confider the combinations into which
they enter with each other, and the produdts to -
which thefe give rife, before proceeding to the e-

numeration
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siumeration of the other fimple fubftances. Under
the combination of hydrogen and azot, 'the
clafs of chemical agents termed Alkalis, may firlt
be confidered, as we thus obtain the greateft ad-
vantages of arrangement, thefe {fubftances -com-
bining with many of the remaining fimple bodies
and their binary compounds, and forming imﬁﬂrt—
‘ant compounds. The'general phenomena attend-
ing the combinations of oxygen, and the generic
chara@ers of the produds of oxygenation, may
next be noticed, and then the peculiar combina-
tions of oxygen with the other two fimple gases
may be confidered.

We next proceed to the fecond order, the Sim-
ple Inflammables, noticing their properties, their
combinations with the fimple gases, with each o-

“ther, and with the feveral compounds which have
already been defcribed, and likewife the proper-
ties of the new compounds which refult from thefe
combinations. After the {ame manner, the re-

maining orders of Metals and Earths may be
confidered.

There remains an extenfive clafs of compounds,
thole which are the products of organifation ; in

bther
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Tue term Air or Gas is applied to fubftances
which are fo rare as to be invifible, but whofe
weight we can eftimate, which are compreflible,
and permanently elaftic. The atmofphere, or that
mafls of invifible elaftic fluid which {urrounds the
iglobe, affords a familiar example of a body exift-
ing in this form; and there are many others, each
ibeing diftinguifhed by the poffeflion of peculiar
«chemical properties.

It has already been obferved that the aeriform
ftate depends upon the agency of caloric. When
@ folid body is heated to a certain extent, it be-
lcomes fluid, and the fluid by a further addition of
ficaloric, has its particles feparated to fuch diftan-
«ces, that the attraction of cohefion is overcome,
an elaftic or repulfive power is acquired, the fluid
tbecomes {o rare as to be invifible, and thus pafles

anto the ftate of vapour or gas. If it requires a

gh temperature to caufe it to pafs into the aeri-
Cc from
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form ftate, it is condenfed by a moderate degree
of preffure or cold ; if it afflumes this ftate at a
very low temperature, it is pﬂrgaﬁently elaftic, or
retains its-aerial form at the loweft natural tempe-
rature. Subftances exifting in the former fate
are termed Vapours ; to thofe which are perman-
ently elaftic, the term Air, or Gas, is particularly
applied. The diftinction between them is only
relative, and arifes folely from the difference of
femperature at which they are formed.

A Gas is therefore merely a folid body, be-
tween the particles'of which repulfion is eftab-
lithed by the large quantity of caloric which it
contains. In th; modern nomenclature, the name
of every fubftance exifting in this form is deriv-
ed from its folid bafe, and the term Gas is ufed to
denote its exiftence in this ftate. Thus Oxygen
is the name of the folid bafe or gravitating mat-
ter of one of thefe bodies, which in its aerial form,
is termed Oxygen Gas. This folid bafe cannot be
obtained pure, but no chemift doubts of its exift-
ence, or that we fhould obtain it, could we ab-
ftra@ from the gas, caloric to a fufficient degree, §
and it, as well as the folid matter of the other gas-§;,
~ es, exifts in a folid ftate in many of the combina-§f
tions into which they enter.
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*In examining the different gases, befides the
geneml.properties of rarity, compreflibility, and
weight, they are found to be endowed with pecuiiar
properties by which each is diftinguifhed. At-
mofpheric air, for example, is charafterifed by its .
capability of fupporting eombuftion and animal
life, by its {paring folubility in water, and its dif-
folving ‘a portion of that fluid. It is eafy to con-
ceive that other fubftances may exift in the fame
form, poffefling different properties; and that this
is the cafe, the chemift difcovers in examining
the elaftic fluids produced in his operations. He
finds one in which combuftion is much more viyid
than in atmofpheric air; another, incapable of
fupporting combuftion, but itfelf inflammable; a
third, which poffefies neither of thefe properties;
and others which are abforbed by water, and
which poflefs various properties by which they are
diftinguifhed from every other.

In examining the gases, with regard to their
compafition, we find that the greater number of
them are compound bodies. There are only three
of them which are fimple, Oxygen, Azot, and Hy-
drogen, and thefe form the firft order of fimple
fubftances which we have to confider.

-

Sect,
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Sect. I. — — OXYGEN Gas.

This gas, named Oxygen, from its property of
producing acids, formerly known by the names of
Vital air, Fire air, Dephlogifticated air, was difcov-
ered nearly about the fame time by Scheele and
Prieftley. It exifts no where pure in nature, but
abundantly in combination with other bodies; and
it is from fome of thefe combinations, into which
it enters as a conftituent part, that it 1s obtained.
If a quantity of the native mineral production,
termed the black oxyd of Manganefe, be expofed
in an iron vefltl to a red heat, a large guantity of
oxygen Is féparated from it, and pafles off in the
ftate of gas: or if any quantity of it be mixed
with two parts and a half of fulphuric acid, in a2
glafs retort, the oxygen is expelled by the appli-
cation of the moderate heat of a lamp. It is alfo
obtained from many other fubftances, of which it

is a component part, by the application of heat,
as from nitre, red lead, or red oxyd of mer-

cury; and it is yielded in confiderable quantity
by growing vegetables expofed to the action of
light.

Oxygen §
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Oxygen gas is deftitute of fmell or tafte ; is ra-

ther heavier than atmof{pheric air ; the {pecific gra-
vity of the one being to that of the other as 1103
to 1ooo. It is ablorbed by water, but in very in-
confiderable quantity ; and it alfo always contains
a portion of that fluid,
- The peculiar properties by which oxygen gas
is diftinguifhed are thofe of {upporting combuftion
and animal life ; combuftion is much more vivid
in it than in atmof{pheric air, and an animal lives
longer in a certain volume of the one than in an
equal quantity of the other. Oxygen 1s indeed
the only gas capable of fupporting either procefs,
atmofpheric air, or any other gas, doing {fo merely
from the quantity of oxygen it contains.

Oxygen has a tendency to combination, more
extenfive, perhaps, than any other fimple fub-
ftance. It combines with every combuftible bo-
dy; and with all the metals; it forms the fourth
part of atmolpheric air; and it is a principal in-
gredient in by far the greater number of vegeta-
ble and animal fubftances.

Sf& .
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Sect. II. — — Azoric Gas.

ATtMmospHERIC Air contains about one-fourth of
its volume of oxygen ; the remaining three-fourths
confift of a peculiar gas termed Azotic, in the lan.
guage of the new nomenclature, from its be-
ing incapable of fupporting animal life. Nitroe
gen, a name given to it by Chaptal, is more un-
exceptionable, but the other is eftablithed by
common ufage. It is the Phlogifticated air of
Prieftley, the Foul air of Scheele,

This gas 13 obtained by expofing atmoiphea
ric air to fubftances capable of abforbing the ox-
ygen it contains. If a quantity of it in a jar be
thus expofed to a folution of the fubftance terms
ed Sulphuret of Potafh, the volume of the air be-
gins to diminifh {rom the abforption of the oxy-
gen, and after a certain time nothing remains but
the azotic gas. It is alfo obtained by burning
phofphorus, or any of the metals in atmofpheric
air, thefe attracting the oxygen ; and as the com-
pounds which they form exift in the {olid form,
the azot remains pure in the ftate of gas.

This
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This gas 1s not poflefled of any yemarkable pro-
perty capable of charaderizing it ; it is principal-
ly diftinguifhed by certain negative qualities ---by
its being incapable of fupporting combuftion
and animal life, by being uninflammable, and by
not being abforbed by water, or at leaft in very in-
confiderable quantity. The peculiar compounds
which it forms with other bodies, afford alfo deci-
{ive proof of its exiftence as a fubftance diftinét
from every other.

Azotic gas is rather lighter than atmoipheric
air, its {pecific gravity being as 9835 to 100c. It
is deftitute of tafte and {mell.

Azot enters as an ingredient mnto many com-
pounds. It conftitutes i:h_ree-fﬂurths of the at-
mofphere : it combines with hydrogen and phof-
phorus, is a component part of all animal fub-
ftanecs, and communicates to them their moft
diftin&ive characters; It likewile exifts in the pro-
duéls of feveral vegetables.

Sedt.
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bling the metal to decompofe the water even at
a low temperature.

Hydrogen gas is peculiarly diftinguifhed by its
great levity and inflammability. It is the light-
eft fubftance whofe weight we are able to eftim-
ate. When in its pureft ftate, and free from
moifture, it is about 13 times lighter than ate
‘mofpheric air. It burns rapidly when kindled in
conta¢t with atmofpheric air, and it explodes
inftantaneoufly when it is previoufly intimately
mixed with a portion of that air or of oxygen gas.
It is incapable of fupporting combuftion or ani-
mal life, though it is not immediately deleterious,
as the greater number of the unrefpirable gass
es are. It is not injurious to growing vegetas
bles.

Water abforbs a fmall portion, about 1-13th
of its bulk, of hydrogen, and the gas itfelf always
contains a confiderable quantity of that fluid.--«
'This water adds both to its bulk and {pecific gra-
vity, When faturated with it, it occupies about
1-8th more {pace than when free from it ; and it

s only 1o, inftead of 13 times lighter than ata
'mofpheric air,

Dd Hydrogen
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Chemiftry has difcovered, however, that in this
mafs there exifts an elaftic fluid, of nearly uni-
form cnmpnﬁtinn,' with which the other fubftan-
ces are merely mingled. Thefe are never in any -
confiderable proportion, and are even feldom dif-
cernible by the niceft chemical tefts’; -they are
only occafionally produced, and are very quickly:
removed by various” natural proceffes, by which
the puritf of the atmofphere 1s preferved.

The elaftic fluid, which forms the great body
of at leaft the inferior firata of the:atmofphere; is
compofed of oxygen and azotic gases, in the pro-
portion by weight of 29 or 28 parts of the former
to 72 of the latter, or by meafure, of 25 to 75.
Hydmgen gas, however, in a ftate of greater or
lefs purity, is very abundantly produced at the
furface of the earth by the decompofition f.-f ani-
mz] and vegetable fubftances; and as, from its
greater levity, it does not remain near the furface,
by which it might be abftracted by thofe procefs-
es by which feveral of the other gases are remov-
ed, it muft form part of the atmofpheric mafs.
There is reafon to believe, that it forms the fu-
perior ftrata of the atmolphere, and that it is on

its
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its preferice that feveral of the phefiomena of
Metcorology depend. | -

The other fluid, however, that which compofes
the inferior part of the atmofphere, is that only
which we have it in our power to examiie ; and
it is to this mixture of oxygen and azot that the
term Atmofpheric air is exclufively applied. Its
compofition has been found nearly uniform at the
greatelt heights which have been reached.

We¢ are indebted to Scheele for the difcovery
of the compofition of atmofpheric air. He ob-
ferved, that in proceffes in which it was expofed
to the action of certain fubitances, it {uffered a di-
minution of volume ; and that, at the fame time,
it was rendered incapable of fupporting combui=
tion, and, when in{pired, proved fpeedily fatal to
life. He had previoufly made the difcovery of
oxygen gas, and abferved its properties of ena-
bling inflammable bodies to burn with great {plen-
dour, and of fupporting animal life much longer
than atmofpheric air. When he fﬂu‘l.‘id, therefore,
that in thefe proceflfes by which atmofpheric air is
diminifhed, the quantity which remains is incap-
able of {uftaining combuftion or animal life, he

concluded that this change was owing to the ab- 3
ftradion
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{traction of oxygen from it, and that it is a com-
pound of this gas, and of the remaining unrefpir=
able gas, which he termed Foul or Corrupted air,
and which is the azotic gas of modern cheniills,
This conclufion he confirmed, by adding to this
gas a fourth part of oxygen, when a compound,
having all the properties of atmofpheric air, was
formed. Lavoifier foon after made the fame dif+
covery, and eftablifhed it by a variety of experis
ments. He proved it in particular more clear-
Iy by fhewing, that in thofe procefles in which
atmofpheric air {uffers this diminution of voluine
and change of properties, oxygen is abforbed by
the body by which the change is effected, and
can frequently be recovered from it in a pure
ftate. |

It is ftill a fubjec of difpute among chemits,
whether the oxygen and azot exiitiﬁg in the at-
mofphere are in a ftate of chemical combination,
or of mere mechanical mixture. That they- are
combined, 1s fuppofed to be proved by their not
feparating in the atmofphere, or even when kept
free from agitation, though of different fpecific
gravities. The difference, however, is very in-
confiderable : there are various caufes conftantly
acting on the whole mafs, and agitating the diffe-

rent
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terminate proportions, and form compounds pof-
{effing properties very different from thofe of their
component parts. :

Perhaps that chemical attraction which {ub-
fits between the folid bafes of thefe  gafes,
‘but which, when they are merely mixed to-
gether, cannot, from the diftance at which their
particles are placed by the repulfive power of ca-
loric, bring them into intimate union, may: ftill be
fo far exerted as to prevent their feparation : or
they may be retained in mixture by that force of
adhefion which, exerted at the furfaces of many
bodies, retains them in contact with confiderable
force. This latter fuppofition feems to be favour-
ed by the fa&s which Dr. Prieftley obferved, that
even thole gases between which no chemical at-
traction feems, under any circumftances, to be ex-
erted, do not feparate when mixed, though of ve-
ry different fpecific gravities.. Either of thefe
caufes, joined to the inconfiderable difference in'
the {pecific gravities of oxygen and azot, and af-
{ifted by the agitation which the atmofpheric mafs
conftantly fuffers in all its parts, from winds and
currents, from eleétrical difcharges, and from the
alcent of the heated air from the furface of the
earth, may preferve them mized in nearly an u-

nitorm
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niform proportion, without fuppofing them to be
10 that ftate which can properly be termed che-
mical combination.

The meafurement of the quantity of oxygen
contained in the atmofpheric zir, or indeed in a-
ny gas in which it 1s merely mixed, is termed Eg=
drometry, and the inftrument by which it is per-
formed, the Eudiometer. It confifts merely in add-
ing to the air fome {ubftance capable of combin-
~ing with the oxvgen ; and from the diminution of
volume which the air fuffers, the quantity of oxya
gen it contains is determined.

Different fubftances have heeri ufed for this
purpofe, each in the opinion of {ome chemifts pof=
fefling advantages over the others, The wate-
ty folution of fulphuret of potath, employed by
Scheele, completely abftracts the oxygen; but it
1s flow in its operation, and does not immediately
indicate when the procefs is finithed. The dry ful-
phuret of potath ?ﬂiﬁed by heat, is liable to the
latter objedtion, and is a method not eafily execut-
ed. Hydrogen mixed in 2 determinate proportion
with the air, and fired by the electric {park, forms

the Eudiometer of Volta ; but it requires a com-
plicated apparatus, and is liable to error from the
| hydrogen
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hydrogen' not being uniform in'quality.  Nztrous
Gas, added to'any air containing oxygen mixed
with it, immediately abftra@s it; and thews the
quantity by the diminution of volume it occa-
fions ;; but the refult cannot be depended on:
from the varying quality of the nitrous gas; and
from the extent of diminution which it occafions,
'being influenced by various minute circumftancess
'"The flow combuftion of Phofpborus over water,
:affords perhaps the beft Eudiometer; it entirely
:abftralts the oxygen, and it indicates when the:
jprocefsiis finithed; by no longer appearing lumin~
ious in the dark, or by the difappearance of a white:
icloud with which it appears in' day.light to be
ifurrounded. It is only necefiary to. make allow-
ance foran increafe of volume in the remaining a=
zot, of one-fortieth part, from part of the phofphor-
ws being diffolved in it, by which its bulk.is {o far
augmented.

