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THE TRANSLATOR’s

P R E F A C E,

Chemical, written by M. Lavoifier,
which I tranflated and publithed a

few years fince, a number of additional
eflays were announced, on various im-
portant fubje@s, with which that inge-
nious philofopher promifed foon to favour
the public. Other avocations, it fhould
feem, have prevented the fulfilling of his
engagement, and he appears to have been
principally occupied in an attempt to
overthrow Stalh’s doctrine of phlogifton,
and in an- inveftigation of the nature and
A2 con-

IN a volume of Effays Phyfical and



vi PRETFAUCE.

conftitution of the acids. The refult of
his inquiries he has communicated to the
royal academy of {ciences in a feries of
memoirs, a tranflation of which is now
prefented to the public. |

PrrogisTon had been fo much talked
of, though never feen, by chemifts, being
cognifable only by its effe@ts, that many
began even to doubt its exiftence, and
to regard it rather as a creature of the
imagination, than as a real and powerful
agent, concerned in fome of the moft
important operations of nature. Among
others, our author had entertained thefe
doubts; and, imagining he faw ftrong
objetions to Dr. Prieftley’s theory of
the phlogiftication of air, he thought the
changes effected in it, by various procefles,
might be accounted for on different prin-
ciples. '

Dr. PriesTLEY had fuppofed that
fixed air is one of the conftituent parts
' - of
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of common air, and that, whenever a
quantity of phlogifton is thrown into the
latter, it feparates the fixed air, and be-
comes united to the remainder, which
has a greater affinity to it than to the
fixed air, and forms phlogifticated air.

M. Lavorsier however contends that
this is not the cafe; that atmofpheric air
confifts of about § of very pure air, and
1 of mephitic gas, which, when detached
from its purer portion, is no longer fit
for the purpofes of air; and he denies
‘that any fixed air is naturally contained
in atmofpheric air, but afferts that it
proceeds from the union of coaly matter
with the above pure part or Dr. Prieft-
ley’s dephlogihicated air, a term which
M. Lavoifier is not altogether difpofed
to admit.

ANOTHER obje&ion of M. Lavoifier to
Dr. Prieftley’s theory of the phlogifti-
cation of air, was founded on the different

Aj views
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views in which thefe two philofophers
beheld the phznomena which take place
during the calcination of metals, and their
fubfequent redution to a metallic form.
Dr. Prieftley had fuppofed that a fepa-
ration of the fixed air being effected by
the phlogifton, this air is united to the
metallic calx, and that, during the re-
du&ion, the calx recovers its phlogifton,
and parts with the fixed air. On this
M. Lavoifier obferves, that it is probable
the air abforbed is not fixed, but pure air,
and that, could we reduce the calxes
without addition, it would be feparated
again pure. This is actually the cafe
with the calx of mercury, which requires
no addition for its reduction, and yields
pure dephlogifticated air when it recovers
its metallic form. But the other calxes
requiring the addition of fome coaly mat-
ter, this, he imagines, debafes the pure
air, and changes it into fixed air. The
agency of phlogifton, therefore, in this
cafe alfo, he regards as gratuitous, and
not {ufficiently founded on faéts.

THE
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THE exiftence of phlogifton, however,
has not only been proved, but Dr. Prieft-
ley has clearly thewn that phlogifton and
inflammable air are the fame thing, with
this difference only, as Mr. Kirwan re-
marks, that when, in a ftate of elafticity,
it poflefles fo much fire as is requifite to
give it the form of vapour, and that this
air is capable of being wholly abforbed
in the redu@ion of metals, and of re-
ftoring to the calxes their priftine metallic
fplendor and malleability. ¥

THERE can be little doubt, therefore,
that the phlogiftication of air really takes
place in many procefles; but perhaps it
may produce its effecs in a manner fome-
what different to what Dr. Prieftley ori-
ginally imagined. The idea of that ex-
cellent philofopher feemed at firlt well

* I am informed that Dr. Prieftley has delivered an

account of his intercfting experiments and remarks, on
this fubje&, to the Royal Society.

- A g founded ;
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founded; but recent fa@s have thrown
a different appearance on the fubjet. Of
thefe none are more convincing than the
experiments of M. Lavoifier on the com-
buftion of pyrophorus, by which almoft
the whole of the dephlogifticated air em-
ployed, inftead of being phlogifticated in
the fenfe of Dr. Prieftley’s term, was
conyerted into fixed air.

Now as the being of phlogifton can
be no longer doubted; as Dr. Prieftley
has literally given ¢ 20 airy nothing a local
babitation and a name;” and has em-
bodied and rendered vifible this Proteus
which has fo long eluded the grafp and
fight of the chemift; the truth may, per-
haps, without much difficulty, be found,
by changing M. Lavoifier’s term coaly
matter, mattiere charbonneufe, for that of
phlogifton ; and allowing that, inftead of
wholly uniting with the refiduum, it
partly combines with the pure or dephlo-
gitticated portion of the common air, and

thereby
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thereby forms the agrial acid or fixed air,
which is, in fa@, a true phlogifticated
acid. :

THE other objection has been anfwered
by Mr. Kirwan, in his admirable paper
on the fpecific gravities, &c. of faline fub-
ftances.* Mercury affords inflammable
air, and confequently contains phlogifton.
This phlogifton muft fly off during the
calcination, and form fixed air, which will
be abforbed by the calx. And though
‘the calx, when reviving, yields dephlo-
gifticated air, this may depend upon the
mercury’s attratting the phlogifton from
the air, and applying it to its own re-
du&ion.

THAT fixed air contains phlogifton has
been proved by Mr. Kirwan, and he has
even determined the amount of it to be
in the proportion of 14,661 grains of

* Phil. Tranf. Vol. LXXIIL p. z27.
- phlogifton,
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phlogifton, and 85,339 of pure air in
100 grains of that gas. And he computes
that 100 cubic inches of dephlogifticated
air are converted into fixed air by 7,2165
grains of phlogifton, and will then be
reduced to the bulk of 86,34 cubic inches;
" and that, reciprocally, 100 cubic inches
of fixed air being decompofed, will afford
115,821 cubic inches of dephlogifticated
air, and part with 7,2165 grains of phlo-
gifton, fuppofing the decompofition to be
complete, or, in other words, the dephlo-
gifticated air to be quite pure.*

WE therefore feem to be arrived at a
pretty perfe& knowledge of the confti-
tuent parts of one of the acids, viz. the
aérial, which appears to be compounded

* Phil. Tranf. Vol. LXXI. p. 246.—Mr. Kirwan
alfo mentions Dr. Prieftley’s very candid approbation
of his account of the conftitution of fixed air, though
{o contrary to opinions which the Do&or had advanced
in his laft publication. An imtance of philofophical
candour highly to be admired and worthy of imitation.

of
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of the pure part of atmofpheric air, united
with phlogifton, and, in its elaftic ftate,
alfo containing a portion of latent heat,
or as M. Lavoifier, perhaps as properly
calls it, fixed fire. '

ManNy of the enfuing effays ftrongly
tend to demonftrate that this pure air
enters, alfo, as a principal component
part, into the conftitution of the other
acids ;* but we yet remain unacquainted
with the true nature of the other portion,
by the variety of which, each acid feems
to be diftinguithable from the others.
M. Lavoifier has fuppofed the vitrio- |
lic acid to be formed by the jun&ion
of fulphur to pure air, and that ful-
phur is formed by depriving vitriolic acid
of this air. Should we not rather fay,
that when vitriolic acid is formed, the

* Tug Abbé Fontana and Mr. Berthollet had before
thewn, that the acid of ants and the vegetable acids
confift of fixed air, or are, at leaft, refolvable into it.
Vide Cavallo’s Treatife on Air, p. 607.

fulphur
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fulphur throws off its phlogifton, a part
of which, joining with the pure portion
of the atmofphere, is again attracted by
the bafis of the fulphur, and, thus com-
bined, forms the acid ; and, on the con-
trary, that when this acid is reconverted
into fulphur, the bafis parts with the pure
air, and recovers its phlogifton ?

AN experiment of Dr. Prieftley’s, which
he lately communicated to Dr. Percival,
greatly eclucidates and almoft confirms
this opinion. Having mentioned his
- having formed fulphur by the union of
inflammable air with vitriolic acid, as
a proof of the identity of that air with
phlogifton; he adds, that he had alfo
proved, more unexceptionably than be-
fore, that the eleCric matter ‘contains
phlogifton, by making it to pafs through
the air, confined by the acids, in a
fyphon. ¢ When,” fays he, *“ I ufe the
‘ dephlogifticated marine acid, the air is
¢ diminifhed by the procefs, and dephlo-

¢ gifticated.
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*¢ gifticated. If I ufe the phofpboric acid
““ or the pblogifticated alkali, the air is firft
¢ diminithed, and then increafed by an
¢¢ addition of inflammable air. If I ufe
“ VITRIOLIC ACID 07 the NITROUS ACID,
““ there is a produltion of DEPHLOGIS-
““ TICATED AIR, fafler than the eleéiri-
‘¢ city can infure it.” Now, from whence
can this dephlogifticated air proceed,
but from a decompofition of the acids by
the phlogifton of the eletric matter, in
which the pure air is feparated, while
the phlogifton, combining with the
remaining part or bafis of this acid, forms
a fulphur?

WHETHER the phlogifton, by means
of which the pure air is feparated, and
which uniting therewith forms fixed air,
be admitted into the compofition of the
acid, or rejected when that air lofes its
elafticity, is not as yet afcertained. It is
probable, that the acid not only receives
its acidifying principle from the pure air,
: but
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but alfo its fire or abfolute heat. Now
though Dr. Crawford has fhewn that
bodies which contain much phlogifton
poflefs little abfolute fire (thefe fubftances
repelling each other; fo that the addition
of phlogifton to any {fubftance expels
from it a part of its fire, and, on the
other hand, the addition of fire feparates
a part of its phlogifton) yet it appears
that their coexiftence is not incompatible ;
inflammable air, as was before obferved,
owing its elafticity to a portion of fire
with which it is combined.* Now as
a fmall portion of phlogifton, added to
vitriolic acid, makes volatile vitriolic acid,
and a larger dofe fixes it and forms
fulphur, perhaps a very minute quantity
may be neceflary to the compofition of
the acid.

M. Lavoisier obje&ing, and with
fome reafon, to the appellation of fixed

* Kirwan, Phil. Tranf. Vol. LXXII. p. z09.
air,
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air, has, in the fubfequent eflfays, deno-
minated it, the cbalky acriform fluid or
acid; and the academy not fatisfied with
this name, as being too confined, have
preferred that of gafeous air. But, as the
cuftomary term is beft known to Englith
readers, I have thought proper to re-
- tain the ufe of it, till philofophers, in
general, have agreed upon the adoption
of a new one.

THE
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EXPERIMENTS
ON THE

RESPIRATION ofF ANIMALS,

AND ON THE CHANGES IF—FICTED ON THE

AIR IN PASSING THROUGH THEIR LUNGS.

' F all the phenomena of the animal
O ceconomy, none is more ftriking, none
more worthy the attention of philofo-

phers and phyfiologifts than thofe which ac-
company refpiration. Little as our acquaint-
ance is with the obje& of this fingular funion,
we are fatisfied that it is effential to life, and
that it cannot be fufpended for any time, with-
out expofing the animal to the danger of

immediate death.
B It
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I 15 univerfally known that air is the agent,
or rather the fubje of refpiration; but at the
fame time all forts of air, or more generally
fpeaking, all forts of elaftic fluids, are not
proper for the purpofe, nay, there are many
kinds which animals cannot breathe, without
perithing, at leaft, as foon, as if they had no
air to refpire.

THe experiments of fome philofophers, and
efpecially thofe of Mefirs. Hales and Cigna,
had begun to afford fome light on this im-
portant obje&t; and, Dr. Prieftley has lately
publifhed a treatife, in which he has greatly
extended the bounds of our knowledge; and
has endeavoured to prove, by a number of
very ingenious, delicate, and novel experiments,
that the refpiration of animals has the property
of phlogifticating air, in a fimilar manner to
what is effetted by the calcination of metals
and many other chemical proceffes; and that the
air ceafes not to be refpirable, till the inftant
when it becomes furcharged, or at leaft fatu-
rated, with phlogifton.

HowEver probable the theory of this cele-
brated philofopher may, at firft fight, appear;
however
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however numerous and well conducted may be
the experiments by which he endeavours to
fupport it, I muft confefs I have found it fo
contradicory to a great number of phenomena,
that I could not but entertain fome doubts of it.
I have accordingly proceeded on a different
plan, and have found myfelf led irrefiftibly,
by the confequences of my experiments, to very
different conclufions. It will not be neceffary,
at prefent, to difcufs, particularly, each of
Dr. Prieftley’s experiments, nor to fhew how
they all contribute to confirm the opinion
which I am proceeding to communicate in this
memoir : it will be fufficient to relate my own,
and to give an account of their refulcs.

In a convenient apparatus, which it would
be difficult to defcribe without the aid of en-
gravings, fifty cubic inches of common air
were inclofed, to which I introduced four
ounces of very pure mercury, which I pro-
ceeded to calcine by keeping it, during twelve
days, in a degree of heat almoft equal to that
which is neceffary to make it boil.

Notrine remarkable occurred during the
firft day: the mercury, though it did not boil,
B2 was
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was in a coptinual fiate of evaporation, fmall
drops of it, which were at firft very minute,
lined the infide of the veflels, and gradually
increafing till they acquired a certain bulk,
fell again by their own gravity to the bottom.
On the fecond day I could obferve fome fmall
red particles fwimming on the furface of the
mercury, which, in a few days, increafed both
in number and bulk. On the twelfth day,
having extinguithed the fire agd fuffered the
veflels to cool, I obferved that the air, which
they contained, was diminifhed to the amount of
from éight to nine inches, viz. about 1 of its
volume: at the fame time a confiderable por-
tion of mercurius precipitatus per fe, or cal-
cined mercury, was-formed, which I computed
to be about forty-five grains.

THis air, which had been thus diminithed,
did not precipitate lime-water; but it extin-
guithed candles, and animals, immerfed in it,
perifbed in a fhort time : it no longer afforded
red vapours, when mixed with nitrous air, nor
was diminithed by it. In fhort, it was abfo-
lutely reduced to a mephitic ftate.

It
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It has been proved by Dr. Prieftley’s, and
alfo by my own; experiments, that calcined
mercury is merely a combination of that metal
with about ... part of its weight of air, much
better and more refpirable, if the expreffion
may be allowed, than common air: it fhould
appear then, as proved, that, in the preceding
experiment, the mercury, as it calcined, had
abforbed the beft and moft refpirable part of
the air, and left only the mephitic or unre-
fpirable part. The following experiment con-
firmed me more and more in the truth of tlhis
opinion. ‘

I careruLLY colletted the forty-five grains of
calcined mercury which had been formed in the
preceding experiment; ahd putting it into a
very finall glafs retort, the neck of which was
turned up fo as to pafs under the edge of a
bell-glafs, filled with, and inverted into, water,
I proceeded to reduce it- without addition. By -
this operation I recovered nearly the fame quan-
tity of air which had been abforbed during the
calcination; namely, between eight and nine -
cubic inches, which, when recombined with the
air which had been vitiated by that procefs, re-

' B3 ftored
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ftored the latter, pretty exactly, to the fame ftate
in which it had been, previous to the calcination
being performed in it, viz. that of common air;
for now candles were not extinguifhed in it;
animals no longer perithed in it, and it was
nearly as much diminifhed as atmofpheric air,
by the addition of nitrous air.

WE have here the moft complete proof, that

chemiftry can afford, of the decompofition and
' recompofition of ajr; from whence it evidently
refults, 1ft. that £ of the air which we breathe,
are mephitic, or incapable of fupporting the
refpiration of animals, or the inflammation
and combuftion of bodies: 2dly. that the fur-
plus, or } only of the volume of atmofpheric
air, is refpirable: 3dly. that, in the calcination
of mercury, this metallic fubftance abforbs the
falubrious part, leaving only the mephitic por-
tion of the air: 4thly. that by reuniting thefe
two portions which had been feparated, we can
recompound air, fimilar to that of the atmo-
fphere. s

THEsE preliminary truths, relative to the cal-
cination of metals, tend to lead us to plain con-
fequences
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fequences concerning the refpiration of animals ;
and as the air, which has ferved fome time for
this vital office, has much relation to that in
which metals have been calcined, our know-
ledge, relative to the one, leads us naturally to
an application of it to the other.

I pLaceD a fparrow under a glafs receiver,
filled with common air and ftanding in mer-
cury, capable of containing thirty-one cubic
inches : the bird did not feem at all affetted
at firft, except that it was a little ftupefied: in
a quarter of an hour it began to be agitated ;
its refpiration became laborious and rapid ; and,
from this inftant, the fymptoms of diftrefs in-
creafed, till, at the end of fifty-five minutes,
it died convulfed.— Notwithftanding the heat
of the animal, which neceflarily, at firft, rare-
fied the air in the receiver, there was a fen-
fible diminution of its bulk, which at the
end of fifteen minutes amounted to about
43 but inftead of increafing afterwards, the
diminution became fomething lefs in about half
- an hour; and when the animal was dead, and
the air in the receiver had recovered the tem-
perature of the room where the experiment

' B4 was
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was made, the diminution did not appear to be
more than 2.

THais air, which had been refpired by the
{parrow, was become very, different from that of
the atmofphere : it precipitated lime-water; ex-
tinguifhed candles, and fuffered no diminution
by the teft of nitrous air: another bird, intro-
duced into it, exifted but a few moments: it
was, in fhort, entirely mephitic, and, in that re-
fpe@t, appeared much fimilar to that in which
mercury had been calcined.

But a more attentive examination difcovered
to me two very remarkable differences between
the two airs: 1ft. the diminution of that, in
which the fparrow had died, was much lefs than.
that of the air which had been employed for
the calcination; and, adly. the refpired air pre-
cipitated lime-water, on which the other pro-
duced no change.

Thais difference between thefe two airs, on the
one part, and, on the other, the great analogy
which appeared between them, in many refpects,
led me to prefurne, that two caufes are compli-

’ ‘cated
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cated in refpiration, of which: probably I was
hitherto agquainted only with one; and to
clear up my fufpicions on the fubject, the fol-
lowing experiment was made.

InTo a jar filled with mercury, and inverted
into the fame, were paffed twelve inches of air,
vitiated by refpiration; and a thin ftratjum of
cauftic fixed alkali was introduced to the furface
of the metal. I might have made ufe of lime-
water, but the neceffary quantity of it would
have been too confiderable, and would have
impeded the fuccefs of the experiment.

