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INTRODUCTION.

N comPéring the prefent ftate of che-

‘mical knowledge with that which
prevailed twelve years fince, I truft that
every true friend of philofophy will
j0in me in contemplating with pleafure
the rapid improvements which, even
during that fhort -period, have been
made in this noble fcience. And, pro-
vided the prefent ardent fpirit of in-
quiry continues to diffufe itfelf, it muft
fhortly ripen chemiftry into fuch per-
fection, as will contribute more to the

a 2 ' ‘welfare
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welfare and happinefs of mankind i
general, than can at prefent be ima-

gined. / '
He who firlt made glafs, or extratted
a metal from its ore, knew not the
value of his difcovery ; nor did he fore-
fee the benefits that would arife to
mankind from it. So many chemical
facts lately difcovered, though feemingly
of fmall importance, may, -hereafter,
prove of the greateft utility. For in-
{lance, the difcoveries of the phofpho-
ric acid in bones, and of the com-
ftituent principles of volatile alkali,
feem as yet of ne great confequence ;
but I venture to prediét, that when
phyfic is refcued from its prefent ob-
fcurity, thefe will be equal to any
that have hitherto been made. The
utility of many fafls may depend upon
the difcovery of a fingle one, which
may throw light upon, and conne&
‘the whole. Hence, we find the ne-
4 ceflity
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ety of well underflanding and ar-
ranging’ fuch faéts as we have in our
poﬂfe{ﬁbh, and likewife of increafing
their number as thuch as poffible; but
in order to do this with facility and
pleafure, and alfo to profit by them, it
is neceffary that we become perfeltly
acquainted with the true theory of che-
miftry, for falfe hypothefes can only
tend to confufe and lead us further
aftray from the paths of truth, which
alone ought to be the objett and pur-
fuit of true philofophy.

Nature has but one way of perform-
ing her different operations, therefore
we may juftly {uppofe that there is but
one true mode of accounting for them,
and confequently either the phlogiftic
or antiphlogiftic theory r_nu{’t be falfe.

Des Cartes’s vortical fluid appeared
very plaufible, and was generally re-
ceived, until the immortal Newton, by
his ‘profound reafoning, pointed out
o a 3 its
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its inconfiftency. Des Cartes grounded
* his hypothefis upon one phenomenon;
:the motion of the different planets from
wefll to eaft. In like manner, Becher
and Stahl founded their dotrine upon
the phenomenon of combuftion enly.

Confidering the knowledge they had
in their days of the conftituent prin-
ciples of bodies, their hypothefis was
very ingenious, although, in my opinion,
as ill founded as that of Des Cartes.
Speculative reafoning muft ever _faﬂ to
the ground when put to the teft of |
experiment ; fuch has been the fate of
the Cartefian philofophy.

Although Lavoifier has not been as
yet fo fuccefsful as the great opponent
of Des Cartes, yet he and his cotem-
poraries feem to promife, by their ex-
ertions, as {ure and as lafting a theory
as the Newtonian: even this has been
oppofed : why then fhould we be {ur-

prifed that the antiphlogiftic doftrine
fhould
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fhould meet with its opponents alfo?
Notions early imbibed will not be
readily exchanged for new ones; the
flow but fure hand of time alone can
difpel thofe clouds which. never fail
to eclipfe truth at her early appearance.
The prefent controver{y amdng{’c phi-
lofophers depends upon the following
Aqueﬁions: 1ft, Whether water be or
be not compofed of dephlogifticated
and light inflammable air ? 2dly, Whe-
ther or no the condenfation of dephlo-
gifticated air, or its union to different
bodies, does not depend wupon one
principle, common to all combuftible
bodies? Or, in other words, whether
or no all bodies which burn or cal-
cine, fuch as fulphur, phofphorus, char-
coal, oils, metals, phlogifticated air, &c.
contain the matter of light inflamma-
ble air as one of their conftituent prin-
ciples? One fhould fuppofe if thefe
fubftances were compofed of two prin-
a4 ciples,
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ciples, namely, a peculiar bafis, and
the ‘matter of light inflammable air
or phlogifton, that it would be poffi- -
ble to refolve them into thefe princi-
ples, more efpecially when we confi-
der the great attraCtion of the matter
of light inflammable air to fire; but
the maintainers of phlogifton have not
‘as yet been able to do this: therefore
the only’ ground they have to build
their hypothefis upon is, that thefe
bodies unite to dephlogifticated air;
then, according to their philofophy,
dephlogifticated air has the proper-
ty of uniting but to one f{ublftance
in nature, except fire. If the above
fubftances were fimples, or even com-
pounds, but deflitute of the matter of
light inflammable air, or phlogifton,
the antiphlogiftians cannot do any
more than they have done already ; for
if fulphur” were refolved into its con-
ftituent. principles, and if thefe were

two
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fwo airs, or more condenfed bodies,
different from any other with which
we are at prefent acquainted, the phlo-
giftians might ftll fay that they con-
tained phlogifton (or the matter of light
inflammable air), if they even were the
moft fimple bodies in nature, pro-
vided they had the property of unit-
ing to dephlogifticated air. Then the
antiphlogiftians, in order to eftablith
their doftrine, it feems, muft prove the
non-exiftence of that fubftance in bodies,
whofe- prefence as one of their con-
ftituent principles has never yet been
proved. On this difficulty the phlogiftic
‘theory f{eems to reft.

Hence it appears that this doc-
trine, which has been generally re-
ceived throughout Europe, almoft the
laft half century, ftill ftands in need
of being {ubftantiated; and alfo that
the joint efforts of the firft philofo-
phers of the prefent age cannot fix
their favourite doftrine upon a more

firm
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firm bafis than the celebrated Stahl had
done in his obfcure days.

Thus feeing upon what principles the
phlogiftians and antiphlogiftians main-
tained their different doctrines, and the
impoflibility of perfuading us by experi-
ments alone, from what bnly exifts inour
imagination, fo prone we are to reconcile
every phenomenon we fee to our manner
of thinking, I was obliged to have re-
courle to a mode of reafoning rather no-
vel in chemiftry. I have confidered phlo-
gifton as a {ubftance chemically united to
bodies in a folid {tate, and then inquired
.into the nature of fuch compounds, and
whether the different phenomena in che-
miftry wete confiftently explicable on
fuch principles. Again, I have endea-
voured to find whether the fame pheno-
mena were as explicable by fuppofing
the different bodies which unite to de-
phlogifticated air to attract it, independent
of a common principle or phlogifton ; by

which
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which means 1 have been enabled to
make a fair comparifon, and to draw, ac-
cording to my judgment, juft conclufions.
If 1 have appeared more inclined one
way than another, it is what the evidence
of my fenfes and the love of truth com-
pelled me to. I have not altogether de-
pended upon the affertion of other philo-
fophers, for I have frequently repeated
almolt the whole of the different experi-
ments quoted 1n the following f{ettions;
otherwife I thould not prefume to offer
my opinion to the public, knowing how
differently we often judge of what is ever
{fo well defcribed to us, when we {ee it.
In treating of the acids, I was obliged to
have frequent recourfe to the metals; for,
in the prefent knowledge of chemiftry,
1t 1s impoflible to inquire mto the nature
~and conftitution of the one, without the
afliftance of the other. I have alfo been
obliged to introduce feveral diagrams, in
order to render what I meant to convey

the
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the more intelligible; and indeed I
thought 1t the fureft mode of 'reaf'o'ning‘,
and the moft effeCtual means to come at
truth *.

I hope it will appear, that I have not
taken pains to felect facts i order to caft
the {cale in favour of the antiphlogiftic
dorine; for, as truth was my objet, I
confidered all fatts equally efficacious in
bringing her to light; therefore I made
ufle of {fuch as firft occurred to me, and I
thought were confiftent with, and appli-
cable to, the fubject ; in fhort, I preferred
thofe that have been adduced in favour
of the phlogiftic theory; particularly fuch
as have been advanced by Mr. Kirwan,
in his Effay on Phlogifton, a work which
I have frequently alluded to, as being in-
tended to fubvert the antiphlogiftic doc-
trire.

* The diagrams, placed at the margin, are very

frequently to be read at the end of the firft fhort line,
as part of the fentence, otherwife the ferife will appear

very obfcure.

Although
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Although I adopted the antiphlogiftic
theory four years ago, and although
every phenomenon which occurred to
me ﬁnce, tended to confirm the truth of
that dottrine ; yet, when I confidered the
number of able philofophers, na.mely, Ca-
vendith ¥, Prieftley, Kirwan, Black, Hig-
gins, &c. who perfifted in the old doc-
trine, Ibegan to waver in my principles,
and my defire to minutely inquire into
both ‘dov&-rines daily increafed; but know-
ing how inadequate I was to fo arduous
a talk, and likewife how many there were
whe might have performed it {fo much
better than myfelf, it was fome time be-
fore I could fummon refolution enough
to begin; but my attachment to the
fcience at length overcame every other
confideration.

If my efforts thould, in this enlighten-
ed age, be too feeble to do much good, I

* T thought Mr. Cavendith had lately adopted the

antiphlogiftic theory, until a good part of this volume

had been printed, as appears in the firlt fection, page
the 4th. .

hope
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hope at leaft that they will not be pro-
duttive of evil. I have written with con-
vi€tion and without prejudice (otherwife
it would be natural to fuppofe, that I
would join my countrymen in defence
of that dotrine in which I have had my
early inftruttions in chemiftry *).

If I {hould be fo unfortunate as to rea-
{fon upon wrong principles, the f{ooner I
am contradicted the better pleafed I fhall
be ; but if my arguments and inductions
be juft, if I even fhould meet with cen-
fure, it cannot laft long ; time, the parent
of truth, will operate in my favour.

I fear I fland in need of much indul-
gence in both the ftyle, and in the many
overfights refpeéting the correCtion of
the prefs, a tafk with which I have been
totally unacquainted until the printing of
thefe fheets commenced ; and indeed I
had an occafion to abfent myfelf part of

* ] am indebted to Dr. Higgins for mly firft inftrutions
in chemiftry, who is a phlogiftian.

the |
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the time, and the perfon who officiated
for me was wholly ignorant of the fub-
jelt, and equally as ignorant as myfelf
with refpect to the bufinefs of the prels.

I have annexed an Analyfis of the Hu-
man Calculus, which I hope will be ac-
ceptable as well to my medical as che-
mical readers. I was the more induced
to publifh it, as being delivered in to the
Royal Society in the year 1787, and read
at one of their {pring meetings in the
year 1788.

I have given an exatt and true detail
of the manner in which I have treated it ;
in order to give thofe who were bet-
ter acquainted with chemifiry than my-
felf an opportunity of pointing out my
errors, and to facilitate the labours of lefs
experienced chemifts, who may wifh to
profecute the fame fubjeét; for, W_i_thout_
mutual information, chemiftry, as well
as all other fciences, could never make
any great progrefs, )

As
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As I have made my calculations accord-
ing to Mr. Kirwan’s table, being, in my
opinion, the moft accurate of any that has
as yet appeared, I thought proper to
infert it here, knowing-that fome of my
readers will often have an occafion to re-
fer to it ; I have alfo added the heavy
inflammable air, as I confider it a fub-
ftance quite different from the light in-
flammable air.

Mr. Kirwan's table of the abfolute weight of
100 cubic inches of different kinds of air,
" and their proportions to common air.

100 Cubic Inches, gr. Proportion to common Air.
Common air, 31 1000
Dephlogifticated, 24 1103
Phlogifticated, 30 985
Nitrous, 37 1194
Vitriolic, 70, 215§ 2265
Fixed, 46, 5 1500
Hepatie, 34, 286 1106
Alkaline, .18, 16 600
Light Inflammable, 2, 613 84, 3

Heavy inflammable, 24 1103
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SECTION L

Of the Compafition and Decampef Gtion -~ of
Water.

LTHOUGH Mr. Lavoifier had thewsi
: the Decompofition of Water, in the
year 1781, by a variety of ingenious and
accurate experiments, as will appear in
the fequel of this Work; yet, his hypothe- |
fis was not received by any other philo-
fopher 3 nor was he convinced himfelf, until
the year 1784, when Mr. Cavendith removed
all doubts, by uniting light inflammable air
and dephlogifticated air, and thewing that the
reftlting compound was water,

B "Thus
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Thus having proved by {ynthefis what the
former philofopher fufpe@ed from analyfis,
the do&rine of Water was univerfally em-
braced by all the philofophers in Europe. -

It undoubtedly is one of the moft intereft-
ing difcoveries that ever was made in Che-
miftry. 1. It enables us to account for fe-
veral very important phenomena, which ap-
peared before very myfterious. 2. Itthrows
light upon vegetation, and the means whereby
nature fupplies the conftant wafte of our at-
molphere. Laftly, It has thrown great light
on the different ftages of fermentation, which
was not in the leaft underftood before.

Some philofophers have lately fufpected
that water has never been cither compofed or
decompofed in any of our procefles. Mr.
Kirwan fuppofes that water is formed by the
union of inflammable air and dephlogifticated
air only, when one or both are expofed to a
red heat; but that in a lower heat they form
fixable air®. Mr. Lavoifier is of opinion,
that one hundred parts of water contain
eighty-feven of dephlogifticated air, and thir-
teen of light inflammable air, which is nearly
feven to onc.

According to Dr. Prieftley’s eftimation of
the weight of both airs, it is but five to one.
* Lflay on Phlogifton, p. 26.

1 However,
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However, from the variety of circumftances
that may change the real' fpecific gravity of
thefe airs, Ithink'we fhall be nearer to wruth
if we fay fix to one, provided the airs be very
pure. Two to one by meafure appear to be
the exadt proportion.

Dr. Prieftley fuppofes that the water pro-
duced by the condenfation of inflammable air
and dephlogifticated air, is only what was fuf-
pended and attached to them in their elaftic
ftate, -and that their refpeive gravitating
particles form a different compound, namely,
Nitrous Acid. To afcertain this, he confined
his mixture of airs with dry fixed alkali over
mercury, in order to abftra& from it as much
water as poflible. |

Having thus prepared his mixture of airs,
he found, after exploding them, that the pro-
duct of water fell far thort of the weight of
both airs; and he obferved a denfe vapour
after every explofion, which foon condenfed,
and adhered in a folid ftate to the fides of the
vellel, which he afterwards found to be the
Nitrous Acid*. Though I do not doubt
~ this indefatigable philofopher’s fadts, yet, I
beg leave to differ' from him in his conclu-
fions, T think the falts he adduces are not

# Phil. Tranf. 1788.
B 2 only



( 4 )

only infuflicient to ground his hypothefts
upon, but do not in the leaft tend to contra-
di&t Mr. Cavendifh’s doirine of Water and
Nitrous Acid. Let us {uppofe four ounce
meafures of the mixed airs to produce, by in-
flammation, in their ordinary flate one grain
of water, and the fame bulk of air, by expo-
{ure to lime or alkali, to be deprived of half a
grain, and that, after condenfation, the quan-~
t1ty of water produced not to exceed half a
grain; are we to conclude. from thence that
water haa not been formed? Belides, we are
te confider that the {pecific gravity of air is
altered in proportion to the quantity of wa-
ter abftra&ed fromit. Therefore, an accu-
rate weight of both airs thould be afcertained
after they are deprived of their water, before
we conclude that the weight of the water
produced falls fo much thort of the weight
of the airs employed.

That nitrous acid is often formed I have
frequently experienced ; but that it {feparates
from the moifture produced, and, in a folid
flate, 1s what I could never obferve nor {uf~
pect, coniidering the attra&tion of nitrous
acid for water. 1 frequently inflamed feveral
cubic inches of light inflammable and dephlo-
gifticated air, and never obferved, by the niceft
telt, the prefence of an acid, when the airs

worked
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worked upon were pure, and when the in-
flammable air prevailed. But when T re-
verfed the proportion, I always obtained ni-
trous acid in a fingle charge. When the
dephlogifticated contained one-eighth phlo-
gifticated air, I obtained nitrous acid in great
abundance. Hence I infer, if we could pro-
cure dephlogifticated air entirely free from
phlogifticated, that not a particle of any fort
of acid would be produced. If nitrous acid
fhould refult from an union of light inflam-
mable and dephlogifticated air, why is not
this formed during the {low combuftion of a
{iream of inflammable air in dephlogifticated
air? I condenfed, as fhall be hereafter de-
{cribed, half a gallon of dephlogifticated air
by the continual flame of light inflammable
air, and I could not deteé the fmalleft veftige
of any fort of acid. Then, I afk, what be-
comes of the airs ? they muft form fome com-
pound ; for, from the Quantity of fire difen-
gaged, it is evident that a chemical union
takes place. The difterence in refult be-
tween this procefs and that in which we ufe
the eleCric {park may be eafily accounted
for. The intenfe heat produced in the latter
procefs by the general and inftantaneous in-
flammation of both airs, together with that
of the eletric {park, promotes an union be-

B j tween
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fween a portion of the dephlogifticated air
and the phlogiftic, which is always prefent
in the pureft refpirable air. Whereas the
languid combuftion in the former experiment
is infufficient to caufe {uch an union. Why is
not nitrous acid formed during the combuf-
tion of ether or ftrong fpirit of wine, when
the quantity of fixable air formed could ne-
ver employ the whole of the dephlogifticated
air expended, as evidently appears by the
formation of fixable air by the eleéric {park ?
Thefe circumftances, in addition to the many
inftances we have of the decompofition of
water by calcination, fermentation, and vege-
tation, are {ufficient to remove all my doubts
refpe&ting its conftituent principles, That
all elaftic fluids hold a confiderable quantity
of water in {folution, is well known to every
body ; but we are not to infer from thence,
that water is a neceflary ingredient in them,
and that it is chemically united to the real
gravitating matter of the different airs, parti-
cularly when we can exiract the moft part
of it from them. Therefore, I do not {ee
why we thould fay with Dr. Pricftley, that in-
flammable air confifts of inflammable air and
water.  We may as well {ay, that filicious
carth (as water 1s {eparable from it) is fili-
cions earth and water; or that fulphur is ful-

Phup
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phur and water, and fo with all other known
{ubftances.

If the greater part of dephlogifticated air be
water, and if iron be calcined in confequence
of its union to water, as Dr. Prieftley fuppofes,
Iwould afk, Why is not inflammable. air pro-
‘duced during the calcination of iron in de-
phlogifticated air, as well as when calcined
by the fteam of water? For the Do&or fays,
¢ But from the preceding experiments it ap-
pears, that by far the greateft part of the
weight of dephlegifticated air is water ; and
the fmall quantity of acid that is in it may
well be fuppofed to be employed in forming
the fixed air, which is always found in the
procefs of calcimation.” By this it is evident,
that the Doctor does not allow the entry of
dephlogifticated air into the calces of iron;
and, according to himfelf, there was only the
thirteenth of an ounce meafure found in the
refiduum of feven ounce meafures of dephlo-
gifticated air abforbed by iron*, Now feven
ounce meafures of dephlogifticated air are
{ufficient to form five, or at leaft four and a
half ounce meafures of fixable air. There-
fore, I would afk, what becomes of this de-
phlogifticated air, or why was not nitrous
acid formed ?

¥ Vol, vi. p. 120.

B4 SECTION



SECTION 1L,
Of the Comﬁoﬁlion of Acids.

ET is to Mr. Lavoifier that we are chiefly
indebted for our prefent knowledge of the
conftituent principles of the different acids;
though it is true Dr. Prieftley made the firft
advances towards it. It was by means
chiefly of thefe fubftances that theoretical
chemiftry has made {o rapid a progrefs thefe
laft ten years: fo that we may very well fay
they have been the keys of philofophical che-
miftry. Mr. Lavoifier has fhewn that de-
phlogifticated - air is one of the conftituent
principles of all acids, and therefore called it
the oxygenous principle, or the principle of
acidity.