£ | |
Eudiometry is of little utility in afcertaining |

tthe purity of air, confidered with refpect to its fa=. -

'utary or noxious power on life. - The air of pla=
rzes the moft unhealthy has been found to afford
'us' much oxygen as that of others of the oppofite
isharacter: the noxious air, in different fituations
Ee or
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or feafons, depending not fo much on deficiency
of oxygen, as on the prefence of efluvia, or other
impregnations not to be difcovered by this teft,:
sometimes, however, a vitiated ftate of the at-.
mofphere is pointed out by thefe means; and
the method itfelf of indicating the quantity of
oxygen in any air, is of much ufe in chemical ex-

periments on the gases.

Befides thefe two gases of which atmofpheric
air confifts, thereis a {mall portion of another,.
Carbonic acid, always prefent imit. The propor-
tion of it is about I part in the 100, and it has
been found at the greateft heights which have
been reached. |

Atmofpheric air, like the other gases, is tranf-
parent, compreflible, and permanently elaftic :
its {pecific gravity is to that of water as 830 to 1.
It is inodorous and infipid, is breathed by animals,
is neceffary for vegetation, aud indifpenfibly re-
quifite for the fupport of combuftion and animal

Iife.

This air is abforbed by water, though in -
_ confiderable quantity : the greater part of it may
be expelied by boiling the water, or by removing A

the
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the atmofpheric preflure, by means of the air

pump.

Atmofpheric air can alfo diflolve a quantity of
water, more or lefs according to its temperature.
Hence a conftant evaporation is going on at the
{furface of the earth, which is again depofited in
the form of dew, fnow, or rain. This forms what
is termed Spontancous Evaporation, a procefs of
the firft importance in the economy of nature,

Some philofophers have called in queftion this
folvent power of. atmofpheric air, with refpect to
water, and have afcribed {pontaneous evaporation
to the mere operation of caloric, principally from
obferving, that even in the exhaufted receiver of
the air pump, water evaperates at a medium tem-
perature. But it 1s a very erroneous conclufion,
that under the atmofpheric preflure it will eva-
porate at the fame temperature.  There un-
doubtedly exifts an attraction between air and
water, fince the latter always contains a portion
of the former ; the reverfe muft therefore equally
take place ; and the exertion of this attracion in
fpontaneous evaporation, feems clearly proved by
the facts, that more water is evaporated in a denfe
than in a rare atmofphere, and that even ice di-

minifhes
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diminifhes in weight when placed in air whofe
temperature is below 320, All the phenomena of
fpontanecus evaporation likewife accord with the

fuppofition that it is a cale of chemical folution.

The=$1antity-ﬁf water diflolved by the atmo-
fpheric air, is greater as-the temperature is high.
Dr. Hattton has fuppofed, that the folvent power
of the air increafes in a greater ratio, than the
temperature is augmented ; and from this hypo-
thefis has deduced an ingenious explanation of the
sproduction of rain.

‘It is difficult to ebtain air perfeétly dry : for this
purpofe it is.neceflary to expofe it to fubftances
which have a ftrongattraction to water. Its. {tate
with ‘refpect to moifture is -fhewn by the inftru-
ment termed the Hygrometer,

Atmefpheric-air is-an' important-agent in many
¢hemical procefles. ‘It is neceflary to {upport com-
biiftion, and it is equally indifpenfible to animal
life. It influences the « procefs of eryftallization
by its preflure, and by its chemical adtion it flow-
1y effe@s changes'in the greater number of fub- |,
ftances which can be expofed toit.

CHAP.
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COMBINATION OF THE SIMPLE GASES WITH
EACH OTHER.

ST LA
e ——

Seit. 1. — — Azot witH HYDROGEN.
ALKALIS.

Tar .combination of azot with hydrogen forms a
compound termed Ammonia. This is one of
three fubftances which, as they poflefs a number.
of common properties, have been always arrang-
ed together under the name of Alkalis. The re-
maining two, Potafh and Soda, have not been com-
pletely analyfed : their analogy, however, with am-
1monia, renders it extremely probable that they are
compounds ; and it has lately even been fuppofed
that their compofition has been difcovered ; that
potafh is.a compound of lime and hydrogen, and

foda
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foda a compound of hydrogen and magnefia.
This, however, has not been proved by any con-

clufive experiments ; but as there is fo much pro-
bability in the fuppofition that, thefe fubftances
are compounds, and as they refemble ammonia in
fo many properties, they may be confidered in this
part of our work.

The following are the general properties of al-
kalis. They imprefs an acrid tafte on the tongue;
they inflame and even corrode the fkin, and dif-
folve animul matter ; they change the blue or red
colodrs of vegetables to a green; they have a
ftrong attraction to water ; they unite with oils or
animal fats forming foap ; and they combine with
another clafs of compound bodies termed acids,
forming new compounds in which both the acid

and alkaline properties are loft.

AMMONIA.

Waen hydrogen and azotic gases are mixed
together, they exert no mutual action, the gafe-
~ous form bemg an effectual obftacle to their uni-

r.;c-n Th:e ‘compofition of ammonia, the compound

‘which re{ults from their combination, was there-
fore
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fore difcovered only by its decompofition, and Ly
its production .in certain chemical procefles in
which thefe gases are concerned. Dr, Prieftley
obferved, that on fubje@ing ammonia in the ftate
of gas to the action of the eleétric fpark, its vo-
lume is increafed, it is no longer abforbable by
water, and becomes highly inflammable; a fi-
milar change he found to be preduced in it, by
paffing it through an ignited earthen tube; and he
farther found, that when the ammonia was heat-
ed with a metallic oxyd, the metal was deprived
of its oxygen, and a gas was produced, poflefiing
all the properties of azot. Scheele likewife ob-
ferved this laft fa@, and Bergman hazarded from
it the conjecture, that ammonia i1s a compound of
azot and hydrogen, a conjecture which Berthollet
confirmed by a varlety of experiments in which
ammonia was decompofed. It was afterwards ef-
tablifhed by {ynthefis, ammonia being formed by
préfenting the two gafes to each other in their
nafcent ftate,---in other words, at the moment in
which they are difengaged from a chemical com-
bination in which they exifted, and before they
fully affume the gafeous form. The folution of
tin in diluted nitric acid affords an example of this
kind ; the tin attradts the oxygen of the acid, as
well as the oxygen of the water, and the azot of

the
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the former and hydrogen of the' latter being dift
enguged, unite and form ammonia, . |

Dr. Auftin' from fynthetic experiments; fiates:
the proportion of azot and hydrogen, as'exifting in:
ammonia, at 121 of the formerto 32 of the lat-
ter. Bertholiet, fiom his analyfis of it, ftates them
at 121 to 29, with which the late experiments of
Mr Davy nearly agree, thefe making 100 parts:
of ammonia to confift of 80 of azot and 2¢ of
hydrogen.

Ammonia is' afforded in great quantity by the-
decompofition of animal fubftances, by heat, or
putrefaction ; the azot or hydrogen they contain:
being difengaged and combining together. It is
alfo yielded by fome vegetables.

The production of it from animal fubftances is
- the fource whernce the ammonia, ufed for chemical
purpofes, is obtained. It 1s at firft impure, but is
freed' from the animal matter adhering to it, by
combining it with an acid. In this manner the
muriat of ammonia, or- fal ammoniac, which' is:
ufed in Jarge quantity in the arts, is prepared ;.
and fromi this pure ammonia is obtained. One
part of this falt, the muriat of ammonia, is mixed: }

with

L




AMMON T4, 217

with two parts of newly flaked lime, in-a retort,
and a moderate heat applied. The lime attracls
the muriatic acid of the muriat of ammonia, and
the ammonia is difengaged in the ftate of 'gas,
which muft be received in jars placed over mer-
‘cury, and filled with that fluid.

Ammonia, when pure, exifts in the ftate of
permanent gas; it is the lighteft of the gases, hy-
drogen excepted, its {pecific gravity being to
that of atmofpheric air as 600 to 1coo : ‘it has a
firong pungent {fmell, and is capable of inflamingy
the {kin. It proves fatal to animal life, when re-
{pired pure ; is incapable of fupporting combuf-
tion ; but is flightly inflammable, the flame of a
candle being enlarged when immerfed in it, and
when mixed with oxygen gas, it even burns.

Ammoniacal gas has a {trong attraction to wa-
ter, and is rapidly abforbed by it, in very confi-
derable quanrity. The folution has the ftrong
pungent {mell, and all the qualities of the am-
monia, and was formerly confidered by chemifts
~as the alkali in its pure ftate ; but Dr. Prieftley
{hewed that it is only a watery folution of it. It
is the form, however, under which the ammonia
15 ulually kept and ufed. It is prepared by mix-

Ff ing
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ing five pa‘fts of muriat of ammonia with twelve of
flaked quick lime, and adding as much water as is
{ufficient to moiften them. On heat being applied
to the retort, the ammoniacal gas is difengaged,
and is made to pafs through water, placed in a
feries of receivers, by which it is abforbed. This
folution is termed Water of Ammonia, or Liquid
Voalatile Alkali, from the tendency of the am-
monia to pafs off from it in the flate of gas.

- Ammonia exerts no acion on the fimple gases.
{ts ‘combinations with other chemical agents are
afterwards to be noticed. Its attractions to the a«
cids are inferior to thofe of the other alkalis.

POTASH,

'Tris fubftance was ufually known by the
name of Fixed Vegetable Alkali; fixed, in con-
tradiftinétion to amﬁmnia, which was termed Vola-
tile Alkali; and wegetable, as being derived prin-
cipally from the burning of vegetables. Inan
impure ftate it forms the potafhes of commerce ;
whence the name Potash, received into the new
nomenclature, is derived. It would have been

preferable, perhaps, to have given it the termina-
' tion
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tion of Potafla, but the other is now eftablifhed in
chemical language.

Potath is obtained by burning vegetables, ef-
pecially the woody parts. It forms the principal
- part of the afhes which remain, mixed, however,
with feveral other {ubftances. The foluble matter
is freed from the other impurities by folution mn
water; and this {olution, evaporated to drynefs,
yields the potafhes of commerce. Thefe confift of
potath combined with carbonic acid, and feveral
neutral falts. A fecond folution of them is made
in water, and the greater part of the neutral falts
is feparated by cryftallization ; the carbonic acid
1s abftracted by quick lime, and a {olution of pot-
afh remains, which may be evaporated to dry-
nefs, This potath, however, is ftill impure. To
obtain it in a ftate of purity, it is diffolved in al-
kohol, which leaves the other {aline matters mixed
with it undiffolved, and the folution is evaporated
to drynefs in a cup of filver or tin.

Potafh, thus purified, is a folid fubftance of a
white colour, cryftallizable from its faturated fo-
lution in alkohol or water ; it is extremely cauf-
tic, changes the vegetable colours to a green,
and has fo ftrong an attration to water as to

take
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take it from almoft every other fubftance, and to
abforb from the atmofphere, ina very fhort time,
a {ufficient quantity. to render it fluid. Itis fufi-
‘ble at a moderate temperature, but can fcarcely
be volatilifed by the moft intenfe heat. It com- |
bines with oils and fats, forming a perfect foap ;
fufed with filiceous earth it forms glafs, and with
a larger proportion of alkali, a fubftance foluble
in water. It combines with all the acids, and
has in general a ftronger attraction to them than
either of the other alkalis has. It alfo unites with
many other fubftances, as fulphur, phofphorus,
and others, forming combinations afterwards to be
moticed. It does not a& on any of the fimple gas-
es.

The proper analyfis of potafh, it ‘has been re-
marked, has not been completely effected; but
there are a number of facts which appear to prove
its compofition. Thus it has been afcertained by |
experiment, that it is formed in what are termed
nitre beds, or colleGions of the materials from
which nitre is formed, though in none of thefe it §
‘could have pre-exifled. It is even probable, that
in the procefs by which it is ufually obtained, the
incineration of vegetables, it is at leaft partly form-
ed. From fadts of an analytic kind, it has late-
ly




5 0 DA, ) 221

ly been concluded, that-it is formed of lime ‘and
hydrogen, lime having been produced under cir-
cumftances where, of all the bodies concerned,
none could furnifh it but the potaih, and this pro-
du&ion of lime being always preceded by the
combutftion and difappearance of hydrogen. O-
thers have inferred from analogy, that azot is the
~alkaline principle, as it is the principal conftituent
of ammonia. '

-

SO0D A.

Sopa, the third alkali, has likewife been term-
ed Fixed Mineral Alkali, as it is more abundant
than either of the others in the mineral kingdom.

It is found native in the earthoc on its furface, .
‘combined with carbonic acid ; and it exifts in im-
~menfe quantity in the water of the ocean, com-
~mon [ea falt being a compound of it with muria-
itic acid. It is obtained principally, however,
ifrom the combuition of feveral marine plants, the
faline matter obtained from their athes contain-
iing this alkali combined with carbonic acid. The .
jpure- foda is obtained by the fame procefs as that
temployed for the purification of potafh.,

Suda
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Both foda and potafh exift as conflituent prin-
ciples of feveral mineral fubftances.

i

Sect. I1. — CoMBINATIONS OF OXYGEN IN GENERAL.

Tue attractive power of oxygen towards other
‘bodies is more extenfive than that of any other
\chemical agent, and the hiftory of its combinations
\forms the moft important part of chemical fci-
\ence. Thefe combinations are very generally at-
itended with the emiffion of light and caloric,---in
wther words, with the phenﬂﬁ:r:na of combuftion :
iit 1s therefore neceflary to take a general view of
ithis important procefs, before proceeding to the
«confideration of its particular produds.

The phenomena of combuftion, and the dif-
inétion of bodies into combuftible or inflammable,
d incombuftible or uninflammable, are fufficient-
ly familiar. The latter, when expofed tc heat, have
{their temperature raifed, and that in proportion to
Ithe degree of heat applied to them ; but when-
pzver this communication of caloric, from an exter-
nal fource, is ftopt, their temperature f.'alls, and
they return to their former ftate, Combuftible

bodies,
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bodies; on: the contrary, when heated to a certain
extent, begin to {uffer a very evident change; -
they becomie much hotter than the furrounding

bodies, emit light more or lefs copioufly, and ap-
pear to be confumed, or rather are converted inte
fubftances altogether new, and which frequently
are not apparent to the fenfes. It is this rapid
"emiflion of light and caloric, and this change of
properties, and apparent lofs of {ubftances, which |

conftitute the procefs of combuftion. |
Beccher advanced the firft rational chﬁm'iéﬂ,
hypothelis to account for thefe phenomena; he
afcribed them to the motion of a peculiar princis
ple, the inflammable earth, which he fuppofed all
inflammable bodies to contain. Stahl, refining on
this fyftem, admitted with Beccher the exiftence |
of a common principle in inflammable bodies, to
which bhe alcribed their inflammability : but this
- principle, w-hit:;h he termed Phlogifton, he fuppofed §;
not to be an earth, but fire, or the matter of heat
and light. In combuftion he fuppofed it to be
difengaged, and hence explained the phenomena
attending that procefs, and the change of
perties in the bodies fubjected to it. This hy
thefis appearing to afford a fatisfaltory explana-
tion of a number of chemical phenomena, wasf,
univerfally
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‘univerfally adopted, nor for a confiderable period
'was any doubt entertained of its truth.