THE effe& of the cauftic alkali was: to.occa~
fion a diminution in the volume of thjs.air, of
nearly 1; while, at the. fame time. the alkali.
had, in part, loft its caufticity, and acquired
the property of effervefcing with.agids;; it alfo,
cryftallifed within. the glafs, even upder a very
regular rhomboidal form; properties which we
know could not be communicated to it, but by
combining it with that fpecies of air or gas,
known by the namg of fixed air: from whence
it appears. that air, vitiated by. refpiration, con-
tains nearly ; of an agriform acid, perfectly-
fimilar to that obtained from chalk.

THE



10 EFFECTS OF RESPIRATION

THE air, thus deprived of its fixable part by
the cauftic alkali, was fo far from being re-
cftablifhed in the ftate of common air, that, on
the contrary, it approached nearer to that of the
* air which had been employed in the calcination
of mercury, or, more properly, was exaltly the
fame ; for neither candles could burn, nor ani-
mals live in it; nor could I perceive, fiom any
experiments I made, the leaft difference be-
tween the two airs,

Now air which has ferved for the calcination
of metals, is, as we have already feen, nothing
"but the mephitic refiduum of atmofpheric air,
the highly refpirable part of which has com-
bined with the mercury, during the calcination:
and the air which has ferved the purpofes of
refpiration, when deprived of the fixed air, is
exaltly the fame; and, in fa&, having com-
bined, with the latter refiduum, about § of its
bulk of dephlogifticated air, extracted fiom the
calx of mercury, I re-eftablifhed it in its former
ftate, and rendered it equally fit for refpiration,
combutftion, &c. as' common air, by the fame
method as that I purfued with air vitiated by

the calcination of mercury.
THE
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Tue refult of thefe experiments is, that to
reftore air that has been vitiated by refpiration,
to the ftate of common refpirable air, two
effets muft be produced: 1ft. to deprive it
of the fixed air it contains, by means of quick-
lime or cauttic alkali: 2dly. to reftore to it a
quantity of highly refpirable or dephlogifticated
air, equal to that which it has loft. Refpira-
tion, therefore, als inverfely. to thefe two
effects, and I find myfelf in this refpect led
to. two confequences equally probable, and
between which my prefent experience does not
enable me to pronounce.

ArTER what we have feen, it may be con-
cluded, that one of the two following effe&s
is produced by refpiration: either the highly
refpirable portion contained in common air,
is converted into .fixed air, in- paffing through
“the lungs, or elfe an exchange is made in that
vifcus; on one part the dephlogifticated air is
abforbed, and on the other, the lungs throw
out a portion of fixed air, nearly equal in bulk
to the other. '

The firft of thefe opinions is fupported by
an experiment which I have already commu-
nicated
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nicated to the academy. For I have fhewn in a
memoir, read at our public Eafter meeting, 1775,
vhav dephlogifticated air may be wholly con-
verted into fixed air by an addition of powdered.
charcoal ; and, im other memoirs, 1 have
proved that this converfion may be effected by
feveral other methods : it is pofiible, therefore,.
that refpiration may poffefs the fame property,
arwd: that dephlogifticated air, when taken into:
the lungs, is thrown out again -as fixed air.
But, on the other hand, ftrong analogies feeny
to militate in favour of the fecond opinion;.
and lead us to believe that. a portion of the
pure air remains in the lungs, and is combined
with the blood. We know that it'is one pro-
perty of this air to- communicate a red colour
to bedies, and efpecially to‘metallic fubftances,
with which it is combined : mercury, lead;
and iron furnith examples of this- fa&. Thefe
metals form,.with highly refpirable air, beautiful
red calces, the firft under the name of calcined
" mercury, or red precipitate of mercury; the
fecond under that of minium; . and-the third,
of colcothar. The fame effelts, the fame phe-
nomena, are obfervable, in the calcination of
metals and in the refpiration of animals; all the
circum-
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circumftances are the fame, even to the colour
of the refiduums. May we not then fuppolfe
that the red colour of the blood depends on the .
combination of dephlogifticated air, or, to
fpeak more accurately, of its bafis with an
animal fluid, in the fame manner as the celour
of red precipitate of mercury and minium is
owing to the combination of this bafis with a
metallic fubftance? Though this canfequence
has not been deduced by Mr. Cigna, Dr.
Prieftley, and other moderns who are occupied
on this obje&, I will venture to fay that there
is none of their experiments that do not tend,
in appearance, to confirm it; nay, they have
proved, and more efpecially Dr. Prieftley, that
the blood is red only in proportion as it is con-
tinually in contaét with atmofpheric, or with
dephlogifticated air; that it becomes black in
fixed air, in nitrous, in inflammable, and in all.
unrefpirable airs, and alfo in the exhaufted re-
ceiver of an air-pump: that on the contrary
it recovers its red colour, when placed again
in contact with air, and efpecially if it be de-
phlogifticated, and that this reftoration of colour
is conftantly attended by a diminution in the
volume of air. Does it not then follow, from
all thefe fals, that this pure fpecies of air has

the
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the property of combining with the blood, and
that this combination conftitutes its red colour.
But whichever of thefe two opinions we em-
brace, whether that the refpirable portion of
the air combines with the blood, or that it is
changed into fixed air in paffing through the
lungs; or laftly, as I am inclined to believe,
that both thefe effeéts take place in the at of
refpiration, we may, from fats alone, confider
as proved,*

ift. THAT refpiration ads only on the
portion of pure or dephlogifticated air, con-
tained in the atmofphere; that the refiduum or

* Tuar truly ingenious philofopher Dr. Crawford
has proved that dephlogifticated air contains a large pro-
portion of abfolute heat, and on this fa&t has founded
a very probable theory of the caufe of animal heat. He
fuppofes that this pure part of atmofpheric air has a
greater affinity to phlogifton than to heat, and therefore
that when a quantity of atmofpheric air is infpired by
the lungs, the pure part receives the phlogifton which is
continually throwing off from the blood, by means of
the bronchial veficles, and in return parts with a quan-
tity of abfolute heat, which is abforbed by the blood.
In every procefs in which there is an emiffion of phlo-
gifton, fixed air is formed, and feems to confift of phlo-
gifton united to the pure part of the atmofphere. T.H.

mephitic
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mephitic part is a merely paffive medium which
enters into the lungs, and departs from them
nearly in the fame ftate, without change or
alteration.

adly. THAT the calcination of metals, in a
given quantity of atmofpheric air, is effeted,
as I have already often declared; only in pro-
portion as the dephlogifticated air, which it
contains, has been drained, and combined with
the metal.

3dly. THaT, in like manner, if an animal
be confined in ‘a given quantity of air, it will
perith as foon as it has abforbed, or converted
into fixed air, the major part of the refpirable
portion of air, and the remainder is reduced to
a mephitic ftate.

4thly. THaT the fpecies of mephitic air,
which remains after the calcination of metals,
is in no wife different, according to all the
experiments I have made, from that remaining
after the refpiration of animals; provided al-
ways, that the latter refiduum has been freed
from its fixed air: that thefe two refiduums may .
be fubftituted for each other in every experi-
ment,
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ment, and that they may each be reftored to
the ftate of atmolpheric air; by a quantity of
dephlogifticated air, equal to that of which
they had been deprived. A new proof of this
laft fact is, that if the portion of this highly
refpirable air, contzined in a given quantity of
the atmofpheric, be increafed or diminifhed, in
fuch proportion will be the quantity of métal.
which we fhall be capable of calcining in it,
and, to a certatn point, the time which animals
will be capable of living in it.

Tre limits which I have prefcribed to myfelf
in this memoir, will not permit me to enter on
many other experiments which tend to the fup- -
port of the theory I have advanced. Of this .
number, is a-part of thofe which Mefis. Tru-
- daine, de Montigny, and myfelf have lately
made, in the Montigny laboratory. There is
reafon to. hope that thefe experiments will throw
ftill additional light, not only on the refpi-
ration of animals, but alfo on combuftion:
operations which have a much ftronger relation-
thip to-each other, than we may, at firft fight,
believe.

ESSAY

J
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Qy tae COMBUSTION or CANDLES
in- ATMOSPHERIC' AIR ayp gy
DEP LOGISTI_CATED AIR.

T having been fufficiently proved that the

air of- the atmofphere is not a fimple fub-
ftance or element, as the ancients believed, and
has been imagincd even in our own time; hut
that it is compofed in part only of very
pure or dephlogifticated air, and that the re-
mainder, which is perhaps ftill a compeund,
is mephitic, and incapable of fupporting cither
animal life, combuftion, or flame; it ‘will be
neceffary, in order that this effay may be in-
telligible, to diftinguith four fpecies of acriform
fluids. ] '

" 1ft. ATMmospHERIC air, in which we live,

refpire, &c.
' C adly. Pure
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adly. Pure or dephlogifticated air, which
forms about 3 of the compofition of atmofpheric
air.

3dly. Tse mephitic part of atmofpheric air,
which forms } of its compofition; with the
natire of which we are as yet wholly unac-
quainted.

4thly. Fixep air, as it is commonly called,
which may exift either in a ftate of elatticity,
or quiefcent and united with other bodies.

Tuose who have been employed in making
“experiments on the burning of candles, have .
been: convinced that a confiderable diminution
took place, during the combuttion, in the volume
of air. To prove this, a very fimple but in-
conclufive experiment has been made. A lighted
candle has been placed on the plate of an air-
pump, and being covered with a receiver, it
has been obferved that the candle was foon ex-
tinguifhed, and that as foon as the veflels were
become cold, the receiver adhered to the plate.
But this” effet could not be produced except
the volume of air, remaining in the receiver
after the combuftion, were fmaller than it was

previous
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previous to the introducion of the candle. But
attention- has not been paid to this circumftance,
that a candle cannot be placed under a receiver,
but the contained air muft be heated at the
inftant when the candle is introduced, and
before the receiver can be applied to the plate.
The air included in the recciver therefore being
hot, it will diminifh in bulk as it grows cool;
and this may account for the adhefion of the re-
ceiver to the plate, when the candle is extin-

guithed and the veflels cooled.

It is proper alfo to.remark, that there are
few air-pumps which do not admit of the paf-
fage of fome portions of air, between the leather
and the edges of the receiver; efpecially when
the receiver, fo far from adhering to the plate,
is rather puthed from it, by the rarefaction of
the internal air; confequently, there is almoft
always an efcape of air while the candle con-
tinues to burn; and as there will not remain
a fufficient quantity under the receiver to balance
the preflure of the atmofphere, another caufe is
formed of the receiver’s adhering to the plate.

ExperIMENTs made in jars immerfed in water
are equally unfatisfatory. 1ft. The air is rare-
Coe fied
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fied when the candle is introduced; and'continues
to dilate during the combuftion, - and;: therefore;
a confiderable portion of it efcapes at the rim
of the jar. Hence it is impoffible to afcertain
the quantity of air on which ‘we cperate, nor
the real amount of the diminution in its bulk.
adly. The burning of candles has the property
of thanging a part of the atmofpheric air into
fixed air 5 and as the latter is capable of com-
bining with water, fuppofing a diminution in
the bulk of the air to have been caufed by the
combuftion, and taken place during the ex-
periment, it is impoffible to diftinguifh it from
that which proceeds from the combination of
the fixed air with the water. :

Tuese refleftions induced me to take another
method, and convinced me of the neoeffity of
operating over mercury. I accordingly began
by immerfing a glafs jar, at the fame time in-
clining it ¢o a certain angle, into a bafin of
mercury s and then fetting it upright, I marked
the place which anfwered to the furface of the
quickfilver, and repeated this trial fo often, that
I was affured that the mercury correfponded
very nearly each time with the mark I had ﬁri’c
made on the jar.

: Bsmc
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Bewvo: thus convinced of .the pratticability
of -always. inclofing -the fame guantity of air
under the jar, by fufficient care and attention's
1 proceeded in the famhe manner, holding the
jat inclined and partly plunged in quickGiver
in my left hand, and, with my right, intre-
ducing under it, very quickly, a fmall lighted
wax candle.. The introduction of the candle,
the immerfion and elevation of the. jar; ought
to be performed in an inftant, and ic will be
neceffary to pra&ife thefe evolutions, till fuch
a degree of dexterity be acquired by the ex-
plrimeitter, as to enable him to.perform ali
thefe operations .in an almoﬂ: mdmﬁhle t'pace
of time.

Ix 2 few moments after the candle has been
inclofed in the jar, it begins to give a weaker
light, and, in a fhort time, is extingwifhed.
The mercuty, as might be expefted, de-
fcends, at firft, rapidly, owing to the heat and
rarefation of the confined air; but when the
candle is extinguifhed, and the vefels are per-
fectly cooled, it returns pretty exa&ly to the
mark which had been made before the intro-
du&xon of the candle. 1 have wfed the exprel-

C3 fion
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fion pretty exaltly, as it is impoffible to anfwer
for very trifling differences in this experiment,
becaufe that flight errors, as to the height of
the mercury, may be caufed by fome little va-
riation in inclining the.jar more or lefs, or by
fome. circumftances attending its elevation.

ThHE refult of this experiment did not con-
vince me that the burning of a candle oceca-
fioned no fenfible diminution in the volume of
air; it was ftill neceffary to determine the ftate
-of the air after the combuftion, and the changes
that might have been effeéted in it. 1 therefore
“introduced to the air in the jar, in which the
candle had been extinguifhed, a fmall portion
.of a cauftic lixivium of fixed alkali. The volume
- of air was prefently diminifhed, and reduced
from 26 to 23 inches; fo that the diminution
amounted to nearly ; of the original quantity
of air. At the fame time the cauftic alkali had
acquired the property of effervefcing with acids ;
which proved that the diminution had been oc-
cafioned by the fixed air combining with the
- alkali: for when I added a fmall portion of
vitriolic- acid to the alkaline ley in the jar, a
britk effervefcence enfued, the abforbed air was

again
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‘again feparated, and the mercury redefcended
almoft exa&ly to the mark which I had made
on: the jar. . . A

: Taouca this experiment was perfe&ly con-
.cluﬁve in fome refpes, it was ftill mfuﬂicxcnt
to my views, relative to the diminution of the
‘bulk of air by combuftion, and there remained
Rill fomething incomplete on this fubje&. For
.confiderable differences in the experiment might
be caufed merely by inclining the jar more or
lefs, and it was very poffible that the diminution
.of. the air might have been counterbalanced by
fome_error in_the procefs; 1 therefore refolved
to take every precaution in my power, to obtain
a refult that fhould be -more certain, and free
from every kind of error; to which purpofe
the following experiment appeared to me likely
to be more deciﬁv::. ,

In the middle of a glafs ftand, was placed

a fmall wax candle; and on the top of the wick,
was fixed a fmall piece of Kunckel’s phofphorus,
weighing about %5 of a grain. The ftand was
then placed in a bafin of mercury and covered
with a jar, and, by means of a fyphon, I
raifed the mercury, by fu&xon, to a certain
C 4 elevation
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efévation which I marked éxactly with a flip of
paper.. Every thing bcing thus difpofed; -1
made a piece of iron wire red hot, having firft
~ bent it for the purpofe, and then paffed it
through thie mercury, fhto the jar; fo 4s to-tuch
the top of the candle and fet fite to tht-!’i'ttlt
‘plece. of phofphiorus. Though-the wire fiiuft,
fieceffarily, have been diuch toled én pimlsg
through thé mertery, it fill recained fficient
heat to inflanke the ph@fphm‘us, and by this
meats the caﬂdle wis lighted, as I cxpe&éd -

Waire the candle continved. t6 'buﬁ:," t’ﬁt
Air was rarefied; but when it was estinguiliéd,
the thercury reriiounted infenfibly, ih propor-
tion as the veffels cooled, and bécame fationardy
a linde above the mark I'had iadeé before the
candle was lightéd, From this it was ‘evideft,
that a fmall diminution in the bulk of the air
was effected, and being meafured very pre-
cifely, it was found to 4micunt &kaely to 3 of
a cubic inch. But one grain of phofphorus
abforbs, in combuftion, thiée cubic inches of
air, as has been eftablithed by feveral experi-
ments.* The 5 of a grain theréfore thould

* See Lavoifier’s Effays, Phyﬁcal and Chcnucal
tranflated by Henry, chapter ix,

abforb
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* abford) haif am inch, which ‘reduces the real
diminution of the air, caufed by the bumning of
the tandle, to ; of an inmch. The jar con-
tained feventy-two ¢ubfe inches. On the fup-
pofition, therefore, that the diminution of § of
an inch wad wot o be attributed to fome flight
error with tefpet 1o die muafnes, the dimi-
nution occafioned by the burning of a candle
in eemmon air wowdd: not adnoumt to:.abbve
wipy which may bt rogarded as a mere nullicy,
cfpetially if. it be confidered that a wery arifling
change in the teoaporhture of the Nom, is
cnpablc. nf producmg dm dlﬁ'erence '
e .

: ;As the gaf whnch 1 had ufed’ i‘t‘l this cxperr-
. ment was very lorg and narrowyi I-imapined
" that_the cindle might not have dhuent fodong
as it:Wadd have derfe,:if the veflel bad:ibedn
lefs dofty, dnd th :dirculation of -air moreanfy.
The experiment was therefore repeated:-im 2
veflel which was fhorter and not capable of
containing above thirty cubic inches.

Tae circumftances, under which the e-xp'eri- :
ment was conducted, were -exadtly the fame as
in the former ones and when the veffols were

quite -
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quite cold there was a diminution . of . the
volume of air of ; an inch, which precifely
correfponds with the quantity which might be
fuppofed to be abforbed by ,% of a grain of
phofphorus, if burnt alone under a jar.. ‘The
burning of the candle, therefore, had occafioned
no fenfible diminution in the bulk of air.

Fnou thefe feveral expenments it. may be
regarded. as certain, 1ft. that the burning of
<candles ‘does not fenfibly diminith the.velume
of airin which they burn. 2dly. That this
combuftion. has the property of converting-into
fixed air about ;% of the original quantity of
‘gir. -3dly. That if - the ‘air in which .a candle
has burnt, be brought into contact with lime-
-water or cauftic alkali, in that cafe the.above '
diminution-of ;% is produced by thefe liquids
.abforbing: the fixed -air which has bcen formed
du!nng tbe combutftion.