But yet we find that it is capable of uniting
to bodies without poflefiing this charater.
Hence it appears doubtful to which of the
principles we are to attribute this fingular
property. ‘The different acid bafes are ful-
phur, phlogifticated air, phofphorus, the mat-
ter of charcoal, regulus of arfenic, and the
unknown balis of marine acid. Various are
the opinions of the phlogiftians refpelting
the nature of the union of dephlogifticated
, ait
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air to the above bafes, though they all agree
that they contain phlogifton. Some of thefe
gentlemen fuppofe that the different bafes are
faturated with phlogifton, which uniting to
dephlogifticated air, forms water, at the fame
time that another portion of dephlogifticated
air combines with the bafis, and conftitutes
the acid. Others fuppofe that thefe bafes
contain all the principles of their refpective
acids faturated, or as if it were enveloped by
phlogifton; and that the air only feparates
this phlogifton by. its fuperior attraction,
whereby the occult acid is liberated,

Mr. Kirwan f{uppofes that the dephlogif-
ticated air unites to phlogifton, and forms
hxable air, which, by combining with the
balis, conflitutes the acid. Thus he thinks
that fixable air is the principle of acidity, and
enters into the conftitution of all acids, I
fhall endeavour to point out, in the following
pages, the neceflity of this laft philofopher’s
do@rine towards the fupport of the phlogiftic
theory, and likewife his grounds for adopting
fuch an hypothefis. Undoubtedly the doc-
trine of fixable air will enable phlogifton to
ftand its ground much longer than it other-
wife would ; for, it may be adopted where
the other phlogiftic do¢trines are found in-
fuflicient ; and again, in their turn, thefe

may
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may be introduced to explain fuch pheno-
mena as are inexplicable in the former doc-
trine. Thus, by the mutual affiftance of
thefe different hypothefes, the phlogiftians,
by fhifting their ground, may remain for
fome time in the field. -

The antiphlogiftians are of opinion, that
fulphur, phofphorus, &c. are, according to our
prefent knowledge of chemiftry, fimple bo-
dies, which, when united to dephlogifticated
air, conftitute their refpetive acids. Thus
the antiphlogiftians confider all acids to con-
{ift of two principles only; one peculiar to
each.

- Mr. Lavoifier’s Table of the affinities of
the Oxygenous Principle. Mem. Par. 1782,
p- 535
Bafes. Refulting Compounds.
Bafis of marine acid. Dephlogifticated ma-
rine acid.
Reg. of man.

Charcoal. Fixed air.
Zinc. Calx of zinc.
Tron. Calx of iron,
Suiphur. o
Inflammable principle. Water,
Nickle. ' . Calx of nickle,
Fead. Calx of lead.
Tin. Calx of tin,

Phof-
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Phofphorus. Phofphorous acid.

Copper, Calx of copper.
Bifmuth. . Calx of bifmuth.
Regulus of antiimony. Calx of antimony,
Mercury. Calx of mercury.
Silver. Calx of filver.
Regulus of arfenic.  Calx of arfenic.
Sugar. Acid of {ugar.
Sulphur. : Acid of vitriol.
Nitrous air. Acid of nitre.
Principle of heat. Dephlogifticated air,
Gold. Calx of gold.

Smoaking marine acid.
Nitrous acid. ‘
Black calx of manganefe.

Mr. Kirwan objects to the foregoing table,
1. Becaufe he fuppofes charcoal, according
to its precedency, thould decompofe water, in
a boiling heat at leaft, confidering that iron,
which is placed lower, will produce inflam-
mable air under the {ame circumftances. But
the nature of charcoal thould be firft confi-
dered. Though its aggregate attraction ap-
pearsweaker than that of iron, from its facility
of pulverization ; yet when reduced into pow-
der, or {mall molicules, its ultimate particles
may cohere with greater force. The frangibi«
lity of charcoal is in a great meafure owing
to the number of minute cavities which inter-

fe&l
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fe&t its texture, from the expulfion of the fuc~
culent part of thewood. Independent of theag-~
gregate attration, which certainly counteracts
chemical union more than we are aware of,
I think the ultimate particles of charcoal are
furrounded with fome repelling fluid, which
defends them from the a&ion of air and wa-
ter; and the fame may be faid with refpet
to {pirit of wine, ether, and oil: for they all
have greater aflinity to dephlogifticated air
than phofphorus, which combines with it in
the common temperature of the atmofphere.
"This, whether it be the ele&tric fluid, common
fire, or fome other fluid, with which we are
not acquainted, deferves attention.  Nitrous
air will rufh into union with dephlogifticated
air in any temperature, and yet fugar will
not, though it deprives it of its dephlogifti-
cated air. Pure calcarcous earth, perfecly
dried, will not attra& marine acid air; and
yet water, to which it has lefs athnity, will
condenfe it, and enable it to unite to this.
Light inflammable air and dephlogifticated
air will not combine in their ordinary ftate
but by the help of fire, cither the electric, or
a common fpark ; yet they will unite very
readily when one or both are partially con-
denfed. Thus nitrous air, which, as fhall
hereafter appear, is compoied of dephlogifti-

. cated
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cated air and phlogiftic only, will condenfe
hepatic ' gas. Hepatic gas, as I fhall en-
deavour to thew in the fequel, is light inflam-
mable air in its full extent, holding fulphur
in folution. The {ulphur is precipitated, and
the refiduum is dephlogifticated nitrous air.
Here a portion of the dephlogifticated air of
the nitrous combines with the inflammable
air of the hepatic gas, and forms water. It
cannot be faid that this takes place in confe-
quence of a double aflinity. Phlogifticated
air is with difficulty united to dephlogifticated
air, though it attra&s it with greater force
than nitrous air. Iron moiftened with wa-
ter, and confined by mercury, will yield in-
flammable air. Iron, treated in the fame
manner, and confined with dephlogifticated
air, will produce no inflammable air: but
the air will be diminithed. Iron will yield
no inflammable air if it be confined in very
dry dephlogifticated air, neither will the air
be diminifhed, nor will the iron tarnifh in
any length of time. Hence it appears, that
iron has no effe& on air in a common tem-
perature, but that it is the water which is de-
compofed, and that the dephlogiiticated air
and inflammable air unite at the very inftant
of its liberation, and re-compofe water.
Thefe are difficult to be accounted for. All

that
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that we can fay of them is, thata certain de-
gree of condenfation facilitates their union ;
but this conveys no idea of the true caufe.
It may be faid, that water condenfes marine
air in confequence of its capacity for fire.
But why phofphorus, and not oils, or fugar?
or, why nitrous air, and not phlogifticated,
unite to dephlogifticated, in a common tem-
perature ? Or, again, why iron takes the oxy-
genous principle from water in preference to
that in its arial ftate, when the light inflam~
mable air difengaged condenfes it, is, in-my
opinion, very little underftood.

It is true, all this may be juftly attributed
to fire, which, from its attra&ion to bodies,
counteracts their chemical union to one
another : but, from the following conifidera-
tions, I think fome other power muft inter-
fere. It isgenerally allowed, and juftly, that
nitrous air confifts of dephlogifticated air and .
phlogiftic in the proportion of two of the for-
mer to one of the latter. The fuppofition of its
contéining phlogifton, Ihope, will hereafter
appear to be erroncous ; therefore every ulti-
mate particle of phlogifticated air muft be
united to two of dephlogifticated air; and
thefc mclicules combined with fire conflitute
nitrous air. Now if every of thefe molicules
were {urrounded with an atmofphere.of fire

equal
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equal in fize only to thofe of dephlogifticated
air, 100 cubic inches of nitrous air fhould
weigh 98,535 grains ; whereas, according to
Kirwan, they weigh but 37 grains. Hence,
we may Juﬁly conclude, that the gravitating
particles of nitrous air are thrice the diftance
from each other that the ultimate particles of
dephlogifticated are in the fame temperature,
and of courfe their atmofpheres of fire muft
be in fize proportionable ; or elfe fome other
repelling fluid muft interpofe. The fize of
the repelling atmofpheres of nitrous air thus
confidered, and likewife the weaker attrac-
tion of the molicules of this air to dephlogif-
ticated air than that of the ultimate particles
of phlogiftic in their fimple ftate. It is fur-
prifing to me, with how much more facility
the former unites to dephlogiiticated air than
the latter. The decompofition of nitrous air,
by the light inflammable air of the hepatic gas,
is equally extraordinary, confidering, asI faid
before, that the inflammable air is not in a
condenfed ftate ;and, therefore, combined with
its natural portion of fire. Do atmofpheres of
equal denfity favour the union of their refpec-
tive gravitating particles? Or, do a denfe and
arare atmofphere, byeafily blending, promote
their chemical union, by fuffering them to ap-

proach
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proach nearer? Or does the eleéric fluid in+
terfere?

From the foregoing confiderations, it feems
to me that the attraltive forces of bodies are
not to be eftimated by the facility of com-
pounding, but rather by the difliculty of de-
compounding thefe again. Therefore, I beg
leave to differ with Mr. Kirwan in his ob-
je&tions (page 24) to Mr. Lavoifier’s Table
of Affinities, until he adduces more {fubftan-
tial reafoning.

I think fulphur fhould be placed before
light inflammable air, and manganefe before
charcoal, for reafons which will hereafter ap-
pear. Therefore, without making any alter-
ation in Mr. Lavoifier’s Table, I took the li-
berty of having thefe placed between both co-
lumns. In order to be the more explicit, I
thall ufe the term aggregate attration alone,
in explaining that power which folid or lefs
condenfed bodies have of counteracting che-
mical union. Though, as I have obferved
above, I fufpe& fome other force to co-ope-
rate with this: but I fhall not prefume to de-
{cribe to others what I do not well underftand
myfelf. 'Thus, let us fuppofe charcoal to at-
tradt dephlogifticated air with the force of
ten, and contrary powers, which I fhall call

the
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the aggregate attradtion, to refift this with
the force of eleven. Let us likewife fuppofe
iron to attra® dephlogifticated air with the
force of feven; and its aggregate attracion. to
counteract this with the force of fix and
feven-eighths. It would require greater heat
to unite the two former than the two latter,
though they have by far the greater affinity
to one another. But when once the fcale is
caft in favour of the former, the rapidity of
their union ought to be greater than that of
the latter ; which is really the cafe.

C SECTION
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SECTION I
On the Vitriolic Acid.

A\ /I R. Kirwan is of opinion, that fulphur

‘confifts of a bafis, or a radical prin-

ciple, which, when faturated with phlogifton,

conftitutes fulphur, but with fixed air vitri-

olic acid ; and ~when combined partly with

the one and partly with the other, volatile
fulphureous acid *.

Let us for a moment allow fulphur to be
what Mr. Kirwan fuppofes, thatis, a certain
bafis faturated with phlogifton, and which,
when expofed to dephlogjfticated air, with
due application of heat will unite to it, exhibit
the phenomenon of combuftion, and produce
vitriolic acid. T afk Mr. Kirwan, What
takes place in this procefs ? He of courfe will
fay, that the dephlogifticated air unites to the
phlogifton of the {fulphur, and forms fixable
air, which re-unites to the radical bafis, and
conftitutes the acid.

According to Mr. Kirwan himfelf, water
ought to refult from an union of dephlogifti-
cated air and phlogifton during the combul~

* Eflay on Phlogifton, p. 28.
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tion of fulphur, confidering that this cannot
take place but in a red heat; therefore it ap= -
pears to me, that his doCrine is a little con-
tradi@ed in this procefs.

Other phlogiftians, on the contrary, will
fay, that a portion of the dephlogifticated air
unites to the phlogifton of the fulphur, and
forms water, while atiother part unites to the
bafis of fulphur, and conflitutes the vitriolic
acid. I muft confefs; in this one circum-
ftance, this laft hypothelis appears to me to
be the moft rational and moft flattering modeé
of fupporting this imaginary theory.

Mr. Kirwan muft acknowledge, that light
inflammable air and dephlogifticated air confti=
tute water ; and, in his opinion, light inflam-
mable air is pure phlogifton combined with
fire, but when united to metals, the bafis of
fulphur, &c. that it is in a concrete ftate:
Fixed air has never been known to refult from:
an union of dephlogifticated air and light in-
flammable air in its pure ftate. I condenfed
upwards of one hundred cubic inches of de-
phlogifticated, air by the combuftion of light
inflammable’ air in a jar inverted over lime
water. Thy: inflammableairwasproduced from
iron entil’}ely free from ruft, and the vitrio=
lic acid Aifed was highly concentrated, and
afterwakds diluted with three times its bulk

/ Ca of
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of water. ‘The inflammation of both airs
took place during the extrication of the in=
flammable air, which pafled through a copper
tube feven inches long, with a bulb in the
middle, which contained a fmall quantity of
foap lees, both to retain any fixable air that
may be feparated from the iron, and likewife
any vitriolic acid that may be mechanically
forced up. ‘The combuftion was carried on
at the extremity of this tube in a continual
flame, and water trickled down the fides of
the jar during the whole procefs; but not a
particle of fixable air could I detect. T re-
peated the fame experiment over diftilled wa-
ter, which I carefully boiled in order to expel
any fixable air it may contain, and could not
dete& the fmalleft veftige of any acid. "When
thefe airs are combined by the eleétric {fpark,
no fixable air is produced. During the defla-
gration of zinc in dephlogifticated air, no
fixable air is produced, provided they be both
pure.  All philofophess agree that fixable air
isan acid; then I afk, What are its conftituent
principles ? Mr. Kirwan wiil.no doubt fay,
Dephlogifticated air and phlogifton. Again, I
afl, -what the conftituent partsi of water
are? He will fay, as above, Dephlogifticated
air and phlogifton. Thatis to fay, they are
the fame things, but differently njodiﬁed_.

Let
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Let us confider how widely different thefe
two fubftances are in their properties, and we
thall find that no modification could make
this vaft difference.

Fixed air will unite to different bodies, and
change their phyfical and chemical qualities ;
even it will unite to water, according to Mr.
Kirwan, its fecond felf, and make a vaft alter-
ation in its properties. Allowing then, as I
faid before (and which is but a temporary
indulgence), fulphur to be what the phlo-
giftians fuppofe, a certain bafis and phlogif-
ton, where are the materials for fixed air?
for, from what has been obferved, it can-
not be fuppofed that phlogifton, either in
its aerial or denfe ftate, will form fixable air.
‘What anfwer can Mr. Kirwan make to this,
though I allow him phlogifton ? In my opi-
nion, he muft give up his fixed air, and fay,
with other phlogiftians, that vitriolic acid is
formed by an union of dephlogifticated air to
the bafis of fulphur, and that the phlogifton
flies off; or adopt a more modern, and in-
deed the f{trongeft argument in favour of
phlogifton, the formation of water. I ex-
pofed near fixty grains or more of highly
concentrated vitriolic acid and light inflam-
mable air to heat fufficient to convert the
whole into volatile fulphureous acid: the

Csz = procefs
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procels was carried on with a gradual heat,
to prevent the diftillation of the acid until de-
compofed. The refiduum contained volatile
vitriolic acid and light inflammable air, but
not a particle of fixable air. If fixable air
were one of the conftituent principles of vi-
triolic acid, and if this again were compofed
of light inflammable air, or phlogilton, and
dephlogifticated air ; whether the inflamma-
ble air united to the bafis of the {ulphur, or
whether it deprived the original phlogifton
of the fulphur of its dephlogifticated air, fix~ .
able air ought to be produced : for the above
procefs has been, according to Mr. Kirwan,
very favourable to the formation of fixable
air®, When ftrong vitriolic acid was re-
duced to the fame ftate by iron filings, fixa-
ble air was produced invery {fmall proportion;
which fhews, that the fixable air did not re-
fult from an union of dephlogifticated air and
light inflammable air, but muft come from
plumbago, or from fome other impurity in
the iron. If very-pure alum be heated to
ignition, it will yield dephlogifticated air
and volatile fulphureous acid, but no fixable
air.  Mr. Kirwan will undoubtedly explain
it thus, v/z. That the bafis of the fulphur de-

* Effay on Phlogifton, p. 26.
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prives the fixed air of its phlogifton, and that
its dephlogifticated air is difengaged, at the
fame time that the volatile fulphureous acid
retains a fufficient quantity of fixable air and
phlogifton to keep it in an intermediate
ftate.

Here then the bafis of fulphur feems to
have greater affinity to phlogifton, than de-
phlogifticated air has, or than it has to both~
dephlogifticated air and phlogifton united ;
which even the phlogiftians themfelves will
not allow. If it thould be urged, that this
decompofition is in confequence of the at-
traction of the different fluids for fire, light
inflammable air thould be produced ; or, ac-
cording to Mr. Kirwan, the fixable air thould
be converted into water, confidering the de-
gree of heat neceflary for the procefs, and
the bafis of fulphur difengaged in its fimple
Rate.

Water could not be decompofed in this
procefs. For, admitting the moft plaufible
phlogiftic hypothefis, that of the union of
dephlogifticated air to the bafis of fulphur,
while another part forms water, by combin-
ing with its phlogifton,adoubledecompofition
muft take place, viz. the bafis of the fulphur
muft give up its dephlogifticated air in confe-
quence only of the mediation of fire; the wa-

Ca ter
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ter then muft be decompofed in confequence of’
the attracion of the bafis of {fulphur for phlo-
g1ﬁ0n being fuperior to that of dephlogifticated
air. Is it likely that the bafis of fulphur hould
give up its dephlogifticated air fo readily, at
the fame time that it unites to a fubftance of
equal volatility, and to which it has lefs at-
traQion ! The dephlogifticated air of the wa-
ter alone muft be {fufficient to prevent fuch an
union. Sulphur gives up its phlogifton (if
uniting to dephlogifticated air be {fuch)in any
degree of heat above ignition. Its phlogif-
ton will even take a portion of their dephlo-
gifticated air from metallic calces, notwith-
ftanding two contrary pOwers, accordi'ng to
the phlogiftic doltrine, oppofe the union :
for, if fulphur were a compound of phlogifton
and a certain bafis, how could its phlogifton
take aeph‘ogdhcated air from the phlogifton
of the metal ? Is not here phlogifton to op-
pole phlogifton ?

The phlogiftians confider metallic {ub-
ftances to be compofed of certain bafes and
phlogifton ; allowing this, and likewife vitri-
olic acid, to be compofed of three principleé,
phlogifton, the bafis of fulphur, and dephlo-

gifticated air ; and the phlogifton and de-
Dhloglfhcated air to be in the form of fixable

2ir intimately united to the bafis of fulphur;
~and
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and likewife the metallic bafis to attrad its
phlogifton with great force, as indeed it muft,
when the ftrongeft heat cannot part them,
notwithftanding the volatility of phlogifton.
In this cafe, how can metals decompofe vitri-
olic acid? for it cannot be fuppofed that the
dephlogifticated aiy already united to phlo-
gifton will quit it, to unite to the phlogifton
of the metal: even the attradtion of the-
bafis of fulphur for both tends to render this
improbable, as does likewife the attration
that muft {ubfift on the other fide between
phlogifton and its metallic bafis. It may be
faid, that the fixable air of the vitriolic acid
unites to the metallic bafis, at the fame time
that its phlomf’ton either paffes off in an aerial
ftate, or unites to the bafis of the fulphur.
If {o, the metallic bails muft have greater at-
tration to phlogifton and dephlogifticated
air jointly, than to phlogifton alone; there-
fore, it muft part with its phlogifton to unite
to fixable air. If this fhould be the cafe, phlo-
gifton in an aeriform ftate, or light inflamma-
ble air, could not deprive the metallic bafis of
its fixable air, even in the firongeft heat ; nor
could it take dephlogifticated air from the me-
tallic bafis and its phlogifton; though it is true
firemayweaken theirunion, andtherebyenable
;he dephlogi_{’c__i,cated air to quit the phlogifton
of
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of the metal, to unite to the difengaged phlo-
gifton. Is it likely that this thould take place,
efpecially when it appears that phlogifton and
dephlogifticated air united will expel phlo~
gifton from metals? Is it reafonable to {fup-
pefe, that phlogifton will take dephlogifti-
cated air from phlogifton, when the advan-
tage and difadvantage of heat muft be the
fame to both?