© In framing this hypothefis, Stahl paid no at-
itention to the influence of the air in combuftion,
rwhich before histime had been demonftrated, afnd
ithe nature of it in fome degree afcertained, by
ithe experiments of Mayow and Boyle. So far,
ttherefore, it was ctefe&iv:, as 1t gave no explana-
ition of the neceflity of the prefence of the air
ifor the {upport of that procefs. It had further
Ibeen afcertained, that fome bodies, inftead of lof-
ing, gain weight by combuftion ---a fact inexpli-
icable on the Stahlian doétrine, fince it {uppofed
ithat in that procefs a principle was merely difen-
igaged from the combuftible body.

Various attempts were made to {olve thefe dif=
ficulties, but with little fuccefs ; and the difcove-
ries which were foon after made of the nature and
agency of the gases, puintr:d out ftill more clearly
the deficiency of the original do@rine. It was ob-
ferved, that combuftion was more vivid in oxygen
&2s 5 and it was fhewn by different chemifts, that
when it is carried on in atmofpheric air, the weight
and volume of the air are diminifhed to a certain
extent, and it is no longer capable of fupporting

Gg that
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that procefs, changes which were likewife proved
to be owing to the confumption of oxygen. Thefe
fas led to a new fyftem. While the greater
number of chemifts laboured to reconcile them
with the hypothetical ideas of Stahl, and for
that purpofe propofed many modifications of his
doctrine, Lavoifier at once rejected it, denied
the exiftence of Phlogifton, and afcribed the phe-"
nomena of combuftion to the combination of oxy-
gen with the inflammable body. By this com-
bination, the changes it {uffers in properties and
in weight, as well as the correfponding changes
in the air, were accounted for: and as the doc- |
trine of latent heat had been previoufly eftablifhed,
the evolution of caloric was thus alfo explained.
According to this dotrine, then, inflammables
are merely {ubftances, having an attra&ion to
oxygen, and which, at a certain temperature, are
difpofed to combine with it : Combuftion is this
combination ; the product of that procefs is the
compound which refults from it; and the evolu-
~ tion of caloric which accompanies it, is not from the
inflammable body, but from the oxygen gas.

The firft principle of this theory, that com-

buftion is the combination of oxygen with the
| combuitible
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combuftible body, is proved by the following ge-
neral facs : 1ft, Combuftion cannot go on with-
out the prefence of oxygen ; and is more rapid in’
proportion to the quantity of oxygen in contact
with the inflammable body. 2dly, In every cale
of combuftion, .the oxygen prefent is confumed.
3dly, The increafe of weight which every com-
buftible body gains in burning, correfponds exact-
ly to the weight of the quantity of oxygen gas
which difappears: and, 4thly, The quantity of
oxygen abforbed by the combuftible body, may
always be recovered from the compound that has
been formed, and its weight is equal to the weight
of the quantity which had difappeared during the
combuftion. Thefe facts have been eftablifhed by
the moftaccurate experiments ; they are true with-
out limitation or exception, and their force in efta-
blifhing the conclufion that combuftionis the com-
pination of oxygen with combuftible bodies, can-
not be eluded but by the moft extravagant and
unfounded {uppolitions.

. From this principle, refpe@ing the nature of
the procefs termed. Combuftion, it remains to ex-
plain the phenomena which attend it, the princi-
pal of which is the evolution of light and cal-
oric,

By
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By the older chemifts it was univerfally fup-
poled, that the caloric procecded from the in-
flammable body ; and this is indeed an opinion

which ‘muft appear unqueftionable, while the na-

ture of combuftion is not perfed@ly underftood.
The burning body appears luminous and feels in-
tenfely hot; and as no other agent appears to be

concerned, the conclufion feems unavoidable, that |
it is from it that the light and heat are evolved.
But when the nature of the influence of the air

m combuftion is underftood, when it is proved
that in that procels oxygen combines with the
combutftible bedy, it is obvious that this conclu-

fion no longer neceflarily follows, fince where two

fubftances combine, if light and caloric are evolv-
ed, it is a priori equally probable that they may

proceed from the one or from the other. Whe- .

ther they proceed from the oxygen gas or the
combuflible body, they muft be feparated at the
part where the combination takes place, that is,

upon the furface of the burning matter itfelf; and

confequently it will appear luminous and heated,
while the gas being invifible efcapes obfervation.
When it is further afcm tained, that bodies in the
aeriform ftate contain in equal weights, and at
the fame temperature, quantities of caloric much

greater than folids ov fluids do, the conclufion be-
comes
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comes probable, that the caloric evolved in com-
buftion proceeds rather from the oxygen gas
than from the combuftible matter, fince the-for-
mer contains a much larger quantity of this
‘power than the latter.. This is-accordingly the
‘explanation that was firft given in the modern
{fyftem, of the origin of the caloric evolved in com-
‘buftion. The greater number of combultible bo-
'dies exift in the {olid or fluid ftate, and the com-
jpound formed by the combuflion likewiie gener-
rally exifts in one of thefe forms ; the caloric ex-
itricated was therefore fuppolfed to be derived from
ithe condenfation of the oxygen gas in the new
rcombination into which it enters,

Though approaching to the truth, this expla-
mation is not ftrictly true. It is not merely from
tthe oxygen gas being condenfed that the caloric
iis evolved, becaufe in many cales of combuftion
tthe product flill exifts in the gafeous form, and
tbecaufe the quantity of caloric evolved in differ-
eent cafes, bears ‘no proportion to the degree of
ccondenfation.  Dr. Crﬁwf(}rﬂ, confidering this
[fubject under'a more extenfive point of view, de-
ltermined by numerous experiments, that the evo-
llation of caloric which attends combuftion, is ow-
ing to change of capacity. He found that the

capacity
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capacity of oxygen gas is much grecater than the
capacities of combuftible bodies; he likewife af-
certained that the capacity of the compound re-
fulting from the combuftion, is always much lefs
than that of the oxygen gas, while it is almoft in-
variably greater than the capacity of the combuf-
tible body, though ftill inferior to the mean of the
capacities of the two ; it is therefore evident, that
caloric mu/t be rendered fenfible during combuf-
tion, and that it is from the oxygen gas that it
muil be evolved. In different bodies the dlﬁbt.-
ence in the proportion of the capacities hefﬂm
and after combuftion is by no means uniform

and hence the difference in the quantities of ca-
loric extricated in various cafes of combination, a
difference augmented by the variations in the.de-
gree of rapidity with which oxygen and the dif-
ferent combuftible bodies combine.

Some chemifts have given a different reprefen

tation of this fubjeé. They fuppofe that oxy :
gas is a chemical compound of oxygen and cal 1
oric ; that in combuftion the oxygen is attract l:’
by the inflammable body, and that by this {u 3
perior affinity, the caloric is difengaged. “« At isl
« certain degree of temperature,” fays Lavoifie .

« oxygen poflefles a fironger elective attractios
L 0
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« or affinity for phofphorus, than for caloric ;
« and in confequence of this, phofphorus attracts
“ the bafe of oxygen gas from the caloric, which,
« being fet free, fpreads itfelf over the furround-
« ing bodies.” He gives a fimilar explanation
of every other cafe of combuftion.

L

It is not difficult to determine which of thefe
expianatiuns, or rather which of thele modes of
exprefling the fame explanation, is preferable.
Unlefs the experiments of Crawford, proving
that a diminution of capacity takes place, when
oxygen combines with inflammable bodies, are 1n-
validated ; or unlefs it 1s fhewn, that the diffe-
rence in the quantities of caloric contained in
different bodies, which is exprefled by faying,

that they have different capacities, is owing to -

that part of the caloric contained in each above
that contained in the others, being chemically
combined with it, it muft be evident, that the
language which fuppofes fuch a combination in-
volves an hypothefis, and is confequently unphi-
lofophical, while the other is ftrictly inferred from
the phenomena, and, as Dr. Crawford rematks, it
1s equally adapted to explain them, whatever
opinion may be held refpeing the nature of cal-
oric, or its mode of exiftence.

It
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It remains to explain the origin of the Iight.e.
mitte¢~duﬁng; combuftion. While it was believ.
ed that light and caloric were effentially the {ame,
the fame origin'was neceflarily affigned to both -
in the ancient fyftem, they were fuppofed to pro-
ceed from the inflammable body; in the more
modern theories they have been derived from the

oxygen gas. But as this opinion, with regard to

the identity of thele two agents, is unfound-
ed, it is ftill neceffary to enquire whence the
light is derived; for it is evident, that from
the fac& that the caloric is difengaged from the
oxygen gas, we caunnot infer, that the light muft
have the fame origin. ;

Lavoifier, though he inclined to the opinion
that lizht is a component part of oxygen gas, and
that it 1s from the decompofition of this gas that
it appears during combuflion, did not confider it
as fully eftablifhed. TFourcroy fuppofes it to be

- demonfirated by the following facts, which o-
ther chemifts have likewife urged in fupport of the
fame opinion, * Combuftible bodies afford much |
“ more flame when they burn in oxygen gas alone,
« than in atmofpheric air: there are combuftible |
“ bodies which do not burn with flame, except in

« oxygen gas: to difengage the oxygen from bo-
dies
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dies which contain it, and convert it into oXy-
“ gen gas, it is not fufficient to diffolveitina

greater or lefs quantity of caloric, but it is ne-
ceffary at the fame time to add light : and laft-
« ly, there are burnt bodies which lofe their oxy-

“ gen on the contact of light alone.”*

Thefe facts prove nothing, and it is fingular
that they fhould have been confidered as of any
weight.  With refpect to the two firft, it is obvi-
ous, as combuftion is more rapid In oxygen
gas than in atmofpheric air, that, from what-
ever fource the light may be derived, a great-
er quantity muft be evolved ina given time. And
with refpect to the two laft, it is equally evident
that they are explained, as well by the fuppofi-
tion that light has an attraction to the bafe of the
inflammable body, as to the bafe of the oxygen
gas ; nor are the facts themfelves more in favour
of the one fuppofition than of the other.

_Although there is no decifive proof that light
is a conftituent principle of inflammable fubftan-
ces, there are various confiderations which render

Hh it

* Philofophy of Chemiftry.
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it probable. It is frequently evolved in combinge.

tions of oxygen, where the oxygen is merely tranf-.

ferred from one inflammable fubftance to another:
but in fuch cafes it is highly probable that it muft
proceed from the inflammable body ; fince, even
fuppofing it to be a component principle of oxy-
gen gas, it muft have been evolved in the combi-
nation of the oxygen with the body from which,
in thefe cafes, that principle is transferred. The
oxydation of certain metals, by heating them with
other oxyds, as with oxyd of mercury, and the
deflagrations excited by the action of; fulphuric,
nitric, and oxygenated muriatic acids, upon in-
flammable bodies, afford examples of this kind.
Other experiments have been made, apparently
ftill more decifive, in which light was evolved,
when the filings of different metals were heated

with fulphur iz vacue, or under mercury, when of |

courfe no oxygen was prefent to afford it. Thefe
indeed have been objected to, on the fuppofition
that water was prefent in the materials, from
which oxygen might be derived. But, granting
this fuppofition, which feems, however, not to be
eftablithed, it does not invalidate the argument,
that the light muft have proceeded from the in-
flammable body ; fince, fuppofing light to exift in
oxygen gas, fill it muft have been evolved in the

combuftion

= = e
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combuftion of hydrogen, by which water is form-

ed ; and of courfe could not exift in that water,
or in either of its principles.

It feems probable, therefore, that the light ex-
tricated in combuftion, is derived from the in-
flammable fubftance ; the oxygen combining
with the bafes of thefe fubftances, and difengag-
ing the lig.ht by a fuperior affinity. It is poffible
that part of it may alfo be derived from the oxy-
gen gas; but it is evidently unneceflary to fup-
pofe fo, where the fuppofition is fupported by no
fact.

It may be concluded, then, that inflammable
bodies are compounds, confifling of light united
with unknown bafes; but as we are unable to
{eparate the light, {o as to obtain thefe bodies pure,
it is unneceflary to arrange thefe fubftances as
compounds. This opinion was firft maintained .
by Macquer, and has been revived by Gren.
Some have affected to confider it as a medifica-
tion of the do@rine of Stahl, light being fubfti-
tuted for phlogifton. But this is a mere verbal
conceit, which could have originated only from
prejudice in favour of that hypothefis.

Befides
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Befides the fimple cafe of the combination of }'
oxygen with other bodies, which conftitutes com-
buftion, there are fome others more complicated,
in which, after being combined with one body,
1t 1s transferred to another. '

Deflagration is a cafe of this kind. When a
quantity of nitre, or nitrat of potafh, is mixed with
an inflammable body, and expofed to a red heat,
a vivid combuftion is immediately excited. This
is termed Deflagration. The general explana-
tion of 1t 1s fufficiently evident.  Nitre confifts of
potath and nitric acid, the latter being a com-
pound of oxygen.and azot. The nitre, therefore,
contains a large quantity of oxygen, which exifts
in it in a flate of combination fo weak, that '@%is
{eparated by expofure to heat ; itis therefore eafi-
ly transferred to the inflammable body,and hence
the vivid combuftion that 1s excited. Any other

{alt, containing the nitric or oxygenated muria-
tic acid, produces the fame effect.

There is a difficulty in explaining the origin
of the quantity of caloric rendered fenfible dur-
ing deflagration. The oxygen exifts in the falts
concerned in that procefs in a concrete ftate, and

it can fcarcely be fuppofed to contain, in fuch a
ftate,
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ftate, that large quantity of caloric which it con-
tains in the galeous form. Whence then is the
.caloric which is extricated derived ?
¥
It muft ficlk be remarked, that the quantity of
caloric rendered fenfible during deflagration 1s

proved, by the experiments of Lavoifier with the
calorimeter, to be cosfiderably lefs than that e-

volved from the confumption of the fame quanti-
ty of oxygen by combuftion. Still a large quan-
tity is evolved. It has been afcertained, however,
that when nitric acid is formed by the combina-
tion of oxygen and azot, each previouily exifling
in the ftate of gas, much lefs caloric is dilengag-
_ed than in other combinations of oxygen: it is
-alfo known, that when this acid 1s combined with
" potath to form nitre, a very inconfiderable quan-
tity of caloric 1s difcharged. It is evident, there-
_fore, that a very large quantity of the caloric con-
tained originally in the oxygen gas remains in
the nitre ; and this will account for the quantity
rendered {enfible in deflagration.

It has been affirmed, that the capacity of nitre
for caloric 1s not great, and that the united capa-
cities of nitre and charéal, are inferior to the u-
nited capacities,of the produ@s of the deflagra-

tion
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tion of thefe fubftances. Were this accurately
determined, it would not invalidate the above
facts, though it would furnifh a ftrong argument
in favour of the doftrine, that caloric exifts in
a ftate of chemical combination---a doctrine which
indeed completely folves the prefent difficulry.
But the tact itfelf has not perhaps been determin-
ed with fufficient accuracy ; and in the reafoning
founded upon it, the quantities of the fubftances
acted on in defligration feem to have been ne-
glected, a very large quantity of nitre being ne-
ceflary for the complete deflagration of a quanti-
ty of charcoal. :

The origin of the light extricated in defla-
gration muft be explained in the fame manner as
its appearance in combuftion.