Tue air in which candles have thus burnt,
when deprived by water, or any other means, of
‘the ‘portion of fixed air, formed in it, is called
‘by Dr. Prieftley and feveral others, the phlo-
gifticated part of the air. They are of opinion,

that
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that there arifes from candles when burning,
and from 'metals when calcining, &c. a phlo-
giftic emanation which combines with and
fatyrates the air. My fentiments of the cafe
are different, and.I have already given fome
proofs that the refiduum of atmofpheric air, after
combuftion, &c. is its mephitic portion, which
forms three fourths of its compofition, deprived
in a greater or lefs degree of.its pure; refpirable
part. - And in fa&, if we reftore to the refiduum
of the original quantity of air this % of pure air
which it has loft, we thereby -reftore it to its
former ftate. - Now if, as Dr. Prieftley fuppofes,
this air were phlogifticated, or contaminated by
fome principle which rendered it unfalutary, -it
would not be fufficient to reftore to it the por-
tion of which it had been deprived, but, in
order to re-eftablifh it in the ftate. .of common
air, it would be neceffary .alfo to, feparate this
¢ontaminating fubftance from it. . Befides, as
I am going to oppofe, by a train of experiments,
Stall’s do&rine of phlogifton,* the obje&ions
which I fhall adduce on that occafion will
militate equally againft the fuppofed phlogifti-
cation of air.

® See the preface,
From
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< EXdM My account, atmofpheric air confits
of about--of its bulk ©of pure refpirable air.
The éornbuftien of candles converts only 3% of
- it into fixed dir; fuppofing, then, the volume
of air to have beéen 100 before the combultion,
there (hould yelinain, after the operation, leventy:
five pares of mephitic, and fifteen of pure air:
atrd we actordingly find that animials will Jive;
ot phofphotus burn, n this: rdﬁduum, ufter @
tafidle has’ been extmgmﬁrcd by it; and even
after this proof, there will B rernain five parts
- of pure air;'This ift portién.is fo firmly wnited
to the mephitic part; that-I know of no other
Means ‘of feparating it thmw the combuftion
of pytophiettis ;' whith will appearim a:furceeds
ing effay.

Fitdke teniding fiothing ve complete whae 1
hidve 16 ‘faf ofi 'the fubjedt, except an aceount of
e’ phenomend’ Wwhich attond the bucning of
cantlles in- very pure air. Thele experiments
#ifl futrith me with frefh weapons :againdt' the
grdtuttous dettrine of the phlogiftication of air..

INTo a glafs jar, filled with very pure air,

obtained from calcined mercury, a candle was
introduced.
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introduced. " AT'hig: jar . was fixed in-a:bafin of
guickfilver. ! ‘The :candle -burat 'wiyh a .vivid
light, an enlarged: flame, “and all' the circum-
ftarides defcribed by Dr. Pricftley. The heat,
during the combuftion,” was fo great; that a
portion of  air pafied: by the rim of the jar, and
efcaped, but the ‘quantity was not very con-
fiderable.. When the candle was extinguithed
and the veffels cooled, I introdyced fome cauftic
fixed alkali, over the furface of the quickfilver
in the jar. ' Immediately the fixed air was ab-
forbed, -and I found by this trial that two thirds
of the pure air had been converted into fixed aip
by the combuftion. But, what was ftill more
interefting, the remaining third, after the ab-
forption of. the fixed air, was ftill almoft pure :
for having transferred it into a fmaller jar, a
candle was again lighted in it; . it afforded an
enlarged flame, and about one half of it was
converted into fixed air. The remainder, after
the ablorption by cauftic alkali, was nearly of
the fame goodneﬁ; as common air.

» WaeN, thercfore, -3 candle is made to burn
in a jar containing one hundred parts of pure or
dephlogitticated air, fixty-fix parts are changed

into
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into fixed air, and of the thirty-four remaining
parts, _twenty-one, and 3 -are flill pure .air,
capable of ;being changed into.fixed air. Out
of 100 parts, only 123, -or about ;, remain
of air capable of extinguifhing:a.candle without
producing .any. precipitation inlime-water, and
this appears to have been a portion of mephitic
air contained in the dephlogifticated air. = Un-
doubtedly this portion would have been ftill
fmaller, -if the air had been more pure.

Now if, as is fuppofed- by .the celebrated.
philofopher, Dr. Prieftley, combuftion were pof-
fefled of the property of phlogifticating air, the
quantity of phlogifticated air, formed during
the procefs, fhould be greater in proportion to
the quantity. of combuftible matter confumed.
For the combutftion is almoft four times as much
in dephlogifticated, as in an equal bulk:of com-
mon, air; and therefore four times as much
phlogifticated air fhould be formed; whereas
on the contrary we obtain nine times lefs. The
difproportion, then, of what we really have, to
that which we ought to "expeé&, according to
Dr. Prieftley’s opinion, is as 1 to 36.

LasTLy,
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Lastry, the réfiduum after the combuftion
of phofphorus, and efpecially of pyrophorus, in
dephlogifticated air, is ftill lefs than that after
the burning of candles, and may be confidered
as a mere nothing; whereas, according to Dr.
Prieftley’s theory, it ought to be more con-
fiderable. It cannot therefore be to the addition
of phlogifton that the formation of the mephitic
refiduum of atmofpheric air after combuftion is
to be attributed, and it therefore muft have
exifted, as I have advanced, -previous to the
combutftion. ~

Tue preceding experiments feem thercforc
to have proved the following fadts :

1ft. Tuat the mephitic portion which forms
of the compofition of atmofpheric air, con-
- tributes nothing to the phenomena of com-
buttion.

‘adly. THaT the aion of combuftion is con--
fined to the portion of pure or dephlogifticated
air, which forms the other ; of atmofpheric
air. :

3dly. THaT
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-3dly. Tuar only 3 of this pure qir.can be
convected. .into fixed :3iry by. the buening of
candles, and that the ather § remain waised
ta the .mephitic portion, without combuftian
having the power te feparate them,

4¢hly Trwr phofpherus has a greatsp powsr
than candles, a¢ it is capable of (eparating ¢
of the pure air contained in atmofpheric air,

 sthly. THM‘ pyrapharus adts yet mote .feh
cibly, and feems to convert almoft the whale
portion of pure, into fixed air.

) THese confequences might be carried much

further, and it might be thewn, that fixed air,
which is formed during the combuftion of
“candles, is pothing byt the inflammable air
feparated from the capdle, united with a greater
proportion of the pure part of the air in which
the combuftion is carried on, and a fmaller, .
though confiderable, portion of the matter of
fire which epters into the compofition of bath
kinds of ajr. But the proofs which might be.
adduced of thefe. affertions are fuch as my

readers are not yet prepared to receive, and I
S muft
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muft defer the elucidation of this theory, till,
on one part, I have demontftrated the exiftence
of the matter of fire in aériform fluids, and have
fhewn in a future effay, that fixed air may be
formed, by combining inflammable, with the
bafis of dephlogifticated, air.

PR TN R ’
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E S'S A Y. IL

On THE COMBUSTION oFf KUNCKEL’s
PHOSPHORUS, AND ON THE NATURE OF
THE ACID RESULTING FROM THE PROCESS.

SECTION L

On the Combuftion of Phofpborus, and the Formation
SN of its Acid.

HAVE already related, in chap. IX. part II.
of my Effays Phyfical and Chemical, fome
of the principal phenomena attending the com-
buftion of phofphorus, and the formation of its
acid; but the intelligence I have acquired,
fince the publication of that work, enabling me
to give a more accurate account of the refults,
and to be more certain in my explanations, I
fhall refume the fubje in a fummary way, and
fhall firft fpeak of the formation of the phof-
phoric acid, before I proceed to the relation of
the
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the. refults of its combination with different
mineral and vegetable fubftances.

Ir Kunckel’s phofphorus be lighted, by 'mc:;ins
of a burning glafs, under a jar inverted into a
bafin of mercury, we abferve, 1ft. that only .
a given quantity of phofphorus can.be burnt in
‘a determined quantity of air, -and that thefe -
proportions are about one grain of the former
to from fixteen to elghtcen cubic mchcs of air.

, a.dly THAT as foon as this quantlty is bumt,
the phofphorus is extmgunlhed without any
,poﬁibxhty of kmdlmg it again, except by bring-
ing it into conta with frefh air, which has not
hitherto been employed for combuﬂ:non ‘

~ 3dly. Tuar frefh phofphorus, mtroduced
“under tﬁe fame’ I‘CCCIVCI', does not burn ‘better
fhén the former. e :

4.th1y “THat during the combuﬁioli, a large
-quaritity of whiteflowers or flakes are formed,
- which ‘refemble very fine fnow, and attach
themfelves every where to the ihfide of the
receiver. Thefc conﬁltutc the concrete phof-

phoric acid.
D2~ : 5thly THAT
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sthly. Tuat at the Begmnmg of 't *cati-
buftion, the air in “the ‘re¢eiver is cohﬁﬁei‘dbly
dilated, on account of the heat which is pro-
duced ; ‘but, “in a very ‘ot ‘tiimie, its'bulk ‘be-
‘comes fo ‘tuch’ dxmrmfhcd, that, ‘when the
veffels are cooled, it' occupies’ no more ‘than
‘about ‘¢ “or ‘3 of the' fpace it filled previous to
‘the’ con‘lbuﬂfxdn ‘If the 'lowers ‘are ‘collecteéd
and carefully weighed before they corhein
conta@ with frefh air, of have attrated '@ty
mmﬁure ﬁ-om it, they will be found to be
2L tlmcs the wenght of ‘the” pho{'phorus em-
ployed for ‘their formatan ;. or in. » other
words, - wnth one grain of phofphorus thcre wxll
have been fortned 27 grams of concretc phof-

Tms vcry extraordmary increafe of wexgl’lt is
_prctty ‘exally proportioned to the, quantxty of
~ air abforbed; for the abforptlon is adually
- about three cubic inches of air for each:grain
of phofphorus that has been burnt; and.as
three cybic inches of air weigh about one: grain
and half, this weight, added to one grain of
_phofphorus, gives 23.grains, the weight which
the flowers have been obferved to poffefs...

THE
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THE 3ir. thus reduced, as much as it can be,
by the combuftion of phofphorus, is fo far from
being more denfe than atmofpheric air, that its
fpecific gravity is even rather diminifhed than
augmented. It is no longer capable of ferving
for the refpiration of animals, of fupporting
the combuftion or inflammation of bodies, and,
in fhort, is abfolutely in a mephitic ftate, and
thercfore to avoid confounding it with any
other fpecies of air, I fhall diftinguifh it, in this
memoir, by the name of atmofpheric gas: but
if to this air, thus decompofed, and which no
longer poffeffes the principal charaéteriftics of
commog air, be added a quantity of dephlo-
gifticated or highly refpirable air, obtained
from the calx of mercury or of lead, equal to
the bulk of air which was abforbed during: the
combuftion, it is again rendered capable of
fupporting the refpiration of animals, the com-
buftion of bodies, &c. and in a word re-afflumes
all the properties it poffefled before the ope-
ration.

Ir after the above defcribed re-eftablifhment
of the air, the phofphorus be kindled again,
exaltly the fame effeits are obferved as in the

D3 former
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former combuftion; and the air may be re-
peatedly reduced to a mephitic ftate, and
reftored to that of common air, by the fame
methods.

It is however proper to obferve, that if we
wifh to carry this experiment to fome length,
it will be neceffary to. add, each time, a fome-
what larger -proportion of dephlogifticated air,
" than has been abforbed in the preceding com-
buftion; becaufe this air is never perfe&ly pure,
but always contains a fmall portion of atmo-
fpheric gas, fo that the quantity of the latter
will be fomething' increafed, though very in-
confiderably, during each combuftion; and
this increafe will be lefs perceptible in propor-
tion to the purity of the highly refpirable air
employed in the procefs; nay, we may arrive
at fuch precifion, in making the experiment,
as to be able previoufly to determine the quan-
tity of this pure air which will be required,
according as its degree of purity has been afcer-
tained by the teft of nitrous air. ‘

' WEe know, from experiments, of which I have
already given an account, that atmofpheric air
contains -
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contains about ; of dephlogifticated or highly
refpirable air. The abforption, however, which
takes place, during the combuftion of the phof-
phorus, never exceeds, and is generally lefs than,
5> from whence it is evident, that the whole
of this pure air, contained in the atmofpheric
air, .is not feparated by the combuftion: fre-
quently the remainder. which is left mixed with
the atmofpheric gas, is 5, and fometimes more;
fo that this air, which has been drained' and
rendered noxious by the above procefs,  when .
it has been well wafhed, is capable of becoming
again refpirable, of fupporting flame, &c. The
following relation contains what has been done
on this fubje& ‘

Tnouon the mephitic portion of atmofpheric
air does not eafily combine with water, yet
this combination is, in fome degrze, effected, if
it be agitated for a confiderable length of time
in a large quantity of water., The highly
refpirable air is fill lefs difpofed to unite with
that fluid. If therefore we agitate in the above
" ‘manner the air in which phofphorus has been
"burnt, and which is compofed, as has been feen,
of % of hlghly refpirable air, and ¢ of atmo-
D4 fpheric
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fpheric gas; the highly refpirable air, which at
firft formed only 45, will be found to amount
to a larger portion, and this will increafe in
proportion as the atmofpheric gas is abforbed
by the water. The air then which has ferved
for the combuftion of phofphorus, being wathed
and well agitated in a large quantity of water;
muft pafs through all the intermediate ftates
from that to which it was reduced by comis
buftion, to that of dephlogifticated air. But
the change cannot be effe@ted, without a dimi-
nution of its volume, which is, for the moft
part, made at the expence of the noxious part.

Tre whole of this theory, relative to the
combuftion of phofphorus, and the formation of
its acid, is equally applicable to the combuftion
of fulphur, and the formation ef the vitriolic
acid ; with this difference only, that the com-
buftion of fulphur; not being {0 eafily fupported,
and this fubftance extinguithing mere readily
than phofphorus, it is more difficule to deprive
a given quantity of air of its highly refpirable
part, by the one than by the other; accordingly,
as foon as % or § of the air is confumed, the
fulphur ceafes to burn ; wlhiereas ‘bodies fuch as

phofphorus,
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phofphores, which-are more combuftible, and
more. fufcepoible of being kept in a flate of
igmition, will burn in it longer. By this diffi-
culty I kave been prevented from obtaining fuch
exad refults from.the combuftion of fulphur
as. from that of phofphorus, and I have there~
fore omitted, at prefernt, to give the detail of
them. But thus far I can affert, that if fulphur
be burned in a glafs jar, inverted into mercury,
the dimiaution in the volume of air will be
proportionable to the confumption of fulphur,
and that a very concentrated vitriolic acid will
be produced, which will be two or three times
the weight of the fulphur employed to form it.
This is a fubject which I fhall in future refumey
and fhall beftow upon it all poffible accuracy.

I raTTER myfelf that I am fufficiently au-
thorifed by the event of the preceding experi-
ments, both on phofphorus and fulphur, to de-
clare, 1ft. that atmofpheric air is compofed of
about ; of highly refpirable or dephlogifticated
air, and } of mephitic, noxious air. - 2dly. That
phofphorus, during its combuftion, a&s ealy en-
the highly refpirable part, leaving the mephitic,
which may be confidered as a mere paffive me-

: dium,
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dium, unaltered. 3dly. -That - the phofphoric
and vitriolic: acids :are:compofed, of above one
half of their weight, . of highly refpirable -air.
I'thall hereafter . thew. how. thefe two. acids ‘may
be ‘decompofed; and in what manner we may
‘recover, by nieans of combinations, this-pure air
which forms« one of thcu‘ component parts. .

‘ Tnn phofphonc acxd Wthh is obtained. by
the above procefs, diffolves almoft immediately
on coming into contat with the air; and, by
thus rupning ad deliquium, becomes a highly
concentrated, heavy acid, poffefling no more
fmell than concentrated vitriolic acid, refem-
bling ‘it in its oily appearance,‘ and in cvcry

. other point. : .

THrs is the acid which has been employed
in all the experiments to be related in this
men.loir.; but.I have obtained it by 'a method
fomewhat more expeditious and convenient,
which confifts in burning the phofphorus under
large glafs jars, on the infide of which alitcle
diftilled water has been thrown.  As foon -as
the vapours formed by the firft cambuftion are
difperfed, a frefh quantity of phofphorus is to

. be



OF PHOSPHORUS. 43

be introduced and burnt in the fame manner, -
and thus the ‘procefs is to be carried on for
feveral days, till a fufficient quantity of acid be
.obtained. It may be fuppofed that the acid
procured by this means will be’lefs concen-
trated than the former, as being diluted with
water; but it is in other refpects exactly of the
fame nature, and may be ufed in every experi-
ment, where a highly concentrated acid is not
requifite,

Havine thewn in what manner this acid is
produced, it remains to purfue it through the
different unions which it is' capable .of con-
tracting. To avoid confufion, and to facilitate
the making of references to the experiments -
contained in the following part of this memoir,
I fhall divide it into different articles.

ARTICLE I

Phofphoric Salt with a Calcareous Bafis.

ON adding phofphoric acid, drop by drop,
to lime-water, the water became turbid, and a
white prccnpntatc fubfided, which at firft fight

appeared
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appeared: to. be fimilax to that produced by
throwing fixed air inta it; but on more clofe
examination, the fediment was found to be of a
cryftalline form, a true neutral falt, not effer-
wefcing with' dcids, diffolving eatirely in water,
but requiring a much larger portion to keep it
diffolved, than is requifite for felenite, or even
lime. The water on evaporation afforded more
of thefe cryftals, the figure of which was not
. eafy to be defcribed. ,

A siMiLaR falt was obtained by adding the
acid to quicklime and to chalk. The mixture
with the latter was attended with sffervefcence ;
and in both cafes the falt fell to the bottom of
- the veffel as faft as it was formed, owmg to its
dxﬂicult folubility. :

THis falt pofleffed feveral remarkable fingu-
larities : firft, in whatever manner it was made,
‘it always retained an excefs of acid. So far
from bejag able to give it a fuperabundancy of
calcareous earth, the attempt was vain to render
it exally meuiral; apd, by wathing, the falt,
with its fuperabundant acid, is diffiplved in the
waier, whereas the excefs of calcaregus earth
semains unchanged on the filter.
' It
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Fr diffolved Thtste teadily in'Watér ¢o'which
fotrie' phofphbric acill 'had beéii ‘alided, ‘than in
fimple ‘water; ‘but, ‘on'evaporation, ‘it did not
Tetain ‘this “additional’acid, which’ wis’ drainéd

from it by miéans bf brown ‘paper, ‘or ‘wathed
away by water.