Let us now confider the other phlogiftic
hypothefis, that of the formation of water by
the union of phlogifton and dephlogifticated
air, while another portion of dephlogifticated
air unites to the bafis of {ulphur, and forms
vitriolic acid.  Diluted vitriolic acid will cal-
cine iron in any temperature, and light in-
flammable alr is produced, which, in the opi-
nion of the phlogiftians, is the phlogifton of
the metal combined with fire, What does
the metallic bafis unite with in preference to
its phlogifton ? If it only unites to that por-
tion of dephlogifticated air attached to the
bafis of fulphur, then this bafis might be ob-
tained in its purity. Befides, if only dephlo-
gifticated air united to the metals during folu-
tion, inflammable air would not be produced;
for this is never obtained during calcination
in dephlogifticated air, The bafis of ful-
phur and its dephlogifticated air very likely
| 2 unite
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unite to the metallic bafis, and expel its
phlogifton. But then, if this were the cafe,
pure alkali, or calcareous earth, would preci-
pitate the bafis of iron in its pure ftate ; a cir-
cumftance which has never yet taken place;
for the precipitate is heavier than the iron,
and it contains dephlogifticated air enough
to faturate or condenfe the inflammable air
extricated during the folution. Whence
comes this dephlogifticated air? Not from
the vitriolic acid ; for it is not decompofed,
as evidently appears from Mr. Lavoifier’s
experiment, who found that a folution of vi-
triol of iron required as much alkali to fatu-
rate it, as the fame quantity of acid in its fim-
ple ftate. I have repeated this experiment,
and found it to be fo. Hence, I think the
phlogiftians muft have recourfe to water to
enable them to attempt an explanation of
the folution and calcination of metals in the
vitriolic acid ; and, in my opinion, they will
then approach nearer to truth than before.
Does the water itfelf unite to the metallic ba-
fis, and expel its phlogifton? The phlogif-
tians muft fay it does, or allow the decom-
pofition of water, which they are unwilling
to do. If water alone were the chief agent
»m the calcination, as Mr, Kirwan himfelf

obferves,
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obferves¥, it would calcine iron with as much
facility in its purity, as when mixed with vi-
triolic acid. Here, then, the metal is de-
prived of its phlogifton, and its bafis united
to dephlogifticated air: the acid is not decom-
pofed, and the phlogiftians will not allow the
decompofition of water; and from what has
been faid above, the union of water itfelf is
inadmiffible ; therefore, they muft allow wa-
ter to be decompofed. Does the dephlogifti-
cated air of the water unite to the phlogifton
of the metal, and let go its own phlogifton 2
Dephlogifticated air, as already obferved, can
hardly be fuppofed to quit one principle to
unite to another of the {fame fort, which muft
be already intimately united to the metallic
bafis. Let us add to this, the attraction that
muft {ub{ift between the principles of water.
The phlogiftians, if they even muft allow
the decompolition of water, may {iill have re-
courfe to one more mede of argument in {up-
portof their almoftwrecked hypothefis; which
appears to be but a plaufible evafion aof truth,
and which is, that the metallic bafis and its
phlogifton attra&t dephlogifticated air jointly,
with greater force than either feparately ; and
in confequence thereof, that the phlogifton
of the water muft yield its dephlogifticated
* Yfay on Phlogifton, p.99. .
alk
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air to a fuperior force. = Indeed, if this were
the truth, we could not well account for the
reducion of metallic calces by inflammable
air in the ftrongeft heat, when we f{uppofe
phlogifton to oppofe phlogifton, and likewife
when we confider the attra&tion of the
metallic bafis for both; which muft be very
confiderable, when almoft all the metallic
calces will not yield either in the firongeft
heat, notwithftanding their volatility and at-
tra&tion for fire. It is true, fire may weaken
the union of phlogifton and dephlogifticated
air to the metallic bafis, but not {o materially
as to enable phlogifton to expel them both.
In fhort, the phiogiftic theory, taken in the
moft partial peint of view, prefents to me
fuch numberlefs inconfiftencies, that I thould
imagine its obfcurity alone has prevented
its fail long before this time.

Water. will not apparently a& upon iron
in the common temperature of the atmo-
{phere ; but, diluted vitriolic acid will rapidly
diffolve it, and inflammable air will be pro-
duced. This evidently fhews, that the acid
takes an aflive part in the calcination; and,
from what has been already faid, it ftill is
found to contain all its principles. Whence,
then, does the iron receive its dephlogifti-
cated air ? or, let the phlogiftians explain, in

their
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their do&rine, how the acid ats in this pro-
cefs. If highly concentrated vitriolic acid
be ufed, very little inflammable air is ob-
tained, but chiefly volatile fulphureous acid ;
and if heat be ufed for a confiderable time,
fulphur will be formed.

Let the phlogiftians account, in their doc-
trine, for fo material a difference in thefe two
procefles from the mere prefence of water.
I think they have remaining but one method
of accounting for the latter ; which is, that
the bafis of fulphur gives up its dephlo-
gifticated air to the iron, at the fame time
that the iron yields its phlogifton to the bafis
of fulphur.

If this were the cafe, the fame circum-
{tance fhould take place in diluted vitriolic
acid : befides, if the metal thould exchange
phlogifton for dephlogifticated air only, tur-
bith mineral could not be reduced by the
mere expulfion of it, proevided phlogifton be
a neceflary principle in the conftituticn of
metals. I think thefe fa&s tend firongly to
prove the delufion of the phlogiftic theory ;
for let us trace it which way we will, though’
it may flatter us in a few circumfances, it
will lead us into a wildernefs, where we lofe
{ight of that concatenation of nature which

the
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the adverfe do@rine enables us to inveftigate
without interruption.

‘What is the ftrongeft procf of the exiftence
of phlogiﬁon in bodies? Inflammation when
expofed to heat in atmofpheric air. Is not
the fire given out by the condenfed air?
Does dephlogifticated air unite to any fub-
ftance but to that which contains phlogifton ?
According to the phlogiftic theory, it does
not. Is it inconfiftent with the natural
courfe of things, to {fuppofe, that there are
bodies which do not contain a particle of
light inflammable air, and whofe attraction
for dephlogifticated air may be fuch as to
combine with it (under favourable circum-
ftances) fo as to difengage its fire, denfe
enough to exhibit the phenomenon of com-
buftion ?

If the condenfation of dephlogifticated air
by the different bodies which yield flame and
light were occafioned by the fame principle
common to them all, too great inertnefs
would prevail between thofe bodies which
contain dephlogifticated air, and thofe that
are fuppofed to contain phlogifton; for phlo-
gifton muft countera&t phlogifton, and there-
by preferve a neutrality fufficient to refift
numberlefs operations, as well conducted on

the
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the large {cale of nature as in our elaborato=
ries.

Though we have siot hitherto been able to
decompofe pure calcareous, argillaceous, fili-
ceous, barytic and magnefian earths, or fixed
végetable and mineral alkalies, yet we fufpet
them to be compounds. Indeed, the very
circumftance attending the increafe of calca-
reous earth in the animal kingdom, is a
firong inftance of its being a compound, as
likewife is that of fixed vegetable and mi-
neral alkalies in the vegetable kingdom : but
until we refolve thefe into their conflituent
principles, we muft confider them as fimple
fubftances, and not attribute their different
properties to one common principle. I think
I may prefume to fay, that fulphur, phof-
phorus, phlogifticated air, and metals, are as
fimple bodies as the earths, and that we
know as little of their origin or conftituent
principles. )

The latter will unite to dephlogifticated
air, but fome with more facility than others,
and prefent during the union nearly the
fame phenomena. But are we to infer from
thence, that the fame principle is common to
them all, when the refulting compounds are
quite different ? The former (two excepted)
will unite to acids, and prefent like pheno-

' mena ;
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mena ; and may we not infer from thie,
with as great probability of truth, that the
fame principle which promotes a chemical
union between the acid and any of thefe, is
common to all, and which we may call the al-
kalinate principle ? Is not this laft as rational
an hypothefis as that of the principle of in-
flammability ? There are as ftrong grounds
for the one as for the other.

If fteam be pafled over fufed fulphur, light
inflammable air will be obtained, as Dr.
Prieftley has obferved. From whence does
this air come? The phlogiftians will un-
doubtedly fay that it is difengaged from the
{ulphur. If fo, the bafis of fulphur attracs
water with greater force than it does phlo-
gifton ; but will water and the bafis of ful-
phur form vitriolic acid? By no means ;
though volatile fulphurecus acid is formed
in this procefs, which aQually requires de-
phlogifticated air for its conflitution ; a clear
proof that water muft be decompofed. 1T
fthould like to know how the phlogiftians
can account for this decompofition. Let us
{fuppofe fulphur to be a compound of a cer-
tain bafis and phlogifton, and water to be
compofed of dephlogifticated air and phlo-
gifton : would the dephlogifticated air of the
water quit its own phlogifton, to unite to the

D phlogifton
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phlogifton of the fulphur? Unlefs fome other
power co-operated, and what can this be?
'The bafis of fulphur unites to dephlogifti-
ated air, and forms a compound in itfelf,

Therefore it cannot be {fuppofed that it could
give any affiftance to its phlogifton, which
unites to the fame principle, and forms a
{eparate compound: on the contrary, we
thould expec that their mutual attraction to
one another fhould prevent the decompofi-
tion of water. Let us fuppofe dephlogifti-
cated air to attract light inflammable air with
the force of 4, and the baflis of fulphur to
attra&t phlogifton or concrete inflammable
air with the force of 3, and its aggregate
attraltion to be equal to one more, which
muft be nearly the proportion, confidering
that fulphur will not unite to dephlogifti-
cated air in the common temperature of the
atmofphere, but requires fire to remove its
aggregate attraction. In this cafe water muft
be decompofed in confequence of the at-
tralion of the bafis of {ulphur alone for
dephlogitticated air, which muft be more
than equal to the contrary powers already
mentioned (making an allowance for the at-
traftion of aggregation), that is, it muft ex-
ceed 7 to fubdue them. The fame flate~
men. may be oblerved with relpe@ to the
2 calcination
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talcination of metals by water, if we {up-
pofe thefe to contain phlogifton.

A good many more facts might be urged
on this {ubjec; but in my opinion enough
has been adduced to convince an impartial
reader, that all the phenomena above recited
are only explicable by entirely leaving out
phlogifton, and fuppofing fulphur to be a
{imple {ubftance, whofe ultimate particles at-
tra& dephlogifticated air with forces inhe-
rent in themfelves, independent of phlogifton
or concrete inflammable air, as an alkali does
an acid, -or gold and tin mercury ; and like-
wife fuppofing the combuftion of fulphur to
be as fimple a procefs as that of light in-
flammable air; that is, that there is no de-
phlogiftication or formation of water during
the union of the oxygenous principle to {ui-
phur, as containing not a particle of light
inflammable air in its conftitution. I have
often combined {ulphur rendered perfe&ly
dry, anddephlogiiticated air likewife, deprived
of its water by fufed marine {elenite in large
proportion over mercury, and could never
obferve that water was produced. Indeed
it may Dbe faid, that the volatile {fulphurous
acid, which is always the refult of this pro-
cefs, may re-diffolve it ; but this is not very

D: likely,
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likely, when a fmall portion of water wilt
deprive it of its elafticity.

According to Mr. Kirwan, 100 grains of
fulphur require 143 grains of dephlogifti-
cated air to convert them into volatile vi-
triclic acid ; but they require much more in
order to become perfe& vitriolic acid.
Highly concentrated vitriolic acid contains
2 parts of dephlogifticated air, and 1 of
fulphur, exclufive of water.

One hundred and forty-three grains of
dephlogifticated air contain 41 of water, for
lime will abftrac 26 grains from it, and the
remainder cannot be feparated from it in its
acrial {tate ; therefore 100 grains of {fulphur,
making an allowance for water, require 100
or 102 of the real gravitating matter of
dephlogifticated air to form volatile vitriolie
acid ; and as volatile vitriolic acid is very
little fhort of double the fpecific gravity of
dephlogifticated air, we may conclude, that
the uldmate particles of {ulphur and de-
phlogiiticated air, contain equal quantities of
{olid matter ; for dephlogifticated air fuffers
no contiderable contraction by uniting to
fulphur in the proportion merely neceflary
for the formation of volatile vitriolic acid.
Ilence we may conclude, that, in volatile vi~
triolic acid, a fingle ultimate particle of ful-

phur
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phur is intimately united only to a fingle
particle of dephlogifticated air; and that, in
perfedt vitriolic acid, every fingle particle of
fulphur is united to 2 of dephlogifticated
air, being the quantity neceflary to fatu-
ration, '

As 2 cubic inches of light inflammable
air require but 1 of dephlogifticated air to
condenfe them, we muft fuppofe that they
contain equal number of divifions, and that
the difference of their fpecific gravity de-
pends chiefly on the fize of their ultimate
particles; or we muft fuppofe that the ulti-
mate particles of light inflammable air re-
quire 2 or 3, or more, of dephlogifticated
air to faturate them. If this latter were the
cafe, we might produce water in an inter-
mediate flate, as well as the vitriolic or the
nitrous acid, which appears to be impofli-
ble; for in whatever proportion we mix
our airs, or under whatloever circumftance
we combine them, the refult is invariably
the fame. 'This likewife may be obferved
with refpe& to the decompofition of water,
Hence we may juftly conclude, that -water
is compofed of molicules formed by the
union of a fingle particle of dephlogifticated
air to an ultimate particle of light inflam~
mable air, and that they are imcapable of

D3 uniting
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uniting to a third particle of either of their
conflituent principles. The above notions
of water and vitriolic acid being {triQly kept
in view, let us now proceed to enquire into
the nature of {ulphur and vitriolic acid, and
their various effe&ts on different bodies in
the antiphlogiftic do&rine.

It has been already obferved, that metals
attrat dephlogiflicated air with greater force.
than fulphur, and that fulphur attralls it
with greater force than light inflammable
air. It has likewife been obferved, that
vitriolic acid and water, mixed in a certain
proportion, will calcine metals with greater
facility than concentrated vitriolic acid, and
that water will have very little effe&t on
metals in a common temperature. Thefe
facts, though they may appear contradi¢tory
in themfelves when {lightly confidered, may
be accounted for on the following principles,
and are, in my opinion, inexplicable by any
other means whatever. -

Let us {fuppofe iron or zinc to attra& de-
phlogifticated air with the force of 7, ful-
phur to attralt it with the force of 6%, and
light inflammable air with the force of 64.
Let us again fuppoie thefe to be the utmoft
forces that can fublift between particle and
particle. "That is to fay, in water dephlo=

cifticated
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gifticated air is retained with the above force,
and likewife in volatile vitriolic acid, with
the force already mentioned. It is unne-
ceflary to introduce here the aggregate at-
traction which frequently preferves a neu-
trality between bodies, as, for inftance, be-
tween water and zinc, or water and iron.
Stating the attralive forces in the above
proportion, which I am led to believe is juft,
from faéts already cbferved, we thould ima-
gine that iron or zinc would calcine in water
with greater facility than in vitriolic acid ;
and if fome other circumftance did not inter-
fere,.it muft be the cafe. This the follow-
ing will in fome degree illuftrate.

Let S be a particle of fulphur, 4 a par-
ticle of dephlogifticated air, which it attraéts
with the force of 67, and let the compound
be volatile fulphureous acid; here the tie
between S and 4 is greater by §, than that
between the conftituent principles of water,
which is but 64 As the attraCtion of
bodies is mutual, Y
let us fuppofe S 7 /
to poflefs one- y
half of this force, - a7
which is 35, and ~ S¢ —D
this to be its utmoft exertion, and likewife &
to poflefs the other half, which is 3/; more,

Da which
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which will unite them with the above-men-
tioned force. Let us fuppofe another par-
ticle of dephlogifticated air D to have a ten-
dency to unite to S, with the force of 3%,
in order to form perfe& vitriolic acid: to
receive D, S muft relax its attraction for &
one-half. That is, the force of 3% will be
divided and dire€ted in two different points,
which will reduce the attachment of de-
phlogifticated air and {ulphur in perfe& vi-
triolic acid to §-%.

In order to more perfeétly underftand this,
let S be fulphur, 4 D two different par-
ticles of depblogifticated air united to it,
with the different forces annexed to them.
If D were taken o
away, S and 4 5%
would aitra&t one N
another with the S<— 213 D
force of 6%, and when again reftored would
reduce this force to 5%, and fo alternately.
This feems to be a general law. Mild,
fixed, vegetable alkali will part with a por-
tion of its fixable air in a moderate degree
of heat, but requires a very intenfe heat to
expel the whole. In like manner vitriolated
tartar will confolidate a portion of water
during its cryftallization ; in this ftate it will
melt in a degree of heat below ignition, and

part
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part with its water of fufion, and confolidate
in the fame degree of heat. If the mafs be
ignited, it will again fufe, and continue part-
ing with water for fome time; and when
the whole is expelled, though the fire be on
the increafe, it will again confolidate, and
require a much ftronger heat to fufe it over
again. Here we fee that, in proportion as
the alkali is deprived of a part of its fixed
air, its power of retaining the remainder is
redoubled, and that of the vitriolated tartar
for water; for in the firft fufion it parts
with a portion of its water very readily, but
during the fecond fufion it parts with the
remainder with difficulty. Here we find,
notwithftanding the volatility of water, the
force of attrallion f{ubfifting between it and
the falt retains it until it isred hot; and how
great thefe powers muft be, when we confider
the mechanical force neceffary to keep water
in a condenfed ftate, when fimply expofed
to the fame degree of heat! I fhall forbear
mentioning feveral other circumftances of
the like nature: let it fuffice to fay, that this
explains the neceflity of raifing the fire
towards the end of all chemical procefles.
The true ftate of water and vitriolic acid
being confidered, when thefe fluids are mixed
in different proportion, and then iron or
' mg
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zing introduced, what are we to expe& will
take place? Undoubtedly the following de-
compofitions. 'The iron will attack the de-
phlogifticated air of the vitriolic acid with
the force of 7, which refifts but with the
force of 5+, in preference to the dephlo-
gifticated air of the water, which refifts
with the force of 6:. We are not to fup-
pofe that the metal will attra& 4, in pre-
ference to D, but that it will influence them
both equally alike; more efpecially when it
prefents furfaces enough. The fulphur be-
ing thus defpoiled of 1its dephlogifticated
air, but ftill preferving its extreme divifion,
exerts the force of 6% on the dephlogifti-
cated air of the water, which it readily gains
as meecting but with the refiftance of 65,
while the inflammable air is difengaged.
The phlogiftians may objet to this by fay-
ing, that {ulphur will not decompofe water
in the temperature of the above procefs. I
will join them in this opinion; but be it
recolle@ed that fufed {ulphur, as already ob-
ferved, will decompofe water when brought
in conta& with it in the ftate of fteam;
and what prometes a decompofition here,
but the interpofition of fire between the
ultimate partieles of the fulphur, whereby
its aggregate attradtion is removed ? But, if

' this
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this does not interfere in a low temperature,
which is the cafe after the decompofition of
vitriolic acid by metals, the decompofition
of water will take place the eafier; for,
though fire removes the chief obftacle to
the decompofition, it interferes a little itfelf.
The ultimate particles of fulphur, when
deprived of their dephlogifticated air, can-
not recover more of this from the water,
than is neceflary to the formation of volatile
vitriolic acid, fee S_‘_g%___d, which being
re-attrated by the calcined metal, alts as a
{olvent.

If concentrated vitriolic acid be ufed, the
application of heat is neceffary, and very
little inflammable air is produced ; but
chiefly volatile vitriolic acid. The ufe of
fire here is to remove the aggregate in-
fluence of the vitriolic acid, as well as to
weaken that of the iron; both which cir-
cumftances favour the new union, or, as
properly fpeaking, facilitate the decompofi-
tion. When water is mixed with the vi-
triolic acid, it interpofes itfelf between its
fluggith particles, which puts them beyond
the {phere of their mutual influence; and
thereby, though it is attracted by the vi-
triolic acid, anfwers the fame purpofe that

fire
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fire does; fo that the folution goes 6n ra=
pidly without the application of heat.

The volatile vitriolic acid difengaged, and
the fmall quantity of inflammable air pro-
duced, when concentrated vitriolic acid is
ufed, may, I think, be very fatisfatorily ac-
counted for in the following manner.

The firlt effort of the metal wholly de-
prives the particles of vitriolic acid in con-
ta@ with it of their dephlogiiticated air, and
they inftantly exert the force of 6% on the
dephlogifticated air of the neighbouring in-
decompofed vitriolic acid, which can only
refift with the force of 5-%: they will not
take D and & from S, but D or 4, which-
ever happens to be moft contiguous to them ;
therefore two portions of volatile vitriolic acid
are formed. In order to render this the
more intelligible, let S be an uliimate particle
of fulphur, recently deprived of its dephlo-
gifticated air, and fiill pofleffed of the power
of 67 to recover this -again; and let

g be a particle of wvitriolic

< 5:‘?5? ; ac.id in the vicinity of -S:
will not S take D or 4 from

S? avd will not the volatile compounds

g % 4 s__° D be formed? The
latter w1ll pafs off' in an elaftic ftate, while

the former, $..%% 4 being nigher the
metallic
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metallic calx, is attra&ed by it.  As the mof
concentrated vitriolic acid contains a por-
tion of water, part of this likewife is decor-
pofed ; hence arifes the inflammable air.
Let A be a particle of water, I and D 1its
conftituent principles; I

inflammable air, and D I 65‘ 1)
dephlogifticated air, com-

bined with the force of 6% ; if A fhould be in-
terpofedbetween S, and d
would not S the rather —

deprive I of D, than S\
wait the approach of D
the vitriolic molicule which is beyond its
reach? particularly when the above-men-
tioned force of S is conftantly riverted or
levelled, if 1 may ufe the expreflion, towards
dephlogifticated air, in whatever compound,
or in whatever ftate it meets with it, unlefs
fome other power countera&s it; and what
can this be, but the union of the ultimate
particles of {ulphur to fome other {fubftance
which attratts them more forcibly, or their
own attachment to one another {o as to form
an aggregate ! neither of which circumflances
interferes here. In addition to the ahove
explanation of the interference of the {mall
quantity of aqueous particles in concentrated
vitriolic acid, I necd only fay, that when

1

tliis
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this acid “is {o diluted as to afford only i~
flammable air, the particles of water, by {ur-
rounding thefe of the acid, or by the inter-
mixture of their more numerous f{urfaces,
are expofed to the influence of the fulphur,
the inftant it is deprived of its dephlogilti-
cated air by the metal, and thereby prevent
the formation of the volatile f{ulphureous
acid, marked S D, while S——d,
which is neceflary to folution, is conftantly
forming by the decompofition of water.
Thus the water, though it is decompofed
itfelf, defends the vitriolic acid, whereby we
obtain inflammable air in fuch abundance.