From the quantity of azotic gas difengaged in
thofe cafes of deflagration in which nitrous falts
are ufed, if the materials be inclofed in a metallic
tube, previous to its being kindled, a {trong ex-
panfive force is exerted, and an explofion takes
place, which is ftill greater where the fubftance
deflagrated is one which, when combined with
oxygen, produces a compound exifting in the

gafeous form. This is termed Detonation, There
are
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are fome cafes of it, in which fuch a quantity of
heated gas is fuddenly extricated, that the refift-
ance even of the {urrcunding atmofphere is fuffici-

ent to occafion the fame phenomenon.

The laft cafe of the combinations of oxygen is
that where it 1s transferred from one body to ano-
ther, without being accompanied by the pheno-
mena of combuftion. Thus all the acids contain
oxygen : it frequently happens, when an acid is
poured upon an inflammable body, that its oxy-
gen 1s attracted by the latter, and the other com-
ponent principle of the acid is difengaged. Wa-
ter, which is a compound of oxygen and hydro-
gen, 1s often decompofed in a fimilar manner.

In f{uch cafes, the extrication of caloric which
takes place is much lefs confiderable than in com.
buftion, partly from the oxygen as it exifts in
the acid having been deprived of a large portion
of its caloric, and partly from the abforption of
caloric by the produéts of the decompofition. Nei
ther does any difengagement of light attend this
procefs ; probably becaufe it paffes fiom the in-
flammable body, to the bafe with which the 0Xy-
gen was united in the body decompofed.,

The
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oxyd is invariably the product of the firft degree
of oxygenation, and the acid refults from the ad-
dition of a larger proportion of oxygen.

The order of oxyds is diftinguifhed by no com-
mon properties, except, perhaps, the general one,
of combining with greater facility with a larg-
er proportion of oxygen. The term was introduc-
ed merely as a convenient one to denote thofe
compounds, the produéts of oxygenation, which .
have no acid properties.

Acids, on the contrary, have certain common
properties by which they are diftinguithed. They
are four to the tafte, aét as cauflics on animal
matter, have a ftrong attraction to water, change
the vegetable colours to a red, oxydate inflam-
mable aﬁd metallic {fubftances, and combine with
the alkalis, the earths, and metallic oxyds, forming
compounds in which the properties of the acid, or

of the fubftance with which it is united, no longer
e G

The fame fubftance is in {everal inftances cap-
able of uniting with two proportions of nxygen,l
fo as to form two acid compounds, different in
their properties from each other, Thus fulphur,

Ii with
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with a certain prdpurtinﬂ of ﬂx}{ger;; forms an a-
¢id, which exifts in the ftate of gas; and with a
larger proportion, another acid, which requires a
ftrong heat to volatilife it: and inlike manner phof-
phorus and azot, by different degrees of oxygena-
tion, form different acids. In the new nomen-
clature, the names of thefe com pounds are exprefi-
ed with much perfpicuity. The name of the acid is
always derived from the particular fubftance from

" which, by combination with oxygen, it is formed;
and the difference in the ftate of the acid, from the
different degree of oxygenation, is exprefled by
a variation in’the termination. Thus the acid

formed from fulphur with the lefs proportion of
oxygen, is termed the Sulphureous acid; that
with the greater proportion, the Sulphuric ; and
in like mannet we have the Phofphorous and
Phofphoric, the Nitrous and Nitric, denoting the
different acids from the fame bafe. One or two |
acids are capable of combining with a flill larger
proportion of oxygen, which rather impairs than
increafes their acid properties. To denote thefe
acids in this ftate, the term Oxygenated is pre-
fixed to their ufual names.

The compounds which the acids form with

the alkalis, earths, and metallic oxyds, are termed
Neutral
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Neutral Salts. They are in general {oluble in
~water, are capable of cryftallization, and have
much lefs a&tivity as chemical agents than the a-
cids or the bafe from which they are produced.
The nomenclature of thefe falts is precife and fyf-
tematic. All the falts, containing the fame acid,
are confidered as forming one genus, to which as
‘many {pecies belong as there are falts formed by
the union of that acid with alkalis, earths, or
metallic oxyds. The generic name is derived
from the name of the acid, the fpecific n:.—ime from
that of the bafe with which it is united. Thus
all the falts formed by the fulphuric acid are term-
ed Sulphats; as the Sulphar of Potafh, of Soda,
of Lime, &c. ; and the fame nomenclature is ex-
tended to the ﬁther;s. The names of the {alts
formed by the acids with a lefs quantity of oxy-
gen, are exprefled by a variation of termination
thofe containing the fulphureous acid are termed
Sulphites; and in like manner we have Nitrats

and Nitgites, Phofphats and Phofphites, &ec.

Selt.
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-the antiphlogiftic fyftem, which were then warm-
1y contefted : it was therefore reluctantly admit-
ted ;  and there were certain ambiguous circum-

ftances in the experiments by which it was efta-

blifhed, that afforded, in fome degree, reafons for

doubt. It was obferved in particular, that the

water produced was frequently acid ; hence it was
concluded, that this acid was the real produét of

the combination, and that the water depofited

‘was only the quantity held in folution by the
gases. The origin of this acid, however, was.{a-

tisfactorily explained.. It was found to be either

carbonic or nitric acid : ---the former is derived

from a {mall quantity of carbon, which the hydro-

gen, when prepared from certain materials, often

contains; the latter from a portion of azot, of

which it is extremely difficult to obtain oxygen

entirely free. It was allo at one time affirmed,"

that the quantity of water produced is not equal

to the quantities of oxygen and hydrogen confum-

‘ed ; but the contrary has been eftablifhed by the
moft accurate experiments on a large fcale ; ex-

periments which obviate every objection, and -

leave {carcely any doubt as to the compofition of

water. ‘The proportions of its principles have
been flated at 835 parts by weight of oxygen, and

15 of hydrogen, or rather 85,662 to 14,338.
The
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This is a queftion not eafily anfwered. It has
even been affirmed, that a given quantity of
water may be converted entirely into oxygen,
or hydrogen, according as it is connected with
the top or bottom of the pile; and it has been
concluded, that the eft.blifhed opinion refpecing
the compofition of water is falle. Such a conclu-
fion, however, is too hafty, while we remain {o lit-
'tle informed as to the nature of the agency of this
power, and are unable to give any fatisfattory ex.
planation whatever of its effeCs.

The general properties of water are well known.
‘When pure, it is taftelefs, inodorous, colourlefs,
'and tran{parent. Like other bodies, it owes its
ifluidity to the operation of caloric, ice being its
imore natural f’(ate.; by the farther action of that
ipower, it is alfo converted into vapour.

As a chemical agent, water is of the firft im-
jportance. It'is capable of combining with a very
igreat number of bodies; few indeed are altoge-
tther exempt from its action. It abforbs fmall
‘quantities of the fimple gases, and is alfo diflolved
by them, and retained by a force of attracion fo
igreat, that it is not certain if they can be entirely
ffreed from it. OF thefe gases it feems to have the

ftrongeft
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water is free from thefe impregnations, but it is al-
ways found to have imbibed a quantity of atmo-
{pheric 4ir, or of carbonic acid ; and in the neigh«
bourhood of cities, it is rendered ftill more impure,
‘Water is rendered perfectly pure by diftillation ;
and for any chemical procefs, in which much ac-

curacy is requifite, diftilled water muft always be

employed.

Sett. IV. . _. OxYGEN wiTH AZoT.

I.'-': u

OxvceN and Azot mixed tngether, form atmos (

fpheric air; when combined in various proportions,
they form not lefs than four compounds :---Nitric
Acid, confifting of about four parts of oxygen to
one bf azot; Nitrous Acid of 3 to 1 ; Nitrous
Gas of 2 to 1; and Nitrous Oxyd of rather lefs
than an equal part of oxygen. '

Kk : NITRIC
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The compofition of nitric acid is confirmed by
its analyfis. If pafled through an ignited glafs o
earthen tube, it is converted into oxygen and a-
zotic gases: or if adted on by an inflammable
{ubftance, which can attraé its oxygen, it is con-
verted into nitrous gas; and this, by a further
abftraction of oxygen, is cnnveri:ed into azot.

~ Nitric acid cannot be produced in'any con-
fiderable quantit:ry by the direét combination of its
principles ; chemifts, therefore, prepare it by de-
compofing the compound of it with potafh, the
nitrat of potafh, or nitre of commerce, a falt
which is produced in great abundance in warm
climates, either fpontaneoufly, or by the aid of
artificial arrangements. Two parts of this falt in
coarfe powder are put into a glafs retort, and ra-
ther more than one part of a peculiar acid, the
fulphuric, is poured upon .it, and heat applied.
This acid exerts a ftrong attraction to potafh, and
combines with it, and the nitric acid is difengag-
ed. From the degree of heat which is neceffary
to diftil it over, and from the influence of the
difpofing affinity of the acid itfelf to nitrous gas,
(it fuffers a partial decompofition, part of its oxy-
gen is feparated, and the produd of the procefs is
not nitric, but nitrous acid. But this is eafily

cConve 1j.i£(i
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converted into nitric, by expofing it to a moderate
heat in a water bath, by which the nitrous gas
which it contains, and which renders it red and
fuming, is expelled.

Nitric acid thus obtained is a colourlefs tran{-
parent fluid, poflefling in a very eminent degree
all the general properties of acids. Its fpecific
gravity, when concentrated, is 1554 ; but in this
~ ftate it ftill contains a quantity of water, from
which it cannot be entirely freed, even by freez-

ing. Expofed to the air, it emits white coloured
fumes, and imbibes moifture. In combining with.
water it produces heat ; poured on {now or ice, it

melts it, and produces intenfe cold. It is partial-
ly decompofed by a temperature very moderately
increafed ; and by the temperature of ignition,
is converted entirely into oxygen and azotic
gases. Light likewife decompofes it partially, ex-

pels part of its oxygen, and renders it coloured
and fuming. It is not fenfibly affected by any of -

the fimple gases.
s
This acid unites rapidly with the alkalis, and
exerts to them a ftrong attraction. Its attraction
is ftrongeft to potafh, and weakeft to ammonia.
Thefe combinations form an order of neutral falts,
% termed

W
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termed Nitrats,the genefal properties of whichare
their cool penetrating tafte, their affording oxygen
.gas by expofure to heat, emiting red fumes when
‘heated with {ulphuric acid, and deflagrating with
iinflammable bodies.

1/2. NitrAT of Porasu, This falt, the Nitre
wor Saltpetre of commerce, is produced, by na-
iture in abundance in warm climates. . It is found
imixed with the foil at the furface of the earth,
rand is {eparated from its impurities by folution in
‘water and cryftallization. In colder climates
'the formation of it is affifted by art. Animal and
‘vegetable matters in a ftate of putrefaction are
mmixed with old mortar, or carbonat of lime, and
iformed into heaps, which are covered with: fheds
ito. protect thern from the rain, but which give ac-
«cefs to the air; after fome months, thele materials
«are wafhed with water, when they afford the com-
jpound falts, which confift of nitric acid with pot-
calh, and with lime. To the folution a quantity
of potafh is added, by which the nitrat of lime is
«decompoled, and the nitrat of potafh is obtained
jpure by fucceflive folutions and cryftallizations.

The circumftances indilpenfible for this forma-
tion of nitre, are the prefence of animal and ve..

getable
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getable matter mixed with lime, a certain degree
of moifture, and the accefs of atmofpheric air.
During the procefs, the nitric acid is formed. By
the flow decompofition which the animal matter
undergoes, azotic gas 1s difengaged, and is pre-
fented in a nafcent flate to the oxygen of the at-
moiphere, whence the formation of the acid : the
prefence of the vegetable matter feems ufeful by
moderating the putrefaction, and perhaps alfo by
furnifhing a quantity of oxygen with which the
azot combines ; the lime acts probably by a dif-
pofing affinity, promoting the combination of the
oxygen and azot, and afterwards attracling the a-
cid that is formed ; and the fuperiority of carbonat
of lime to the earth in its pure ftate, or to the al-
kalis, a fact which has been afcertained by experi-
ment, is probahly owing to thefe latter {ubftances,
acting too rapidly on the animal matter, combining
with part of it, and refolving the other part into
ammenia : laftly, the utility of moifture may be ex-
plained, from its abforbing and retaining in fome
meafure the difengaged gases, and diffufing thro’
the materials,the nitrous falts when they are form-
ed. Experiments render it probable, that in this
procefs a quantity of potafh is alfo produced.

Nitrat
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Nitrat of potafh, according to Kirwan, is com-
pofed of 44 of nitric acid, 51.8 of P{]t'ﬂﬂ?, and 4.2
water of compofition. It cryftallizesin o¢tohzedral
prifmatic cryftals, its tafteis cool and penetrating, it
is {foluble in 7 parts of water at 60°,and in an equal
weight of boiling water, melts on the application
of a moderate heat, and by a ftronger heat is de-
compofed, its acid being refolved into oxygen and
azotic gases. '

Heated with inflammable {ubfta nces, nitrat of
potafh excites a vivid combuftion or deflagration,
by yielding its oxygen. From this property it'is
applied to an important purpofe in the compofi-
tion of gunpowder, which is a mixture of it with
charcoal and fulphur. When an ignited particle
is introduced into this mixture, it excites a vivid
combuftion, which is rapidly propagated through
the whole mafs; and large quantities of azotic, car-
bonic acid, and fulphureous acid gases with.aque-
ous vapour being extricated, the elafticity of which
is much increafed by their high temperature, a
powerful expanfive force is produced. A fimilar
compofition ftill more powerful, is the pulvis ful-
minans, compofed of nitrat of potafh, carbonat of
potafh, and fulphur. This, when merely heated
without being confined, detonates with violence,

probably
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pm’tihb:ay'ﬁ'ﬁﬁ!i%hé rapid production‘of fulpharat:
ed hydrogen, ‘which, combitting with the ‘oxygefi
of the nitre, inftantly fornis falphureéus ‘acid gas
and aqueous vapour, the elaflicity of which is ‘at
the fame time much increafed by the quantity ‘of
l:alehc fud-d%i‘lly Ex‘trit:ﬁtﬁﬁ. UARORA g

i -‘--- -..1. T i9 1 . FI ) i St .
- i 14 el B VDV ronaisy

" 2. NriRAT of Sop. T aIE ot being found
in nature, is formed ‘artificially by the ‘combinas:
tion “6f its principles. - Its tafte'is cool and pene-
trating; it is foluble in 3 parts of water at 6o°,
and in an equal wr.qght of boiling water: it cryf=
tallizes from the latter “folutiof, - fts dryfals ‘being

of a thomboidal figure. It is fuled and decom~

pofed by heat, like nitrat of potafhy ‘and, likeit;
it deflagrates with inflammable fubRanées. Tt
confifts, according to~Kirwan, of 53.2% of ‘acid;
40.58 of foda, and 6.21 water of compofitions = =

3. NitrAT of AMmonia.  This falt is likewife
prepared by art. Tt has  cool bitter tafte, is fo-
luble in 2 parts of water at 6o, and in half its
weight of Boiling water, the latter folution afford-
ing, by ‘cooling, prifmatic eryftals, - Tlefe confift
of 57 patts of acid, 23 of ammenia, and 20 'of wa-
ter. They are flightly deliquéfcent.’" Expofed -
to heat, they undergo the Yatery fufion. “When
| A the
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the temperature is above 320 , the falt is decom- -
pofed, the hydrogen of the ammonia attracls part
of the oxygen of the acid, and forms water, and
the remaining oxygen combines with the azot of
the acid and the azot of the alkali, and forms a
peculiar compound, termed Nitrous Oxyd, or
Gafeous Oxyd of Azot. When the temperature
is raifed above 600°, the decompofition 1s more ra-
pid, accompanied with detonation, from the fud-

den production of aqueous vapour and azotic

gas.