ITs affinity to calcareous earths was weaker,
than ‘to alkaline falts, - on-the addition of which
the fame appearances enfued, as when they are
added ‘to folutions of -calcareous falw, ﬁmned
with the other‘ acids L de

HON addmg,'dmp by erop, a>fahﬁiun 6f'ﬁlva~
1n nitrous acid*to a folution'of: thiy phofphoric
filt,a! greyifh falide.precipitate wasimmediately
formred, which gradually becamie red, approach-
ing ‘the colour of leys of wine ; but if added. to
4/folution of ‘quickfilver 'in-the fime acid, the
pre’cxpxtavc 'was whnte and powdery. '

‘Nerruer this ‘falt, nor the phofphonc acxd
communicates -any:particular coléur to the flame
of" fpirit of ‘wine: ‘whereas -phofphorus itfelf
gives fpirit of wine a light green.colour. : But
it: is remarkdble that the phofphorus -does not

take
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take fire, -as long as it is covered by the {pirit
of wine, and:thereby defended from conta® with
the air, but 1mmcd1ately mﬂamcs as foon as
fo much. of thc fpirit: is evaporatcd as to leave
any. part. of the phofphorus uncovered. :

ARTICLE I

qu/j:bmc Salt with Bafis of Magmﬁa dl&c

& ON throwmg, gradually, fome magneﬁa
alba into weak phofphoric acid, it was diffolved
with effervefcence; but as the falt which was
forthed, pofieffed but a fmall, degsee of. folu-
bility, it precipitated, as faft as:it was formed,
tothe bottom: of the.veflcl. . On adding dif-
tilled water, :the . precipitate was diffolved ;
-and the folution being left to ftand, all night,
in a cold place, :a great'number of very. foall
regular cryftals- of .a flattith- needle-like form,
were found in the morning: they were many
Iines in length,: cut off obliquely at each end,
and refembled . very exaltly, -in figure, - the
cryftals which are obtained by a..very flow and
infenfible evaporation of a folution of that kind
of gypfum. called lapls fpcculms but oa at-
- tempting
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tempting to feparate and dry . them i /in a ftove,
they, fell intq powder. :--Nor'was J: able, by fub-
Jequent. evaporations, ;;t0 - procure fuch l;ggq]ar
cryftals as.thefe -which..were obtained::fponta-
neoufly with a large: portion of ,water: This
falt was immediately decompofed : by vitriplic
acid, - which, unitjng with the magnefia, formed
the bitter purging: falt,-commonly called Epfom
falt.,

ARTICLE
qu/pbom' Salt wztb Bq/' s qf szed Alkalz

MINERAL ﬁxéd alkall was dxﬂ'olvcd with
cﬂ'cryefccnce in dilute phofphoric-acid... The
folution was nog bitter; -but. rather agréeable to
the tafte, fomethiag. like’ that'of a folution of
fea falt. The falt obtained by this union had
not the leafl excefs:of-acid; as is the’cafe with
almoft all the other phofphoric falts> It re-
fufed. to form into cryftals, whatever degree of
evaporauon was ufed, and whether the. folution
were made fuperabupdantly acid or-alkaline.
- The refult was, .always,” a tenacious :gummy
refiduum, which. roped like thick turpentine,
attracted moifture from: the air, and deliquefced
in it.

) Tern
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“THe vegetable fixed alkali diffolved alfo, i
the phofphoric acid, with effervefcence.: When
the :comibination ‘was formed, it ‘was- fet:‘to
evaporate, -and, 'when' grewn dold, cryftals
were obvdied of a columnar fhape, perfetly
Tquare,’ terminated by a pyramid, having alfe
Your fides, €armonly -equal to ‘each dther, ‘and
icorrefpending exaltly to.-the four fides -of the
cryftalline column. .Hot water diffolved neatly
double the quantity of this falt that was capable
of folution in cold water. The falt had a fmall
degree .of -acidity. Thrown on burning: qoals
it puffed up, but melted with difficulty; but
as -foon v it Rowed, it loft all its fafine bufte.
1 have hot yet purfued the inveftigation of this
extraordinary cireumftince, which affords a key
to fome’ mtcre&mg phenomena, ot

Tms {alt gives a very flight 1ed tinge to tHe
flame of 4pirit of wine; whereas that withthe
mineral alkali affords mo fuch appearance.
They both precipitate filver from nitrous acid
i form: of a white powder, which is dx&mgmfh—
able from ‘the precipitate produced by marine
falts in being" very \much divided, and not cel-
lected in-flakes or curds. They alfo feparate

mercury
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mercury from that acid in form of a yellowith
white, and lead in that of a white precipitate,
the latter being rather faline.,

N ARTICLE w,~g
Pbojpbom Ammomacal Salt. o |

30 TH E 'cdd&ete ‘volatile alkali efférvefces with
phofphohc -acid, and ' forms’ wuh it’a neutral
atmonisdal falty more foluble in- hot than in
cold water, the cryftals of which have' fome-
fimilitude to alum; but as they are very com-
plicated; “it" Would' hot be eafy to defcnbe thcm

vnt'hout ﬁgures B e

ARTICLE v.
o qu/pbmc M'ctallu' Saits

_7'.'

DILUTE phofphonc acid has no a&ton on
mercury. in the cold. Globules. of . mercury -
have been kept feveral months in.it without.
the leaft appearance of folution : ‘perhaps if it
had been very cancentrated and ftrongly- heated,
its a@ion might have been ftronger; but. I have .
not had an opportumty of making the tnal

E "PouRreD
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_ Pourep ona folution of fi]ver in, nicroys acid,
it produced no precipitate..

Whaen cold, it had little effet on iron, but
when hot, a brifk effervefcence enfued. A taper
being plunged into the vacdnt part of the jar
in which the comb‘m\agqn had becn effeted,
continued to burn as in common axr, but with -
a lightith green: flame, - The:-folution rbeing
evaporated,. yielded no. regular; cryftaliocbuc‘a
faline mafs, of a green colous, and; very foluble
in water..

M. SAGB has afferted;in magy..of :his,works,
that the phloglﬁxcated alkah, whjch.is ufed. for.
the preparation of Pruflian blue, is only an alkali
faturated with phofphonc acid, and has given
his theory an air of probabnllty ‘which may tend
to miflead. .If the affertion were- true, the
phofphoric falts with alkaline bafes fhould form
Pruffian blue- when combined ‘with martial vi-
triol.—But . the contrary is the cafe. -“The pre-
cipitate .i§ whitifh, :diffolves, though with ‘diffi-.!
culty, in acids; and leaves only a fmall infoluble
portion, which has only a bluelth tmge, fcarcely
perccptible : o

AR LU U SueH
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SucH are the experiments which the provifion
of phofphoric acid I had made, has enabled me
to make, I withed to have gone further, and
to have repeated - the whole of them; but cir-
cumftances havnng led me to another kind of
experiments, and the difficulty of procuring, for
a.long time, a fufficient quantity of pure acid,
having deterred me,.from_ waiting, .1 have de-
termmed to glve thcm to tl‘u;, {ocnety as they
dre’; and hope, “that, t‘hough mcdmpfete, they
may be of fome ufé'to chémiftry, either by
eftablithing new facts, or by deftroying falfe
theories. I can anfwer for the accuracy of my
experiments,

E 2 ESSAY
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E S S A'Y IV

O~ ThE ExisTENCE oF AIR 1v TaE NITROUS
- ACID, AND ON THE MEANS OF DECOMPOSING
" AND RECOMPOSING THAT ACID. o

I N the firft volume of my Phyfical and Ches
mical Effays, it was fhewn, that when
Kunckel’s phofphorus was burnt under a glafs
jar inverted into water, about X of the air con-
tained under the jar was abforbed; and that
this diminution of air was proportioned to the
increafe of weight in the phofphoric acid re-
fulting from the combuftion.* I therefore
concluded that this acid was, in part, compofed
of air, or, at leaft, of an elaftic fubftance con-
tained in the air. As exa&ly the fame phe-

See alfo the third Effay in this colle&ion.
: " "~ nomena
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nomena ‘take ‘place in the combu{hon of ful-
phur, and the formation of ‘the - vitrioli¢ acid,

I had equal reafon to conclude that air alfo
enters into the compofition of the latter.

Tuese firft fteps led me to refle® on the
nature of the acids in general, and on examining
the ‘circumftances ‘of their formation, and de-
ftru&tion, I thought that I began to difcover
that they were all compofed, in great meafure,
of air; that this fubftance was common to
them all, and that they were varied from each
other by the addition of dlﬁ'erent prmcnplcs_
peculiar to each acid.

WHAJ‘ was at firft only probable conjecture,
was converted to fufficient certainty when ex-
periment was applied to theory; and I am at-
prefent enabled to declare pofitively, not only
that air, but the moft pure partof the air, enters
into the compofition of all the acids without
exception; and that on this fubftance their
acidity depends, in fo much that we may, at
pleafure, deprive them of that quality or reftore
it to them' again, according as we take away,
or give to them, the portion of air effential to

their compofition.
E 3 Berore
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Berore I proceed further o this fubjed, it
fecms neceﬂ'ary t9 mf'qrm the pubhc, that one,
%art of the expcmments contamcd in this me-
- moir are. not prop;rly mine ; perl;aPSa firicily,

fpeaking, there is not one of which Dr. Prieftley
may not claim the original idea. But. as fimilar.
fcqucnces, I truft, that if I Ihonld bg accufcd
. of having borrowed my experiments from the,
works of that celebrated philofopher, I thall,
" at leaft, be allowed the merit of the conclufions,

ITisa gcnerally known. fac that elaftic va-
pours are feparated from almoft all folutions, of
metals in acids, which form fpecies of air, the’
‘properties of - which vary according to- the
nature of . the acids, by, the affiftance. of - which:
we are enabled to form them.

Taese different kinds of air by no, means,
procced from, the metal, as I fhall have frequent,
occafions to Ihew 3 they are to be attributed . to
the df;compoﬁtlon of . the_ acid, itfelf; and I.
imagined that from hence we mxght be fupplied-
with a ﬁmplc method of analyfing the acids.
It ﬁ:cmcd ,probable, for inftance,: that by dif-

folving
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folving mercury in itrous acid, colledting the
different elaftic prmaples which efcape from
this combination, and attentively obfervmg the
phenomena which appear from the firft inftant
of thé folution, to the point, when the mercury;
after having ﬁmceﬂivcly pafied through the
ftate of mercurial falt and red precipitate, re-
appears finally in its metallic form, I thould
infallibly acquire information concerning the
nature of the principles which enter into the
compofition of nitrous acid. '

THue experiments which I am going to relate
might have fucceeded equally with any other
metal ; but I gave the preference to mercury,
becaufe this metal poffefles the property of
being reduced without addition; and I there-
fore concluded that I fhould meét with lefs
complidation in the courfe of my experiments,’
and fhould be led, in a more fimple manner, to’
the conclufions at which I wifhed to arrive. o

I TuEREFORE took a fmall matras, with a Iong
narrow neck, which I bent in the flame of a lamp, "
fo that the extremity might pafs under a glafs
Jar, ﬁ]lcd Wlth water; and plunged into a veffel

E 4 containing
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containing the fame fluid. Into this matras
I introduced two ounces of mtrous acxd whxch
which.was to that of diftilled water in the pro-
portion of 131607 to 100000; and. I added
two ounces one drachm of mercury, hcatmg
the mixture gently in order to accelerate the '
folution. o
As thc acxd was ftrongly concentrated the f-
fervefcence was brifk and the feparation .of air
very rapid. Ireceived the difengaged air in dif-
ferent jars, that I might examine. the vatieties .
which might poffibly occur between the. par-
cels feparated at the beginning, and thofe at the
end of the effervefcence. When the effervef--
cence was finifhed, and the whole of the mercury.
diffolved, I continued to make the folution hot
in the fame veflel. In a thort time the effervef-
cence was fucceeded by an ebullition, during
which, the prodution of air continued almoft
" as great as at firft. The procefs was carried
on, till, the whole of the fluid having been
converted into air or watery vapours, I had
nothing left in the matras but a white mercurial-
falt, of a ?a&y form, rather dry than moift, and -
beginning
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beginning to turn yellow on the.furface. - The
quantity -of -air, which. had been already ob-
tained, amounted to about 162 cubic inches,
All this air was of the fame nature, andin no re-
fpect d;ﬁ"enng from that to which Dr. Pnc{tley.
has ngcn thc name of nitrous air. - {-.: .
T HE operatxon bemg coatmued I pcrcexye&
red vapouss to. arife - frem the: mercurial’ falt,:
fimilar to thofe of the, nitrous.4cid ; but this
circumftance was not of long duration, and
prefently the air, contained in the upper. part of_
the'matras,* recovered its tranfparency. Having.
fet “apart -the air, amounting: to.ten or twelve.
inches, which had paffed during the continuance!
of the red vapours, it was found: to -be very:
different from that which had been hitherto.
colle&ted, and not to differ from:common air,
except that candles burnt fomething better in it.’
At the fame time the mercurial falt was changed

- * THESE vapours owe, thenr origin, to a:portion of .
nitrons, au-, and of lnghly pnre air, which are dif--
engaged at the fame time from the mercurial falt, and
combining together, form nitrous acid. This explana-
tion will not be well underfiood till the whole of this
Effay has been read, =

into
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into a beautifiil red prccnpttate, and contitiuing
to urge i¢ with s tnodétate dégree of fire, 1 ob=
tained, in-the fpace ‘of feven hauts, 234 cubic
inches. of dir, -tiuch purer than common aif;
in which ¢ahdles- burned with a very enlarged
flame, and which, by all its characérs; con-
vinced me that it was the fame I had extratted
flom' the. ¢alx of miercury, commonly éalled
mercury” ‘precipitated: per fe, and which- Dr.
Prieftley has:obtained from a great variety of
fubftances;” by miixing them with fpirit of nitre.
Tn: proportion as this:air was difengaged, - the
- miercury was reduced, and I recovered, within’
afew grains, the two ounces one drachm which’
had been - employed: in the folution:: -This:
trifling lofs: proceeded from- 4 firiall pottion' of
a° yellow and red fublimate which adhered: ta
the dome: of the retoft. :

Tuer. mercury: havmg been recovered from
this cxpcnmcnt, in its former ftate, without
change- cither in its quality or weight, it is
evident that the 426 cubic inches of air, which’
~ had been obtained, could not have béen” pro-

duced’ but by-the decompofition of the nitrous
acid. I had therefore reafon to conelude that

two.
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two ounces. of nitrous acid are compofed, 1ft.

of 190 inches of nitrous air; 2dly. of 12 inches
of common air; 3dly. of 224 inches of air
better than common air; 4thly. of phlegm.
But, as it has been proved, by Dr: Prieftley’s
experimerits, ‘that the fmall portion of ‘common
air I had obtained could be nothihg but aif
better than common -air, " the ﬁ:penor—qualnty
of ‘which had been altered by a mixture of
nitrous air, in the tranfition from one to the

other, ‘I may re-eftablith the quantity. of thefe
two airs, as previous to their mixture, and
fuppofe ‘that the 12 inches of common air,
which I obtamed procccded from a mixture of"
24 inches of nitrous air, and a like quantlty of '
air foperior to that of the atmofphere ’

"IN thus re-eftablithing the quantities, ‘we ﬂu’ll“‘
have, as the.produ&: of two ounces of' nitrows:
acid, .
, Inchesy,
Of nitraus air - 196.
Very pure air, - 246.

t—

Total 443,

And for the product.of one pwnﬁ of the fame

acid,
Nitrous
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. . Inches.
Nitrous air - 1568.
Very pure air - 1968.

Total = 3536."

-Ir it were poffible. to know the abfolute
weight, as well as the bulk, of thefe quantities
of air, it would e eafy to determine the weight
of phlegm; and we thould then pofiefs..a com-
plete analyfis of the nitrous acid. - The experi-

- ments of Dr. Prieftley to this purpofe are far
from being fatisfactory, and I confefs that;I have
not been able to arrive at any. certain con-
clufions. . I fhall, however, fuppofe here,. as I-
have every reafon to prefume, that the pure air, .

obtained from mercury, is’ fomething heavier .

than' common air, and that it weighs s of a,
grain to the cubic inch. I fhall alfo fuppofe,
that nitrous air is fomething lighter than atmo-
fpheric.air,. and that its weight is % of a grain
to the cubic inch ; on this fuppofition we fhall

" find that a pound of nitrous acid, fuch as that

employed, w:ll be compofed as follows, viz.
Oz. - 3. Grs

~ Nitrous air - 1 §1z.
Very pureair - 1 7 23,
"- Phlegm, or Water 13 = 18,
| Total - fbj.

- Here,
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Here, then, we arc pnefented with amrethod
of decompofing the nitrous acid; and demos-
ftrating. the exiftence. of air, or rather:of::more
pure and perfec -air:than that of the'atmo-
Aphere; but a complete:ptoof of this-fatk :wes
obtained, when, after. having decompofed the
nitrous acid, I was able to recompofe: it by
again combining- the fame materials. ~This is
a power 'which I have-actyally attained; but
previous to the relation of tha experiment, it
will be ntceffary: to giveifome account- of ‘the
‘nature of. nitrous - air.

Tuose who have not read: the experifiients -
related in Dr. Prieftley’s firft volume .on diffes~
ent kinds, of air, and. efpecially thofe of Mr.
William Bewley, which-are inferted at.the'end
of that volume, may perhaps imagine mitrous
air to be mergly nitrus. 3cid in:the form: of
: vapour "It will be fuffigient,. in_ arder toidver-
throw this opinion, to make it appear that it is
even doubtful whether-nitrous air be in.a ftate of
acidity, and this the refult of the following ex-
periments t tends to prove

ift. Nirrous AR is. capable of -paffing.
through very confiderable quantities of water,
and
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riting it With alkaliy-and evaporating the whtér,
2 truk nitrejwas-obtaiied.

' Witna vitw of'obtaining the acid 'in a
moro«conoéntrarcd frute; 1 ‘endeavoured to-fuls=
ttitute Thfeury- iniithe placeéF water, by forii-

ing the fame miktite in’d viibe filled : withyind
inverted- into, ' mercury;- 'tak*?ﬂg ire to° leﬁv?e
a finall ftratum of : water over the firfice ofi the
‘metal. The penetration :of th¥: two -airs yd§’
nearly as: raptd in-this ‘astin che pmc@d*ﬁg"é&-»
perifhent; «the vapours of nitfous/acid weredoti!
denfed by the fimall portion of water cotitulficd
in the rube; and by proportioning properly ¢!
quantity -of .watar, Lswas-capable: of forniing'
either a-yery fmpliing, fpisit ‘of ‘nitre; as fivoing’
ag.can poffibly, belmade; ' ov.'one chat, was thoho
weak; and fimilar;eo. that ‘origindlly employed:
in the operation. -« This- experitent! fhould *ba
made with alhpoffible expedition,. beeaufe’ the-
fmoking fpiric of .nitre, which i formed and’
comes into contact.with the mereury; adts upor{ ‘
the metal, diffolves it, and again forms frefh
nitrous air. 'This laft circumftance furnithesan_
additional .proof of the récorivpofition” of 'the’
nitrous acid.