From what has been faid refpe&ing the
folution of metals in diluted vitriolic acid,
we find that 4 more dephlogifticated air
fhould be contained in the metallic {olution,
than is neceflary to the formation of perfe&t
vitriolic acid.  That is, it contains that por-
tion which the fulphur takes from the water,
in addition to the quantity originally con-
tained in the vitriolic acid; which the fol-
lowing circumftances tend to corroborate.

Fixed vegetuble alkali will decompofe a
felution of vitriol of iron, and form vi-
triolated tartar, at the {fame time that the
iron is difengaged of a dirty bluifh colour,
combined only with about & the portion of

dephlo-
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dephlogifticated air neceflary for its thorough
calcination. It could not receive this dephlo-
gifticated air from the vitriolic acid, for this
is united to the alkali in its perfed ftate. See

otherwife we f{hould

<
. / have a compound re-
5 \\ {ulting from an union
D of the alkali to S——/,
which is called the fulphurous falt of Stahl.

If a faturated folution of martial vitriol be
expofed to dephlogifticated air, a yellowifh
calx is depofited, and in time nearly the
entire of the iron is brought to this fiate.
I frequently examined different calces of
this fort well wathed with hot water, and
found that fome contained vitriolic acid, and
that others did not. If the folution be ex~
pofed to the air for a confiderable time, it
acquires an acid tafte by the liberation of a
portion of the vitriolic acid.  Fixable air will
likewife decompofe this martial {olution, ag
fhall hereafter appear. Perfe& vitriolic acid
will have no effe& on the perfe& calx of
iron, but volatile {fulphurous acid wiil par-
tially diffolve it.

Thefe fa&s feem to correfpond, and I
think may be thus accounted for. TLet I be
iron ; D dephlogifticated air united with the
force of 7; let us fuppofe D to be the

quantity
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quantity neceflary to faturate I, fo as te
form a perfe& calx; let S be fulphur, d
dephlogifticated air attached with the force
of 61. Let us

fuppofe S to I 7 D
have a ten- 9,
dency to unite

to more de- d 6= g
phlogifticated

air; and let us likewife fuppofe, which is
well known to be the cafe, a {mall attration
to exift between S and I. Let us ftate the
whole fum of thefe forces between S, D, and
I, to be 2; which power, though it will
not feparate I from D, or d from §, yet is
fufficient to combine I D to S d
when in contalt, and when no other power
is to counteract it.

If the vitriolic folution above confidered
be expofed to dephlogifticated air, the fol-
lowing decompofition will take place, viz.
another particle of dephlogifticated air will
unite to S, which will countera& the at-
traction of I D for S d ; therefore
the f{eparate compounds I D and
p will be formed. For the

attra&ion of 4 for S,
which I have already
- llated to be 3+, is fuf-
ficient
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ficient to fubdue the power of 2, which united
I D and S-———4. In order to prove
this,more fully, let the calx of iron I D
and perfe& vitriolic acid

be mixed; they will not /

. . S
udite; for I being fatu- \
rated with D, can have no D
effe@ ond D; and S in like manner being
faturated with D, can have no effe& on D.
We are to confider the particles of dephlo-
gifticated air D D 4 to have no fenfible at-
tra&ion for one another; and likewife the
attraction of 4 D to S to be {uch as to more
than countera& the attraction of S to L
For though S may be deprived of 4 D by
a force not much fuperior to §.%, yet it
would require more than the force of 105,
to {eparate S from & D, provided the latter
were not influenced. Hence arife feveral
very important phenomena in chemiftry,
which arrangement forbids me to introduce
here; and which, from their being little
confidered, gave birth to the phlogiftic
theory.

T introduced fome iron nails, free from
ruft, into ftrong volatile vitriolic acid ; when
it ftood for a few minutes, it acquired a
milky appearance, and the folution went on

without cbullition or extrication of air. On
E ftanding
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ftanding for a few hours, the folution ace
quited a darkifh colour, and a black powder
was precipitated. This powder, when col-
leted and wathed, put on red hot iron,
burned partly like fulphur, and partly like
charcoal duft, and the incombuftible refi-
duum was of a purplith colour. The filtered
folution was perfe@tly neutralized, and free
from the leaft fulphurous pungency. Its
tafte was ftrongly chalybeat, but not fo dif-
agreeable as that of the folution of iron in the
perfe& vitriolic acid, or in any of the mi-
neral acids.
~Nitrous acid" dropped into the folution
inflantly produced a cloudinefs, which im-
mediately difappeared without ebullition,
though volatile fulphureous acid wasdifengag-
ed in its utimoft degree of pungency. The vi-
triolic, marine, and acetous acids decompofed
this folution, but caufed no turbidnefs, nor
was any inflammable air produced *.
In order to know whether the fulphur

# T would beg leave to recommend a trial of this
preparation of iron in-diforders that require the ufe of
chalybeates ; but as this prefumption is rather founded
on theory, I fhall not take the liberty of faying any thing
particular in its favour, until experience enables me to
urge it with confidence.

was
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was difengaged from the volatile {ulphureous
acid or the iron, I poured marine acid on the
fame nails, when light inflammable air and
hepatic air were copioufly produced, and
likewile fulphur was depofited in its crude
ftate.  'When I ufed vitriolic or the nitrous
acid, no fulphur was produced. T tried dif=
ferent nails, and likewife iron filings; with the
fame refult, Thefe fa&s convinced me,
that the fulphur was feparated from the iron
but that all forts of iron contain fulphur is
what I cannot pretend to know, as I have
not tried-fteel or varieties enough of malleable
iron. However I have ftrong reafon to fuf-
pect, that {fulphur has more to do in the dif-
ferent properties of iron than we are aware
of. 'That iron thould contain {fulphur, not-
withftanding the different procefles it muft
neceflarily undergo before¢ it acquires mallea-~
bility, confidering the volatility of fulphur,
points out the force of their attraction to one
another ; and the feparation of this again by
volatile {ulphureous acid, fhews likewife the
greater attraction of iron to fulphur and
dephlogifticated air jointly. That volatile
fulphureous acid thould diffolve iron without
the extrication of inflammable air or phlo-

gifton, is a very ftrong inftance of the fallacy
E 2 of
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of the phlogiftic do@rine#. If volatile vi-
triolic acid were a compound of phlogifton,
a certain bafis and dephlogifticated air, a
greater quantity of inflammable air fhould
have been difengaged during the folution
of iron in this acid than when the perfect
vitriolic acid is ufed. Let us even fuppofe
~velatile {ulphureous acid to be compofed of
the bafis of fulphur, phlogifton and dephlo-~
gifticated air, which is the opinion of all the
phlogiftians, though they differwith refpe& to
the modification of thefe three principles; and,
likewife, iron to be compofed of a certain
bafis and phlogifton : I would afk the phlo-
giftians what becomes of the phlogifton of
the iron during its folution ? They cannot
fay it is difengaged in an aeri-form ftate, for
there is hardly any inflammable air produced.
Therefore, all they can fay is, that the phlo-
gifton of the metal, and that of the volatile
vitriolic acid, are prefent in the folution ; but
this contradicts their own principle, viz. that
metals muft lofe their phlogifton, in order to

* A fmall quantity of inflammable air is produced,
but it is fo trifling, comparatively to what {hould be
produced from the quantity of iron diffolved, that it is
bardly worth neticing, and, in my opinion, proceeds
from a portion of perfe vitriolic acid, which is gencrally
infeparable from the volatile acid.

4 become
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become foluble in acids. What principle is
there in volatile fulphureous acid that can at-
tract the phlogifton of the iron? The de«
phlogifticated air cannot unite to it, as being
already united with phlogifton according to
Mr. Kirwan. The bafis of f{ulphur can
have no influence over it, being united to
phlogifton and dephlogifticated air; or, if
even the bafis of fulphur were to unite to the
phlogifton of the metal, it muft have formed
fulphur, which isin itfelf infoluble, and in-
capable of holding metals in {olution. . Be-
fides, if the quantity of phlogifton they
imagine be prefent in the folution, nitrous
air ought to have been produced on the ad-
dition of nitrous acid, or inflammable air on
the addition of the marine acid; neither of
which had been procured, though they dif-
placed the volatile vitriolic acid, and united
to the iron. A folution of nitrated iron
thus prepared, and completely freed from
volatile fulphureous acid, will yield a more
perfe& calx than vitriolated iron, when both
are precipitated by pure fixed vegetable al-
kali. The nitre thus obtained will yield lefs
dephlogifticated air, and more phlogiiticated
air, than the fame quantity of common nitre,
but in what proportion I cannot fay. I am
induced to fuppofe, that the difference of

E 3 purity
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purity is in proportion to the quantity of
dephlogifticated air united to the precipitate.
I am forry I have not an opportunity at
prefent to afcertain this, by a more accurate
repetition of the experiment.

The folution of a metal in an acid with-
out the produltion of inflammable air, and
the decompolition of this again by nitrous
acid without the producion of nitrous air,
is very well worthy of attention; more
efpecially when we confider that nitrous
acid is always partly decompofed during its
unicn to metals in the common way, Surely
thefe differences cannot arife from phlo-
gifton ; for if {uch a thing exifted in metals,
it would be as prevalent in the folution,
when we know it did not make its efcape,
and likewife when it is evident that there
can be nothing to envelope or prote& it, as
when the metal is introduced in its fimple
ftate into diluted nitrous.acid. When I
treat of nitrous acid, I fhall have an oppor-
tunity of refuming the latter part of this
fubject; and, as I have faid fufficient to
anfwer my plefent purpofe, I will poftpone
it until then.

The {olution of iron in volatile vitriolic
acid 1is quite clear, but when expofed to the
air it acquires a brown colour in a very

litile
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little time; indeed, the furface of the li-
quor changes colour in a few minutes. I
expofed part of this folution to fixable air
confined by mercury, and the fame change
took place: fixable air and dephlogifticated
air mixed, affe@ed this folution in a fhorter
time than either f{eparately. F¥rom the ef-
tects of fixable air as well on this folution-
as on other preparations of iron, I am in-
duced to fuppofe, that the brown colour of
ruft and of other calces of iron, is occafioned
chiefly by fixable air.

I precipitated fome iron from a common
{olution of martial vitriol, and wathed it
well. T put a part of this into perfe&t vi-
triolic acid, and another portion into the
volatile vitriolic acid; they {cemed very
quicfcent, and no {olation appeared to take
place. I clofed both up very tight in two
vials, and laid them by for two or three days,
when almoft all the iron was taken up.
I filtered both folutions, and into the vol.
vit. folution gradually dropped aerated vola-
tile alkali, which threw down a Dbluifh pre-
cipitate. Aerated volatile alkali, dropped
into the other {olution, difengaged a brown
precipitate, which was inftantly re-diffolved.
I continued dropping in the alkali until the
folution was faturated, when an orange-co-

E 4 loured
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loured precipitate was obtained ; very little
fixable air was produced, until the {olution
was nearly faturated. I think we may at-
tribute the re-diffolution of the precipitate to
fixable air: for the {olution having a fuper-
abundance of vitriolic acid in it, the aerial
acid was more copioufly liberated than if it
had been a faturated folution; fo that the
difengaged calx was fo much the better {up-
plicd with this folvent. Mild, fixed, vege-
table alkali precipitated the iron from the
vol. fulp. acid of a darkifh blue colour; it
likewife precipitated the above folution of
perfet vitriolic acid of the fame colour.
Why was not the iron precipitated by the
volatile alkali from both {olutions of the
{ame colour? Or why did not the mild fixed
alkali precipitate as perfe@ a calx from the
latter folution as the volatile alkali did? Or
whydid not the aerial acid diffolve the precipi-
tate from the volatile acid, fo well as it did
that from the perfe&t acid? And laftly, why
was not* inflammable air difengaged during
the folution of the iron in the above acids ?
If the precipitate of iron from the vitriolic
acid by fixed alkali be dried or expofed to
air for fome time, the vitriolic acid will only
take up a fmall portion of it, for the moft
calcined part is left behind.

Hence
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Hence we find, that a precipitate procured
from a folution of iron in perfe vitriolic
acid, diffolves as well in diluted vitriolic acid,
as in the volatile vitriolic acid, without the
produ&ion of inflammable air, though it is
but + calcined, or in other words, dephlo-
gifticated. 'Why is not at leaft one-half the
quantity of inflammable air, or phlogifton,
difengaged here, that is {eparated during the
folution of fimple iron in vitriolic acid? T
think this is not confiftently explicable in
the phlogiftic do&rine; at the fame time
that it is not only explicable-in the anti-
phlogiftic theory, but likewife tends to prove
the non-exiftence of phlogifton in iron, and
to corroborate what has been already ad-
vanced relating to the folution of metals in
vitriolic acid.

It has been already obferved, that fixed
vegetable alkali precipitates iron from the
vitriolic acid, and that perfe& vitriolated
tartar is obtained, though the iron is found
to be partly calcined.  Therefore it ap-
peared, that the water furnithed the de-
phlogifticated air, and that the iron con-
tained only that portion which it received
from the water. It has likewife been ob-
ferved, that this portion of dephlogifticated
air, in addition to that contained in perfe&

~ wvitriolic
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vitriolic acid, is the greateft quantity that
can be retained in the {olution of iron, and
that more dephlogifticated air will decompofe
it.  But it has been fhewn, that volatile
fulphureous acid will diffolve iron without
the extrication of inflammable air, and that
the folution contains but § the portion of
dephlogifticated air contained in the fo-
lution of iron in perfect vitriolic acid.  This
thews, though a fmall quantity of dephlo-
gifticated air will promote the union and
folubility of iron and f{fulphur, that more
will do it better; but that a larger quantity
will feparate them. Then, if this calx of
iron contains only that portion of dephlo-
gifticated air taken from the water, and if
this, in addition to the quantity contained in
perfect vitriolic acid, be the quantum fufficis
for holding iron in folution; no wonder
that the union fhould take place without the
prodution of inflammable air, if this be
difengaged by the decompofition of water ;
but if difengaged from the iron, it is as re-
markable we fhould not obtain it. If a
larger quantity of dephlogifticated air were
united to the above calx, it would then be,
as already explained, infoluble in perfed vi-
triolic acid, on the fame principle that a fo-

lution
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lution of martial vitriol is decompofed when
expofed to air,

It may appear extraordinary that in-
flammable air is not produced during the
folution of iron in volatile vitriolic acid, at
the fame time that it is {fo copioufly dif~
engaged during its folution in perfe& vi-
triolic acid. This, I confefs, puzzled me
for {fome time before I could account for it.
I think it is demonfirable in the following
manner :

D
Let T be iron N

o
yitriolic acid: let us fuppofe I to attra&t
dephlogifticated air with the force of 7, and
S, from its divided attachment, to retain its
dephlogifticated air with the force of 5+, as
ufual; and let us likewife fuppofe iron, from
the clofenefs of its texture, to prefent a
greater number of i
ultimate particles

to a given furface 7l

T
than the vitriolic S o
acid, particularly \K

than the dilute vi- D

triolic acid from the interpofition of water.
Let
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d
Tet I and S
D

be brought within one another’s influence
under thefe circumftances, and I will take
d D from S; or S, in confequence of iis at-
traction for I, which is but very {mall, com~
paratively to the oppofite powers, will be
forced along with D 4. This latter is not
likely to take place; for the force of 7,
exerted at once by a number of the martial
particles on D 4, fuddenly fnatches them as
it were from S, which cannot move with
the fame pace towards I; becaule, being in
conta&t with water, it exerts its whole force
on that compound. Therefore it is the
violence and fuddennefs of the pull from
the metal, and the velocity of the motion of
D 4 towards it, that leaves S {fo circum-
ftanced as to be able to decompofe water in
the manner already defcribed.

The contrary takes place during the folu-
#%ion of iron in volatile fulphureous acid;
for though the iron attra&ts the dephlo-
gifticated air of the volatile vitriolic acid
with the force of 7, it meets with the re-

fiftance
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» 4 |
fiftance of 67 S6< as before de-

fcribed; fo that that fuperiority of force
does not prevail here, as when perfect vi-.

&

) 57‘5
triolic acid is ufed. See s<
&
D

Indeed, if there were a greater inequality of
torce between S and I for 4, S, from its at-
traltion to 4, and its tendency to I, would
move with & towards I, and form the com-~
pound of S 4. I, already de-
feribed.  Let S attra@ 4 with the force of
61: let | attra® 4 with the force of 7, and
let T attralt S with the force of & only; the
attachment of S to 4, and likewife its ten-
dency to I, make up the force of 7. There-

fore the force of 7,

<y
fubfifting between I and d, will influence
and & equally the fame; fo that S and o will
move with equal pace to unitc to I.  Hence
no decompofition takes place, and of courfe
no inflammable air is produced. Thefe two
' important
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important fa&s do not only throw mutual
light upon one another, but likewife upon
feveral abftrufe phenomena in chemiftry.

Sulphur, in its fimple ftate, will unite to
moftly all the fubftances that vitriolic acid
will. It unites to all the earths (the filiceous
excepted), to the alkalies, to the metals (a
few excepted), and likewife to the oils. The
union of fulphur to the firft clafs of thefe
does not throw much light on its nature, as
we are as yet unacquainted with their con-
ftituent principles.

The union of fulphur and volatile alkali
admits of much more {peculation than the
former fubftances. It is now very . well
known, from the experiments of Mr. Ber-
thollet and Do&or Auftin, that volatile al-
kali is compofed of phlogifticated air and
light inflammable air. Sulphur will not
chemically unite to inflammable air {o as to
confolidate it; though, as I fhall hereafter
be obliged to obferve, it enables fulphur to
combine with fire, and acquire an elaftic
ftate, whereby they are both held in folu-
tion, as fugar or Glauber falt is in water.
Therefore, if fulphur be a compound of a
certain bafis and phlogifton, this bafis muft
be fully faturated with phlogifton. It is
not certain that volafile alkali will unite to

any
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any more light inflammable air than it is
known to contain in its ordinary flate, fo
that we muft confider this likewile to be fa-
turated with light inflammable air or phlo-
gifton. Then, how can thefe fubftances
unite, when their bafes are already attached
and faturated with that to which they have
greater affinity, than they have to one
another? Should not the fame inertion pre-
vail here, as when the perfe@ calx of iron is
mixed with the perfe vitriolic acid; or
when Glauber’s falt is mixed with vitriolated
rartar 3 or when felenite and barofelenite ; or
vitriol of zinc and vitriol of iron are mixed?
Do not like thefe, {ubftances of the fame kind,
and which have no fenfible influence on one
another, interfere between volatile alkali and
fulphur? The fame may be obferved with
refpect to the union of fulphur to metals and

oils. | |
The effe@s of oils on vitriolic acid cor-
refpond with the foregoing explanations.
A {mall quantity of oil, or any other vege-
table or animal fubftance that attradts de-
phlogifticated air, or, in other words, that is
combuftible, will partly decompofe vitriolic
acid, and difcolour a large quantity. Vi-
triolic acid thus coloured, expofed to a
{irong heat, will emit volatile vitriolic acid
in
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in great abundance, and likewife fixable air,
until it acquires its former tranfparency.
Vitriolic acid, poured in {mall proportion on
a large quantity of oil, will turn it to a
darkith brown colour. This expofed to
heat will yield fixable air and volatile vi-
triolic acid, with a {mall quantity of phlo-
‘gifticated and heavy inflammable air; and,
if the charge be urged with a tolerable
ftrong heat, a fmall quantity of fulphur may
be produced. Hence we may infer, that
the acid is only deprived of a portion of its
dephlogifticated air. Animal and vegetable
inflammable bodies have certainly fironger
affinity to dephlogifticated air than iron has,
though they will not readily unite under
any circumftance below the temperature of
ignition. QOils, animal or vegetable, pro-
vided they be free from volatile alkali, will
not mix or unite with water in a common
temperature, but when diffufed with it by
agitation will afflume a globular figure, and
inftantly feparate from it again on ftanding:
here the repulfive force between oil and
water is evident. If oil and water be boiled
under the common preflure of the atmo-
fphere, no decompofition will take place ;
but if water be gradually dropped into boil-

ing hot oil, inflammable air will be pro-
duced,
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duced, as has been firft obferved by Mr.
Lavoifier. ‘The "joint altion of air and
water can have no great effe&t on thefe,
and if any at all, it muft be in a great
length of time. Suet and butter are not
decompofed by water alone ; for I can af-
firm, that I have been prefent when a finall
tub of butter had been taken from under
ground at leaft three feet deep, and which,
from the fituation of the foil and the decay
of the wood, muft have lain there for up-
wards of fifty years. It was f{urrounded
with water, for it lay in a marfhy foil. It
had a difagrecable tafte, and a {pongy white
appearance, but did not feem much changed
in its chemical properties. From thefe,
and fimilar falts too tedious to mention,
we {ee the difficulty of uniting oils, butter,
tallow, and charcoal to dephlogifticated air
in a common temperature, In my opinion,
as I have heretofore conjeétured, thefe are
protected from the action of air and water
by fome repelling fluid that furrounds their
altimate particles, independent of common
fire, and which they are deftitute of while
enveloped in their refpe&tive kingdoms.
For all animal and vegetable organic bodies

E which
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which contain thefe, are readily decompofed
by expofure to air and water, or to water
alone.