Nitric acid a&s with violence on inflammable
fubftances, and is decompofed more or Iefs com-
-pletely, by the greater or lels abtraction of its
‘oxygen by the inflammable body. It likewife
\oxydates and diffolves the greater number of the

‘metals.

NITROUS ACID.

Nitric is converted into Nitrous Acid by
'whatever abftracts a portion of its oxygen.
‘The common mode of obtaining this latter a-
«wid, however, is merely to decompofe the nitrat

wof potath by fulphuric acid, with the afliftance of
L1 heat,
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heat. The nitric acid, as has been obferved, fuf.

fers a partial decompofition during the procefs,
and hence it is the nitrous which is ebtained by
diftillation. It differs from the nitric in being of I
a yellow or orange colour, and in emiting copious
red fumes. It is highly corrofive, and poflefies all
the acid properties’ in an eminent df_':gree..l It |
exifts in the ftate of gas ; but in that ftate it can-
not be properly examined, as no fubitance can be
uifed to confine it.  In its liquid ftate, in which it I
1is combined with a quantity of water, its fpecific
gravity, when concentrated, is 1580. It has a
ftrong attraction to water, and their combination |
is attended with an increafe of temperature. As
a'difengagement ‘of nitrous gas attends this coms
‘bination; it feéms to be the nitric, not the nitrous |
acid, that unites with/the water.

The compofition of nitrous acid has been
varioufly ftated. . Gavendifh concluded, that it
confifts of more thian 2 parts of oxygen to 1 of |,
azot:: Lavoilier ftates the propoitions at 3 to I ;
“and more lately, M. Davy makes: the proportions I
in the pale yellow acid to-be 7o.r:to: 29.9, and
sin the deeper:orange ‘coloured;’ 09.6 to 30.3. |,
There feems, indeed, to be no acid, a compound |

of oxygen and azot, in one uniform determinate
proportion,
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proportion, different from the nitric ; the nitrous
being nothing but the nitric, holding in folutiona
greater or lefs quantity of’ mitrous: gas, and being
more or lefs coloured, according to the:quantity
it contains, i ik . anoion vengto e wollk
ch | Eonl Do

Nitrous acid a&s upon inflammable {fubftances
and metals, in the fame manner as nitrie, oxydat-
ing them, and f'feqﬁently combining with'the pro-
duct’ of ‘this oxydation. It combines with the
alkalis, forming falts, which; accordingto the
principles - of  the new nomenclature; are termed
Nitrites.  Thefe -cannot be ‘formed by adding
the acid to the alkali, the nitric acid only entering
into combination, and' the nitrous gas-being dif-
engaged.’ They can beobtained by decompof-
ing partially the nitrats by a moderate’heat, a
fmall quantity of oxygen being expelled, and the
nitrous acid ‘remaining ‘combined with ‘the bafe.
Thefe falts, however, are vather to be confidered
as compounds of nitricacid and thefubftances with
which it is united, towhich a porfiﬂn of nitrous
gas adheres; and this gas/can'be expelied: by the
addition of any weak acids In' theirproperties
they are very fimilar to the pitrats. + " -

NITROQU
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The moft ftriking and important property of
'this gas, is the facility with which it combines
'with oxygen gas. If atmofpheric air be admitted,
ted fumes immediately appear from the forma-
ition of nitrous acid, and the volume of the air di-
:minifhes, from the combination of its oxygen with
‘the'nitrous gas ; whenoxygen gas is admitted, the
diminution of volume is more }apid, and, if the
Itwo gases are puie, there is no refiduum. A-
'bout one part.of oxygen is neceflary to faturate 2
‘2% parts of nitrous gas. - During this comfa
‘mation, no light is extricated, and very;lictle ca-
loric,

L)

This property of nitrous gas of combining with
exygen gas, at natural temperatures, and of form-
ing a compound -eafily : abforbed by ‘water, has
‘been-applied -to the purpofe of eudiometry, = A
given quantity of the gasis.added-to the air, con-
taining oxygen ;--the diminution of volume
produced, is meafured by a graduated tube, and
the quantity of oxygen prefent eftimated from
the quantity of nitrous gas neceffary to be added
to produce -the full dimination. This method,
however, though fimple in the manageﬁlen:t is of
all others the moft inaccurate, the refults being

influenced by various minute circumftances ; 5 as,
the
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iis decompofed, by fubftances capable of attract-
iing the greater part of their oxygen, It is thus
produced by expofing nitrous gas to the alkaline
tfulphites or fulphurets, to muriat of tin, fulphurat-
ied hydrogen, or hydrogen in its nafcent ftate ;
.and it is extricated, mixed with azot, and with
nitrous gas, during the folutions of zinc, iron, and
other metals, in nitric acid. The moft conveni-
ent mode of obtaining it is by the decompofition
of nitrat of ammonia by heat. Ata tempcfaturﬂ
between 34¢°, and 480°, both its conftituent prin-
ciples are deﬁnmpofed; the z}zut of each mmbiﬁ:é
with a portion of the oxygen of the acid, "and
forms the nitrous ox yd; the hydrogen nf the am-
monia combining with theﬁrqmaiﬁing oxygen of
the acid, and forming water. Mr. Davy has
thewn, that this is the only procefs by which it is
obtained pure ; and that former chemifts, having

ebtained it by other procefles, had always examin-
ed it in an impure {tate.

Nitrous oxyd exifts in the form of permanent
gas; 1t produces no change in the vegetable
colours, and [uffers no diminution of volume when
mixed with oxygen or nitrous gases. Itis abforb-
ed by water, the water, at a mean temperature,
taking up about half its bulk.

A This
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This compound does not dire@tly combins
with the alkalis, or their folutions; but when it is.

prefented to them in their nafcent ftate, the com-

bination is effected.. Thefe compounds deflagrate
when heated with charcﬂai and are decompofed
by the acids, the nitrous o:xyd bemg dlfengagcd.
One of its muﬂ: d.l&lﬂgmihm pmpﬁmﬂs is its
capability of fupporting combuftion.. Phofphorus
burns in it with fplendour; and fulphur with a vie
* ‘vid rofe-coloured flame. : That bodies may butn

in it, it is neceffary that their temperature fliould

be raifed confiderably higher than that at -whick
their combuftion takes place -in; rﬁkmn- gﬂbm
ntmnfpherlc air. ' [ TIRTE it ﬂmﬂ-

] n

f

The eflects produced ﬂa,-j:-lfg..gnimal Fy,&em bjp
the refpiration of this gas, are of the moft fingular

kind, and eminently diftinguifh it from every o-

ther chemical agent. - It had always been fuppof-
ed to be, equally with the other compound gases,
noxious to life ; but the experiments which ap=

peared to fupport this opinion were made with

this gas in an impure ftate. Mr. Davy, by ob-
taining it pure, afcertained that it could be breaths
ed with fafety ; and difcovered the fingular effects
it produces. It ads as the moft powerful ftimu-

) | Iani,

o

:

*I
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lant; excités-e?ery fibre ‘to action ; produces 2
{fen(e of thrilling over the ‘whole body, frequently
accompanied with fenfations of the higheft plea- -
fure ; and Youfes the faculties of the mind, indu-
¢ing a ftate of high exhilaration, which, in gene-
ral, is not followed by languor or debility, but
rather by vigour and a difpofition to exertion,
continuing for fome time, and gradually fuba
fiding. 'Thefe effeéts are produced, either when
it 18 infpired pure, or mixed-with atmofpheric
air; it ‘its ‘undiluted ftate; the infpiration of it
cannot be “continued above four ‘or five minutes,
as infenfibility is induced : an animal confined in
it dies even fooner than in oxygen £as 'or atmo-
fpheric air, apparently from the high excitement
it occafions. From its hlghiy ftimulant powers,
it has been épjﬁlEﬂr with' aﬂvantage to thﬂ treat-
fment of I'evérai dlfﬁﬁfﬂﬂ ﬂf deb:hty ’

-

" The analj-ﬁs of mtrmﬁ ux.yd s per‘ﬁarmed by
the ‘eleétric  fpark, or by pafling it through an
ignited ' earther tube, “ It/ iy thus converted into
nitric ‘acid; and”a gas analogous to: atmofpheric
air, From ' analytic “experiments of ‘this: kind,
Mr. Davy conclades, 'that it 1s*campq{'ed of 37
parts of oxygen with 637of azot,: TR eh]

M m CHAP,
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CARBON.—DIAMOND,

Wuzn vegetable matter, efpecially the wood
of planté, is expofed to heat in clofe veflels, the
more volatile parts are expelled or decompofed,
and there remains a black fhining porous body,
termed Charcoal. This confifts principally of a
peculiar inflammable matter, which burns in at-
mofpheric air, forming an acid, the Carbonic ; but
there likéwif;:. remains after this combuftion a
fmall quantity of faline and earthy matter, which
the charcoal contained. This peculiar inflam-
mable matter, which is the principal part of char-
coal, and which, mixed with the fmall portion of '
foreign fubftances, forms indeed its entire fub-
ftance, is termed Cardon, in the language of the
new nomenclature. It is an abundant principle
both in vegetable and animal fubftances, and is
the refiduum which they afford when decompofed
By Tdaf 7 s

This fubftance was fuppofed in the modern
fyftem to be fimple ; but late experiments have
fhewn that it is not perfeétly fo, but is rather an
inflammable body, in a fiate of imperfect oxyda-

tion.
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DIAMOND. 269

. Morveaw likewile difcovered, that™ there ave
fome fubftances in.intermediate degrees of oxyda-
dation between diamond and wood charcoal. The
fubftance termed Plumbago, and feveral foflil fub-
ftances known by the name of Incombuftible
Coal, are of this kind.

Dramonn. — This fubftance is diftinguifthed
ifmm every other, by its eminent luftre, tranfpar-
iency, and hardnefs. It is found cryftallized, ge-
imerally colourlefs, but Hkaﬁife not unfrequently

tof various colours. Its {pecific' gravity is from

‘3.44 to 3.55. It is not acted on by any of the a-
«cids, nor indeed by almoft any chemical agent,
oxygen excepted at a high temperature. ~When
jplaced in oxygen gas, and expofed to the folar
mays concentrated by a powerful lens, its colour
firft becomes dull, and its furface is {fenfibly black~
rened,—changes owing to partial oxydation. When
ithe application of the light is continued, the dia-
mond at length inflames, but faintly ; nor is a faf-

ithe temperature requifite to its combuftion; it is
ttherefore neceflfary to continue the application of
ithe folar light collected by the lens. Rather more
ithan four parts of oxygen are requifite far the fa-

- turation

Hicient quantity of caloric extricated to keep up
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‘iron does not feem to be very effential to its con-
{ftitution, and is never in a confiderable proportion.

The fubftances termed Incombuftible Coal, are
fimilar to plumbago in their difficulty of burning,
rand, as Morveau has afcertained, in requiring a
Jarger quantity of oxygen than charcoal does, for

their faturation. The charcoal obtained from
'the decompofition of animal matter by heat in
iclofe veflels, 1s fcarcely capable of combining
'with oxygen, but ﬁt_ a very_ high temperature, and
reven coal when it has been coked, orexpofed toa
ftrong heat without the free accefs of air, is not’
{o eafily kindled as common charcoal. Thefe
{ubftances, therefore, probably differ from char-
‘coal in being lefs oxydated, whence they have the
iproperty of requiring a higher temperature for
itheir combufiion ; carbon, like azot, being render-
red by a partial oxydation more fufceptible of com-
‘bining with a larger proportion of oxygen.

CrarcoaL, or Oxyd of Carbon, is obtained, as
'has been obferved, from the combuftion of wood,
conducted in fuch a manner that the free accefs
of the air is not permitted. The conftituent

principles of the wood are difengaged in new '
‘combinations, and the charcoal is the refiduum,
\ It
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pure, the whole of it is confumed. The produck
of this combuftion is an acid, the fame with that
formed in the combuftion of the diamond, as 1t is
the product of the full faturation of carbon with

iiiii

OXYECDL & iy W0 ! sl

&

"CARBONIC ACID. ,

Twis acid contains in the 100 par‘fz‘;,‘ 42 of oxy-
gen and 28 of charcoal ; charcoal, however, itfelf
contains a quantity of oxygen: the exact propor-
tions, therefore, of ifs fimple principlés, “as afcer-
tained by Morveau, ‘are’ 17.88 ‘of ‘pure carbon,
and 82.12 of oxygen. ' Befides this mode of ob-
tainingit by the direct combination of its elements,
it is abundantly produced in the combuftion
of fuel, wood, and vegetable matter of eve'ry
kind,—1n the fermentation of vezetable fubftan-
ces, and m the decompofition of animal matter
by putrefaction or heat.

The exiftence and properties of this acid were
difcovered by Dr. Black, who named it Fixed
Ailr, as he found it to be fixed in, or combined
with, a-number of fubﬁ&nces, and as, when freed

. | from
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though iu:a degree much lefs confiderable than
many of the other ax:iﬂﬂ

Carbonic ﬂcui e_@mnbmes with the alkahs and
earths, ﬁarmmgfneutral falts. Asits acid powers
are comparatively weak, fo the changes which it
occafions n tﬁpﬁ: bafes by combining with them
are in general inconfiderable. The alkalis fill

© setain theiv peculiar tafte and acrimony ; they
change the vegetable colours to a green, and
poffefs indeed all their peculiar properties, only
in a lefs degree. The changes produced in the
earths are rather more confiderable, but fill {eve-
ral of the original properties are retained. Be-
fore the time of Dr. Black, thefe cump{iuﬁds were
confidered as modifications of the alkalis and
earths, and were termed Mild, to diftinguifh them
~ from the others which were named Cauftic; He
fhewed, that they contain carbonic acid, and
" Bergman demonftrated that they are neutral falts,

The diftinguifhing character of this order of
neutral faltsis their property of effervefcing on be-
ing mixed with acids: this is owing to the attrac-
tion of the carbonic acid to the bafe being fo weak,
that it is feparated by the acid added : in the mo-

~ ment of its feparation it aflumes the gafeous form,
% and,
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vegetable colours to'a green. It is foluble in
twice its weight of water at a mean temperature,
and in lefs than its own weight of boiling water,
and is capable of being cryftallized. It 1s decom-
pofed by the two fixed alkalis, by feveral of
the earths, and by nearly all the acids. Accord-
ing to Bergman, it confifts of 43 parts of alkali,
45 of acid, and 12 of water. Its compofition,
however, Mr. Davy obferves, is various, according
to the temperature at which it is formed ; fo much
fo, that the proportion of ammonia varies from 20
to 50 parts in the 1co.