1T
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IT may perhaps appear furprifing, that feven
parts and  of nitrous air, and only four parts of '
. very pure air, are neceffary to compofe the

nitrous acid; whereas in the decompofition of it,

‘a fomewhat larger quantity of pure than of
nitrous air was obtained. I am uninformed of
the caufe of this circumftance, but the fa& is
certain, that the above proportions of nitrous
and pure air exactly faturate each other: and
confequently that by employing the very ma-
terials, which have been afforded by the nitrous
acid in its decompofition, it is impoffible to
form again the quantity of acid which exifted
before the folution, and that a defect appears
of nearly one half of the pure air.

Havinc fhewn that the principles of the
nitrous acid are capable of difunion and re-
combination, it remains for me to demonftrate
that we may produce the fime effet with ma-
terials which are not all derived from the nitrous
acid. Inftead of very pure air, procured from
the red precipitate of mercury, atmofpheric air
may be employed. But a greater proportion
of it will be neceffary, and inftead of fous,
nearly fixteen parts will be wanting to faturate
feven parts and 1 of nitrous air. The whole

F of
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of this laft is deftroyed or condenfed in this,
as in the preceding experiment; but that is
not the cafe with the common air, of which
not above % or % is abforbed, and the remaining
part is no longer in a ftate fit for the fupport
‘of flame, or the refpiration of animals., It
fhould appear to be proved, therefore, that the
air which we breathe contains only }. of real air;
and that this true air is mixed, in our atmo-
{phere, with % of noxious mephitic air, which
would be fatal to moft animals, were its quan-
tity a little more confiderable. The deleterious
effe@s of the vapour of charcoal, and of feveral
other exhalations, are further proofs how nearly
this fluid approaches the boundaries beyond
which it would become mortal to animals. I
hope foon to be able to difcufs this idea, and
to give ocular demonftration to the academy
of the experiments on’ which it is founded.

. :

From the experiments, contained jn this
memoir, it appears, that when mercury is dif-
folved in nitrous acid, the metal attracts the
portion of air contained in the acid which con-
ftitutes its acidity : on one part the metal,
combined with the air, is.reduced to a calx;
and, on the other, the acid, deprived of its air,

is
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is expanded and forms nitrous air. That thefe
things really happen, during the operation, is
proved by the mixture of the two airs, which
originally entered into the compofition of the
nitrous acid, again forming pure nitrous acid
fimilar to what it was previous to the feparation
of its principles.

‘NiTrous acid then confifts of nitrous air
combined with % of its bulk of the pureft part
of common air, and a confiderable portion’ of
water. It will, doubtlefs, be afked, whether
the phlogifton of the metal may not contribute
fomething in the operation? Without pre-
fuming to decide on a queftion of fuch great
confequence, I fhall only anfwer, that as the
mercury is left, after the procefs, precifely the
fame as before, it does not appear that it has
cither loft or recovered its phlogifton ; except
it can be fuppofed that the phlogifton neceffary
to the reduction of the metal had pafied through
the veffels: but this is to admit of a fpecies
of phlogifton different from that of Stalh and
his difciples, and to return to the principle of
fire; to fire combined in bodies; a fyftem of
greater antiquity than that of Stalh, and very
different from it.

F2 I sHaLL
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I snaLL conclude this memoir, as I began it,
by acknowledging my obligations to Dr. Prieft-
ley for the greateft part of what interefting
matter it may contain. But the love of truth,
and the promotion of fcience, to which all our
efforts ought to be directed, oblige me at the
fame time to take notice of one error into
which he has fallen, and to which it might be
dangerous to accord. This juftly celebrated
philofopher having obferved that, by combining
nitrous acid with any kind of earth, he con-
ftantly obtained common air, or air of even a
purer nature than common air, believed that it
might therefore be concluded that atmofpheric
air is compounded of nitrous acid and earth.
This theory will be fufficiently confuted by the
experiments contained in this memoir. It is
~evident that it is not the air that is compofed
of nitrous acid, as the Doctor has imagined ;
but, on the contrary, the nitrous acid which is
compofed of air; and this remark alone fupplies
a key to a great number of experiments con-
tained in Dr. Prieftley’s fecond, third, fourth,
and fifth volumes on air.

ESSAY
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E S S A Y V.

4

On~ THE soLuTioN oF MERCURY 1»
VITRIOLIC ACID.

'AVING fhewn in former effays that
nitrous acid is the refult of a combination
of a certain proportion of dephlogifticated, with
nitrous, air; that fulphur and pbofphorus are
incapable of acquiring acidity but in propor-
.tion as they are combined with a very confider- -
able portion of dephlogifticated air; and having
declared that it is poffible to difcover, in
the vitriolic acid, by chemical experiments, the
dephlogifticated air which entered into its com-
pofition in the combuftion of the fulphur:
I fhall proceed in the prefent effay to prove, by
means of analyfis, what I have hitherto only
accomplifhed by means of compofition.

F3 Four
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Four ounces of mercury, and fix ounces
of vitriolic acid, were put into a fmall glafs
retort, and gradually heated by an open fire
in a reverberatory furnace. The extremity of
the retort, the neck of which was very long,
was immerfed in a bafin of mercury, and the
air, in proportion as it arofe, was received into
tall narrow jars filled with, and inverted into,
mercury. The folution was effected with con-
fiderable effervefcence, during which, a very
confiderable quantity of volatile witriolic air
* was feparated, which, as long as it is confined
in mercury, and does not come into contact
with water, preferves its elafticity,- and is in-
‘capable of either rarefa&ion or condenfation,
except by various degrees of compreffion or
heat. :

THis air, when expofed to water, is but
flowly abforbed, and the combination is at-
tended with fenfible heat. The water which
has been'thus impregnated is clear and limpid,
and forms what we call volatile, fulphureous,
or vitriolic, acid. But the quantity of this air,
abforbable by water, varies confiderably, ac-
cording to the different temperature, and is
greateft when the water is coldeft; whereas, on

' the
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the contrary, when the water is nearly boiling,
- it is incapable of abforbing a particle of it. I
could not poffibly determine with accuracy how
much of this air would be neceflary to faturate
a given quantity of water in different degrees
of temperature. But thus far is certain, that
the water is capable of abforbing a greater
portion of this, than of fixed, air, but much lefs
than of marine acid air.

Ir it be defired to colleé the whole of this
vitriolic air, it will be only neceffary to adapt,
to the retort, a tubulated receiver, fimilar to
that defcribed by Mr. Woulfe and improved by
Mr. Bucquet; by which means we catch in the
receive},~’the fulphureous acid, in the higheft
ftate of concentration, and that, which- cannot
be condenfed, is found united to the water in
the bottles conneted with the receiver.

THe firft portions of volatile vitriolic air
are very pure, but, as the procefs advances, it
becomes mixed with common air, and even with
fome portions of dephlogifticated air. Thefe
may be feparated by placing the whole in con-
tat with cauftic alkali, for the vitriolic air will

F 4 be
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be inftantly abforbed, and the common or the
dephlogifticated air left behind.

Ir. when the mercury is almoft reduced to
drynefs, the fire be urged rather mare brifkly,
a fmall portion of volatile vitriolic air ftill con-
tinves to pafs; but the quantity of dephle-
gifticated air which comes over, at the fame
time increafes continually; and when the re-
fiduum is quite dry, it is neceffary to change
the apparatus, becaufe the fire neceffary to the
fuccefs- of the operation would melt the retort
if it were not placed in fand.

A aperture was therefore made in a Paris
crucible, which might admit the neck of the
tetort to pafs through it. The crucible was
ufed as a fand bath, in which the retort was
placed, having its upper part thinly ceated with
moift refrattory clay, to prevent the glafs being
affefted by the cold air, as it ought to be
equally heated in every part, and alfo that the
retort might be lefs expofed to be broken.

InTo an apparatus, fuch as is now defcribed,
I put two ounces of mercurial vitriol, dry and-
’ deprived
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deprived of the greater part of its water of
cryftallization, and the product of the preceding
operation. A brifk fire was applied. The pro-
cefs continued above an hour and half, and
during the whole courfe of it, there were col-
le€ted, 1ft. a fmall portion of volatile vitriolic
air, which was abforbed in the water of the tub’
into which the-neck of the retort was immerfed :
adly. eighty inches of dephlogifticated air, which
was of fuch a degree of purity, that four parts
of it required for its faturation feven parts or
meafures of nitrous air, and the whole eleven
meafures were reduced to 1 ;. So that the de-
phlogifticated air obtained from mercurial vi-
triol approaches much nearer to-abfolute purity
than any we have hitherto poffefled. ‘

In proportion to the feparation of the volatile
vitriolic, and dephlogifticated air, the mercury,
which had been combined with them in the
mercurial vitriol, was revived, recovered its
form, and paffed over in diftillation as running
mercury. This however was not wholly the
cafe, for two fpecies of calx of mercury fublimed
into the neck of the retort. The one was white
and had a faline appearance; the other was

grey.
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grey. I fhall take an opportunity of examining
thefe calxes, which are fuch as M. Beaumé has
declared to be incapable of being reduced with-
out addition. When the operation was finithed,
nothing remained in the retort.

On calculating the produ&s .of this laft ope-
ration, and comparing them with thofe I had
obtained from an equal quantity of mercurial
vitriol, in a common apparatus for diftillation,
I found that two ounces of this metallic com-
pound yield, '

3+ 3. G
1ft. Of water or phlegm I S
2d. Running mercury. 6 12
3d. White calx of mercury, fublimed 3 = 18
4th. Grey calx of mercury 40

o Total 1 2 70
~ Thequantity of mercurial vitriol was 2

“The lofs therefore amountedto o § 2

- Tris lofs may doubtlefs be accounted for,
by the eighty cubic inches of dephlogifticated
air which were colleced, and by the volatile
vitriolic air which was abforbed by the water.

It
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It is apparent that as no other fubftance was
employed in this operation but vitriolic acid
and mercury, and as the latter is recovered in
its original metallic form, the dephlogifticated
air could only proceed from the vitriolic acid;
and, according to the opinion I had advanced,
the dephlogifticated air, which had been ab-
forbed during the combuftion. of the fulphur,
is found by analyfis in the vitriolic acid.

AnotHER fa&, which it is impoffible to deny,
after the experiments that have been -related,
is, that volatile vitriolic acid is common vi-
triolic acid, deprived of a part of its dephlo-
gifticated air.

ESSAY
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E § 8§ A Y VI.

EXPERIMENTS ov T COMBUSTION
or ALUM witH prLoc1sTic SUBSTANCES,
AND ON' THE CHANGES EFFECTED oN AIR v
waxicH THE PYROPHORUS Has BURNED.

that has been written on the fubje& of -
| Hombergs pyrophorus, and to difcufs the. va-
rious opinions which have, fucceflively, pre-
vailed concerning the caufe of its fpontaneous
inflammation, I fhall confine myfelf to recurring
to a memoir of Mr. Homberg, which is printed
among thofe of the Academy of Sciences for
the year 1718, page 238, and efpecially to that -
“of M. de Suvigny, publithed in the third
volume of Memoirs of Mathematics and Phyfics,
prefented to the academy by learned foreigners.

It will be proper on this occafion to re-
collet, that it has been proved by the experi-
ments
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ments of M. de Suvigny, 1ft. that not only
alum, but alfo all the vitriolic falts with a
bafis of fixed alkali, fuch as Glauber’s falt,
vitriolated tartar, &c. mixed with a proper
proportion of any light porous matter contain-
ing phlogifton, and urged by a degree of fire
fufficient to bring the mixture to a red heat,
leave a refiduum of a blackifh hue, which has
the property of taking fire fpontaneoufly in the
air.

2dly." THaT in all thefe operations the. vi-
triolic acid is converted into fulphur, fo that it
may be faid that Homberg’s pyrophorus, and
all thofe formed by M. de Suvigny on fimilar
principles, are merely phlogiftic hepars of
fulphur with either a fixed alkali or aluminous
carth for their bafis.

3dly. THAT it is a proof of the converfion
of vitriolic acid into fulphur in the formation
of the pyrophorus, that in whatever manner -
this fubftance be analyfed, not an atom of
vitriolic acid, nor of the vitriglic falts which
had been employed in the operation, is to be
found, but only liver of fulphur and fulphur.

4thly.
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4thly. TrAT very good pyrophorus may be
formed without making ufe of any vitriolic falt,
by a combination of fulphur, alkali, and pow-
dered charcoal; a fa& which proves moft in-
conteftably that pyrophorus is a true hepar
fulphuris.—Having ftated thefe preliminaries,
I thall proceed to give an account of my own
experiments.

Two parts of alum and one part of fugar
were mixed together, and the mixture calcined
in an iron ladle, without making it .red hot,
till the fugar was entirely converted into char-
coal, and neither fmoke nor vapour continued
to rife.

I Took two ounces of this calcined mixture,
and placing it in a glafs retort, in a fand heat
of a reverberating furnace, the fire was raifed,
and the air which feparated was received into
jars filled with water, About 120 inches of
fixed air firft paffed, then about 160 inches of
air compofed of equal parts of fixed, and of
inflammable air; and the laft produt obtained
confifted of 180 inches of air, three fourths of

which were inflammable, and one fourth only
fixed
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fixed air; and the laft portions were only pure
inflammable air.

THe fixed air may be feparated from the in-
flammable; either by fuffering them to remain
for fome days together in thejars, ftanding in
water, when the fixed gas will be abforbed,
leaving the inflammable,” which does not readily
unite with water; or the abforption may be
accelerated by placing them in conta&® with a
lixivium of cauftic alkali, or over lime-water.
This liquor entirely and rapidly abforbs the
fixed air, and the inflammable air which remains
will be quite pure. By thefe methods I have
difcovered that of 460 cubic inches of elaftic
fluid which were obtained in this operation,
214 were inflammable, and 245 fixed air. But
this calculation of the produ& mutft not be re-
garded as quite exact, with refpect to the fixed
air, becaufe this acid being obliged to pafs
through a confiderable quantity of water in its
way to the upper part of the jar, a part of it
was neceffarily abforbed by that liquid during
the courfe of the operation, and before its bulk
could be determined. This circumftance may
be fuppofed to have occafioned a lofs of at leaft

a fourth
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a fourth or a fixth of the quantity of fixed air,
fo that the whole that was feparated in the
procefs muft have amounted to, at leaft, 300
inches. '

Durine almoft the whole courfe of the ex-
periment, a confiderable quantity of fulphur
was feparated, part of which was fublimed and
condenfed in the neck of the retort, and part,
paffing in vapours through the water, was de-
pofited on its furface in form of a fine powder.
The operation continued about an hour and
half.

THE refiduum in the retort was Homberg’s
pyrophorus, - was very good and ftrong, and
flamed as foon as it came into contadt with

the air.. ; ) & .

THe quantities and qualities of the air dif- *
charged in the operation being fufficiently de-
termined, I proceeded to the following experi-
ments. '

Two drachms of this pyrophorus were placed
on the fcale of a very fenfible balance, and I
- obferved, that it began to increafe in weight
the
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the moment the combuftion commenced, and
that this augmentation continued to take place
for feveral minutes: in order to difcover the
caufe on which it depended, it was thought
proper to obferve all the circumftances of the
combuftion with the utmoft attention.

I accorpingLy began by introducing fuc-
ceflively two drams of pyrophorus into different
jars filled with fixed air, and .with nitrous air.
It did not give any light, nor afford any re-
markable phenomenon.

Bur the cafe was different when I.placed
the pyrophorus under jars filled with common,
or with dephlogifticated air; and as the cir-
cumftances of thefe experiments are very re-
markable, I fhall give a full relation of them.

AsouT half an ounce of pyrophorus was put
into a fmall glafs bottle, which was covered
with a litcle glafs cover, and the junétures being -
luted fo that the whole apparatus might be
pafled through water without any of the water
getting into the bottle, it was conveyed under
a jar filled with common air, and I accurately

G . marked

i
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marked the height at which the water ftood in
the jar. Then introducing my liand under the
jar, I removed the cover that was affixed to the
bottle, and made a free communication between
the pyrophorus and the air of the jar. A con- .
fiderable degree of heat was immediately pro-
- duced without combuftion, and, at the fame
time, a diminution of the quantity of air took
place, which was, at firft, pretty rapid, but
abated in about five minutes; yet did not en-
“tirely ceafe till after the fpace of between forty-
five minutes and an hour had elapfed.,

THis diminution of the volume of air was
greater than any I had hitherto obferved, and
bore the proportion of 100 to 723, or to more
than 1 ;' whereas, in almoft all operations of this
kind, it fcarcely amounts to a fifth.

WHEN the experiment was made over lime-
water, inftead of common water, the diminution
was the fame; and, as it advanced, I obferved
a precipitation of the lime to be formed, which
evinced that one of the caufes of this diminu-
tion was owing to the converfion of a part of
the air in the jar, into fixed air, which was ab~
forbed by the lime-water. '

TH1s
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Tuis experiment induced me to repeat the
experiment in dephlogifticated or highly refpi-
rable air; but I perceived the neceffity of
making ufe of a much larger jar, that the phe-
nomena might be more diftinguithable; in
other refpeéts I conduéted the operation much
in the fame manner as before.

As foon as the little cover was detached from
the bottle, and the pyrophorus came into con-
ta& with the pux:c air, it took fire, and burned
with a fparkling and decrepitation, and particu-
larly with a very fplendid light and extreme ra-
pidity. In a fhort time, the violence of the-
combuftion abated, and the light began in-
fenfibly to diminifh, till, in fome minutes, it
was entirely extinguifhed.

THe pyrophorus, in this experiment, muft
not be put into a glafs bottle, but into a fmall
vefle]l made of tin, and without folder, on ac- -
count of the great degree of heat which is pro-
duced, and would break the glafs, or melt the
folder. *

Ar the firft inftant, the great heat produced -
a fmall increafe in the volume of air contained
G2 in
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in the jar, but it was prefently fucceeded by
a rapid diminution which alfo abated in about
a quarter of an hour, but did not wholly ceafe
till the air was reduced to a feventh of the fpace
it occupied previous to the combuftion of the
pyrophorus ; nor was it diminifhed fo far as it
was capable of being, for, when lime-water
was admitted, it was again reduced, nearly one
half, fo that the remainder did not amount to
above a twelfth or thirteenth part of the original
volume of air. '

Tue remaining parcel of air was ftill almoft
pure or dephlogifticated, and by continuing to
burn frefh phofphorus in‘it, 1 at length fuc-

- ceeded in rendering ;4% of the original quantity
of air abforbable by water.