Confidering thefe circumftances, it can-
not be fuppofed that water thould be de-
compofed, and inflammable air difengaged
during the commixture of diluted vitriolic
acid and oils. This relu@ance oils have to
unite to dephlogifticated air in a low tem-
perature, in addition to their attraction for
{ulphur, oppofes that fudden decompofition
of vitriolic acid, or rapid feparation of de-
phlogifticated air frem the fulphur, by
which, as in the inftance of the folution of
iron in diluted vitriolic acid, it is enabled to
decompofe the water.

When vitriolic acid, whether diluted or
not, is mixed with oil, an ultimate particle
of vitriolic acid ipfluences with a certain
force an ultimate particle of oil, while the
Natter attrals the vitriolic with the fame
force. The oil will not take D 4 from S:

d
but from the joint at- g

D
-tra&tion
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tra&ion of S——aD d to oil, they
will approach with equal pace, and com-
bine. Thus this mixture more than me-

chanically, but not quite chemically united,
may be tefolved into the different fluids
mentioned above. The particle of oil will
retain D or 4, and form fixable air; at the
fame time that § will retain d or D with
its full force, and form volatile vitriolic
acid. '

Volatile vitriolic acid is not fo readily
decompofed by oils as perfect vitriolic acid,
from the retention of its dephlogifticated
air with fo much the greater force. There-
fore volatile vitriolic acid has not the pro-
perty of charing oils as common vitriolic
acid has, but it mixes with them, and
forms a whitith or a faponaceous-like fub-
{tance.

What has been faid above, might be
very well illuftrated by minutely defcribing
the various phenomena attending the dif-
ferent ftages of that beautiful procefs of
making vitriolic ether.

Here the vitriolic acid retains the oleagi-
nous and aqueous part of the fpirit of wine,
while the moftt volatile part pafies over in

~
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the ftate of ether, the nature of which can-
not be difcufled here. Ether of my own
making, and which I carefully reified
from deliquiated fixed vegetable alkali, ex-
pofed to fpontaneous evaporation, in the
temperature of 37 or 40° of Fahrenheit’s
thermometer, left a fmall refiduum of ocil,
water, and vitriolic acid. The quantity of
vitriolic acid was fo f{mall, that I could
only dete&t it by acetated barytes. How-
ever, 1t fhews that vitriolic acid enters into
the conftitution of vitriolic ether. A por-
tion of the fame ether left no refiduum in
the temperature of 60°. A folution of
terra ponderofa fhewed no appearance of
vitriolic acid in this ether. It appears to
me, that cther is to light inflammable air,
what the groffer oils are to the heavy
which is favourable to the explanation of

fermentation, &c. ) )
Charcoal or oils will wholly decompofe
vitriolic acid when combined with fixed
atkalies, and expofed to heat. Two cir-
cumftances favour this decompofition :
1ft, The attration of the inflammable
matter for D 4. 2dly, That of S for the
alkalies. Liver of fulphur expofed to the
atmofphere,
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atmofphere, or to dephlogifticated air in
clofe veflels, will attra& the latter, and
form vitriolated tartar; though fulphur
alone will have no effec on dephlogifticated
air, nor will alkalies in their fimple fiate
‘unite to it. On refle&tion, thefe circum-
ftances appear very fingular; but if we
confider that the fulphur is united to the
alkali in its extreme divifion, and that its
attraction to dephlogifticated air is ftronger
than its attachment to the alkali, and like-
wife that the attra&ion of alkalies for vi-
triolic acid is greater than their attration
to fulphur, we may eafily account for all
this. The fulphureous falt of Stahl expo-
fed to air, will unite to the dephlogifticated
part, and form a perfett vitriolic falt ;
though volatile vitriolic acid in its fimple
ftate will not readily unite to dephlogifti-
cated air. Thefe fa&s clearly demonftrate,
why alkalijes take vitriolic acid in its perfect
ftate from iron, at the fame time that it is
thrown down in a femi-calcined ftate ; for,
as I.have before endeavoured to thew, the
iron takes D 4 from S, by its fuperior
attraction to dephlogifticated air, at the
fame time that $ takes d from the water ;

F3 therc~
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therefore S-——d holds 1::\

o

or the calx of iron in folution ; from which

circumf{tance we might imagine, that
S, or the volatile vitriolic acid,
thould unite to the alkali, and form the
fulphureous falt of Stahl, and that the iron
thould be precipitated in a more calciform
ftate, that is, united with D ewcweed, or
double the quantity of dephlogifticated air
which the precipitate generally contains. But
finding that S .d, or volatile vitriolic
acid united to alkalies or earths, attradts
dephlo'giﬁi,cated air with greater force than
when in its fimple ftate, we can eafily ex-

plain why the contrary takes place.
Sulphur partly acquires an acriform flate,
when difengaged from the different hepars
by acids. Liver of fulphur in its dry flate
is quite inodorous; but when moiftened
with water, it emits a ftrong hepatic fmell,
as Mr. Gengembre has obferved. From
this cffe@ of water on liver of fulphur it is
evident, that it promotes the difunion and
7 vola-
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volatilization of a portion of the fulphur;
but on what principle is not well under-
ftood. If this fhould take place in confe-
quence of a decompofition of water, vi-
triolic acid ought to be formed, and of
courfe vitriolated tartar; but it has not
been found, to my knowledge, that liver of
fulphur, either earthy or alkaline, has ever
been vitriolated by the decompofition of
water alone, but always requires the accefs
of air®*, However, as the hepatic fmell,
or emiflion of the gas, is moft predominant
When'only a fmall quantity of moifture is
ufed, and on its firft application, it may
be faid, that the dry hepatic compound
has only then the power of decompofing
water, and that the continuance of the
fmell is occafioned by a portion of the gas
remaining in the compound from the diffi-
culty of its expuifion. Iron filings will
unite to fulphur in a moderate degree of

* Since the above was written, Dr. Auftin informed
me, that liver of fulphur will not afford an hepatic
odour when wetted in clofe veflcls, and confined in mer-
cury. It feems he has made feveral experiments on
liver of fulphur, which he has given to the Royal So-
“Ciety,

Fa heat,
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Leat, and form a black brittle mafs, which
~on the addition of an acid will yield he-
patic air in the utmoft purity, and in great
abundance, though it will not produce an
hepatic {mell when moiftened with water,
as calcar. pond. or alkaline livers of ful-
phur will.  This fhews the greater at-
traction of alkalies and f{ulphur jointly to
dephlogifticated air than that of iron and
fulphur, and likewife tends to prove what
has been already faid on the precipitation
of iron byvalkalies.

Dr. Auftin has pafled the ele&ric {park
repeatedly in hepatic air, and by that means
precipitated all the fulphur without chang-
ing its dimenfions. The refiduary air was
incondenfible by water, and when wafthed
had no hepatic {mell. On burning this
with dephlogifticated air, it appeared to be
light inflammable air. This fhews the
conftituent principles of hepatic gas, better
than any other experiment that has hitherto
been made on the fubje&t. That fulphur
is fufpended in its natural ftate in light in-
flammable air, may be inferred from the
above experiment;- but whether ip its ex=
treme divifion is difficult to determine; or

whether
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whether it be chemically united to the in-
flammable air, or combined independently
with its own atmofpheres of fire, and me-
chanically mixed with. this, cannot be fa-
tisfactorily proved. In my opinion it is
mere folution, fuch as takes place between
the neutral falts and water, or the alkalies
and water, or fugar and water, &c. Though
the facility whereby this is decompofed
favours the above hypothefis, yet there are
circumftances that are apparently againft it;
fuch as their united condenfation in water,
and their joint expulfion from it again.
Upon what principle this attraction exifts
between bodies, has not yet been explained,
or the difference between this and a che-
mical union ever defined. It appears to
me that {olution, that power whereby water
diffolves aerial acid, alkaline air, vitriolic
acid air ; and that power whereby light in-
flammable air diflolves fulphur and phof-
phorus ; and likewife that power whereby
all the aeriform fluids diffolve water in their
elaftic ftate ; and laftly, whereby water dif-
folves the neutral falts, &c. without chang-
ing their properties, is occafioned by a fort
of intermediate attraction, not differing from

- chemical
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chemical attra®ion but in its degree of
force, and not at all different from that
power whereby the heavenly bodies in-
fluenee one another.

Dr. Auftin fufed {ulphur in light in-
flammable air, in phlogiflicated.air, and in
heavy inflammable air. The two former
airs were not in the leaft altered ; but the
latter afforded one-third its original bulk of
hepatic gas. It is remarkable, that the
bulk of the air was not in the leaft al-
tered n this procels ; and likewife that the
refiduary air, when the hepatic air was fe-
parated from it by water, fhould not ap-
pear in the leaft changed ; for by inflaming
it with a due proportion of dephlogifticated
air, it yielded the ufual quantities of fixed
and phlogifticated air. The fulphur ac-
quired a coally appearance in this opera~
tion ; which induces me to {uppofe that it
muft have precipitated fomething from the
air, the lofs of which enabled the inflam-
mable air to take {fulphur in exchange.

The fame philofopher paffed the ele@rie
fpark repeatedly in heavy inflammable air,
until it increafed nearly one-half in bulk;
this he inflained with dephlogifticated air

over
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over mercury by the eledtric fpark. He
likewife inflamed the fame quantity of
heavy inflammable air, not treated by the
ele@ric fpark. By feveral repetitions of
the above experiments, and from an ac-
eurate comparifon of their refpective refi- -
duums, he found that there was lefs fixable
air, and a larger quantity of phlogifticated
air in the former than in the latter; from
which he concluded that heavy inflam-
mable air is phlogifticated and light in-
flammable air, and that fixable air is com-
pofed of thefe two and dephlogifticated”
air. He likewife ancluded, and juftly,
from the increafe of bulk, and the {mall
~quantity of the heavy inflammable air that
was decompofed, that if the entire were
decompofed it would increafe ten times its
bulk. The converfion of heavy inflam-
mable air into hepatic air without increafe
of bulk, and without any change in the
~refiduary air, does not favour the above
hypothefis : 1ft, Becaufe, as has appeared,
and as fhall be hereafter confirmed, light
inflammable air is held in hepatic gas at
its full extent. 2dly, Becaunfe the decom-
pefed air thould increafe ten times in bulk,

3dly. Bes



( 76 )
4dly, Becaufe no increafe of phlogifticated
air was found in the refiduary air.

However, the Do&or f{uppofes that vola-
tile alkali is formed, whereby a portion of
the inflammable air and the entirc of the
phlogifticated air remain united. Volatile
alkali contains not much more by meafure
than four of inflammable to one of phlo-
gifticated air; therefore the decompofed
air thould ftill increafe fix times its bulk,
Befides, as this experiment was performed
mn dry mercury, the volatile aikali itfelf
fhould remain in an elaftic ftate.

As the Do&or intends to favour the
public with thefe experiments, I fhall not
prefume to fay much on the fubject. That
heavy. inflammable air contains light in-
flammable air, 1s certain from the forma-
tion of hepatic gas, as well as from its ex-
panfion by the ele@ric fpark; but I cannot
avoid entertaining a doubt, whether the real
matter of inflammable air with which de-
phlogifticated air forms fixable air, and
which does not in the leaft differ from the
ultimate particles of charcoal, be compofed
of light inflammable air and phlogifticated
air. Indeed, confidering that thefe are the

conftituent
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conftituent principles of volatile alkali, it
appears rather improbable. -

It feemed to me, for I was prefent, that
fomething was precipitated from the air by
the eleéric fpark ; for the lower part of
the glafs tube appeared black, while the
fides feemed lined with a greyifh {ubftance.
It likewife appeared to me, after the air
acquired the expanfion already mention-
ed, that a contraction took place by con-
tinuing the ele@ric fpark. This at leaft
I can fay with truth, that one hundred
fparks at one time contracted it nearly
one meafure in eight or nine; but how
much more it would diminith by con-
tinuing the operation, I cannot tell. Iam
almoft perfuaded to think, that the matter
of charcoal in its extreme divifion, held in
folution in light inflammable air and wacer,
and combined with fire, confltitutes the
heavy inflammable air, on the fame prin-
ciple that fulphur and light inflammable
air conftitute hepatic gas; with this dif-
ference only, that the former gravitate more
towards each other, which caufes a greater
condenfation of the light inflammable air
in the heavy than in hepatic gas, and of

courle



( 78 )

courfe a greater difficulty of decompofing
it. Such likewife is the nature of phof=
phoric air, as has been obferved by Mr.
Gengembre, who I find, although I have
not {een hisanalyfis, has paid vaft attention
to this fubjec. Fire, it is true, is the firft
folvent in nature ; next to this. comes
water ; and next to this again light in-
flammable air, whether in its aerial or con-
denfed fate, fuch as in ethers and {pirits.
To this property of light inflammable air,
I attribute partly the {pirituous fermenta-
tion, and chiefly the refult. From thefe,
and other fimilar circumftances, my doubts
arife refpe@ing the conftituent principles
of the heavy inflammable air, although
experience convinces me that it containg a
fmall quantity of phlogifticated air. Thus
far I have ventured to trefpafs upon the
patience of my reader, thinking that the
heavy inflammable air may tend to caft
light on thel nature of hepatic gas, and
vice verfd.

I mixed equal parts of hepatic air pro-
duced from iron filings and falphur, and
dephlogifticated air obtained from nitre.
Seven meafures of the former were ab-

forbed
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forbed by water all to a {mall bubble, and
the latter contained only one-tenth of
phlogifticated air. Nine meafures of this
mixture were reduced by the elefiric
fpark to 2f; the nitrated {olution of
terra _ponderofa condenfed thefe to one-
twelfth of a meafure or lefs; and the {olu-
tion did not appear in the lealt turbid, nor
did any cloudinefs take place on the addi-
tion of lime water. The refiduum left un-
abforbed was too [mall to be-examined ;
but the portion condenfed by the f{olution
feemed by the fmell to be volatile vitriolic
acid. In order to be convinced of this,
I inflamed another charge of the fame airs,
and transferred the refiduum into a clean
jar, which the fulphur depofited on the
fides of the inflaming jar obliged me to do.
To this I added an equal bulk of hepatic
air, which inftantly rendered it turbid, and
reduced it to one-third, or a little more.
This aflured me that the refiduum was
volatile {ulphureous acid, and likewife that’
volatile fulphureous acid will not decom-
pole nitrated terra ponderofa.
This experiment not only proves the
couflituent principles of hepatic gas, but
ablolutely
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abfolutely proves what I have advanced
refpecting the proportion of the principles
of volatile vitriolic acid. It has been
thewn by Dr. Auftin, that the folution
of fulphur in light inflammable air, nei-
ther contraéts nor expands it; therefore
the above charge contained 4} meafures of
light inflammable air, independent of the
fufpended fulphur. Thefe 4; ounce mea-
fures of light inflammable air, require at
leaft 21 of dephlogifticated air to condenfe
them. 2} meafures more were expended
in the experiment, two of which muft be
~ contained in the volatile vitriolic acid ; and
as the moft part of the phlogifticated air
difappeared, we may juftly conclude, that
the remainder of the dephlogifticated air,
which is but one-fourth of a meafure, was
expended in the formation of nitrous acid.
Hence we may conclude, that the two
meafures of volatile vitriclic acid contained
two meafures of dephlogifticated air; and
as the fpecific gravity of volatile vitriolic
acid, excluding the inflammable air, is the
mathematical main of the two fluids, we
muft fuppofe that only the fulphur of two

. meafures
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‘meafures united to dephlogifticated air, and
that the fulphur of 24 meafures was pre-
cipitated. Hence likewife we may infer,
that the molicules of volatile vitriolic acid
are furrounded with as large atmofpheres
of fire as the particles of dephlogifticated
air, or at leaft that they are as far afunder;
and that the number of the ultimate par-
ticles of fulphur in hepatic gas, are to

thofe of the inflammable air as nine to
five. ' '

G SECTION
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SECTION IV.

Of Nitrous Acid.

N O fubje& in chemiftry, until the de-
i cifive experiment of Mr. Cavendifh,
favoured the phlogiftic do¢trine more than
the nitrous acid, from the variety of its
modifications, _
The large quantity of "dephlogifticated
air contained in this acid, and condenfed
by fo fmall a portion-of phlogifticated air,
is very well worthy the attention of fpecu-
lative men, at the fame time that it enables
us to account for the eafy decompofition
(more efpecially in part) of this acid; where=
by it affumes the different appearances ob-
fervable from the ftate of dephlogifticated
nitrous air, down to the moft perfect ftate
of colourlefs nitrous acid. It 1s not an
cafy matter to afcertain exactly the greateft
quantity of dephlogifticated air, that a
given quantity of nitrous acid may contain.
L always found nitre to vary in its produé

of
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of phlogifticated and dephlogifticated air,
and likewife in their proportion to one
another. The pureft nitre will yield, about
the middle of the procefs, dephlogifticated
air fo pure as to contain but about one-
thirteenth only of phlogifticated air. In
the beginning, and nearly at the latter end
of the procefs, air will be produced about
twice better than common air. 1 mixed
the different produéts of a quantity of pure
nitre, and found by expofure to liver of
fulphur that one-fixth was left unabZrbed.
This was the utmoft degree of purity in
which I obtained dephlogifticated air from
nitre.

According to Mr. Lavoifier, 100 grains
of nitrous acid contain 79+ of dephlogifti-
cated air, and 20: of phlogifticated air,
which is not quite four to one. But his
experiments contradict this; for whatever
mode he adopted to decompofe nitrous
acid, it appeared that the proportion of
dephlogifticated air was nearly as five, to
one of phlogifticated air. :

Mr. Cavendith has proved, that nitrous
acid may be formed by taking the eleétric
{park in a mixture of three parts of phlo-

G2 gifticated
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gifticated air, and feven of dephlogifticated
air, which is but ; more of dephlogifticated
air than nitrous air contains. This may
apparently contradi¢t Mr. Lavoifier’s as
well as my own eftimation of the propor-
tion of the conflituent principles of nitrous
acid when in its perfect {tate.

The red nitrous vapour contains three
parts of nitrous air and one of dephlo-
gifticated air, or one of phlogifticated and
three of dephlogifticated air; but nitrous
vapour, may be formed with a lefs propor-
tion of dephlogifticated air, and which,
though it may not be fo condenfible as a
more perfect nitrous vapour, yet will, when
in conta&t with pure alkali, unite to it and
form nitre, as was the cafe in the expen-
ment of Mr. Cavendifh.

‘The common ftraw-coloured nitrous acid
contains more dephlogifticated air than the
red nitrous acid or vapour; the proportion
appears to be four to one; but the colour-
lefs contains about five of dephlogifticated
to one of phlogifticated air.

Having once a charge of nitre and vi-
triolic acid in a green glafs retort, I placed
it in a fand-pot to diftil ; but the pot being

{mall,
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fmall, the edge came too near the retort,
about a quarter of an inch or more above
the charge, which before the procefs com-
menced, and when it acquired more than
the heat of boiling water, cracked it all
round in that direGion. Being thus fituated
I was obliged to withdraw the fire, and,
before the charge got cold, to ladle it into
an earthen pan. I again introduced it into
a freth retort, and obtained from it ni-
trous acid nearly as colourlefs as water.
As the vitriolic acid was not very perfed,
I attributed the goodnefs of the nitrous
acid to the purity of the nitre, Therefore
I procured more of the fame nitre in order
to lay in a ftock of nitrous acid ; but to
my furprife, though I ufed purer vitriolic
acid than in the former procefs, my pro-
du&t of nitrous acid was of an high firaw
colour. Some months after, having an oc-
cafion for more nitrous acid, and recollect-
ing the above circumitance, I mixed the
vitriolic acid and nitre in due proportion,
and expofed them in an earthen pan fet in
fand to nearly the heat of boiling water for
half an hour or more, continuaily expofing
frefh furfaces to the air, When the charge

G 3 was
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was quite cold I introduced it into a retort,
and diftilled as colourlefs nitrous acid as
the former. As the charge emitted na
nitrous air during digeftion, it muft have
attracted dephlogifticated air.