~ Carbonic acid fcarcely exerts a,ny\‘" action on

the metals, or on inflammable fubftances, owing

to the ftrong attraction which exifts between its
principles.  From the firength of this attraion,
it deemed fcarcely pnfﬁblc-_ to decompofe it, as
no known fubftance has a fironger attraction to
oxygen than carbon. This decompofition, how-
ever, has been effeéted by the aid of concurrent
affinities. A fmall quantity of phofphorus is ex-
pofed to a red heat with carbonat of lime; a

quantity of carbonaceous matter mixed with phof-.
phat of lime, is obtained ; the carbonic acid being
decompofed by the concurrent affinities of phof-
phorus for oxygen, and of phofphoric acid for
| lime,
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This gas has a [pecific gravity greater than
that of pure hydrogen ; itis to that of atmofpheric
air as II to 23 ; it islefs inflammable, burns with
2 blue flame, and does not explode, even when
mixed with atmofpheric air, previous to its m-
flammation. It is more immediately fatal to ani- -
mal life than the greater number of the gases.
It has the fingular property of communicating to
the blood and mulcles a florid red hue,.

The products of the combuftion of this gas are
water and carbonic acid. Mr. Cruickfhank, from
afcertaining the quantities of thefe produdts, and
the quantity of oxygen confumed, fuppofes it to
confift of 4 parts of carbon, 1.3 of hydrogen, and
g of water. It may, however, be rather the ele-
ments of water, than water itfelf, which it con-
tains; and in this cafe it will be a ternary com-
pound of carbon, hydrogen, and oxygen.

In the decompofition of alkohol, ether, or cam-
phor, by paffihg thefe fubftances in the ftate of va-
pour through an ignited tube, other gases, fome-
what different from the former, are produced.
They are heavier ; their fpecific gravity, accord-
ing to the experiments of Cruickfhank, being to

Oo that
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$oit. M, — — SULPHUR.

o m e s

. Surpuvr is a fimple inflammable fubftance,
found in abundance in nature in various ftates.
Native fulphuris either cryftallized, or in compaét
maffes, and in both forms is found in the neigh-
bourhood of volcanoes. It likewife exifts in large -
'quantities, combined with fome of the metals;
gnd from fome of thefe, particularly from the
combination of it with iron, it is likewife extract-
ed for the purpofes of commerce. The fulphur
obtained from either of thefe fources, 1s freed by
fublimation from the fubftances with which it is
naturally mixed or combined.. Sulphur 1s alfo
contained in lncnnﬁdemhle quantity m feveral
vegetable and anlm_al products.

e
]

Sulphur is a {olid brittle fubftance, taftelefs
and inodorous, except when heated or rﬁbhed,
when it emits a flightly feetid fmell.  Its {pecific
gravity is 199. It is infoluble in water. It
melts at 223 of Fahrenheit, and at the fame tem-
perature is volatiliefd. At 300 it burns in atmo-

{pheric
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acid is formed, which is abforbed by water placed

in the bottom of the chamber. This liquor, after

a-certain degree of imf:regnﬁtiun, is expoled to

heat in glafs retorts, fo as to deprive the acid of
the fuperfluous water, the fulphureous acid, and .
nitmusgas, with swhich it is mixed. It is not pec-

fe@ly pure, but contains fmall quantities of ful-

phat of lead, and fulphat of potafh, from which it

may be freed by &ii’:i]latiun, or, in a great mea-

{ure, by dilution with water. Befides this mode

of obtaining this acid, it was formerly procured

by decompofing by heat the green vitriol of com-

merce, or {ulphat of iron ; aﬁd hence was ufually

named Vitriolic Acid. |

Sulphuric acid, i its ufual degree of concen-
tration, is heavier than any other acid, its {peci~
fic gravity being to that of water as 1850 to
1000 ; it may be concentrated fo far as to have !
a fpecific gravity equal to 2000. Even in this
ftate, it contains a quantity of water, according
to the experiments of Mr. Kirwan, not lefs than
10.7 parts in the 1co. It has been obtained in
a concrete {tate; but this feems to depend on
its containing a quantity. of fulphureous acid,
which gives it the property of congelation. The
pure acid, apart from the water which it always

contains,
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eapable of oxydaung and diffolving a number of
ithe metals, either affording to them part of its
©oxygen, or, by a difpofing affinity, enabling the
mnetal to decompofe the water which is pre.

fent. - | £

Sulphuric acid combires with the alkalis, and
{forms neutral falts termed Sulphats. It has in
jgeneral a ftronger attraction to them. than any of
ithe other acids have ; and hence, the falts which
iit forms are not eafily decompoled. Barytes and
[firontites are capable of decompofing them, by
té}rﬂrting a ftronger attraction to their acid. When
Iheated with charcoal, their acid is decnmpa{e& by
iits oxygen being attracted by the carbon.

SurpHAT oF Porasu. — This falt is geﬁemlly
jprepared by the diret combination of its princis
\ples, or by decompofing, by fulphuric acid, thofe
falgs which have potafh for their bafe. Its cryf
'tals are not deliquefcent; it is foluble in 12

parts of water at a mean temperature, and in
4 parts of boiling water; is fufed and volatil- -
ifed by heat, without decompofition. It con-
Aifts, according to Bergman, of, 40 parts of acid,
52 of alkaliand 8 of water, Kirwan ftates the

proportions
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SuzpHAT oF Sopa.—This falt exifts in confider-
able ﬁuantity in falt {prings and lakes, and is even
found at the furface of the earth. It is prepared
artificially by decompofing common f{ea falt, or
muriat of Toda, by fulphuric acid, this acid u-
niting with the foda of the falt, and forming
fulphat of foda, which is obtained by folution
and cryftallization ; its cryftals are foluble in
three times their %veight of water at a mean
temperature, and in rather lefs than an equal
weight of boiling water; they are efflorefcent,
undergo the watery fufion by heat, but fuffer
no decompofition. They confift, according to
‘Kirwan, of 18.48 of alkali, 23.52 of acid, and 58
of water of cryftallization.

This falt is decompofed by potafh, which at-
tracts its acid, and fuffers partial decompofition
from the nitric and muriatic acids.

SuLPHAT oF AmMoNIA. — This falt has been
found in the neighbourhood of volcanoes, and it
'may likewife be obtained from the foot of wood
or coal. It may alfo be prepared by the di-
ireCt combination of its principles, or by decom.
‘pofing ammoniacal falts by fulphuric acid, It is

Pp foluble
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foluble in twice its weight' of water at a mean
temperature, and in an equal weight of boiling
water. It is eafily volatilifed by heat, part of
its ammonia, however, being expelled. In its
cryftallized ftate it confifts, according to Kirwan,
of 14.24 of ammonia, 54.66 of acid, and 31.1 of _‘ |
water. It is decompofed by the two fixed alkalis,

and by feveral of the earths, which attrad its a-
cid. ' 1

-

SULPHUREOUS ACID.

phur in atmofpheric air; but for the purpofes of
experiment, it is moft eafily obtained by decom-
pofing partially the fulphuric acid, by any fub-
ftance capable of attradting its oxygen. If two
parts of acid be expofed to a moderate heat, with |
one part of quickfilver, fuch a decompofition is
effeted, and fulphureous acid difengaged.

This acid exifts in the flate of permanent gas,
except at a very low temperature, and undera |
ftrong preflure, by which it has been reduced to
the fluid ftate. Its fpecific gravity is nearly
double that of atmofpheric air; it has a flrong 1

| fuffocating
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{uffocating odour, and proves {peedily fatal to ani-
mal life ; it is not inflammable, and extinguifhes
combuftion. It is abforbed by water, the folu-
tion retaining the pungent {mell of the gas. The
acid powers of this compound are not confider-
able ; it does not redden the vegetable colours,
but renders them white; it exerts little action
on the metals, and has a weak attraction to
the alkalis or earths.  Sulphureous acid gas,
mixed with oxygen, and kept over water, is
gradually converted into fulphuric acid ; ‘the
fame combination takes place more rapidly by
pafling the mixture through an ignited tube.
By the fame means hydrogen may be made to
decompofe it ; and carbon, at the temperature of
ignition, likewife attracts its oxygen.

The falts formed by the fulphureous acid are
temed Sulphites. Their tafte is fulphureous ; they
are decompofed by the greater number of acids,
which combige with their bafes. By expo-
fure to the atmofphere, or any fubftance capable
of affording them oxygen, they are converted in-
to {ulphats. .

SULPHITE OF Porass. — Sulphureous acid u-
nites with facility with potath. The falt can be

obtained
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obtained in white tranfparent cryftals; itis fﬂll.:tbk :
in an equal weight of water at a mean tempera-
ture, and in a lefs quantity of hot water. Expof-
ed to heat, part of its acid, alongft with a portion
of fulphur, are expelled. It is decompofed by
the greater number of the acids, the fulphureous
acid being difengaged. Some acids, which can
communicate oxygen to it,convert it into fulphat '
of potath. It is alfo decompofed, not only by ba-
rytes, but by lime, which attracls its acid.

SULPHITE OF Sum; — This falt when cryftal- "
lized is white and tranfparent; its tafte is cool; it is
foluble in 4 parts of water at a mean temperature.
Expofed to heat, it firft undergoes the watery fu-
fion, and is then decompofed. From the chemi-
cal agents it {uffers decompofitions fimilar to thofe
of the fulphite of potath. From the experiments
of Vauquelin, its cryftals appear to confift of 18.8
parts of {oda, 31.2 of acid, and 50 of water.

SurpmiTE oF Awmmonia. — Sulphureous acid
and ammonia, when in the ftate of gas, combine
with facility, and form a:cencrete falt. This falt
requires lefs than its own weight of boiling water
for its folution ; the folution cryftallizes on cool-

ing ; thefe cryftals are fufed and volatilifed by
heat
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heat without decompofition. Expofed to the air,
it abforbs humidity, and gradually attracis oxy-
gen. It contains *59 of ammonia, 62 of acid, and
11 of water.

SULPHURATED HYDROGEN.---ALKALINE
SULPHURETS. '

SurpHUR is capable of combining with hydro-
gen, and forms a compound termed Sulphurat-

ed Hydrogen, which exifts in the ftate of perma-
nent gas. This gas, for the purpofe of experiment,
is moft eafily obtained fromthe compounds which
fulphur forms with the alkalis, and thefe may
therefore firft be noticed.

If a quantity of potath or foda be fufed with
an equal weight of {ulphur, a chemical compound
is formed, of a dark red colour: this 15 the Sul-
phuret of Potafh or Soda. While dry, it is ino-
dorous; if moiftened, it emits a very feetid fmell,
“which ftill remains when it is entirely diffolved in
‘water ; if to this folution any acid be added,
a quantity of gas is difengaged, having the fame
fetid odour, and fulphur js precipitated.

Berthollet
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Berthollet firft fatisfactorily explained the na-
ture of thefe-changes. The dry mafs obtained by
fufing the {fulphur and alkali,-?s' a chemical com-
pound of thefe two fubftances; when water is
added, part of it is decompofed, the alkali, by a dif-
pofing affinity, enabling the {ulphur, even ata
low temperature, to attract part of its oxygen, and
form fulphuric acid : the portion of hydrogen thus
feparated combines with another portion of the
fulphur, and forms fulphurated hydrogen. It is the
prefence of this compound that gives the folution
the feetid odour: it is retained by its attraétion to
the alkali or alkaline {ulphuret; but when an
acid 1s added, this combines with the whole of
the alkali that 1s prefent; the fulphur that was
previoufly combined with it is precipitated, and
the f{ulphurated hydrogen is dilengaged in the
gafeous form.

Suiphuratcd hydrogen is alfo produced by de-
compofing fome of the metallic fulphurets by mu-
riatic acid, and it is formed by heating fulphur in

. hydrogen gas, by means of the concentrated folar

light. It is diftinguifhed by its very feetid {mell:
its fpecific gravity is to that of atmofpheric air as
1106 to Iooo : it extinguifhes'combuftion, and is
incapable of fupporting life : water abforbs about

' ' one
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‘one half its bulk of it; the folution has a feetid
{mell and naufeous tafte ; and it, as well as the
gas, has the pmpertj? of reddening feveral of the
vegetable colours. |

Sulphurated hydrogen poflefles fome inflam-
mability : when mixed with atmofpheric air, it
burns with a blue or greenifh flame, and without
detonation ; when mixed with an equal part of
oxygen, it detonates on the contact of an ignited
body, fulphureous acid being formed ; a mixture
of it with an equal meafure of nitrous gas burns
with a yellow or green lambent flame, and fome
fulphur is feparated ; with a larger quantity of
nitrous gas, the fulphurated hydrogen is even ra-
pidly decompofed without inflammation, its hy-
drogen combining with part of the oxygen of the
nitrous gas, {o as to convert it into nitrous oxyd,
and fulphur being depofited. A fimilar decomd.
pofition is produced in it by fulphureous acid gas,
and even by fulphuric or nitric acids. The elec-
tric {park allo precipitates its fulphur. From
thefe decompofitions it has been inferred, that the

quantity of fulphur it contains amounts to one
eighth part.

Sulphurated
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Sulphurated hydrogen combines with facility |

with the alkalis and earths. Thefe compounds
are {oluble in water, are colourlefs while “the at-
mofpheric air is excluded, but become yellow
when it is admitted : they are decompofed by the

acids, which difengage the fulphurated hydrogen.

Berthollet confiders thefe compounds as analo-
gous to neutral falts, and fulphurated hydrogen
itfelf as of the nature of an acid, from its propers
ties of forming thefe combinations, and of red-
dening the vegetable colours.

Thefe compounds' are termed by Berthollet
Hydro-Sulphurets : they are capable of combin-
ing with an addition of {ulphur; and fuch com-
pounds he terms Hydrogenated Sulphurets.  Sul-
phurets are compounds of fulphur with other fub-
ftances, with alkalis, earths, or metals.; Hydro-ful-
phurets are compounds of fulphurated hydrogen ;
and Hydrogenaied fulpburets are compounds of hy-
dro-fulphurets, with an additional proportion of
fulphur. Of thefe compounds, it remains only
to notice the properties of the alkaline fulphur-
ets.

SULPHURET

]
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SuLpHURET ofF Porass. — This compound is
obtained by fufing equal parts of fulphur and
‘potath. It is of a red colour; is very fufible ; is
‘inodorous while it remains folid :—if expofed to
\the air, it attracs humidity, and acquires a feetid
fmell, which is alfo produced when it is diffolved
\in water, owing, as has been obferved, to the pro-
'duction of fulphurated hydrogen.

When the folution of {ulphuret of potafh is ex-
‘pofed to atmofpheric air, it foon attracis its oXy-
~gen,—its colour becomes fainter,—it at length
‘nearly difappears, and nothing is found in the fo~
lution but fulphat of potath. Thefe phenomena
are owing to the abforption of the oxygen of the
air, by the hydrogen of the {ulphurated hydrogen
contained in the folution, and the oxygenation of
the fulphur from its decompofing the water.

From this quality, the liquid {ulphuret of pot-
afh has been ufed as a ¢u{ii0meter, and it has the
advantage of completely abforbing the oxygen ;
nor 1s there any degree of fallacy in its operation;
it is only inconvenient from the flownefs with
which it is performed. Morveau has propofed

Qgq to
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which has a feetid {mell, and emits copious fumes.