THis experiment was frequently repeated,
and particularly in prefence of Dr. Franklin and
feveral members of the academy; the circum-
ftances having been varied by fometimes em-
" ploying common water, and fometimes lime-
water; and I am convinced that in the com-
buttion of pyrophorus, very pure or dephlogifti-
cated air is chahged into fixed air, excepe the
portion which is abforbed by the pyrophorus

itfelf,
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itfelf, as I fhall prefently fhew, and that this
fined air combines with the water.

THest effets of the combuftion of pyro-
phorus in dephlogifticated air, throw great light
an the phenomena attending the combuftion of -
that fubftance in common air. The effeéts are
nearly the fame, but with this difference, that
atmofpheric air not containing above ;. of pure,
genuine air, no more than that quantity of fixed
air is formed and abforbed. The remaining
are the mephitic part of the air, the nature of
which is not as yet at all underftood, and which,
as I have demonftrated on another occafion, is
utterly incapable of fupporting either animal or
vegetable life.

WHart has been hitherto faid, relates only to
that partion of pure air which is converted into
fixed air, during the combuftion of the pyro-
phorus. It remains that I fhould give an ac-
count of fome circumftances which, to me, ap-
pear to prove, that a confiderable portion of
this air is abforbed by the pyrophorus, while
burning, and combines with it; and that it is
the furplus only that is changed into fixed air.

G.3 And,
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Anp, 1ft. the diminution of the volume of de-
phlogifticated air, at the beginning of the com-
buftion of the pyrophorus, is much greater than
could proceed from the mere combination of
fixed air with water.’ It is well known that this
combination is not, in general, effe¢ted very .
readily, without agitation, whereby the points
of contal between the fixed air and the water
are multiplied. Thefe circumftances do not
take place under the jar where the combuftion
of the phofphorus is carried on, and, on the
contrary, the great degree of heat which is ex-
cited is an almoft infurmountable obﬁacle to
the umon of the air and water. -

adly. It is a known fa& that pyrophorus
increafes in weight while burning; that this
augmentation is very rapid, and nearly equal
to the portion of air which we may reafonably
imagine to be abforbed in this procefs. It is
true that thofe who have obferved that pyro-
phorus thus increafes in weight, have attributed
the increafe to the moifture of the air which
they fuppofed it to attra®, and indeed it muft
be allowed, that this is likely to happen at firft ;
but when once the pyrophorus is ftrongly heated,
when
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when it is become red and burns with violence,
we cannot then fuppofe that it attraéts moifture
from the air, for it is evident that this great
heat muft, on the contrary, difpel and reduce it
into vapour, if it exifted in the pyrophorus.-

It feems certain, therefore, from both thefe
confiderations, that the pyrophorus abforbs and
fixes a confiderable portion of pure air during
its combuftion.—It may perhaps be afked what
becomes of this air, and what alteration does it
produce in the nature of the pyrophorus? This
I intend to explain in the remaining part of
this eflay, and hereby to prove, in a more con-
vincing manner, that there is really an abforp-
tion and combination of air in the combuftion .
of this fubftance."

Ir pyrophorus be tafted previous to its com-
buftion, we perceive nothing of the ftypticity
of alum, but a very difagreeable tafte of hepar
fulphuris: when, on the contrary, it has burned
in pure air, all the coaly part is confumed,
it is perfe@tly white, it has a part of the ftyp-
ticity of alum, and on diffolving and evapo-
rating it, we obtain an alum, fuperfaturated with

Ga earth,
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earth, fuch as Mr. Beaumé has defcribed in his
Chemiftry.

Tais laft obfervation difcovers to us every
thing which happens in the formation and com-
buftion of pyrophorus. We clearly perceive
that the vitriolic acid of the alum paffes into
the ftate of fulphur while the pyrophorus is
forming ; whereas- it changes again to the ftate
of vitriolic acid when the pyrophorus is burning.
Now we have been informed by the experiments
related in former effays, that fulphur is vitriolic
acid deprived- of its dephlogifticated air, or,
what is much the fame, that the vitriolic acid
1s a combination of fulphur with that air, or,
what will perhaps approach more nearly to
accuracy, with the bafis of this pure air. Vitri«
olic acid therefore cannot be changed from a
ftate. of acidity to that of fulphur, without
a feparation of dephlogifticated air being pro-
duced, and, on the other hand, fulphur cannot -
pafs from its own form to the ftate of vitriolic
acid, without a fixation of this air being effected ;
and this has been attually obferved in the ex-
periments related in this effay. For we have
feen that from a mixture of burnt alum and

charcoal,
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charceoal, amounting to the weight of cwo ounces,

-about 400 cubic inches of air were feparated,
a part of which was fixed, and the other part
inflammable ait. But the pyrophorus, on the
contrary, when in combuftion, abforbed 2 very
large quantity of pure air; which faéts fully
confirm the theory I have advanced. It will
undoubtedly be -afked, if the vitriolic acid
of the alum contains pure air, why do we
principally obtain fited air during the cal-
cimation of the' alum and charcoal, and alfo
from whence proceeds the inflammable air which
pafies with it? To the firft queftion it i an<
fwered, that the pure air, or its bafis, is con-
verted into fixed air, by uniting with the
coaly fubftances. Of this we have a proof
in the reduétion of the calx of mercury: if it
be reduced without additiod, it yields only de-
phlegifticated air; but if eharcoal or any phlo-
giftic fubftance be added, we obtain fised air.

As to the inflammable air, the quantity
feparated in this operation is not cenftantly the.
famie, but is proportionable to the quantity of
charcoal employed. Nor is this air of the fame
pature as that we obtain from the folution of

certain



g ON PYROPHORUS AND

certain metallic fubftances in the vitriolic and
marine acids; it is lefs inflammable, burns with
much more difficulty, and makes very little
explofion when mixed with two thirds of com-

mon air.

Tais inflammable air poffefles one remark-
able property, viz. that of being changed into
fixed air by combuftion. The other inflam-
mable airs which are obtained by the folution
of metals, either in the vitriolic or marine acids,
differ in this refpe, and inftead of being-con-
verted into fixed. air, at the time they are in-
flamed, appear to yield acids fimilar to thofe
by which they have been extratted. Thefe
confiderations, and fome others which it would
be improper to introduce in this eflay, lead me
to fufpect that there may be three fpecies of
inflammable air, viz. vitriolic, marine, .and
fixed inflammable. That which is feparated
- during the combuttion of the pyrophorus is of
this laft fpecies. And as this inflammable air
produces exattly the fame effects, in burning,
on the pure part of atmofpheric air, as charcoal
does, I am ftrongly inclined to believe that it
. is the fubftance of the charcoal itfelf reduced
to
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to vapour, and in the form of air. For the '
fame reafon the two other inflammable airs ap-
pear to me to be, the one, a fpecies of vitriolic
fulphur, the other of marine fulphur in an
a€riform ftate. But as my experiments are not
quite complete, I muft content myfelf with this
tranfient view of the fubject.

ESSAY
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A

ES S AY VI

On THE viTRiOLISaTION ofr MARTIAL
PYRITES.

HE pyrites which are the fubje&t of this

memoir, are the common vitriolic mar-
tial pyrites, of the moft common fpecies, which
are frequently found in chalk, and in almoft all .
clays, &c. with the nature of which we are
well acquainted. But with refpe& to my pre-
fent views, it will be only neceffary to confider
them as compounded of iron and fulphur.

1r pyrites be diftilled in an earthen retort,
. with a red heat, a confiderable quantity of ful-
phur is fublimed, and collefted in the neck of
the retort. '

Ir, on the contrary, thefe pyrites remain in .

a warm moift air, they crack on their furface,
fplit, fall in pieces, and become covered with
vitriolic eflorefcences. And, when they have
been expofed for a fufficient time to the air,
if
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if ‘they be lixiviated, they yield a great quan-
tity of martial vitriol ; but if diftilled in this
ftate, not a particle of fulphur will be obtained.

THE intervention of air is indifpenfibly necef-
fary to the vitriolifation of pyrites, which may
be preferved in their original ftate as long as
they can be protefted from the action of that
fluid. A flight covering of oil is fufficient for
. this purpofe ; and we find by experience, that
they may be kept unchanged under water.

" SINCE- pyrites, therefore, are compofed of
fulphur and iron before their eflorefcence, end,
after it, of vitriolic acid and iron, it is evident
that the fulphur is converted into that acid, by
the effe&t of the vitriolifation.

Now as I have declared; and, I truft, proved,
in the effays on the combuftion of fulphur, and
phofphorus, vitriolic acid is compounded merely
of fulphur faturated with very pure or dephlo-
gifticated air; or in other words, that fulphur
is vitriolic acid deprived of part of its dephlo-
gifticated air, and vitriolic acid is fulphur with
an over-proportion of the fame air: the ful-
phur of pyrites, therefore, cannot be changed
into vitriolic acid without abforbing pure air.

; , * THE
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THe neceflity of expofure to the air .for
vitriolifing pyrites, was a ftrong prefumption
in favour of the theory; but as it was poffible
to confirm it by experiments, and as, in che-
" miftry, we fhould never be content with
reafoning, when we may prove by fa@s, I
proceeded in the following manner. -

I kepT fome martial pyrites in a moderately
warm place, till they began to efflorefce, when
they were immediately removed and placed
under a glafs receiver, plunged in water. The
progrefs of the vitriolifation went on at firft
as rapidly as in the open air; it afterwards
abated, and-at the end of eighteen or twenty
days, was entirely fufpended. During all this
time the water continued to rife in the jar, in
proportion to the rapidity of the vitriolifation,
and on the eighteenth day began to remain
ftationary.

THE air, in which the pyrites had been con-
fined, extinguithed candles, but it neither pre-
cipitated lime-water, . nor united with alkalies.
It was reduced to that ftate which 1 have
denominated the mephitic portion of the atmo-
fphere, which had loft about } of dephlo-
gifticated air; fo that the pyrites in acquiring

. a vitriolic
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a vitriolic property, had abforbed a portion
of pure air, from the atmofpheric air under
the receiver, and the tranfition of the fulphu-
reous part of the pyrites to vitriolic acid is
fubje® to the fame law, and cannot take
place, but by the union of dephlogifticated air
with the fulphur,

THE progrefs of the vitriolifation of pyrites
is much more rapid, if the operation be carried
on in dephlogifticated air. But as I have not
purfued this experiment with fufficient attention,
I fhall poftpone giving a particular account
of it ~ g

T ue vitriolifation of pyrites therefore depends
. on the addition of dephlogifticated air or its
bafis to the fulphur of the pyrites, whereby
the vitriolic acid is formed, which meeting with
iron in a ftate of very minute divifion, muft
neceffarily attack and diffolve it as faft as it
is formed; and from this union proceeds
martial vitriol.

ESSAY
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E S S A Y VIIL

GENERAL cONSIDERATIONS OoN THE NATURE
OF THE ACIDS, anp on Tue PRINCIPLES

OF WHICH THEY ARE COMPOSED.

- HEN the ancient chemifts had arrived
at the power of reducing a body into

oil, falt, earth and water, they believed that

they had attained the utmoft bounds of che- \

mical analyfis, and they accordingly beftowed,

on falt and oil, the appellation of chemigal

. principles. )

Byt as the art was continually -improving
in its progrefs, fucceeding chemifts perceived
that the fubftances which they had been taught
to confider as principles, were ftill capable of
decompofition; and they foon difcovered that
all the neutral falts, for example, were formed
. by
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By the union of two fubftances, viz. of formne
acid, with a faline bafis of either an eaithy or
metallic nature. '

. §encE the whole theory of neutral falts, which

engaged the attention of chemifts for above an
age, is at prefent brought to fuch a degree of
perfe@ion, that it may be regarded as the moft
certain and complete part of chemiftry.

- In this ftate, in which the fcience of chemiftry
has been delivered to us by our predeceflorsy
it remains for us to perform, on the conflituens
parts of neutral falts, what preceding chemifts
have effeCted on thofe falts themfelves ;——to
examine the acids and the bafes of which they
are compofed, and to advance this kind of
chemieal analyfis fomewhat farther beyond its
prefent limits.

I~ the foregoing effays I have endeavoured
to. prove as clearly as is poffible by phyfics
and chemiftry, that the very pure air which
Dr, Prieftley has denominated. depblogificated
air, enters, as a conftituent part, into the com- -
pofition of feveral acids, and efpecially into that
of the phofphoric, vitriolic, and nitrous acids.

H Maxy
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Many additional experiments enable me to
generalife this do&rine, dnd to declare that this
pure and highly refpirable air, is the conftitutive
principle of acidity ; that this principle is com-
mon to all the acids; and that the differepce
by which they are diftinguifhed from each other
is produced by the union of one or more prin-
ciples befides this air, fo as to conftitute the
particular form under which each acid appears.

Tuese falts being, in my opinion, firmly
eftablithed, I fhall in future diftinguith dephlo-
gifticated or highly refpirable air, in a ftate
of combination or fixity, by the name of the
ecidifying principle, or, if any perfon prefer to
exprefs the fame fignification by a Greek word,
the oxyginous principle. This name will prevent
circumlocution, give more exa&itude to my
mode of expreffion, and enable me to avoid
thofe errors, which might be continually occa-
" fioned by ufing the word air. For this name,
fince the modern difcoveries, is become a generic -
term, and is moreover applicable to fubftances
in an elaftic ftate; whereas at prefent we are
to confider them as combined, and either in a
liquid or concrete form. '
' ‘WitHOUT
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WitHouT repeating the parricular details
which I have before related, I fhall only in a
few words, and in the new terms I have adopted,
call back the recollection of the acadcmy to the
following poﬁtlons ‘

ift. Tmrr the,acidifying or.pxyginous prin-
ciple, combined with the matter of fire, of heat,
.and of light, forms pure or.dephlogifticated air.
It muft be allowed, that this firft. psopofition is
pot ftrictly.proved, and perhaps-is not capable
of abfolute demonftration. I have therefore
advanced. it merely as an idea: which I appre-.
hend is very probable ; and it:muft not be con-
founded with the following, which. are fupported
by experiment and: pofitive-proofs.

adly. Trat the-fame acidifying principle,
combined with phlogiftic fubftances or charcoal,
forms fixed air.

3dly THAT wnth fulphur 1t forms vxmohc
acid.

4thly. THAT thh nitrous - air 4: forms
nitroys acid, I

sthly. - Trat with- Kunckci‘s phofphorus it
forms phofphonc acid.
H2 6thly.
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“6thly. var with metallic fubftances in
© general it fortns metallic calces, favmg the

exceptions which I fhall- mcnttoa in - th1s or
fome foture eﬁ'ay , ' :

Tmrs far then does our prefent knowledge, of
the combidativi” of the Jamchfymg principle
with the various fubftanees-in ‘nature, extend;
“and-it is not difficult to-petceive that there'is
il a vaifield lefc'to be'‘traverfed; that- there
remains-a part of chemiftty Wwhich is-quite rew
‘and hitherto entirely unknown; ‘and>which-cane
ot be complete, till we:are gble to decermin®
the degree of 'affinity which this principle bears
s0::alithic fubftances with -which it is:capable
of combining, ‘and ro know: the'different Jpeciés
of comppunqs, which refult from. thofc .cam-
bxpanop;. i .

Every chemift is fenfible that the more
fichpte ' i ‘Bodfies are ‘bri* which we operate,
and the nearer approaches we make in the
cedultion of fobflantes'to their -elementary
atoms, the more difficult become' the - uwsdns
of . their-. decampefition, - and. .recompofision.
We know, therefore, that 0., d:compoﬁ; apd
recompofe

A .-a'.
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recompofe the acids, muft be attended with much
greater difficulties than the analyfis of the-
neutral falts, into the combination. of ' which
they enter. 1 hope, however,.to be able to
thew, in future, that there'is po acid, that of
fea falt perhaps excepted, which may not be
decompounded and recompounded, and which
we-capnot deprive- of the principle of .acidity,
and reftove it again whenever we pleafe.

THis kind of experiment requires great
variety of method; and the procefies neceffary
to perform the combination vary according to
she different fubftances on which we are to
operate. - In fome cafes. we'are obliged to have
recourfe to combuftion, either in atmofpheric
or very pure air, as when fulphur, phofphorus or .
charcoal are the obje@s. Thefe fubftances,
during the combuftion, abforb the acidifying
‘principle, and by its acceflion-are converted
into vitriolic, phofphoric, and aérial acid or
fixed air. With refpe to eother fubftances,
" the mere expofure to the air, aided by a
mederate degree of heat, is fufficient to pro-
duce the combination; and this happens to
all vegetable fubftances, that are capable of
. H3 - paffing
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pafling to the acid fermentation. In every
operation of ‘this kind, there'is an abforption
of the pure part of the atmofphenc air, and the
acidifying “principle forms as many particular
acids as there are fubftances ‘capable of pal’ﬁng
to the acid fermentation. ~After all, we are
obliged, in moft cafes, to have recourfe to the
fcience of affinities, and to employ the acidify-
ing principle which is previoufly engaged in
another combination,

* TuE example of this nature, which I defign
to adduce, is one taken from an experiment
-which has been very well known for fome
years, and related in ‘Mr. Bergman’s memoirs,
viz. the formation of the-acid of fugar. This
acid, according to the experiments which I
am going to relate, appears to me to- confift
only of the fugar iffelf combined with the
acidifying or oxyginous principle: and I intend
to demonftrate, in feveral fucceflive memoirs,
that we may, by proceffes analogous to this,
-unite this principle with the horn of animals,
with filk, with animal lymph, with wax, effential
‘oils, exprefled oils, manna, ftarch, arfenic, iron,
'and, probably, with many othcr fubftances of

the
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the three kingdoms, which are thereby con-
verted into true acids. -

Berore we proceed farther, it may be necef-
fary to recollect that the nitrous acid, as appears
from the experiments 1 have formerly related, is
the refult of the combination of nitrous air with
the acidifying principle; that the proportion
of thefe two principles varies in different parcels
of nitrous acid ; that, for example, the fmoking
acid is fuperfaturated with nitrous air; fo that
we may confider the fmoking fpirit of nitre
as a nitrous acid impregnated and overcharged -
with nitrous air; whereas, on the other hand,
that which yields white vapours is fuperfatu-
rated - with dephlogifticated air, To thefe
opinions 1 fhall add that from a number of
experiments I have made fince the publication
of my former memoir on this fubject, I am
convinced that the nitrous acid, which I have
employed on thefe occafions, and which was con-
ftantly the fame, contains about 240 cubic inches
of aériform fluid in every ounce, viz. 120 inches
of nitrous, and about an equal quantity of
dephlogifticated air, ‘which is nearly equal in
weight to 48 grains of nitrous air, and 6o

‘ H4 grains
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grains of the acidifying principle to each
ounce.—The whole of the remainder confifts
of phlegm or water.