I would recommend this manner of
treatment, to obtain nitrous acid in the
utmoft degree of pcrfe&ion.

Before I proceed any farther on this
fubje&®, I think proper to mention the
phlogiftians’ opinion of this acid, particu-
larly Mr. Kirwan’s, who has adopted a
new phlogiftic hypothefis refpecting the
modification of the conftituent principles
of the nitrous acid, and of all other acids.

This philofopher fuppofes, that 1oa
grains of nitrous acid in its pure colourlefs
ftate, contain 38, .17 gr. of fixed air as its
acidifying principle, 57, .06 of nitrous bafis,
and 4, .77 of Phlogiﬁon united to the ni-
trous bafis ; and that the nitrous bafis con=
tains 1 of its weight of phlogifticated air,
and + dephlogifticated air, both in a con-
crete ftate, and that it has an aflinity both
to fixed air and phlogifton. Mr. Kirwan
‘morcover {uppofes, that nitrous bafis {atu-~
rated with phlogifton, conftitutes nitrous

arr,
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air, and that 100 gr. of this bafis take up
nearly 22 of phlogifton. By this he means,
that the principles of nitrous acid are fixed
air, dephlogifticated air, phlogifticated air,
and inflammableair, all in their concrete ftate.

According to this ftatement of nitrous
acid, 100 grains of it in its pure dry ftate,
provided the fixable air be decompofed,
thould yield about 60, .25 of dephlogifti-
cated air, 15, .75 of heavy inflammable
air, 19, .02 gr. of phlogifticated air, and
4, .77 gr. of light inflammable air*. But
if the fixable air fhould acquire an aeri~
form ftate, and fo pafs over in decompof-
ing nitrous acid by heat, we fhould ob-
tain the following proportion, viz. 38, .17
gr. of fixable air, 38, .04 of dephlogi[’ci-
cated, 19, .02 of phlogifticated air, and
4, .77 of light inflammable air, which in
its aeriform ftate fhould occupy nearly the
fpace of 200 cubic inches under the com-
mon preflure and ;temperature of the at-
mofphere; or if it thould during the pro-
cefs be condenfed into water, 1oo cubic

* The variation and increafe of weight which the pre-
fence of water muft neceflarily produce in all zerial bo-
dies are not here confidered.

G4 inches
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inches of dephlogifticated air muft contri-
bute to it : if this were the cafe, dephlo-
gifticated air could never, be obtained during
the decompofition of nitrous acid.
I calcined 4 ounces of purified fixed ve-
getable alkali, to avoid ‘any matter that
may afford the 'inflammable principle of
fixable air. On this I' poured, diluted
with diftilled water, + more of the pure
nitrous acid, obtained in the manner above
defcribed, than was fufficient to faturate it.
Having digefted it for half an hour in a
matrafs, I charged it into a coated glafs
retort, and expofed it to a gentle heat,
until all the water and fuperabundant' acid
were expelled. 1 then gradually raifed the
fire until the decompofition of the acid
commenced. The firft meafure rendered
lime water turbid, but the contra&ion was
hardly meafurable. )
Meafure 2 ditto.
3 ditto,
4 ditto.
5 ditto,
- 6 ditto.

7 lefs turbid.
8 ditto.
o ditto

Meafure
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Meafure 10 hardly rendered lime water
turbid.

16 no appearance of fixable air,
and continued {o until the charge diffolved
the retort. The quantity of fixable air ob-
tained here could not amount to more than
a cubic inch, and I make no doubt but
this is an ample allowance for it, though
400 meafures were obtained before the re-
tort failed. As I made this experiment
only with a view to afcertain the prefence
of fixable air, I attended to nothing elfe.

If fixable air be a neceflary principle in
nitrous acid, what became of it in the
above procefs ? If it had been decompofed,
we fhould have obtained inflammable air,
either light or heavy, neither of which was
obtained. 1 frequently had an opportunity
of examining the refiduary alkali after the
nitrous acid had been wholly expelled,. and
never couid obtain from it either nitrous or
fixable air, though there is-generally an
cbullition on the addition of an acid, oc-
cafioned by the generation of heat. T afk,
what becomes of the 4, .77 grains of pure
phlogifton, or the matter of light inflam-
‘mable air, contained, as Mr. Kirwan fup-

pofes,
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pofes, in every hundred grains of pure dry
nitrous acid ? As has been obferved above,
no inflammable air had been preduced;
and to fuppofe phlogifticated air to contain
light inflammable air, is an hypothefis
founded upon fuch weak grounds, that the
phlogiftians cannot produce one fingle in-
ftance to prove it. Even Mr. Kirwan him-
felf, who is {o ftrong an advocate for phlo-
gifton, feems to doubt its prefence in phlo-
gifticated air; for he fays, * ¢¢ With re-
fpect to phlogifticated air, it muft be owned
we have no dire& proof that it contains
phlogifton, as no inflammable air has as
yet been extracted from it, nor is it the
general refult of phlogiftic procefles; but
fince the nitrous acid formed of this air,
and dephlogifticated air, was found firongly
phlogifticated, and fince the phlogifﬁcated
nitrous acid is conftituted fuch by its union
to nitrous air, it is evident that phlogifti-
cated air muft contain phlogifton, if nitrous
air contains any.” Befides, according to.
Mr. Kirwan, the phlogifticated air in the
nitrous acid contains its own proper phlo-
gifton, together with the 4, .77 gr. of pure

* Effay on Phlogifton, p. 40.
phlo-
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phlogifton ; fo that it cannot be faid they
were expended in forming phlogifticated
air. Therefore the only way left to ac-
count for them is, that they 'united to a
portion of dephlogifticated air, and formed
water. 4, .77 gr. of light inflammable
air require about 34 grains, or 100 cubic
inches of dephlogifticated air to condenfe
them into water, and there are but 4 gr.
more of dephlogifticated air left, according
to Mr. Kirwan himfelf. If this were to
take place, we fhould obtain the following
produdts from every 100 gr. of pure dry
nitrous acid, viz. phlogifticated air 19, .02
gr. fixed air 38, .17 gr. water refulting
from the phlogifton, and dephlogifticated air
38, .77 gr. dephlogifticated air 4 gr. How
far this proportion correfponds with the
produéts of the different airs obtained from
nitre, I leave my chemical reader to judge.

Mr. Cavendifh repeated his procefs for
making nitrous acid on a tolerable large
fcale laft fpring *. Dr. B y, another
gentleman, and myfelf, have had the plea-
fure of feeing it. The tube which con-
fined the airs and foap-lees was accidentally

* Anno 1788, L
1 o raifed
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raifed out of the mercury the day before,
which gave me an opportunity not only of
feeing but of tafting the nitre, which was
in {mall cryftals on the furface of the mer-
cury. It does not appear that Mr. Ca-
vendith ufed fixed air in the above procefs.
But Mr. Kirwan attempts to obviate this
by faying, that a fufliciency of fixable air
may be fufpended in the fluids worked
upon. This could not be the cafe; for
as Mr. Cavendith ufed foap-lees, he muft
neceflarily pafs his airs in ir, fo that no
fixable air could be fufpended. It may be
faid, .that the foap,—lees' itfelf was not en-
tirely free from fixable air.  Even allowing
this, it could have no fhare in the forma-
tion of the nitrous acid, as it muft be
formed by the union of the dephlogifti-
cated and phlogifticated air, before they can
unite to the alkali. .

I mixed three parts of light inflammable
air, and two of dephlogifticated air, which.
ftood feparately over lime 24 hours. The
dephlogifticated air contained <% of phlo-
gifticated air. I inflamed 7 meafures, or
about 2 cubic inches of this, which left a
refiduum of 1 of the charge, which mea-
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fured z of an inch. T added another charge
to this refiduum, and after inflammation it
increafed to half an inch. Iinflamed a third
charge, expecting a proportionable increafe
of refiduum; but here I was deceived ; for
it contraCted to { of an inch, being only
the refiduum of one charge. I continued
the operation with nearly the like fuccefs,
until the refiduum got too large. I fired
12 charges in all, and the quantity of con-
denfed liquor was by eftimation about 4 gr.
The furface of the mercury and brafs con-
‘dultors were much corroded. I let up a
quarter of an ounce of diftilled water, with
about 2 drops of cauftic fixed alkali, and
left the whole to ftand for a few hours. I
then filtered the liquor, and evaporated it
to drynefs. I collected the falt, which
weighed 1+ gr. it feemed not to be fatu-
rated, for it attracted moifture firongly ;
but ignited upon paper, it detonated like
pitre. Thus it appears that nitrous acid
'had been formed in the above procefs,
though I am certain that neither the in-
flammable air, nor the dephlogifticated air,
contained an atom of fixable air. It cannot
be urged that the dephlogifticated and in-

flammable



( 92 )

flammable air by their union furnithed fix-
able air; for I hope I have already fhewn
that they conttitute no fuch thing.

When 1 ufed very pure dephlogifticated
air, no fenfible portion of nitrous acid was
produced, unlefs the dephlogifticated air
predominated, and then there was very little
procured. Hence we may conclude, that
nitrous acid was formed in the above pro-
cefs, in confequence merely of the prefence
of phlogifticated air. When the above
proportions were reverfed, that is, when
the inflammable air predominated, though
the dephlogifticated air contained a large
quantity of phlogifticated air, little or no
nitrous acid was formed, which thews the
fuperior attration of light inflammable air
to dephlogifticated air, ‘Thus we find,
provided the proportion be adjufted, that
two procefles may be carried on at once,
viz. the formation of nitrous acid and
water. I am confident, if we could get
entirely rid of the phlogifticated air, that
water may be produced in the above pro-
.cefs in whatever proportion we mix our
airs, without a particle of nitrous acid.

Thefa
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Thefe facts muft be fufficient to convince
an unprejudiced perfon, that fixable air is
not one of the conftituent principles of
nitrous acid, and that phlogifticated air is
abfolutely neceflary to its conftitution, and
that the gravitating matter of light inflam-
mable air, as fome philofophers are pleafed
to fuppofe, is not one of the conflituent
parts of nitrous acid.

The formation of nitrous amd without
the prefence of fixable air, or the materials
to compofe it, and the refolution of this
again into its conftituent principles, with-
out the produion of fixable air, muft
carry with them the utmoft convi&ion.
It may be fai‘d, that fixable air was pro-
duced during the decompofition of the
above charge of nitre; but can it be {up-
pofed that 1, or even 8 cubic inches of
fixable air, could render fo highly acid as
well as cauftic, the quantity of nitrous
acid that will faturate four ounces of fixed
alkali? Befides, the fixable air obtained,
was expelled at the commencement of the
procefs; and before rs= part of the acid
could be decompofed, a true fign that it
was rather an extra prodution proceeding

from
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from fome impurity in the nitre, than one
of the conftituent principles of the nitrous
acid; for if fixable air were one of the
conftituent parts of this acid, we fhould
obtain it equally copious at every period of
the procefs, particularly when its extrica-
tion depends upon the decompofition of
the acid, and likewife when we know that
the alkali, after the décompoﬁtion of the
nitre, contains no fixable air. Indeed the
alkali, from its attra&ion to fixable air, if
the nitrous acid could furnifh this, fhould
be obtained in a mild ftate; on the fame
principle that the alkali of foliated tartar is,
after its decompofition. For though fo-
liated tartar requires a {trong heat towards
the end of the procefs to completely de-
compofe the acid, yet the alkali is always
obtained in a mild ftate. Hence the reafon
‘why we obtain lefs fixable air in the be-
ginning, than towards the latter end of

the procefs. '
. Confidering the univerfality of fixable
air from putrefation, combuftion, and re-
fpiration, procefles which muft- neceffarily
be carried on wherever mankind exifts ;
and likewife confidering, that all animal
and
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and vegetable fubftances contain mote of
lefs of this in"a combined ftate, and that
they are chiefly compofed of one of its
conftituent principles, and that nitrous acid
contains the other principle, it is not to
be wondered at, that we thould obtain more
or lefs fixable air in all procefles wherein
nitre is ufed. Indeed, it is impofiible for
the moft accurate experimentalift to guard
againft impregnations that may be produc-
tive of fixable air, 1ft, Becaufe the atmo-
fphere is not only impregnated with aerial
acid already formed, but is likewife loaded
with moats that may adhere to our mate-
rials. 2dly, Our breath whillt we are
preparing our charge, and infenfible per{pi-
ration in addition to thefe, may all contri-
‘bute to the generation of aerial acid,

I charged fome ounces of common falt=
petre, procured at the druggift’s, into 2
coated glafs retort, This I placed in a re-
verberating furnace ; and when the air of
the veflels was expelled, I examined the
firft meafure, which rendered lime water
turbid ; but the contraftion was fcarcely
meafurable, 'The meafure I ufed contained

H about
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about 8 cubic inches, and the proportion
of fixable air was as follows{

Meafures. Fixable Air,
2 ot — -5
4 — —_ ditto.
6 — — ditto.
7 — — , =r
9 — — v

12 — — s
14 — — e
18 —— _ L
19 — — ditto,
26 — — =y
30  — — =

40 fcarcely meafurable.

50 by conjecture, {carcely fenfible.

- 6o no appearance of fixable dir, and con-
tinued fo during the whole procefs. The
greater quantity of fixable air procured
here than in the former procefs, proves
that its production muft be occafioned by
the impurity of the nitre.

All fpongy bodies, or the moft compack
fubftances when reduced to powder, will,
though they may not have any chemical
attraCtion to it, condenfe a {mall quantity
of fixable air by capillary attraction. Even

nitrous
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mitrots acid will condenfe a {mall quantity
of fixable air, though it will not enter into
chemical union with it. )
I deflagrated 2 ounces of pure nitre,
prepared as above defcribed, with about
7dwts. of frefh made filings of zinc; and
‘when the mafs cooled, diluted vitriolic acid
did not difengage a particle of fixable air
from it. The fame quantity of iron filings
and nitre, after deflagration, yielded a fmall
quantity of fixable air. If the fixable air
proceeded from a decompofition of the acid
in this laft experiment, why was not the
fame quantity of fixable air produced when
ginc filings were ufed ? Or, if the fixable
air was produced in confequence of an
union’ of the dephlogifticated air of the
nitrous acid and the phlogifton of the iron,
why did not a fimilar union take place when
zinc filings were ufed? for, if the one con-
tains phlogifton, the other muft. If the
difference fhould be attributed to the greater
quantity of phlogiften in iron than in zinc,
I would anfwer, that this could make no
difference, when there is a fufficiency in
both to decompofe the whole of the nitre.
Befides, as I have obferved before, light
H2 intflam-
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“inflammable air and dephlogifticated air
have never been known to form fixable air.
I would likewife atk, what becomes of the
phlogifton of the metal during deflagra-
tion? for, according to Mr. Kirwan, the
dephlogifticated air of nitrous acid is already
attached to phlogifton.

If nitrous acid were compbfed of the
principles Mr. Kirwan fuppofes ; and like-
wife, if metals were compofed of a certain
bafis and phlogifton, nitre would never be
decompofed by metallic fubftances, The
phlogifton of the metal being oppofed by
the phlogifton of the nitrous acid, can
have nothing to do in the decompofition ;
and as the union of all the ingredients nitre
is compofed of, is diflolved when the de-
phlogifticated air is withdrawn from them,
the metallic bafis alone muft overcome the
following forces to unite to the dephlo-
gifticated air, viz. 1ft, The force whereby
the nitrous acid and the alkali attra@ each
other. 2dly, The force whereby the
phlogifticated air attracts dephlogifticated
air.  3dly, The force Whereby nitrous bafis
attrats fixable air; and laftly, the at-
tration of their pure phlogifton to all
‘ thefe;_
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thefe; let us add to thefe forces, the at-
trattion of the metallic bafis on the other
fide to its own phlogifton. Therefore, if
the metallic bafis fhould attra&t dephlo-
gifticated air fo forcibly as to overcome all
thefe colle@ively, can it be fuppofed that it
would yield it again to phlogifton, or that
it would exchange it for phlogifton? Un-
doubtedly not; though an allowance be
made for the agency of fir: in this circum-
ftance, .

If we confider nitrous acid to be com-
pofed of what in my opinion it really
is, namely, dephlogifticated air and phlo=
gifticated air, and metals to be compofed
of two principles, viz. earth and phlogifton,
we may account for the decompofition

of nitre upon a vegy rational principle;

viz. the joint attraltion of phlogifton
and its metallic bafis for dephlogifticated
air. But we cannot account for the re-
vivification of metallic calces again by in-
flammable air, upon this principle, confi-
“dering that the phlogifton or light inflam-
mable air of the metal muft refift it, and
likewife that the attra®ion of the metallic

H3 bafis.
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bafis itfelf to dephlogifticated air adds to
this refiftance. :

It is true, it may be juftly obferved, that,
intenfe heat may weaken the union of the
dephlogifticated air, the metallic bafis, and
its phlogifton, and thereby enable uncom-
bined phlogifton, or light inflammable air,
to unite to the former, or, what is the fame
in effe®, to the metallic bafis, and difen=-
gage its own phlogifton and dephlogifti-
cated air in the ftate of water.

If we admit this mode of reafoning, it
proves, that the metallic bafis has greater
attraltion to inflammable air or phlogif=
ton, than to dephlogifticated air afone, or
than to dephlogifticated air and phlogiﬁon
jointly.
~ This, confidered a,bﬁraé‘ced]y, appears
certainly very plaufible; but, if we take a
more extenfive view of the fubje, we fhall
find, that it will not correfpond with other
connected facts. For if iron had ftronger
affinity to phlogifton, or light inflammable
air, than it has to water, or to dephlogifti-
cated air fimply, light inflammable air
gould not be produced from iron filings
and water in a boiling heat, whether it

comes
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comes from the water or metal; or much
lefs could this be produced by pafling fteam
over the furface of red-hot or fufed iron,
particularfy over the latter, as in this flate
it feems to retain its phlogifton with greateft
force, if afluming a metallic ftate be fuch.
Do not all the calcinable metals in the dry
way, mercury excepted, unite to dephlo-
gifticated air in the ftrongeft degree of
heat that our furnaces can produce? And
will not inflammable air reduce thefe again
to their metallic flate in the fame degree of
heat ? Therefore dephlogifticated air cannot
be retained in metallic calces by the double
force of the metallic bafis and inflammable
air, . or its condenfed phlogifton. If, as I
believe I have already obferved, the union
of dephlogifticated air depended on the me-
tallic phlogifton alone, inflammable air, by
the affiftance of heat, would decompofe it.
But, then, would this take dephlogifticated
air from water? Indeed, I might as well
have afked, if vitriolic acid would take
fixed vegetable alkali from vitriolic acid?
For furely phlogifton cannot take dephlo-
gifticated air from phlogifton, more efpe~
cially when it is already attached to the
metallic bafis, '

Hg Thefe
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Thefe circumftances ftri®ly confidered,
it appears to me, that in order to con-
metedly and confiftently account for the
decompofition of the different bodies into
whofe compofition dephlogifticated air en-
ters byb metallic fubflances, fulphur and
phofphorus, phlogifton muft be left out.

If we confider metals as fimple bodies,
and of courfe deftitute of the gravitating
matter of light inflammable air; and like-
wife nitrous acid as a fubftance compofed
of phlogiflicated and dephlogifticated air
only, we may be able to account for the
decompofition of nitre and nitrous acid,
by the different metals, &c.

It has been obferved, that metals have
greater attraCtion to dephlogifticated air
‘than fulphur, and fulphur than light in-
flammable air. Light inflammable air has
greater attraction to dephlogifticated air than
phlogifticated air has. Let us, in order
_ to be the more explicit, fuppofe thefe dif-
ferent bodies to attract dephlogifticated air
with the following forces:

Metals —_— — 72
Sulphur — _— 6,7
Light inflam. — 6,5

Phlog, air -+ — —_— 3
' Let
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Let us likewife fuppofe fixed alkali to
attra@t nitrous acid with the force of 4,
which in addition to 3 enables the nitre
to retain its dephlogifticated air with
the force of 7. Hence filings of iron or
zinc, though they will decompofe the
nitrous acid itfelf, will not decompofe nitre
in powder, or in {olution, In a common
temperature. The conflituent principles
of nitre attached with the above force,
will recede from each other when expofed to
heat by the interpofition of fire, whereby
their union or mutual influence is weak-
ened; and this diminution of the force
of their attraction, is in a duplicate ratio
to the fquares of their diftances. Me=
tallic fubftances, having their ultimate
particles likewife removed from each other
when expofed to heat, by which their ag-
gregate influence is diminithed, attra& de-
phlogifticated air with the greater force.

Thefe circumftances enable us to account
for what takes place when we proje& nitre
and zinc, or iron, or charcoal, and fulphur,
into a red-hot crucible.