It is decompofed in the fame manner'as the other . |

alkaline fulphurets, 4. )

'Sa'&. ! ) e S A Pz{osfHdR-Us.

e mm—

ProspHorUs is a fimple fubftance, which, as it
combines with oxygen at the loweft natural tem
perature, cannot exift pure in nature. The product
of this combination, a peculiar acid, is found in
abundance in nature. In the mineral kingdom it
-exifts combined with feveral of the metals and
earths ; and 1t is a component part of many ani-
mal products. | |

. © The pure phofphorus is obtained by various
proceffes. If urine be evaporated to drynefs, a
mafs is obtained, containing, among other faline
fubftances, phofphat of foda and phofphat of am-
monia : if this mafs be mixed with charcoal, and
expofed in a retort to a ftrong heat, the latter falt
is decompoled, the oxygen of its acid is attracted
by the carbon of the charcoal ; the phofphorus is
thus feparated, and is fublimed by the heat ap-

plied,
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plied. The produc¢t of phofphorus may be in-
creafed by adding to the mixture any of the falts
of lead, thefe decompofing the phofphat of foda
likewife ; or the urine may, without evaporation,
be decompofed by a folution of acetite of lead,
and the precipitate mixed with charcoal, and
expofed to heat. But even in this cafe the pro-
duct is leflened, from the pholphorus being in

par. wttracted by the lead.

Another procefs is generally followed, as being
lefs difegreeable. The {olid matter of bones cons
{ifts of phofphat of lime ; they are burnt to white-
nefs, powdered, and digefled with rather lefs than
one part of fulpburic acid, diluted with 12 parts
of water. The acid partially decompofes the
phofphat of lime, and an acidulows phofphat of
lime is obtained ; this is either evaporated to the
confiftence of {yrup, made into a mafs with char-
coal powder, and expofed to a {ufficient heat in a
clofe veflel 5 or, what is a preferable method, the
phofphoric acid 'is faturated with ammonia, and
the phofphat of ammonia, thus formed, being mix-
ed with 1-3d part of charcoal, is expofed to heat in
a glazed carthen retort : the carbon attrats the
oxygen of the phofphoric acid of the falt, and the
phofphorus diftils over. As firft obtained, it is im-

pure,
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pure, from the mixture of carbonaceous matter
with it; -but it may be purified by inclofing it
in a piece of fine leather, plunging it in hot wa-
ter, fo as to melt the phofphorus, and prefling it
through.

Phofphorus, thus purified, is of the confiftence
of wax ; is colourlefs and tranfparent ; has a ipe-
cific gravity equal to 1.9r4. It melts in water
at the temperature of gge; at 219° it is volatilifed ;
at 554 it boils in clofe vefiels.

When phofphorus is expofed to atmofpheric
air, it emits fumes of a fcetid {mell: thele are the
pmciuﬂ: of its {low combuftion, and in a dark
place this is perceptible from its luminous ap-
pearance. At the temperature of 100° its com-
buftion is more rapid ; and at 160°, it burns with
a bright flame, and with the emiffion of a
large quantity of caloric. Its combuftion in
oxygen gas Is extremely vivid, a very large
quantity of light being emitted. It is fingular,
that though in atmofpberic air it fuffers a flow
combuftion, even at low natural temperatures,
yet it does not do {o in pure oxygen gas, but re-
quires to be confiderably heated to caufe it to
burn. This fa&t, which chemifts for fome time

found
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- found it difficult to explain, has been proved to
be -owing to phefphorus being foluble in azotic
gas, and, when diffolved by it, combining with ox-
ygen at'a much lower temperature than it can do
when in its pure concrete flate. In atmofpheric
air, therefore, its flow combuftion is owing to the
azot diffolving it, and prefenting it to the oxygen.
Hence alfo it appears luminous in azotic gas, be-
caufe that gas is feldom perfectly free from oxy- -
gen. Hydrogen has been found to have the fame
~ effect upon it as azot. *

Phofphorus, by its"power of combining with
oxygen with fo much facility, affords a very con-

venient eudiometer. . The flow combuftion of it -

is preferable, for this purpofe, to the more rapid
produced by raifing the temperature, as no man-
agement is neceffary on account of the expanfion
of the Iail:., and as a certain indication of the com=«
pletion of the procefs is obtained by the phofpho-
rus ceafing to be furrounded with a white cloud, or
to be luminous in the dark. . It muft be perform-
ed over water. . In the eudiometer of Berthollet,
a piece of phofphorus attached to a glafs rod is
placed in a tube filled with the air to be tried,
and 1nverted. in water ; the diminution of volume

is eftimated by meafuring the air, before and after
| the
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the procefs, in a graduated tube. In the eudiom- .
eter of Gren, a piece of phofphorus fixed upon two

or three needles pafled through a cork, is placed
at the orifice of a graduated tube inverted in wa-
ter, and filled with the air. - As the oxygen is ab-
forbed, the water rifes, with the cork fwimming on’
1£s furface and the phofphorus is thus prefented
to the air. Berthollet has afcertained, that the
bulk of the refi dual azotic gas is increafed one
fortieth by its diflolving a portion of the phofphu-

rus ; and, of courfe, this correction requires to be
made.

. Phnfphnrus.is oxygenated by nitrous gas, nitric,
ﬁﬂph uric, and oxygenated muriatic acids.

- The produéls of the oxygenation of phofphor-
us are two acids, the phofphoric and phofphorous ;
the one having a larger, the other a lefs propor-
tion of oxygen. . The latter is the immediate pro-
duct of the flow cn.ml}uftion of pholphorus: by ex-
pofure to the atmofphere; it abforbs oxygen, and
is converted into the other ; or if it be expofed to
a moderate heat, it emits white fumes, and the

phofphoric acid remains. |

PHOSPHORIC
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PHOSPHORIC ACID.

. Thaus acid is capable of exifting in the folid
form, and, by a firong heat, it may even be form-
ed into a perfect glafs, It is very deliquefcent,
and (oluble in water : its faturated folution isof an
oily confiftence : it is inodorous, and poffeffes no
volatility. It is not decompofed by heat. Ex-
pofed to a high temperature with charcoal, its ox-
ygen is abftracted, and phofphorus obtained. Ac-
cording to the experiments of Lavoifier, it confifts

of 100 parts of phofphorus, united with 154 of ox-
Ygen.

Phofphoric acid combines with the three alka-
lis, forming falts, termed Phofphats. They are
decompofed, in the humid way, by the {ulphuric,
nitric, and muriatic acids ; but in the dry way, at 2
high temperature, the order of attractions is re-
verfed, the phofphoric being able to decompofe
the falts which are formed by thefe acids, owing
probably to its great fixity.

PuospuaT oF Porask is a falt which has been
little examined. It can fcarcely be cryftallifed,
but

p—
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but forms, by evaporation of its folation, a gela-
tinous mafs, which is deliquefcent. By the apa
plication of a ftrong heat, it is fufed into a glafs.
Barytes and lime decompofe it, by attracting its
acid. It fuffers no ded®mpofition by being heat-
ed with charcoal, |

. PuosPHAT oF Sopa..— This falt, which is ufed
in medicine and the arts, is prepared, by adding
to the {olution of the acidulous phofphat of lime,
‘obtained by decompofing burnt bones by {ul-
phuric acid, a folution of carbonat of foda : the
foda combines with the excefs of phofphoric zacid,
‘and the phofphat of foda is obtained by evapora-
‘tion, in regular rhomboidal cryftals, which have
~generally a flight excefs of alkali. Thefe cryftals
are efflorefcent. They are foluble in 3 parts of
‘cold,and in half that quantity of boiling water.
'They are vitrified by heat, and promote greatly -
‘the fufion of the earths and metallic oxyds. This
falt is decompofed by ‘lime and barytes, and
 fuffers no change by being heated with char-
coal.

ProspaT ofF Ammonia. — This falt exifts in
the urine of carnmivorous animals in confiderable

-

Rr quantity, .
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quantity. It is obtained pure by the dire& com-
bination of its principles. It is {oluble in 4 parts
of cold, and in a lefs quantity of hot water ; — is
cryftallizable. By expofure to heat, it is firft fu.
fed, and then decompofe® its ammonia being ex-
pelled ; and when heated with charcoal, the ox-
.ygen of its acid is abftracted, and phofphorus
formed. It is decompofed by the two fixed al-
kalis, and by feveral of the earths.

The phofphorous acid unites with the alkalis
and earths, forming falts, termed Phofphites.—
They are fimilar in their properties to the phof-
phats, but are chara@erifed by appearing lumin-
ous when heated, and by affording a fmall quan-
tity of phofphorus by diftillation. PHOSPHITE OF
rorasu is foluble in water, and cryftallizable ; it
melts by heat, with the appearance of a phof-
phorefcent light ; is decompofed by lime and ba-
1ytes, and by feveral of the acids. The PHOSPHITE
oF sopa has properties very fimilar, but 1s more {o-
luble in water. The PHOSPHITE OF AMMONIA I
diftinguifhed by a ftrong penetrating tafte ; when
heated by the blow-pipe, it is decompofed, and
phofphorated hydrogen is difengaged ; it is like-
wife decompofed by heat in clofe veflels, the am-

monia
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monia being expelled, holding a fmall quantity
of phofphorus in folution.

The phofphoric and phofphorous acids ac fee-
bly upon the metals, but combine with the me-
tallic oxyds.

:

PHOSPHORATED HYDROGEN.

Tuis compound of phofphorus and hydrogen
exifs in a ftate of gas. It is obtained by combin-
ing the phofphorus with fome fubftance which,
by a difpofing affinity, may enable it to decom-
pofe water. One part of phofphorus is heated
with 12 parts of a solution of pure potath; it
combines with the alkali, and this compound de-
compofes part of the water ; one part of the phof-
phorus attraéts its oxygen, and another part of it
combines with the hydrogen difengaged, and
forms the phofphorated hydrogen, which pafles
off in the ftate of gas.

The characteriftic property of this gas 1s, its
inflaming on coming into contaét with atmofpheric
air ; the produéts of the combuftion are aqueous

vapour
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vapour and phofphoric acid, which form a light

white cloud, that afcends in a horizental circle,

In oxygen gas, its combuftion is inftantaneous
and violent, attended with the emiffion of a large
quantity of caloric. The fmell of this gas is

feetid and putrid; it is not abforbed by -water, -

but is flowly decompofed by ftanding over it, the
oxygen of the atmofpheric air contained in the

=
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water attralling its phofphorus. It does not

combine with the alkalis.

- Another mode of obtaining phofphorated hy-
drogen is to combine phofphorus with lime, by
expofing to heat, in a glafs tube, a piece of phef-
pﬁnms, over which a quantity of lime has been

' prefled. A phofphuret of lime is formed ; this,

when thrown into water, immediately decoma
pofes it; and the hydrogen difengaged, diflolv

ing part of the phofphorus, forms phofphorated .

hydrogen, which efcapes from the furface of the
fluid, and inflames.

Phofphorus enters into combination with ful-

phur, forming a mafs more fufible than either of
its










Sect. I. — — Muriatic Acip.

f

GirTanNEr fuppofed that he had difcovered
the bafe of this acid to be hydrogen, and that it
differed from water only in its degree of oxygena=
tion. This opinion has been amply refuted by
the experiments of Henry and Van Mons. Ber-
thollet has lately fuppofed, that it is a triple
compound of hydrogen, azot, and oxygen; but
the fuppolition has' not been confirmed by deci-
five experiments.

Muriatic acid exifts in abundance in na-
ture. Combined with foda, it forans common {ea
falt ; it is united with other bafes in the water
of the ocean, and in mineral {prings; and in the
earth is found combined with feveral of the metals.
To obtain the pure acid, two parts of fea falt heat-
ed, fo as to confume any impurities it may cone
tain, are put into a retort, and one part of ful-
phuric acid is poured upon it. Heat is appli-
ed ; the fulphuric acid combines with the foda of

- the fea falt, and the muriatic acid is difengaged.
| g , It

1
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It affumes the flate of gas, and is made to pa[s
through water placed in the receivers conneéted

with the retort, by which it is abforbed. This

forms the liquid muriatic acid, Which is generally

of a yellow colour from the prefence of iron ; but

which ntay be obtained more pure by a {econd
diftillation.

Muriatic acid naturally exifts in the form of
gas. It 1s not inflammable---extinguifhes combuf-

tion,---and proves fatal to life. It hasa penetrat-

ing {mell, and even when mixed with atmofphe-
ric air, occafions a fenfe of fuffocation. Its fpeci—
fic gravity is to that of atmofpheric air as 5 to"3s
It is not acted on by any of the fimple gases, but
- attra@ts the water they contain. It oxydates fe-
veral of the metals, and is abforbed by phofphor-
us, charcoeal, oils, and alkohol. * By the electric
{park its volume is enlarged, owing to the produc-
tion of hydrogen, from the decompofition of its
water, : ' '

Muriatic acid gas has a ftrong attraction to wa- -
ter ; it is rapidly abforbed by it, and in very large

quantity, caloric being at the fame time evolved.
In the common liquid muriatic acid which this fo-

lution forms, the water is feldom faturated, when
| the
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thefpecific gravity is 1.196,itcontains,accordingto
the experiments of Mr. Kirwan, 25.28 parts of real
acid. It is highl y corrofive, reddens deeply the
vegetable colours, and poflefles all the general a-
cid properties. It ufually emits white fumes,
which are merely the muriatic acid efcaping from
it, and condenfing, by combining with the humi-
-dity of the atmofphere.

Muriatic acid exerts much lefs aéion on the
inflammables or metals, than the acids hitherto
confidered, as it cannot afford them oxygen. It
can only, by a difpofing affinity, enable thofe
metals which have a flrong attraction to oxygen,
to decompofe the water with which it is coma
bined. An evolution of hydrogen, therefore,
attends thefe attions.

It combines with the alkalis, forming falts,
termed Muriats. They have, in general, a tharp
tafte ; they fuffer decompofition from the fulphu-
ric and nitric acids, thefe, exerting a ftronger at-
traction to its bafe ; they are not decompofed by
heat.,

MuriAT oF Porasn is formed by the diret
combination of its principles; it has a bitter falt
St tafte,
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tafte, is {foluble in three parts of cold, and two of
boiling water, the latter folution cryftallizing on
cooling. It is fufed by heat, without decompofi-
tion. According to Kirwan, it confifts of 46
parts of alkali, 36 of acid, and 18 of water. It is
decompofed by the fulphuric and nitric acids
which combine with its bafis, and by barytes,
which attracts its acid.