From thefe premifes it may be always con-
cluded, that whenever I have introduced, inta
- a combination, one ounce of nitrous acid, and
have obtained, in the courfe of the operation,
120 inches of nitrous air, there will remain in
the combination 120 inches of very pure air,
or 6o grains of the acidifying principle, Let
us then apply thefe falts to the combination of
nitrous acid with fugar.

Into a fmall glafs retort were put four
drachms of fugar, to which were added two
ounces of water, and two ounces of the nitrous
acid, I have above defcribed. The retort was
placed over an open fire in a fmall reverberatory
furnace, and to its neck, which was very long,
a bottle, with two necks, was adapted, into
which were introduced eight ‘ounces, feven
drachms, and twenty-four grains of diffilled
water. To the fecond neck of the bottle a
glafs tube was luted, and communicated with
# common chemico-pneumatic apparatus ftand-

ing in water, - '
It



OF THE ACIDS. - 105

It is plain that by thefe difpofitions I had
a double advaatage; on the one hand that of
retaining, in the intermediate bottle, whatever
might pafs in diftillation, and be capable of
being condenfed: and, on the other, that of
receiving in the jars, the different kinds of
. air which might be feparated; fo that there
could be no defe& in afcertaining the whole
amount of the products of the operation.

AvLL the jun&ures were carefully luted with
fat lute, which was covered. with flips of cloth
fpread over with a mixture of white of egg and
fallen lime; and as foon as this exterior cover-
ing had become fo dry as to be fufficient to
fecure the fat lute, in cafe of its growing
moift, fome lighted coals were put under the -
retort. .

Ar firft the fugar diffolved quietly; but as
foon as the liquor had acquired forty or forty-
five degrees of heat, by Reaumur’s thermometer,
a very brifk ebullition, or rather effervefcence
enfued, which proceeded from a very rapid
feparation of nitrous air, the pureft and ftrongeft
I had ever obtained. It is neceffary to proceed

very
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very gradually in this operation, otherwife the
acid of fugar itfelf would be decompofed, and,
inftead of obtaining pure nitrous air, we fhould
have a confiderable mixture of inflammable
and fixed air. It will be neceffary therefore to
withdraw all the fire, the moment the ebullition
commences, and to replace it only. in fuch
portions as may be neceffary to keep up the
boiling. When the operation is advanced one
half or two thirds, the nitrous air no longer
paffes fo pure; it at firft becomes mixed with
a fmall portion of fixed air, which keeps con-
tinually increafing, and a little inflammable air;
~ and, when nothing paffes but thefe two fpecies
of air, the operation may be confidered as

finifhed.

Having divided, into a great number of
portions, the aériform fluids which had been
feparated during the procefs, I proceeded to
examine their nature, by the different methods
with which we are fupplied by modern che-
miftry, and I found that the two ounces of
nitrous acid, and the four drachms of fugar,
which had been employed, had yielded

of
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) . Inches,
Of nitrous air, - - 190.
Fixed air, - - 90,
Inflammable air, - 2§.
305.

When I had feparated the veffels, there were
found in .the retort, two ounces, fix drachms,
and eighteen grains of a tranfparent colourlefs
acid, fimilar- to that defcribed by Bergman,
except that it was liquid; and the water in the
intermediate bottle was increafed in weight
one ounce, two drachms and twelve grains, was
moderately acid, and had a flight nitrous
odour. :

It will readily be underftood, that in order
to be accurate in the account of the produés
of this experiment, it was neceffary that the
quality and quantity of the acid, which had
been diftilled and condenfed in the intermediate
bottle, thould be clearly afcertained, as no exa&t
calculation could be made without deduéting
this from the whole quantity of acid employed.
For this purpofe I gradually dropped, into the
atid liquor of the intermediate bottle, an alka-
line lixivium,- compofed of five parts of water,

and
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and four of very pure fixed vegetable alkali.
The quantity neceflary to produce an exatt fatu-
sation amounted to fix drachms twelve grains.
1 then determined by another experiment, how
much of the original acid would be required to
faturate an equal portion of the alkaline liquor,
and found the quantity to be three drachms
fifty-fix grains and ;. And therefore, of the
two ounces of nitrous acid employed, three
drachms, fifty-fix grains had paffed unchanged

imvo the receiver, and confequently not above
oae ounce, four drachms, fifteen grains 1 had
really contributed to the other produés of the
experiment.

- Now one ounce of nitrous acid is compofed,
a3 has juft been abferved, of 240 cubic inches
of aériform fluids, viz. ef 120 cubic inches of
mitrous air, and 120 inches of very pure or de-
phlogifticated air, fo that in the above experi-
ment 1 had actually combined with the fugar
183 cubic inches of nitrous air, and the famg
quantity of very pure air, which amount in
weight ta fomewhat moré than one drachm of -
mitrous air, and nearly one drachm and half
of the acidifying prmcnple. It has been feen

that
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that during the combination there were fepa-
rated 190 inches of nitrous air, which amounts
to the whole quantity employed: there remaised
therefore combined 183 inches of pure air; and
in'the compofition of two ounces, fix drachms,
eighteen grains of faccharine acid remaining in
the retort, were contained four drachms of fugar
and 183 inches, or one drachm thisty grains of
very pure air, or the acidifying.principle; ex-
clufive of the portion of fixed air, which was
feparated towards the conclufion of the procefs,
and proceeded, as will be prefently thewn, from
the decompofition of the faccharine acid itfelf. -

Mr. BercMaN, and all fubfequent writers
on this fubje@, have therefore been miftaken in
confidering the faccharine acid as the refult of
the decompofition of the fugar; for it appears
certain, on the contrary, that this acid is formed
by the .combination-of the fugar with nearly
$of its weight of the acidifying principle. *

‘Nor.withing to depend on this firft experi-
ment,, [ was defirous of knowing the difference

It is, noththﬁandmg, jrobable that the phlogifton
: of the fugar, at leaft, in part, unites with a portion of
#¥e nitrous acid, to form the nitrous alr, T. H.

in
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in the refults, when different portions -of fugar
and nitrous acid might be ufed; and I there-
fore repeated the experiment with the fame
circumftances, and the fame quantities of
nitrous acid and water, but with only three,
inftead of four, drachms of fugar, and I
obtained

. . ) Inches

Of nitrous air, - - 176,
Fixed air, - - - 127,
Inflammable air, - . - 17.
320.

1 impute the. greater portion of fixed air
obtained in this procefs to the fire having been
raifed rather more towards the conclufion, and
having been continued for rather a longer time,
than in the former experiment.

THE operation being finithed, and the veffels
unluted, the retort was found to contain:one
ounce, feven drachms, forty-eight grains of liquid
faccharine acid, and proceeding in the fame
manner as before, there appeared to have paffed
by diftillation, into the intermediate. bottle,
four drachms, nine grains and half of the nitrous
acid originally employed; fo that the quantity

‘ of
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of nitrous acid, which had aftually entered
into the experiment, amounted to no more
than one ounce, three drachms, fixty-two grains
and half; which, according to the above de-
termined proportions, fhould contain 178
inches of nitrous air, and as much pure air;
from whence it appears, 1ft. that the whole
of the nitrous air had been thrown off, the
pure air or acidifying principle only remaining.
adly. ‘That the three drachms of fugar em-
ployed had attracted, during the effervefcence,
eighty-nine grains of the acidifying principle,
and that thefe two fubftances, when united,
and combined with phlegm, formed together
the quantity of one ounce, feven drachms,
forty-eight grains of faccharine acid.

InpEPENDENT of the information, which
experiments of this kind afford, upon the
nature. of acids, they furnifh us with a new
method of analyfing animal and vegetable fub-
ftances; and though I have nothing quite
complete to prefent on this fubje, I fhall
proceed to give an account of the firft effay
which I have made upon fugar.

In
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. I~ the fame apparatus that was ufed in the
preceding experiments, I mixed two ounces
of nitrous acid, with an equal quantity of
water and fix drachms of fugar, and proceeded
in the fame manner, receiving, in an inter-
mediate bottle, the nitrous acid, which came
over in diftillation. When no more nitrous
air was feparated, and nothing remained in
the retort, but the factharine acid, the veflfels
were unluted, the intermediate bottle was re-
moved, and I continued to keep up a gentle
fire under the faccharine acid, receiving the
air, which--was feparated, direttly into jars,
till at laft, having raifed the fire a little higher;
towards the end, there was left only a fmall
coaly refiduum in the retort. I divided, .into
ten parts, the elaftic fluid which had been
difengaged during the operation, and: very
attentively and accurately feparated the: dif-
ferent kinds which I had obtained. The:fol-
lowing_table"prefents the whole refults of the
experiment. ’

An
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An Account, in Cubic Inches, of the Kinds and
Qxantities of the different Aériform Fluids obtained
in the Combination of Two Ounces of Nitrous Acid,
and Six Drachms of Sugar, the Operatlon being
carried on to Drynefs.

Portions. [ Nitrous Air, | Fixed Air. lnﬂax\i:.\able Total.
Firft 561 - -- 563
Second | 495 | 6 -- 55
Third | 233 | 22} 4% | so%
'Fourth 214 | 30% 45 561
Fifth 145 | 451 2% | 63
" Sixth 15 39% 7+ | 61%
‘Seventh | -- 283 81 36%
" Eighth -- 48 114 | 59+4%
{ Ninth -- 3274 8 40+
"Tenth -- 254 17 42 5
* Totals | 18033 |27743¢| 74+ | 52243

I, aT this time, put no water in the inter-
mediate bottle; and when the operation was

finithed,

there were found in it two ounces and

half of weak nitrous acid, which, from the
quantity of alkaline liquor faturated by it, an-
fwered to four drachms, feventeen grains of
the

I -
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the original acid ufed in the experiment. From
hence it appears, that only one-ounce, three
drachms, fifty-five grains of nitrous acid had
been decompounded : and this quantity is
compofed, according to the foregoing propor-
tions, of about 177 inches of nitrous air, and
an equal portion of pure or highly refpirable
air.

IT is apparent from a view of the above table,
that the nitrous air which had entered into the
combination as one of the conftituent parts of
the nitrous acid, was thrown off in the form
of gas, or in an aériform ftate; but it may be
- afked what is become of the pure air or
acidifying principle, which conftituted the
other principle of the nitrous acid? We have
feen, from the preceding experiments, that it,
at firft, entered into combination with the
fugar, in order to form with it a particular acid;
and from the prefent experiment, we learn,
that if, after the faccharine acid has been
formed, the fire be moderately raifed, the acid
is almoft wholly refolved into fixed and inflam-
mable air. For what is fixed air? 1 have de-
monftrated, in another place, that it is the re-

fule
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fult of a combination of phlogiftic matter with
the acidifying principle; from whence it thould
feem that fugar is compofed of a fmall portion
of inflammable air and much coaly matter.
The latter uniting with the acidifying principle
of the nitrous acid, forms with it the large
quantity of fixed air which is obtained towards
- the end of the operation. I intend, by further
experiments, to illuftrate any obfcurity which
may attend this mode of analyfis.

Every thing 1 have related as to fugar, may,
as 1 have already remarked, be applied to a
great number of animal and vegetable fub-
ftances; from almoft all of which, by com- .
bining them with nitrous acid, or, more pro-:
perly, with the acidifying principle contained in
that acid, we obtain particular acids, many of
which have, indeed, fome properties in common,
but afford diftinét charalters in the refult of
their combinations. Here, therefore, we have
a new road opened .in chemiftry ; and that part
of this fcience which treats of falts, to which
fome German chemifts *have given the name of
balotechnic, inftead of employing five or fix
acids, is now pofiefled of more than ‘double

I2 ~ that
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~ that number, . reckoning only thele of which

I have already acquired 3 knowledges and it
is not to be doubted, but the number will be,
in future, confiderably increafed. '

Frowm all thefe refletions, and ffom the eﬁl
periments contained both. in this eflay and
fome of the preceding ones,, it refults,

1ft. Tuat when the acidifying principle i
combined with any body without decompofing it,
(excepting, however, moft metallic fubftances,)
it converts fuch fubftance into a particular acid,
which, exclufive of the general praperties which:
are common ta all the acids, has others which
are peculiar to itfelf.

2dly. THar, with refpect to metallic bodies,
it forms, with moft of them, compounds known
by the name of metallic calces. It muft how-.
ever be added here, that, even in this clafs of
fubftances, there are fome, as arfenic, iron, and:
perhaps feveral others, which, when combined:
with the acidifying principle, to a certain degree
of fuperfaturation, not only affume a faline cha-
- rafter, but even acquire properties comman to
the acids, and, like them, become true folvents.

‘ ' 3dly. THat
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- gdly. Tuar the acidifying ptinciple, like all
the others, has its different degrees of affinity;
and pofleffes, for inftance, a much ftronger
affinity to fugar and moft animal and vegetable
fubftances, than to nitrous air; and that it is
in confequence of this preference that it quits
the latter' to, form, with different fubftances,
various kinds of acids. -

4thly. TraT the number of acids, which may
be formed, is as yet wholly indeterminate, as
we are unacquainted with the whole of the fub-
ftances which are fufceptible of combining with
the acidifying principle; and we are ftill lefs
informed of the means which may be ufed to
effe& this combination. :

sthly. THAT the nature of the nitrous acid
appearing to be better known, at prefent, than
it was formerly; and two diftin& principles, viz.
nitrous air, and pure air, or the acidifying prin-
ciple, being proved, almoft to demonftration, to -
exift in that aeid; it affords to chemifts a
valuable means of analyfis, and is capable of
throwing confiderable light on that of vegetable
fubftances. '
13 6thly. TuaT
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6thly. THAT it feems not altogether im-
poflible, efpecially from the laft experiment re-
lated in this effay, that the phlogiftic matter
is wholly formed in vegetables, - and is not, as

- chemifts have hitherto imagined, the effe& of
fire.

AvL thefe conclufions will be illuftrated and
more firmly eftablithed by examples, which I
defign to adduce in a fubfequent train of me-
moirs on this fubject.

ESSAY
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E S § A Y IX

On THE coMmBINATION OF THE MATTER or
'FIRE wits EVAPORABLE FLUIDS;
AND ON THE FORMATION oF ELASTIC
AERIFORM FLUIDS.

SHALL fuppofe in this effay, that .

every part of the planet we inhabit is fur-
rounded with a very fubtile fluid, which
penetrates, without any apparent exception,
all the bodies which compofe this globe ;
that this fluid, which I fhall call the igneous
Sfluid, the matter of fire, of heat and of light,
has a tendency to place itfelf in equilibrium
in all bodies, but is not capable of penetrating
all, with equal facility ; and that it exifts,
fometimes in a ftate of liberty, and fometimes
in a fixed form and combined with other
fubftances. :
' I4 THIs
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Tuis opinion, of the exiftence of an igneous
fluid, is fo far from being new, that it was
embraced by many philofophers among the
ancients ; and it will therefore be unneceflary
that I fhould relate the fats on which it is
founded: efpecially as the future memoirs which
I have to prefent on the fubjeét, will ferve as
proofs of its reality. Indeed if I fhew that
this theory is univerfally agreeable to al the
phenomena, and explains all the circumftances
attending experiments in phyfics and chemif-
try, it will almoft amount to demonftration. -

- WHENEVER we form certain combinations
in water; when, for example, we unite a fluid
acid, that is, an acid diffolved in water, with
a fixed alkali, alfo, in a ftate of folution, a
neutral falt is formed, and, if the quantity of
water be fufficient, the falt is kept diffolved.

In every experiment of this kind, the water
alts in two diftint ways. One part is ab-
forbed by the faline combination, and is called,
by chemifts, the water of compofition; ano-
‘ther part takes the: name of the water of fo-
lution, and keeps the particles of the falt fo,

equally
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equally feparated from each other, that every
portion of the liquor is c.qually impregnated
with them. -

" Tuz fame phenomena prevail relative to. the
igneous fluid. As all the bodies in nature are
immerfed in this fluid, and have imbibed fome
of it, there is fcarcely any combination whatever
but contains a greater or finaller quantity of the
matter of fire. We fhould therefore diftinguifh,
in bodies, between the fire of folution, and the

“fire of combination; between fire in a ftate of
freedom, and fire when combined ; in the fame
manner as was above obferved, with refpe& to
water, in the folution of falts.

Arrzr this explanation, it will nat be difficul
ta give a precife idea of what we underftand by |
heat. Its intenfity is meafured by the quantity
. of free and uncombined igneous fluid contained.
in bodies. Though we have no exa& fcale to
determine the proportion of igneous matter, we
are at leaft pofleffed of methods of eftimating it.
Thefe means are fupplied by .the dilatation. of
bodies, which is effeted merely by introducing
into them a greater quanuty of the matter of

: fire.
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fire. Thus, when a thermometer is heated, and
made. to rife,. we only mix a greater quantity
of that matter with the liquor in the tube ; -for
it is not at dll furprifing, that in mixing two
"fluids together, the mixt fhould occupy a greater
fpace. than was held by one of the ingredients
. only.

WitH regard to the impreflion which the
igneous fluid makes on our organs—an im-
preflion pleafant and reviving when moderate,
but painful and deftruttive when it exceeds
certain limits—it proceeds entirely from the
tendency in that fluid to combination. We fhall
prefently fee that befides. the power of pene-
trating into bodies, and feparating theif par-
ticles, it poffefles the property of converting
- fluids into vapour, when combined with them
in,certain proportions; and this converfion into
vapour neceffarily implying a deftrution. of
organifation, muft confequently occafion a pain-
ful fenfation. ‘

Havine thus fufficiently defined what I mean
by the matter of fire, or rather by free fire,
and by fire in a ftate of combination, it remains

‘ ‘ for
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for me to add fome general refleGions upon
what muft neceflarily happen in the different
combinations. :

WEe know that every mixt, every compound,
has its own proper portion of igneous fluid ;
a kind of éxaét point of faturation: for the
law of faturation feems to be general in every
phyfical and chemical combination. . From

whence it follows, that whenever mixts and
compounds . are brought' together, fo that de- '
compofitions and new compofitions are the re-
fult, . one or other of the three following cafes.
“takes place : ecither the quantity of fire, which
enters into the combination, will be the fame
as before, or there will be a decreafe, or laftly,
an increafe of it. It is evident, that in the firft
cafe ncither a feparation or abforption of the
matter of fire is effeted; or, in other words,
that there is neither any portion of free fire
which paffes into a ftate of combination, nor
any fire that has efcaped from a combined, to a
free, ftate.