That famous philofopher, and accurate
experimentalift, Mr, Lavoifier, having mix-

- : ed
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ed and reduced into a moft fubtile powder
708,6 grains of nitre, and 93,52 of char-
coal, prefled them into a copper tube, and
after ignition introduced the tube, with its
aperture turned down, under a jar of water,
where the whole of the charcoal was con-
fumed, and the nitre decompofed, The
produts were as follow:

Materials, Produéts. Cub, Inches. Weights.
Gr.

Nitre  708,6 Fixed air 708,25 329,33
Charcoal ¢3,52  Phlogift. air 195,56 59,8
Cautftic alkali - 406,5

802,12

Total of the produéls 795,63
Lofs - - 6,49 -

Mr. Lavoifier was juftly led to conclude
from this experiment, that nitrous acid
was compofed of dephlogiflicated and phlo-
gifticated air, and that the latter was in the
proportion of + of the whole of the acid;
and likewife, that fixable air was compofed
of the matter of charcoal and dephlogifti-
cated air.

The accuracy wherewith this experiment
was performed, and the inferences drawn
from it (particularly at a time when the
conftituent principles of nitrous acid were

~ unknown),

4_ .
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unknown), fhew the excellency of this
great philofopher, There were 6,49 gr.
niiﬁing, which muft certainly be water.
Indeed, confidering the quantity of water
in nitre, and likewife that the airs were
produced in water, the lofs of weight wae
very inconfiderable. In my opinion, 100
gr. of pure nitre contain, of

Cauftic alkali — 57 grains.
Dephlogitfticated air - 27
Phlogifticated air —_— ,6
Water — — 10

Total 100

From this ftatement I am induced to think,
that the 329,33 of fixable air produced in
the above procefs, contained the following
proportion of its conftituent principles, and
Water : - Gr.
‘Dephlogifticated air — 191,
Charcoal —_— — 89,52
Water —_ — 48,81

Total 329,33

59,8 of phlogifticated air contain, befides
its real gravitating matter, 18 grains of
water, ‘The quantity of water held in fo-
lution
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lution in both airs 66,81, in addition to
6,49, which was the lofs of weight, ac-
. counts for the water of the nitre and char-
coal. The following is the proportion of
the different ingredients contained in the
whole charge:

Gr.
Dephlogifticated air — 191,
Charcoal — _— 89,52
Water — — 3,30
Phlogifticated air — 41,8
Cauftic alkali - — 406,5

Total 8o2,12

In decompofing nitre per fe, when the
proper apparatus was ufed for colle¢ting
the different products, I always obtained
water flightly acidulated; but, as this is
produced in the beginning of the.procefs,
I think, if the quantity of water contained
in nitre were retained until the whole was
decompofed, the different fluids would
diffolve the entire of it, or rather more, if
they could be properly fupplied with it.
Therefore fixable air holds lefs water in
folution, than the quantity of dephlogifti-
cated air contained in it would in its fimple
ftate.
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ftate. - There is no poflibility of afcertain~
ing the exat quantity of water ¢3,52 grains .
of charcoal would hold in folution; for,
during its converfion into an aerial ftate, a
portion of the water is generally decom-
pofed, more efpecially if too much be ufed,
whereby we obtain fixable air and light,
and heavy inflammable air, in various pro-
portion. Hence we cannot aétually prove
the greateft weight 93,52 grains of char-
coal would acquire, on its afluming an
aerial ftate. The pureft heavy inflammable
air is that which is obtained from foliated
tartar, and 5 parts of this require about 7
‘of dephlogifticated air to condenfe them
into fixable air; from which I infer, that
93,52 grains of charcoal, in order to arrive
at the above pr ‘portion, muft hold much
more water in folution in its elaftic ftate,
than 191, grains of the matter of dephlogif-
ticated air, for there is very little difference

in the fpecific gravity of thefe two airs.
Mr, Kirwan fuppofes, that the whole
of the fixable air produced in the above
procefs, does not refuit from the union
of charcoal and dephlogifticated air; but
that the nitre itfelf yields g1, 86 grains
of fixable air, as one of the conftitu-
ent
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ent principles of the nitrous acid; and
according to him, 708, 6 gr. of nitre
contain but g2 gr. of dephlogifticated air,
befides the portion combined in the fixable
air. 11,43 gr. of pure phlogifton, or the
matter of light inflammable air, befides
phlogifticated. air, are intimately united to
the above portion of dephlogifticated air,
which at leaft are fufficient to convert 430
cubic inches, or nearly 146 grains, or, to
make ‘an ample allowance for water, 8o
grains of the pure folid gravitating matter
of dephlogifticated air, into water. '

Thus, according to Mr. Kirwan, the
quantities of combuftible matter and dephlo-
gifticated air contained in the above charge,
exclufive of what was already combined in
the form of fixable air, were in the follow-
ing proportion, viz.

Charcoal —_ - 93,52 gr-
The gravitating matter of light
inflammable air - } tis43 8t

Dephlogifticated air — 92, gr.

Is this quantity of dephlogifticated air
fufficient to faturate 11,43 gr. of light in-
flammable air, and confume ¢3,52 grains
of charcoal? Undoubtedly not; and yet
: : the
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the whole of the charcoal was expended,
and no inflammable air was produced. In
my opinion, it needs no great fhare of fa-
gacity to fee into the fallacy of this doce
trine. The above portion of combuftible
materials would require at leaft 261 gr. of
the pure gravitating matter of dephlogifti-
cated air, free from water; to confume or
burn them; a quantity far exceeding the
whole of the acid.

I fufed a quantity of nitre in a fmall
earthen tubulated retort, whofe neck was
clongated with a glafs tube which immerged
in water, and introduced intoit 10,33 gr. of
red-hot charcoal, which was expofed to a
firong heat for half an hour. It was a
whole piece, and the weight was afcertained
as foon as it was taken out of the fire.
When it got in conta& with the fufed
nitre, a rapid deflagration enfued, attended
with a copious extrication of fixable air.
When I obtained about 4o cubic inches of
air the deflagration ceafed, ard the charcoal
was about 2 confumed. 'The fixable air
was very pure, containing but 4 cubic
inches of phlogifticated air. The difficulty
of feparating the alkali from the refiduary

charcoal
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charcoal without wafte, and the impoffi«
bility of confuming the entire of a quantity
of charcoal, as it muft be ufed whole in
this experiment, render it impracticable
to exactly afcertain the quantity of fixable
air a given quantity of charcoal would
yield; for, as foon as the nitre next the
charcoal is decompofed, the procefs ceafes.
In order to obviate this inconveniency as
much as poffible, I introduced a long and
flat piece of charcoal weighing 1o grains,
into a frefh charge of nitre; and as foon as
the deflagration commenced, I kept the
charge in continual agitation ; which, with
the large furface the charcoal itfelf expofed,
enabled me to nearly confume the whole.
The quantity of charcoal left could not
exceed 2 grains. I obtained 8o cubic inches
of air, 67 of which were fixed air, and
the remainder phlogifticated air. Thefe
proportions induce me to fuppofe, that
efther the charcoal Mr. Lavoifier ufed con-
tained phlogifticated air, or that I ufed
purer nitre than he did ; or, which is very
likely, that the nitre was only partially de-
compofed in the above experiment, where-
by phlogifticated air had been retained. .
‘ As
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As the charcoal ufed in this experiment
contained neither water, phlogifticated, nor
fixable air, being expofed to a firong heat
for a confiderable time, (unlefs we admit
that phlogifticated air is one of the confti-
tuent "principles of charcoal), 67 cubic
inches of fixable air, or 31 gr. contain § gr.
of charcoal, and the remaining 23 gr. are
furnithed by the dephloglﬁlcated air and
water.

That the real matter of charcoal enters
into combination with dephlogifticated air,
is hardly to be doubted, however fixable
air is generated, whether by the combuf- |
tion of oils, fpirit of wine, refpiration, &c.
or by uniting heavy inflammable air and
dephlogifticated by the ele&ric fpark. Sul-
phur will decompofe nitre with various re-
fults and phenomena, according to the pro=-
_portion ufed; if two parts of nitre and
one of fulphur be mixed, the nitre is de=~
compofed with detonation, and volatile vi-
triolic acid, dephlogifticated air, and phlo-
; giﬁicated air, are produced; as Mr Berthollet
has obferved. The fame philofopher found
that one partof fulphuar andfour of nitre will
not detonate, though the nitre is decom-

1 pofed
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pofed, and nitrous air produced, He dif«
tilled 120 grains of nitre, and 30 gr. of
fulphur, and obtained 108,8 cubic inches
of nitrous air, at the fame time that the
whole of the nitre was decompofed. This
experiment is explained in the following
manner, by Mr. Kirwan*,

According to this philofopher, 120 gr.
of nitre, contain 55 of acid, comprehend-
ing the water which is infeparable from it.
Of thefe z or 36,6 gr. are nitrous bafis,
which require 6,6 gr. of phlogifton to
convert them into nitrous air; the re-
mainder of the 55 gr. of acid is fixable
air : the following are his proportions, viz.

Nitrous bafis ‘ 36,6
Fixable air 18
54,6

There are z-10ths -of a gr. unaccounted
for. Mr. Kirwan having ftated the prin-
ciples of nitrous acid in the above propor-
tion, fuppofes it to be decompofed by a
double ele@ive attra@tion, viz. the nitrous
bafis attracts the phlogifton of the fulphur,
which he computes to be 6,6 gr. at the

* Effay on Phlogifton, p. 58-9. _
fame
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fame time that the dephlogifticated bafis of
the fulphur unites to its fixable air ; and as
18 gr. of fixable air, are too little to con-
vert the dephlogifticated fulphur (as he is
pleafed to call it) into fixed vitriolic acid,
they convert it into vitriolic dir, which
unites to the alkaline balis of the nitre. This
is certainly a very ingenious mode of rea-
foning; but, in my opinion, it is not dif-
played in the caufe of truth. .

Mr. Kirwan, in the laft ftatement of ni-
trous acid, left out the 2,73 gr. of pure phlo-
gifton, which, according to himfelf, 55grains
of pure dry nitrous acid fhould contain, and
which is united to the nitrous bafis*,

Therefore, counting this with the 6,6 gr.
of phlogifton, which the bafis takes from
the fulphur, the 36,6 gr. of nitrous bafis
muft be united to g,43 grains of phlo~
gifton, which fhould increafe the weight
of nitrous air proportionably; fo that, in-
ftead of 43,2, we fhould obtain 46,03
grains of nitrous air.

Thus we find, according to Mr Kir-
wan himfelf, that too gr. of nitrous bafis
muft unite to 29,37 gr. of phlogifton,

* Effay on Phlogiften, p. 34.
Iz though
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though he fays that 100 gr. of this, wilk
take up but 22 of phlogifton. 1 think 2,73
grains of the matter of light inflanmable
air, in 55 gr. cannot be fo very trifling
as to be over looked in a compound of
which dephlogifticated air conftitutes the
major part, more efpecially when we con-
fider the quantity of dephlogifticated air
which 2,73 of light inflammable air is
capable of converting into water.

I think it is needlefs to fay much more
on the hypothefis of fixable air; it would
be troubling my reader, and pointing out
what, I flatter myfelf, he muft be already
convinced of. In my opinion, phlogifton
muft be entirely left out, in order to ex-
plain the different phenomena that attend
the two laft experiments. In the firft of
thefe experiments, Mr Berthollet ufed two
parts of nitre, and one of fulphur: the
nitre was decompofed, and the fulphur (to
make ufe of the language of others) was
dephlogifticated. Phlogifticated, and de-
phlogiﬁicated air, were produced, but no
nitrous air. When the fame philofopher
ufed four of nitre, to one of fulphur, vitri-
olic air, and nitrous air, were produced, and

the
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the fulphur was likewife dephlogifticated ;
or (to make ufe of a more unexceptionable
expreflion) vitriolated. In both experi-
ments, it feems, the fulphur loft its phlo-
gifton.

It appears extraordinary to me, if phlo-
gifton thould be one of the conftituent prin-
ciples, both of the nitrous acid and fulphur,
that we did not the rather obtain nitrous
air, or, if not nitrous air, phlogifton, or
light inflammable air, when a greater quan-
tity of fulphur was ufed, than alefler. Mr.
Kirwan attempts to account for this by
faying, that the nitrous bafis itfelf is decom-
pofed when it meets with too much phlo~
gifton. ‘

If the nitrous bafis were capable of unit-
ing only toa limited quantity of phlogifton,
-and that a greater portion was difengaged
in the procefs, the furplus thould undoubt-
edly pafs over in the flate of inflammable
air. Letus even, allow, for a thort time, the
‘nitrous bafis to be decompofed, when we
‘ufe one of fulphur, and two of nitre ; and
let our quantities be 120 of nitre, and 60
of fulphur. According to Mr. Kirwan,
120 gr. of nitre contain 36,6 gr. of nitrous

I3 bafis,
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bafis, and 24,4 gr. of this is dephlogif~
ticated air. Co gr. of fulphur muft part
with 13,2 gr. of phlogifton, in order to
become volatile vitriolic acid; which in
addition to 2,73, make 15,93 gr. of phlo-
gifton : therefore, the charge contained,
befides the quantity contained in the vola-
tile vitriolic acid, and fixable air, which we
have nothing to do with at prefent, 15,93
gr. of phlogifton, and only 24,4 gr. of de-
phlogifticated air. It contained moreover,
18 gr. of phlogifticated air. The phlogifti-
cated air is obtained in this procefs ; but
the 15,03 gr. of phlogifton feem to be
totally loft, for no inflammable air is pro-
duced. The only rational mode of ac-
counting for this loft phlogifton is, that
it united to the dephlogifticated air of the
nitrous bafis, and formed water. Is it pof-
fible for 24,4 gr. of dephlogifticated air to
condenfe, or either to convert into water
or fixable air 15,93 gr. of the pure folid
matter of light inflammable air ? Befides,
dephlogifticated air is obtained in this pro-
cefs; the quantity I cannot determine,
although I have repeated the experiment.
If we even leave out the fixable air fuppofed

to
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to be contained in the nitrous acid, and
admit its weight of dephlogifticated air,
which, with the dephlogifticated air of the
nitrous bafis, would amount to 42,4 gr.
we fhould f{till find the quantity necef~
fary to condenfe the phlogifton, fhort by
68 gr. at leaft, It cannot be faid that
this is converted into fixable air, from
fa&s already adduced ; befides, the {ulphur
is not more acidified here, than when ni-
trous air is produced ; which could not be
the cafe if fixable air were formed, and
if this were the acidifying principle of the
vitriolic acid. It is true, there is double
the quantity of fulphur here, that is ufed
when we obtain nitrous air; but let it be
confidered, that 48 gr. of the folid matter
of fixable air thould refult from the above
quantity of phlogifton, or the matter of
charcoal, which is the conftituent principle
of fixable air.

Thefe are my reafons for obje&ing, as
well to Mr. Kirwan’s do@rine, as to that
of the phlogiftians at large. In my opi-
nion, the decompofition of nitre by ful-
phur may be accounted for more ration=
ally in the following manner,

14 Although
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Although I do not think fulphur con~
tains phlogifton, or the folid matter of
light inflammable air, I by no means
{uppofe it to be a fimple body, but to be,
relatively to our knowledge of chemiftry, as
fimple as the earths, or the two fixed al-
kalies; all of which I make no doubt will
be analyzed at fome future period, when
the fcience of chemiftry will be more cul-
tivated than at prefent, by men of genius,
fortune, and leifure. .

Hence, I conceive the ultimate particles
of fulphur to unite in fpecie to thefe of
dephlogiiticated air, as 'phlogifticated air
does during the formation of nitrous acid,
without lofing any thing but fire, which
is always difengaged when a chemical com-
bination takes place.

Of the conftituent parts of the nitrous
acid I have given my opinion, as deduced’
from fa&ks. I have likewife fuppofed de-
phlogifticated air to be retained in nitre,
with the force of 7, and fulphur to attra&t
it with the force of 67. I do not mean to
intimate that thefe are their abfolute forces ;
but, nearly the proportion they bear to one
another. Thus, fulphur will not decom-

pofe
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pofe nitre, until expofed to heat {ufficient
to alter thefe forces. Nitre and fulphur
mixed and comminuted, and put on hot
iron, will not detonate, nor will the nitre
be decompofed, though the fulphur will
be burned out with a languid phofphore-
{cent-like flame. Gunpowder alfo will not
detonate, though the fulphur may be burned
out with the fame phenomenon, as may
be feen by putting a little on a hot cinder,
foon after it lofes ignition. But, when
nitre and f{ulphur are expofed to that de-
gree of heat, which will fo relax the che-
mical tie of the conftituent principles of
nitre, as to caft the fcale in favour of the
fulphur, it will then rapidly unite to the
dephlogifticated air of the nitre, and pre-
fent the phenomena of combuftion and de-

tonation. v
Thus, two parts of nitre and one of ful-
phur will detonate when expofed to fuffi-
cient heat, at the fame time that the ni-
trous acid is wholly decompofed. Sulphur
will not unite to more dephlogifticated air,
in the degree of heat neceflary to condu&
this procefs, than is fufficient to. convert
it into volatile vitriolic acid; or if it even
did,
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did, its attracion is not firong enough to
take it from the nitre ; as has been thewn in
the third fe&ion of this work, Therefore
we obtain, from the above proportion, vola-
tile vitriolic acid, dephlogifticated air, and
phlogifticated air; there is likewife fome
fulphur fublimed in the beginning of the
procefs. When one part of fulphur, and
four of nitre are ufed, the produ&s are
different ; for then, the quantity of ful-
phur being very {mall, it prefents but a
few furfaces when mixed with the nitre,
{fo that it can only take the portion of de-
phlogifticated air from, the pitre which is
over and above the quantity contained in
nitrous air ; thus the nitrous air, being de-
prived of its dephlogifticated air, is readily
expelled from the alkali. The reafon no
deflagration takes place is, the particles
of fulphur being but few, and interpofed
by the nitre, the quantity of fire difengaged
by the more intimate union of dephlogif-
ticated air to the fulphur, is infenfibly dif-
fipated ; that is, .it is not liberated in a
{ufficient degree of accumulation, to pree
fent the phenomena of light and combuf-
tion. The reverfe takes place when a

greater



( 123 )

greater quantity of fulphur is ufed: then
the particles of fulphur being more nume-
rous, and of courfe, clofer to one another,
fire is difengaged in a more concentrated
ftate ; at the fame time that the whole,
nearly, of the dephlogifticated air of the
nitre is taken up. In order to deprive the
nitre of the whole of its dephlogifticated
air, it is neceflary to ufe more fulphur than
can unite to the dephlogifticated air. 1ft,
Becaufe an ultimate particle of fulphur can
only take an ultimate particle of dephlo-
gifticated air from the nitre, whereby it
forms volatile vitriolic acid. 2d, As every
ultimate molecule of nitre containé, moft
commonly, fourultimate particles of dephlo-
gifticated air, and one of phlogifticated air,
which being enveloped thus in aggre-
gates by alkali and water, are partly de-
fended from the a&ion of the fulphur.
Therefore, as the former cannot be {o ul-
timately divided as the latter; if only
that quantity of fulphur be mixed with
the nitre, which will expofe but furfaces
enough to deprive the molecules of nitre of
one half of their dephlogifticated air, ni-
trous air is produced; but if, on the con-
trary,
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trary, a fufficiency be ufed to deprive the
molecules of nitre of 3 ‘of their dephlogifti-
cated air, we obtain phlogifticated, de-
phlogifticated, and vitriolic air.

If four parts of nitre, two of {ulphur,
and three of charcoal, be mixed and well
powdered, they will burn rapidly, and
emit a volatile vitriolic, and an hepatic
fmell. The entire of the fulphur is not
here converted into volatile vitriolic acid.
The charcoal having greater attraction
to ‘dephlogifticated air, unites to the moft
part of it, while a portion of the {ul-
phur unites to the alkali of the nitre. Hence
arifes the hepatic {fmell during the inflam-
mation of gunpowder.

Charcoal detonates with nitre in various
proportions, but will not difengage nitrous
air in any proportion whatever. - If nitrous
air were produced, in confequence of a cer-
tain portion of phlogifton, as Mr Kirwan
fuppofes, a lefs quantity of charcoal than is
fufficient to decompofe a quantity of nitre,
fhould difengage it, if charcoal contains
phlogifton. I think this may be explained
on the fame principle with the deflagration
of fulphur and nitre. Charcoal and nitre

diftilled
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diftilled in various proportion, will afford
phlogifticated and fixable air, but not a
particle of nitrous air is produced. I
would afk the phlogiftians, why nitrous air
is not procured here, when we obtain it
from {ulphur and nitre under the fame
circumftances ?