-

Ed

MuriaT oF Sopa is one of the moft abundant
productions of nature. The waterofthe ocean owes
its faltnefs to it : it is found in a number of mine-
ral {prings, and it forms immenfe firata in the
earth. According as it is obtained from thefe
fources, it is named Sea Salt or Rock Salt. Rock
Salt is hard, frequently tran{parent, and ccloured,
from the prefence of iron. It is dug in large
- quantities from feveral mines in Europe. Sea
{alt is ¢btained in warm climates, by {pontaneous
evaporation ; in colder countries, by evaporation
from the application of heat; or fometimes both
thefe methods are employed in the procefs. It is
in general more or lefs impure, from the intermix-
ture of other falts which the fea water contains.
Thefe render it deliquelcent, give it a bitter tafte,
and. confiderably impair its antifeptic - power,
Various procefles, therefore, are practifed to free

it
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it from them. For chemical purpofes, it is moft
completely purified, by adding to its folution car-
‘bonat of foda, as long as any cloudinefs is produ-
ced, filtering the folution, and evaporating it, fo
as to caufe it to cryftallize,

Muriat of Soda has a falt agreeable tafte, it is
foluble in rather lefs than 3 parts of water at the
temperature of 60, and is not more foluble at any
higher temperature, even to 212°. Its folution by
fpontaneous evapnratin:::-n affords cryftals, which
are regular cubes; thefe neither deliquefce nor
efflorefce on expolure to the air; they decrepi-
tate on being heated; are fufed in an intenfe hgaf. 3
and even volatilifed without decompofition. They
confift of 35 of foda, and nearly 40 of real acid,
the remaiming 25 parts bcing' Imﬂftiy water of
eompofition. -

This falt is decompofed by the fulphuric and
nitric acids, and, in the dry way, by the phofpho-
ric and boracic. It is alfo decompofed by barytes,
and potath. One of the moft important prﬁcti‘-'
cal problems in chemiftry is to decompefe it {o as
to obtain its alkali. This has been done by
potafh, by the oxyds of lead and iron, by ful-

phuric
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phuric acid, and by various other fubftances;
but perhaps no procefs has yet been difcovered,

capable of being carried en to much advantage
on a large {cale.

Mur1aT of AMMOoNIA.—This falt is the fal-am-
moniac of commerce, which has been long ufed
in the arts. It is found native, but for ufe is al-
ways prepared by art, by various indire& procefles
in which the ammonia, one of its conflituent prin-
ciples, is derived from animal matter ; and the mu-
riatic acid from fea falt. It is fublimed in the u-
fual mode of preparing it, and is therefore met
with in large, hard, femifpherical cakes, with a
flight degree of tranfparency, and having a tex-
ture fomewhat dudlile. It is, however, capable
of cryftallization, The tafte of this {alt is acrid :
It requires for its folution 3% parts of water at a
medium temperature, and only an equal part of

boiling water. It is volatilifed by heat, with little

or no decompofition. It contains 30 parts of am-
monia, 35 of acid, the remaining 35 parts being
partly water of cryftallization, and partly water
of compofition, Inits fublimed ftate, it confifts
of 2 5 of alkali, 42 of acid, and 32 of water.

Muriat

= e gt Sl
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Muriat of ammonia is decompofed by the ful-
phuric and nitric acids, which combine with its
bafe, and by the two fixed alkalis and feveral of
the earths, which attraét its acid.

OXYGENATED MURIATIC ACID.
i

MuriaTic Acp is capable of combining with a
guantity of oxygen. By this combination, how-
ever, its acid powers are not increafed, but di-
minifhed ; it has a lefs attraction to water ; has a
ftyptic, inftead of a four tafte ; inftead of redden-
ing the vegetable colours, it renders them white 3
and its attractions to the alkalis and earths are
much weaker than thofe of the pure acid. It is
evident, that the difference between thefe two
ftates of this acid, is not analogous to the differen-
ces in the other acids, arifing from the difference
in the degree of their oxygenation; a peculiar
nomenclature is therefore ufed to exprefs it : —the
name Oxygenated Muriatic Acid, or, as fome

have contracted it, Oxy-muriatic Acid, being giv-
en to the cumpnund formed by the muriatic acid
with oxygen,

This
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This combination cannot be effe¢ted by mix-
ing together the muriatic acid and oxygen gases,
‘the attraction between their bafes not bemng fuf-
ficiently ftrong to overcome the repulfive force of
the caloric in each gas. But the combination is
effe¢ted with facility, by prefenting oxygen in its
nafcent ftate to the muriatic acid. This may be
done by diftilling the acid from any of the metal-
lic oxyds in which the oxygen is not retained by a
firong attration ; and it was by this procefs that
‘Scheele, the' difcoverer of this acid, obtained it.
The black oxyd of manganefe, which is found in
abundance in the earth, is commonly ufed. One
part of it is put Into a retort, and 4 parts of muri-
atic acid, diluted with an equal weight of water,
1s poured upon it. An effervelcence is produced ;
‘and, by the application of a moderate heat, a gas
is difcharged, formed from the combination of the
muriatic acid with part of the oxygen of the oxyd
of manganefe. The procefs is more economical,
when the materials from which the common muri-
atic acid is obtained are merely mixed with man-
ganefe : 3 parts of muriat of foda, mixed with 1
part of the black oxyd, are put into a retort,and 2
parts of fulphuric acid, diluted with 13 part of
water, are poured upon the mixture. A moderate

heat
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heat is applied ; the fulphuric acid combines with
the foda of the muriat of foda ; and the muriatic
acid difengaged, attra&ting the oxygen of the me-
tallic oxyd, forms the oxygenated muriatic acid.
It exifts in the flate of permanent gas; by cauf-
ing it to pafs through water placed in the receiv-
ers connected with the retort, the liquid oxygenat-
ed murmatic acid 1s obtained. The combination
of the oxygen with the muriatic acid in this pro-
cefs, it has juftly been obferved by Vauquelin, is
not the effect of the fimple attraction exerted be-
tween them ; but of that attraction, promoted by
the difpofing affinity of the manganefe to combine
with the muriatic acid, in a lefs perfed ftate of
oxydation than that in which it exifts in the black
oxyd. |

7 Oxygenated muriatic acid is a gas permanently
elaftic ; when water is faturated with it, the com-
pound indeed becomes concrete, or cryftallizes, but
the pure gas itfelf cannot be condenfed. Itis
heayier than atmofpheric air; is of a yellow colour,
with a tinge of green ; and of all the gases is moft
noxious to aswmellife : even when diluted with a
large. quantity r; ;¢4 rnofpheric air, it occafions
a difficulty of breathing, and a fevere fenfe of
ftricture at the breaft, which renders it impoflible
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to make a full infpiration ; and thefe fymptoms,
often accompanied with others, continue for a
confiderable time. -

wn%Though‘ {'-::u noxious to lifc. this gas does not ex-
“tinguifh combuttion ; itis even capable of inflaming
feveral [ubftancesat a moderate temperature. This
is the cafe with phofphorus, fulphar, and many
of the metals ; and when a burning taper is in-
troduced into it, it burns more vividly than in at.
mofpheric air. It alfo decompofes ammoniacal
aas with inflammation. In order that thefe effes
may be fully obtained, it is neceflfary that the gas
fhould be pure, and that its temperature fhould
be above »0° of Fahrenheit. Thefe experiments
clearly prove, that the repulfive power of caloric
is frequently more powerful than even a chemical
afﬁnity in countera@ing combination, fince fub-
ftances burn in this acid gas at a lower tempera-
ture than they do in pure oxygen gas.

Oxygenated muriatic acid gas, mixed with
hydrogen, renders it capable of being inflamed
by the ele@ric fpark ; added to the nitrous gas, it
converts it into nitrous acid, and fulphureous into

fulpburic acid.

This

L —
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This acid combines with water, though in
much lefs quantity than the fimple muriatic acid,
the water not taking up above twice its bulk.
When the water is fully faturated with it at a
low température, the combination becomes con-
crete. The folution has a yellow colour, a ftyptic
bitter tafte, and a very fuffocating odour. The
gas is eafily expelled from it by heat; by light, it
is decompofed, the oxygen of the oxygenated acid
being feparated. -

This liquid acid has nearly the fame relations
to the other chemical agents as it has in the ftate
of gas. It oxydates the inflammables and the
metals, and paffes to the ftate of fimple muriatic
acid. Thefe oxydations are not accompanied
with the extrication of hydrogen ; becaufe the
metal receives its oxygen, not from the water, but
from the acid. . As the oxygen is retained in the

oxygenated muriatic acid by a very weak attrac-
tive force, even thofe metals that have the weaks

eft attraction to it are oxydated.

The moft remarkable and important property
which this acid poflefles is that of deftroying the
vegetable colours. It renders almoft every kind of
vegetable matter perfectly white, and, from this

Tt property,
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ter on which it depends is at the fame time ren-
dered foluble in the alkaline folution. Hence the
neceffity of the alternate application of thefe two
agents, the one removing what the other has ren-
dered foluble, and which, although whitened,
would in time regain part of its colour. '. The on-
ly difference between the two procefles is, that in
the one the axygen is prefented in a much more.
concentrated ftate than in the other, and there-
fore produces the fame effect in a much fhorter
time. In the fubfequent fteps, the wathing with
foap removes the difagreeable {mell of the oxygen-
ated acid, and gives a glofly appearance to the
cloth; and the diluted {fulphuric acid improves its
whitenefs, by diflolving the fmall pnrtiﬁn of iron
and calcareous earth in the thread, and any colour-
ing matter that may have refifted the action of
the alkali.

Oxygenated muriatic acid combines with the
alkalis and earths, forming neutral falts, termed
Oxygenated Muriats, or Oxy-muriats, and Which=
differ entirely in their properties from the common
muriats. They are particularly diftinguithed by
affording very pure oxygen when expofed to heat,
and by deflagrating, or detonating violently with
inflammable {ubftances, by mere fri¢tion., The

oxygenated
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oxygenated muriatic acid gas difplaces the car-
bonic acid from the alkaline carbonats ; the liquid
acid does not, but forms a kind of triple falt.

- OxvcENATED MuriaT of Porasn.—To prepare
this falt, the ufual materials for preparing the oxy-
genated: muriatic acid are put into a retort, con-
nected with Woulfe’s appara;tus. An alkaline fo-
Tution is prepared by diffolving 4 parts of fub-car-
bonat of potath in 20 parts of water, abfiradting
its carbonic acid by quicklime, and filtering the
liquor. Thisfolution is ;:Jut into the receivers, the

firft beiﬁg left empty, and they are carefully lut- -

ed. On heat being applield to the retort, the ox-
ygenated acid is difengaged, and, being made to
pafs through the liquor, combines with the alkali,

It is fingular, that the oxygenated muriatic acid
does not combine directly with the alkali, but fuf-
fers a partial decompofition. One part of it pafles
to the ftate of muriatic acid, and forms muriat of
potath ; the other part receives the oxygen with
which the former parted, and combines with ano-
ther portion of alkali, forming a falt, in which the
acid exifts with a larger proportion of oxygen than
it contains in its- ufual ftate of oxygenated acid.
.-'I'his falt, th:r&furq, is, properly fpeaking, not an
oxygenated

.
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oxygenated muriat, but a hyper-oxygenated murias
of potafb. Thefe apparently {ingular combinations
feem to be owing, as Vauquelin has remarked, to
difpofing affinities, to the ftronger attraction of the
alkali to muriatic, than to oxygenated muriatic
acid, affifted by the attraction which the latter
has for a ftill larger portion of oxygen.

The hyper-oxygenated muriat being much
more {paringly foluble in water than the common
muriat, is depofited in fmall cryftalline plates, to-
wards the end of the procefs. To obtain it per-
fectly pure, it may be diffolved 1n boiling ﬁatcr,
this folution cryftallizing on cooling. | Thefe cryf-
tals are neither deliquefcent nor efflorefcent; they
are foluble in 17 parts of cold, in 21 of boiling wa-
ter. The tafte of the falt is cool and penetrating;
it is free from the odour of the acid, but retains its

power of deftroying the vegetable colours, though
when added 1o a {mall proportion, many of
thefe colours are rather heighteried. Expofed
to heat, it is firft fufed, and then decompofed ; pure
oxygen, amounting to half its weight, being givcﬁ |
out, when the bottom of the veflel 1s heated to
rednefs, Part of its oxygen is alfo difengaged by
mere friction. The acids decompofe it, difengag-
ing a large quantity of oxygenated muriatic acid,
with
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{ftance ; an inftantaneous combination of them
is effeed ; and the produ of the combination
being either a gas or a fubftance forced into the
gafeous form by the large quantity of caloric fud-
denly extricated, — this firiking on the furmund*
ing atmofphere is the caufe of the report. When
an acid 1s dropped on thefe mixtures, oxygenated
muriatic acid gas 1s difengaged, but being pre=
fented in its nafcent ftate to the inflammable
matter prefent, the latter attracls its oxygen, and
the fame effect‘is produced, lefs violent indeed,
becaufe more fucceflive. ' §

" OXYGENATED, OF HYPER-OXYGENATED, MURIAT
of Sopa refembles that of potafh in the greater
number of its properties, It differs from it in
being cryftallized with difficulty, in its cryftals
being deliquefcent and foluble in alkohol.

The combination of oxygenated muriatic acid
with Ammonia cannot be formed ; as when the
acid is added, the ammonia is decompofed.

NITRO-MURIATIC ACID, £+ !

1

THis 1s a compound acid, fimilar to the oxygenat-
ed murnatic, It 1s formed by adding one part of

muriatic
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fluoric is difen gaged, and aflumes the gafeous
form. This gas is heavier than atmoipheric air ;
it has a pungent, fuffocating odour ; is incapable
of fupporting combutftion; is abforbed by water,
and poflefles all the géneral properties of acids.
The watery folution retains thele properties, is
caunftic, and when faturated emits white fumes.
The diftinguifhing property of this acid is its
power of diffolving filiceous earth, which refifts the
action of every other acid. This earth is diffolved
by it very rapidly, and is retained in a ftate of
combination, while it exifts in the ftate of gas ;—
.. but the contact of water prpcipitat.es the whole or
the greater part of it, forming a cruft, or precipi-
tate, the gas being abforbed. The faturated wa-
tery folution of the acid is likewife capable of dif-
folving the earth. From this property, leaden vef-
iels-muft be ufed in preparing and preferving it, .
filiceous earth being an ingredient of glafs.

The action of this acid, either in the ftate ﬂf
_gas or combined -with water, upon the inflamma-
ble fubftances or upon the metals, is very inconfi-

derable, as it cannot afford to them oxygen. |
' It -combines with the alk#lis and earths, form-
ing {alts, termed Fluats. They are generally de-
liquefcent, and not eafily eryftallized. They are
decompofed by the fulphuric, nitric, and muriatic
' Uu acids
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to carry off any adhering fulphuric acid, or ful-
phat of foda, and are again cryftallized. It may
likewife be obtained by {fublimation, from 2 parts
of borax, 1 of -fulphuric acid, and 1 of water.
Boracic acid is in the form of brilliant white
fcales, foft and fomewhat unéuous to the touch.
Its tafte 1s bitterifh, with a flight degree of four-
nefs ; it reddens the vegetable colours ; 1s {oluble
in 20 parts of cold, and 5 of boiling water ; it is
foluble in alkohol, which it caufes to burn, when
kindled, with a green flame ; it is fufed by heat
into a perfe& glafs, without undergoing any o-
ther change : it is not volatilifed by the moft in-
tenfe heat; but if heated with water, is carried up
by its attraction to the aqueous vapour.
- Boracic acid combines with the alkalis and fe-.
“veral of the earths, forming {alts, termed Borats.
Thefe communicate a green colour to the flame of

alkohol: they are decompofed by almoft all the a-
cids in the humid way ; but in the dry way, at a
high temperature, the boracic acid is able from its
fixity, to decompolfe the falts which feveral of thefe
acids form. It has a ftronger attraction to the
earths than to the alkalis.

Borat oF Porasu.—Its propérties are little
known. It has a tendency toattract an excefs of
alkali'; is foluble in water, affording, by flow eva-

it
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