BuTt the fecond cafe will be different; for a
fmaller quantity of the matter of fire enters
into -
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~ joto the new combination, than exifted in the

former one; fo that a part of the igneous
fluid, which was combined, previous to the
decompofition, will become free fire after the
recompolfition, will recover its properties, and
produce the effects which we call heat, and be
diffipated by dividing itfelf infenfibly among all-
the furrounding bedies, till an equilibrium be
formed.

In the third cafe, in which a gi'cater quan-
tity of the matter of fire enters the new, than

exifted in the former, combination; the igne-

ous fluid of the furrounding bodies will be
ablorbed, and be changed from the ftate of
free, to that of eombined, fire. The coafe-
quence of which will be a diminution of free
fire in thofe bodies, which will be perceptible
by the degree of cold which takes place; which
cold will continue till all the furrounding
bodies have feverally fupplied the deficient
portion of free fire, fo. a8 to. reftare an equi-
librium.

. Tuus we are furnithed wiih. a very fenfible
and plain criterion, by which we may deter-
mine
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mine whether an abforption or feparation of
the matter of fire has taken place in any com-
bination. In the firft cafe, cold will be pro-
duced in the furrounding bodies ;. in the fecoad,
there will be an augmentation of heat.. ’

Wz know how impoffible it is, from the.
- property of free fire to penetrate all fubftances,
and from its tendency to preferve an equili-
brium, to attain- to any great accuracy in this
kind of experiments. We gcan eafily meafure,
in a jar, the air which is feparated during.
the forming of any combination; but as we
have no veffels which can contain, without lofs,,
the matter of free fire; as jars, and, in general,
all veflels, are fo porous as to admit of a free
accefs of it ; all we can do is to judge, whether;.
in a fhort given time, there be any, -or no efflax.
of the matter of fire; for, if it were poflible
to eftimate its quantity, it could only be
effeted by means of a very complicated ap--
proximation. I do not, however, defpair of
making fome ufe, even of thefe methods.

THese principles, once eftablifhed, it will
not be difficult to apply them to the formation.
: ) ' of
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. of vapours, and of aériform, or elaftic’ fluids,
. 'in general.’ ‘

We have juft feen that. whenever there is
an abforption of the matter of fire in any. com-
bination, a certain degree of cold is produced
in the neighbouring bodies. L,

THEREFORE, reciprocally, whenever cold is
produced, we may equally conclude, that a
“portion of free fire has paffed into a ftate of
combination, or in other words, that the com-
pound has abforbed a portion of the matter
of fire or igneous fluid.

Ir, therefore, I prove that whenever there is
a formation of vapours, cold is produced, I
fhall alfo have proved that there is an abforp-
tion of the matter of fire in the formation of
vapours, or, what amounts to the fame thing,
that vapours are the refult of a combination of
the matter of fire, with the fluid, in a highly
rarefied ftate.

I rinp my only embarraffinent to proceed
from the great choice of proofs of this pofition,
' and
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and I might- tranfcribe every thing that has
been written on the fubjeét of cold, arifing from
evaporation, by Meflrs. Richman de Mairan,
Cullen, and Beaumé. -

It will be unneceffary to give a particular
account of the experiments of thefe philofo-
phers. . They merit to be read and attentively
confidered in the original works. It will be
fufficient to remark that they have fhewn,
1ft. that if a thermometer be immerfed into
any evaporable fluid, and then fuddenly with-
drawn, the thermometer will defcend, feveral
degrees, during the time the ball of it is dry-
“ing, and -that it, afcends again infenfibly as
foon ‘as all the flaid is evaporated, till it has
recovered the exact temperature of the air and
of the furrounding bodies in general. 2dly. That
as the degree of cold produced is in proportion
to the evaporability of the fluid, fo the defcent
of the thermometer is lefs rapid, and does not
proceed fo far when the bulb is moiftened with
water, as when fpirit of wine, volatile alkali,
or efpecially mther, is employed. 3dly. That
if the evaporation be accelerated by any other
means than of heat, the increafe of cold will be
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proportionable; -fo that not only Al evapora-
tion is attended with cold, but even the cold
produced is governed by a certain law pro-
portioned to the rapidity of the evaporation.
4thly. That by continuing to moiften the bulb -
of the thermometer, as faft as it beconies dry,
with evaporable fluids, the cold is increafed
‘more and more, bécaufé the efficient caufe i¥
hereby continued.

Ir the temperature of all bodies' depénds, as
we have endeavoured to prove, merely on the
quantity of the matter of fire, or free igtieduy
fluid which they contain, it will follow: that
when the bulb of a thermometer is moiftened
with an evaporable fluid, the defcent of the
mercury which enfues is occafioned by no other
caufe, but becaufe the fluid at the time it is’
. reduced into vapour, carries off from the mer-

cury a part of the matter of free fire which kept'
it elevated to the degree at which it before
ftood. - Fluids, therefore, when they evaporate,-
deprive the furrounding bodies of a part of their
matter of fire; and confequently vapours, and,
in general, all aériform bodies, are compofed of
fome fluid, diffolved and combined with the'

matter of fire.
ALL
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AL the phenomena relative to cold may be
rendered more evident, by placing the evapo-.
rable fluids in fuch circumftances as may be
favourable to, and accelerate the formation of
vapours; as, for inftance, in the vacuum of
an air-pump. What F*am going to relate on
this fubje&, is extraéted from a very confiderable
work, undertaken jointly by M. de la Place and
myfelf, of* which the academy has been already -
informed, and from a memoir which was read
at the public meeting, laft Eafter.

ONE expcriment alone, which I fhall relate,
goes to prove three points: 1ft. that the re-
fiftance of the atmofphere is a refiftance to be
overcome, a force in oppofition to the evapo-
ration of fluids ; 2dly. that as {foon as this com-
prefling power is removed, the evaporable fluids
expand and are changed into elaftic acriform
. fluids, or fpecies of air; and 3dly. that the
tranfition of common fluids to a ftate of elaf-
ticity, is accompanied by an abforption of the.
matter of fire, which is taken from all the fur-
rounding bodies.

Ler a fmall bottle, or merely a glafs tube
of three or four lines in diameter, be filled with
K ~ wther,
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zther, and covered with a wet bladder, which
is to be faftened clofely by paffing feveral rounds
of thread about it, and for greater fecurity a
fecond covering may be faftened in the fame
manner. The bottle, or tube, is to be fo filled
with zther, as to admit of no portion of air
between the liquor and the bladder. Let it
then be placed upon a good air-pump, the
receiver of which muft be furnifhed at top with
a leathern covercle, penetrated by a fhank, to
which an awl or fome. other fharp-pointed in-
- ftrument is to be firmly attached, for the purpofe
of pricking the bladder which covers the bottle
at the inftant it appears proper. -

Every thing being thus difpofed, let - the
receiver be exhaufted, till the mercury in the
- barometer of the pump defcend to two or three
lines of its fcale, and then let the bladder,
which covers the bottle, be punétured.

IMMEDIATELY the xther will begin to boil,
to evaporate with furprifing rapidity, and to be
converted into an elaftic fluid,” which, in ‘the -
winter, will keep the barometer up to eight or
ten inches, and, in very hot fummer weather,
to twenty or twenty-five inches.

Ir
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Ir a fmall thermometer be introduced into
the bottle containing the xther, the fluid in it
defcends confiderably during the evaporation,
on account of the great quantity of free fire
which paffes, in this experiment, into a ftate of
combination, in order to reduce the xther into
vapour, '

Ir the air be permitted to re-enter, the .
thermometer recovers its ordinary height, viz.
about 28 inches. But it is very remarkable
that the =ther, thus mixed with atmofpheric
air, is not thereby condenfed, but remains as a
permanently elaftic fluid, and forms a particular
kind of inflammable air, which I have not
hitherto had an opportunity of examining,

THis experiment fucceeds with all evaporable
fluids, with fpirit of wine, and even with water;
but, with this difference, that the atmofphere
of {pirit of wine, which is formed in the re-
ceiver of the air-pump, can only elevate the
mercury one inch in winter, and four or five
in fummer, and the quantity of vapour is lefs
than when zther is employed: confequently,
the abforption of igneous fluid, and the degree

K2 of
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of cold produced will be fmaller. But it is
not from hence lefs certain that, in all thefé ex-
periments, the cold which is obferved, with
different fluids, is always nearly propomoned
to the quantity of fluid cvaporatcd

THE above phenomena are lefs ftriking when,
inftead of putting the fluid into a bottle clofely
_covered with a bladder, an open veflel is ufed ;
but as this manner of conduting the experi-
ment, gives rife to particular obfervations,
which may afford great light to the fubje& in
queftion, it feems neceffary to give fome
account of it.

Ler us fuppofe fpirit of wine to be the fluid,
the quantity of it, employed in the experiment,
to be but fmall, and the temperature to be
fifteen degrees. As foon as the barometer of
the pump has defcended to nineteen lines of its .
fcale, the fpirit of wine will begin to boil, but
the ebullition will not continue, as in the
former experimert: it will ceafe, on the con-
trary, for two reafons, as foon as we difcontinue
. the pumping : 1ft. becaufe the fpirit of wine,
as it evaporates, is tranfmuted into an elaftic

’ ﬂuid;



WITH ELASTIC FLUIDS, 133 .

fluid ;- -which, forming -a kind - ef “atmofphere
that preffes on the furface of the fpirit, refifts
the progrefs of the evaporation ; and 2dly. - be-
¢aufe at the inftadt.of <ebullition 2 portion of
free fire paffes into the ftate of combined fire,
in order to conftitute the elaftic fluid which
is."formed, and this circumftance neceffarily
occafions a cooling' of. the whole quantity of
fpirit of wine, ‘the . neceflary effe® of which
muft be to retard its ebullition : fo that fup-
pofing, as we have, that the fluid has, at firft,
begun to boil, the barometer being at nineteen
lines, it fhould not boil, after it has been
cooled by the firft ebullition, till the barometer
has defcended to eighteen lines.

Ir, after the firft ebullition of the fpirit of wine,
which has been produced under the receiver,
the working of the pump be continued, the
fpiric will not again boil fo rapidly as at firft,
becaufe no greater quantity of fpirit will evapo-
rate at each ftroke of the pifton, than will be
neceffary to replace what has been carried off'
through the capacity of the pifton; fo that this
ebullition will-always be ftronger in proportion
as the body of the pump is larger.

: K 3 THesE
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Tuese phenomena refpe&ing the evaporation
of volatile fluids in vacuo, are fimilar with the
volatile alkali, ther, and feveral others: but
one very important circumftance is worthy of
obfervation, viz. that all thefe fluids evaporate,
principally, from the bottom of ‘the veffel, or
in other words, that it is from thence the
bubbles are feparated. Thefe bubbles mount up,
and burft upon the furface, like thofe of water
when boiling in a kettle.. The caufe of this

- phenomenon appeared to me, at firft, to be an
immediate confequence of the enfuing fadls,
and I reafoned as follows : in proportion as any-
fluid evaporates, it is cooled, as has- been
already fhewn, and does not recover the tem-
perature of the place in which the operation is
performed, till the furrounding bodies have re-
fupplied the quantity of free fire, of: which the
fluid has been deprived. It neceffarily follows
therefore, that the fluid confined . under the
receiver of an air-pump muft be colder than
the veflfel which contains it. But the hotteft
parts fhould be the firft which evaporate, and
thofe will be the hotteft which are in contadt
“with the fides and bottom of the veflel, as re-
ceiving heat from it. In a word, it is at the

furface

\
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furface that the fluid is cooled, and, on the
contrary, it is at its bottom, and by its contact
with the containing veflel, that it recovers the
igneous fluid from the furrounding bodies : it is
confequently from the bottom that the ebullition
muft- proceed. But however plaufible this ex-
planation may appear, I confefs that fome ex-
periments have rendered it doubtful, and it is
not without great hefitation that I have now
related it.

But to refume, in few words, the whole
theory of evaporation in vacuo; it appears cer-
tain that the tranfmutation of liquids into elaftic
aériform fluids is fubjet to two laws, the effets
of which are oppofite to each other. On the
one part, the degree of heat, to which they
.are expofed, tends to evaporate them; on the
other, the preffure of the atmofphere refifts
their evaporation; infomuch that they are either
in an elaftic or liquid ftate, according as one
or other of thefe powers becomes prevalent.
But this theory will be greatly elucidated by
the experiments which I am now employed in
making, in concert with M. de la Place, an
account of which I hope foon to be abl¢ to lay
‘before the academy.

K 4 ' Berore



136 COMBINATION OF FIRE

Berore I conclude this effay, it may be
proper to obviate one objection which the
favourers of a different opinion will certainly
deem unan{werable. 1If, as has been declared,
elatic or aériform vapours confift of the matter
of fire combined with an evaporable fluid ; and
if no air or aériform fluid can be formed with-
out a portion of free fire pafling to a ftate of
combination ;- it ought to follow that, in every
formation of air, cold fhould be produced;
and it will not fail to be remarked that, when
calcareous earth and alkalies are combined with
acids, fo far from cold, a fenfible degree of
heat is often obfervable durmg the: feparation,
or rather during the formation of the air. An.
examination of what happens, on this occafion,
inftead of weakening, is the ﬂ'ronge{t proof of
the truth of, this theory.

IT muft be allowed, that in the combination - -
of acids with alkalies or calcareous earths, we
fometimes obferve heat. But this circumftance
only proves that a greatet portion of the matver
of fire is difengaged in thefe combinations, than
is neceffary to the formation of the fixed
air, which then recovers its elafticity. ‘This

: . affertion
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affertion will be proved, by fhewing that
we can, at pleafure, increafe’or' diminifh the
heat, in proportion to the increife or diminu-
tion of the -quantity of fixed air contained in
the alkaline bafis. The following experi
ments ar¢, in my oplmon, mdlfputable proofs
of the fa&. ‘

In ﬁve feparate bottles were placed as many
mixtures, each confifting of four 'drachms of
concrete volatile alkali diffolved in two
ounces of diftilled water. This alkali was
nearly faturated with fixed air. To the firft
of thefe bottles was added one drachm,. to the
fecond, two, to the third, three, and; ‘to the
fourth, -four drachms of quicklime ; the
fifth was left without any addition. “As foon
as the lime was mixed with the alkaline folu-
tion, it attracted, from its fuperior.affinity,
the fixed air of ‘the volatile alkali, and was
precipitated to the bottom of the veffel, in
the ftate of chalk or effervefcent calcareous
earth. All thefe liquors being decanted, were
placed in as many glafs bottles, and when
they had recovered the fame degree of tempe-
rature, they were faturated with nitrous acid,
moderately
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moderately.diluted,” and the change of tem-
perature occafioned by the effervefcence, was
obferved by means of one of M. de Luc’s
mercurial thermometers. ‘The following is
an exact relation of the refults.

Tae volatile alkali, to which no additjon
- had been made, and which had been deprived
of no part. of its air, fo far. from producing
any-heat, ‘during its faturation with the acid,
on the contrary, lowered the thermometer two
complete degrees. :

THe alkaline folution which had been de-
prived of -a portion of -its_fixed air, by the
addition of one drachm of lime, afforded two
degrees of heat ; that to which two drachms
of lime.had been added gave three degrees;
that with three drachms, four ‘degrees; and,
laftly, by that with four drachms of lime,
four degrees and half of heat were produced.

Tuis laft alkaline folution, though de?ri-
ved of more of its fixed air than the others,
ftill contained fufficient to form a britk

effervefcence with the nitrous acid, though
’ not
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not nearly fo much as the folution to which
no lime had been added.

THESE augmentations of cold or heat would
have been more fenfible, if the alkaline folu-
tions had contained a greater quantity of
falt, but the concrete volatile alkali not
being foluble, in cold water, in greater pro-
portion than that of one part of falt in four
of water, it was not poffible for me to pro-
cure a folution more ftrongly faturated. In
. order to complete my experiment therefore,
I was obliged to have recourfe to volatile
alkali obtained by diftillation with quick-
lime; and though this alkali was not fo far
concentrated as it might have been, its com-
bination with diluted fpirit of nitre produced
27 degrees of heat. For the thermometer,
which before ftood at 16, fuddenly rofe to
43 degrees, at the inftant of the combination.

THE phenomena are fimilar, if fixed alkali
be employed. A folution of this falt, entirely
divefted of fixed air, or in a ftate of caufticity,
produces, with weak nitrous acid, a degree
of heat, nearly equal to that of boiling water,

) whereas
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whereas a folution of thé fame alkali,, fatu-
rated with fixed air, praduces 6. degrees of
cold.

It is proved, then, that pure alkaline falts,
whether- fixed or volatile,- generally produce
heat when combining with nitrous acid ; but
that the heat diminifhes -in proportion to the
greater quantity of fixed air they contain;
. infomuch'-that wheén' they are faturated with
air, fome déprees of cold are produced. - Fixed
air, therefore, in paffing from a concrete ftate
tb that of vapour or elaftic fluld, carries off
with it a part of the matterof.-fire or'igneous
f4id, which is naturally difengaged whenever
an alkali is united with an acid ; " and we -may
conclude that this igneous fluid entets into
the compofition of the fixed air, as into that
of all vapours and elaftic ﬂuids, of every kind.

_ OF this affertion, give me leave to add a
yet ftronger demonftration. A very weak
folution of fixed alkaline falt, nearly faturated -
with fixed air, was put into a bottle of ftrong
flint-glafs, into which a fmall thermomeéter

was
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was introduced ; a quantity of fpirit of nitre
was added, and the bottle immediately ftop-
ped, The preflure;. effeted by the want of
" communication with the atmofphere, foon
abated the effervefcence, and -confequently
heat was produced, and the mercury in the
thermometer mounted feveral degrees ; where-
as it would have defcended if the-experiment
had been made in the open air. Having un-
ftopped the bottle, after fome minutes, and
agitated the liquor, the effervefcence which
had been before preventcd, and, as it were,
fuffocated, recommenced. In fome time, the
heat, which had been acquired while the bottle
was clofed, was diffipated, and the mercury.of
the thermometer fettled fomewhat below the
degree of temperature of the external air.

From all thefe fadts, I conclude, as has
been already declared, that all vapour, air,
and in general, every elaftic aériform fluid,
is a combination of the matter of fire with
a fluid, or even with any volatile folid body; .
and that volatility is nothing elfe, but the
property, which bodies poffefs, of bcing,.
in fome manner, diffolved, of combining

with
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with the igneous fluid, and, with it, form-
ing aériform fluids. Experiments, which
I defign, in future, to publifh, on this fubject,
will ferve to elucidate my theory in a more
clear and perfect manner.
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