Charcoal not enly unites to a larger
quantity of dephlogifticated air, than ful-
phur does, in order to become volatile vitri-
olic acid, but likewife attracts the portion
neceffary to its convérfion into aerial acid
with greater force. Thus charcoal mixed
with nitre in a very {fmall proportion will
detonate, and fixable and phlogifticated air
is produced. Every fingle molecule of
charcoal (for we cannot reduce it into-its
ultimate particles by attrition) is capable
of defpoiling a fingle molecule of nitre of
the whole of its dephlogifticated air ; and
this decompofition is fo rapid, that the
molecule of charcoal dire&s its whole at-
traction to the molecule of nitre, which
firft influences it; otherwife we thould ex-
pect that the charcoal would take a portion
of dephlogifticated air from different ni-

trous
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trous molecules at the fame time, and
thereby difengage nitrous air. :

Metals decompofe nitre, and ptefent the
fame phenomena which charcoal does, but
with a different refult; for they produce
little or no fixable air : and even the fmall
quantity obtained from fome metals, parti-
cularly from iron, is {o liable to vary, that its
prefence appears to be accidental. Nitrous
air is not produced during the decompofi-
tion of nitre by iron filings. Mr Berthollet
diftilled 472,5 gr. of nitre, with 236,23
of iron filings, and obtained 453,37 cubic
inches of air, of nearly the fame ftandard
with atmofpheric air®. In fhort, all the
imperfe@t metals will detonate with nitre,
without producing a particle of nitrous air.
As this is explicable on the fame principle
with charcoal and nitre, I fhall not trouble
my reader with it; but only obferve, that
if nitrous air were compofed of nitrous
bafis and phlogifton, we could not but
adjuft the proportion of the nitre and metal
favourable to the produ&ion of it, pros
vided the metals contained phlogifton.

* 2 pr, 2?7 mem. par.  An. 1782, p. 495; and 1783’

P. 85.
7 The
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~ Tthe regulus of arfenic put on red-hot
fron, will burn with a flame. This does !
not indicate its greater attraion than other
metals to dephlogifticated air, but the
weaker adhefion of its ultimate parts to
one another. The white calx of arfenic,
although it is capable of uniting to more
air, will not prefent the fame phenomenon.
‘"The regulus of arfenic will detonate ra-
pidly with nitre. Equal parts of the white
calxof arfenic and nitre, projeéted into acru~
cible hot enough to fufe them inftantly, will
not detonate. T'wo of nitre and one of the
calx will not detonate. Three parts of nitre
and one of arfenic exhibit a few brilliant
{parks here and there; as do likewiie two
of arfenic and one of nitre, provided the
crucible be very hot: but it feems to me
to proceed from a few reguline particles,
accidentally interfperfed in the calx ; other-
wife the deflagration muft have been more
general.  Nitrous air is produced from
either of thefe proportions, butina larger
quantity when two of nitre and one of arfe~
nicare ufed. Hence, we find that the regulus
of arfenic per f¢ will unite to dephlogiftica-
ted air, and prefent the phenomenon of
com-
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combuftion, and that the calx will not}
and likewife that the regulus will detonate
with nitre, and that the calx will not;
and laftly, that nitrous air is produced by
the calx, and none by the regulus. Let
us view thefe fa@s narrowly, and compa-
ratively, and we fhall find that they tend
much to corroborate the foregoing expla=
nation of deflagration, and the produéion
of nitrous air.

That the regulus of arfenic combines
with a certain portion of dephlogifticated
air, and that on this union depends its calci-
form ftate, is unqueftionable ; and likewife
that the calx of .arfenic will unite to
more air, is beyond a doubt, as fhall pre-
fently appear. Thus then, the regulus of
arfenic, having greater attraction to dephlo-
gifticated air, and being likewife capable of
uniting to a larger quantity than the calx, as
being already nearly faturated with it,
wholly decompofes the nitre; and as a
great number of the particles of dephlo~
gifticated air unite with {uch rapidity and
accumulation, in a given time, the phe-
nomenon of combuftion is productd.

When we take the calx, the refult and

appcar-
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appearances are different from the former ;
becaufe, being already combined with de-
phlogifticated air, it can only unite to a
fmall portion of it, and this it even attracts
with lefs force than the quantity neceffary
to its calcination, Thus, it can take only
a portion of its dephlogifticated air from
the nitre ; whereby, as has been already ex~
plained, we obtain nitrous air, at the fame
time that no deflagration takes place.

The phlogiftians would explain the above
fats by faying, that the different pheno-
mena proceeded from phlogifton. Does
the calx of arfenic contain phlogifton, un-
combined to dephlogifticatedair ? If it does,
all the metallic calces contain phlogifton.
Can any reafon be affigned for fuppofing
the calx of arfenic to contain phlogifton,
but its property of uniting to more dephlo-
gifticated air? Or, is the producion of
nitrous air a fure fign that the bodies that
difengage it, lofe their phlogifton? If fo,
the following falts are quite repugnant to
it. The white calx of arfenic expofed to
heat, in a crucible, will decompofe nitrous
acid, and difengage nitrous air very copi-
oufly. Thus, if nitrous acid in fmall

K quan=
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tities be poured on it, from time to time,
when every preceding portion takes due
effe®t, the arfenic is agidified. In condu&-
ing this procefs, the fire fhould be gra-
dually increafed, in proportion as the arfe-
nic draws near a faturation with dephlogif-
ticated air; for the violent ebullition that
takes place, particularly in the beginning,
fwells the charge, and puffs it over. The
fumes fhould likewife be guarded againft.
Marine acid, mixed with the nitrous acid
in fmall proportion, expedites this procefs.
If the acid of arfenic, thus prepared, be ex-
pofed to a ftronger heat than is neceflfary to
its formation, it yields dephlogifticated air,
and the arfenic is reduced to the ftate of a
calx, and no fixable air is produced.

If the nitrous air were compofed of ni-
trous bafis, and the vaft quantity of phlo-
gifton which the phlogiftians fuppofe, the
calx of arfenic muft be deprived of a large
portion of phlogifton in the above procefs ;
and if the prefence of this phlogifton were
neceflary to the reduction of the acid into
a calx again, how is it fupplied? In my
opiuion, this is inexplicable in the phlogiftic

doCtrine, unlefs we admit the hypothefis.
cf
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of fixablé air ; the fallacy of which, T flatter
myfelf, my reader is already aware of. Mr.
Kirwan would explain-the above procefs by
faying, that the fixable air of the nitrous
acid unites to the calx, at the fame time
that its phlogifton unites to the dephlogifti=
cated bafis of the nitrous acid, and forms
nitrous air ; and that a fironger heat de-
compofes the fixable air, whereby its phlo-
gifton remains attached to the calx, at the
fame time that its dephlogifticated air is
expelled in an aerial flate. As this mode
of reafoning appears plaufible enough for
€quivocation, it may be adopted in this one
circumftance. But what correfpondence
does it bear to other conne&ted fa&s: A
concatenation of fafts, which regularly
correfpond” with each other, will always
bring truth to light; although a number
of fa&@s ever fo well underftood or arranged,
are feldom without a few, which may fe-
parately admit of a quibble, for thofe who
with to confound truth with falfehood,
either out of a {pirit of obftinacy, prejudice,
or a defire of difpiaying their ingenuity.
Hence arife fo many theological controver-
fies, as well as difference of opinien in

Ka philo-
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philofophy. But happily for mankind, the
moft ingenious projeéts, which the moft
fertile imagination can produce to f{upprefs
truth, generally appear, fooner or later, as
fo many evidences in her favour.

Having treated of the decompofition of

nitre, I am now to inquire into the nature
of nitrous acid in its fimple ftate. In
order to well underftand the variety of
" changes which this acid is capable of under-
going by the mediation of different fub-
ftances, it will be neceflary, firft, to be
acquainted with the force by which its
conftituent principles are united.

In my opinion, the pureft nitrous acid
contains § of dephlogifticated to 1 of phlo-
gifticated air. Nitrous air, according to
Kirwan, contains 2 of dephlogifticated to
1 of phlogifticated air. . According to La-
voifier, 100 gr. of nitrous air contain
32" gr. of phlogifticated air, and 68 of
dephlogifticated air. I am myfelf of the
former philofopher’s opinion: I likewife
am of opinion, that every primary particle
of phlogifticated air is united to two of
dephlogifticated air, and that thefe mo-

lecules
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fecules are furrounded with one common
atmofphere of fire. .

To render this more explicable, let us
fuppofe P to be an ultimate particle of
phlogifticated air, which attralts dephlo-
gifticated air with the force of 3; let 2 be
a particle of dephlogifticated air, whole at-
traction to P we will fuppofe to be 3 more,
by which they unite with the force of 6 :
the nature of this compound will be here-
after explained.

Let us confider this 6 3
to be the utmoft force p?’ :
that can f{ubfit be- <
tween dephlogifticated 34

and phlogifticated air. ~Let us fuppofe
another particle of dephlogifticated air 4 to
unite to P, they will not unite with the
force of 6, but with the force of 41 ; that
is, the whole power of P, which is but 3,
will be equally divided and direéted in two
points towards @ |

and 4; fo that P 5 Az—¢
and ¢ 6 will unite P&g
with the forces an- Z

nexed to them ; for the attra&ion of ¢ and
& to P meeting with no interruption, will

K 3 fuffer
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fuffer no diminution. This I confider ta
be the true flate of nitrous air. Let us
now ﬁippofe ano-
ther particle of de-
phloglfhcated air
¢ to unite to P, it
will combine only
with the force of ~
4> Whereby a b ¢and P will grawtatc
toward one another. Such is the ftate of
the red nitrous vapour, or the red nitrous
acid.

Let us again fuppole a fourth partxclc of
dephlogifticatedair

d to combine with
P, itwill unite only
with the force of P
33. This I think
is the ftate of the
pale or firaw-co-
loured nitrous a-

cid.

Lafily,
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Laftly, let us fuppofe a fifth particle of
dephlogifticated : .
air ¢, to unite
to P, it will
combine with
the force of 3%, p
{fo that 2 4 ¢
d and e will
each gravitate
towards P as
their common

centre of gravity, This is the moft per-
fect ftate of colourlefs nitrous acid; andin
my opinion no more dephlogifticated air
can unite to the phlogifticated air, as
having its whole force of attradtion ex-
pended on the particles of dephlogifticated
air, @ & ¢ d e. This illufirates the na-
ture of faturation. Thence we find that
dephlogifticated air is retained with lefs
force in the perfe& or colourlefs nitrous
acid, than in the ftraw-coloured, or in
the red, or in nitrous air. ‘This ex-
plains the eafy feparation of dephlogiftica-
ted air from perfe& nitrous acid, when ex-
pofed to the fun, or even to an artificial
light or heat, at the fame time that the

K 4 nitrous
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nitrous acid is coloured *. If we expofo
nitrous acid in any other ftate to the fun,
we do not obtain a particle of dephlogif-
ticated air, but moft frequently red nitrous
vapour, ,

If the red nitrous acid be expofed to the
air, it emits red nitrous vapour, and ac-
quires a pale colour ; becaufe nitrous va-
pour cannot take dephlogifticated air from
the pale, as the pale retains it with as-great
force as the red vapour attracts it.  Nitrous
air will deprive either the ftraw-coloured
or colourlefs nitrous acid of a portion of
their dephlogifticated air. The former, as
Dr. Prieftley firft obferved, acquires an
orange colour, on combining with a por-
tion of it; but, on uniting to more nitrous
air, becomes green ; and laftly, when fatu-
rated with it, acquires a red colour, and
affumes the ftate of vapour. Nitrous air
will not deprive the red nitrous acid of any
portion of its dephlogifticated air, on the
fame principle that the red nitrous acid

% Dr. Pricfiley found that dephlegifticated air was
produccd frem nitrcus acid, by pafling the eleéric fpark
in a {mall quantity of common air confined in it. Voli.
Vil p. 339.

will
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will not decompofe the pale nitrous acid,
or the pale, the colourlefs.

Hence we find that nitrous air, though
it cannot take dephlogifticated air from the
red nitrous acid, will take it from the pale;
and likewife, although the red nitrous acid
will not take dephlogifticated air from
the pale, that it will take it from the co-
lourlefs. _

If the colourlefs nitrous acid be mixed
with water, it will preferve its tranfpa-
rency ; but the red nitrous acid treated in
the fame manner, will acquire a blueifh
green colour. Water in this cafe conden-
fes nitrous vapour fo much, from its at-
traction to it, that it has the fame effe&
as if a portion of it had been expelled.

Having premifed thus much on the dif-
ferent ftages of nitrous acid, I fhall now
proceed to the decompofition of it again,
and endeavour to explain it in as few
words as per{picuity will allow me.

If a metal be introduced into the red,
pale, or colourle(s nitrous acid, it will be
calcined, and nitrous air will be extricated ;
that is, it will deprive the nitrous air of
that portion of dephlogifticated air necef~.

fary



( 138 )

fary to its condenfation, or tothe formation
of nitrous acid. The metal deprives the
particles of acid in conta& with 1it, ‘of the
whole of their dephlogifticated air. The
force of 7, with which we have fuppofed
metals to attrac dephlogifticated air, being
fo much {uperior to 3% if we make ufe of
the colourlefs, orto 3. if we ufe the pale,
together with the number of ultimate fur-
faces a metal muft prefent, deprives the
phlogifticated air (of the nitrous acid) of its
dephlogifticated. air, with fuch quicknefs,
that it is at once left deftitute of ‘both fire
and dephlogifticated air; but before it has
time to colle@ an atmofphere of fire, which
would prevent a fecond union, itexerts the
force of 3 on its neighbouring particle of
acid, which as yet did not reach the me-
tallic influence, and -fhereby recovers that
portion of dephlogifticated air neceffary to
the formation of nitrous air. This again,
in paffing in the acid, if it be the pale or
colourlefs, will recover air f{ufficient to
form nitrous vapour, or red nitrous acid.
Thus it is, when firft a metal is introduced
into the pale or colourlefs nitrous acid,
‘;hough a folution takes place, that little or

no
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no nitrous air is produced, until the acid
is coloured, As the metal, after it is calci-
ned, requires red nitrous acid to hold it in
folution (for perfe& nitrous acid will not
do, as (hall hereafter appear), the nitrous
acid, which the phlogifticated air deprives
of a portion of dephlpgifticated air, unites
to it. |

The foregoing éxplanation may appear,
at firlt fight, more fpeculative than real
But does not the decompofition of nitre
by metallic filings, whether thefe be de-
flagrated in a red-hot crucible, or diftilled
by a more gentle and gradual heat in a re-
tort, tend to confirm it? Is not the acid
completely decompofed here, whatever pro=-
portion of the materials be ufed? In this
latter cafe, the metallic {furface deprives the
nitrous molecules, in contadt with it, of
the whele of their dephlogifticated air ;
by which the phlogifticated air, as having
no fenfible attraction to the alkali, is dif-
engaged in its fimple ftate, if uniting to
fire be fuch; for its attracion to dephlo-
gifticated air is not ftrong enough to re-
gover any portion of it from the joint force
of phlogifticated air and alkali,

- Iin-
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I introduced fome iron filings, recently
prepared, into a mixture of about 16 parts
of water, and 1 of pale nitrous acid ; when
they ftocd fome time, phlogiflicated air was
produced, but not a particle of nitrous air.
It may be propei‘ to acquaint my reader,
that I guefled the above proportion ; but as
a variety of proportions will an{wer, the
experiment cannot fail of fuccefs. Here
the few particles of the nitrous acid which
come in conta@ with the metal, are wholly
deprived of their dephlogitticated air; and
as the phlogifticated air is at too great a
diftance from the molicules of nitrous acid,
and as its attraion is too weak to decom-
pofe water, it inftantly colle&ts atmofpheres
of fire, which defend it, in its paflage
through the folution, from the action of
the dephlogifticated ajr of the fufpended
acid.

When firft I made this experiment, I
obtained inflammable air, which puzzled
me very much; but recolleéting that I
purchafed the acid at a common chemift’s,
I immediately fufpected what I afterwards
found to be true; for, on dropping the fo~
lution of filver in fome of this acid, an im-

mediate
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mediate cloudinefs fucceeded : therefore I
was obliged to have recourfe to this method
of pumfymg it.

In order to feparate the whole of the
marine acid from the nitrous acid, with-
out an impregnation of nitrated filver, I
would recommend both time and patience.
A fingle drop only of the folution of filver
thould be ufed at a time, and the cloudi-
nefs of each drop fhould f{ubfide before
another is added.

This experiment not only confirms the
foregoing explanation of the decompofition
of nitre and nitrous acid by metals, but
likewife tends ftrongly to confute the phlo-
giftic theory. Here the metal is calcined,
and there is neither inflammable nor nitrous
air produced. Iet usadd to this an expe-
riment already defcribed, viz. the folution
of iron in volatile vitriolic acid, without
the produ@ion of inflammable air ; and the
decompofition of this again by nitrous
acid, without the extrication of nitrous air or
phlogifticated air, though the metal is cal-
cined. Let the 'phlogiftians explain thefe
two laft experiments on rational principles
in their do&rine, and then I have done;

unlefs
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tinlefs they fuppofe that phlogifticated aif
itfelf is a compound of phlogifton and
fomething elfe; and they might as well
fay, that the concrete matter of light in-~
flammable air, or of dephlogifticated air, is
a compound : befides, there isno phlogifti~
cated air produced by decompofing a folu-
tion of iron in volatile vitriolic acid, by the
nitrous acid.  This experiment may be
accounted for in the antiphlogiftic do¢trine,
in the following manner :

The volatile vitriolic acid, as has been
already thewn, diffolves the iron, by which
it is reduced into its primary particles,
and difperfed through the folution. Nitrous
acid dropped into this, mixes likewife in the
folution ; and. from the quantity of water
which muft neceffarily be prefent in vola-
tile vitriolic acid, and ir nitrous acid, the
ultimate molicules of both f{ubftances are
removed from one another ; whereby only
a fingle primary particle of iron can meet
only a fingle molicule of nitrous acid,
which can fupply it with both dephlogifti-
cated air of calcination and acid of folu«

tion ; and thus no nitrous air is produced,
The
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The multiplicity of ultimate furfaces,
which are as if it were concentrated, or
crowded into fo {fmall a_compafs in metals,
from the nature of their texture, is the chief
. caufe of the decompofition of nitrous acid
during their folution in it; particularly
when the pale or colourlefs nitrous.acid is
ufed.

Mr. Lavoifier, to whom we are chiefly
indebted for reducing this ufeful fcience
into a rational fyftem, and expelling that
gloom which had overwhelmed it for all
ages paft, took 943 gr. of nitrous acid,
whofe fpecific. gravity was 1,316, and to
this he added 1104 gr. of mercury*. The
whole of the mercury was diflolved, and he
obtained 273,234 cubic inches of nitrous
air.  He afterward expofed the mercurial
falt to a red heat, and obtained from it
287,742 cubic inches of dephlogifticated
air, at the fame time that the mercury was
revived. ‘

Mr. Lavoifier juftly drew the fellowing
conclufions from the above experiment:
1ft, That the weight of the airs produced

* Mem, Par, 1776, p. 670.
i gave
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‘gave the weight of the real acid contained
in 945 grains of fpirit of nitre, whofe {pe~
cific gravity was i,316. 2d, That nitrous
air was a conftituent principle in nitrous
acid; and that its prodution merely de-
pended upon a portion of dephlogifticated
air being withdrawn from it, as it formed
nitrous acid again on the reftoration of its
dephlogifticated air. Laftly, That the mer-
cury lofes nothing ; but’that its calcination
depended folely upon its union to dephlo-
gifticated air, as it had been revived by the
mere expulfion of it again.

- Mr. Kirwan obje&s to thefe conclufions #,
1ft, Becaufe the whole of the acid could
not be decompofed, as a portion muft have
neceflarily pafled over during the diftilla«
tion of the mercurial folution. 2dly, Be-
caufe it had not been proved by Mr. La-
'voiﬁer, that the nitrous air was not produ-
“ced at the expence of one of the conftituent
principles of the mercury. 3dly, As the
fame quantity of nitrous acid had not been
produced by the re-union of both airs, and
as there had been an excefs of one of them,

% Lffay on Phlogifiem, p, 63. .
Ido
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I do not fee the force of the firft of thefe ob-
jections 5 for what does it avail whether the
acid was in part, or wholly decompofed?
The only inference that can be drawn from
it, is, that the fpirit of nitre ufed contained
more real acid than Mr. Lavoifier or Mr.
Kirwan himfelf fuppofed ; or, that the airs
contained more water than they imagined,
or fomething elfe which did not exift in
the fpirit of nitre, and which of courfe the
metal muft impart. But Mr. Kirwan
allows, that the airs do not acquire any
additional weight from the mercury; for
he fays *, << The weight of the acid actually
combined with the mercury during the fo-
lution, muft agree with that of theairs ob-
tained ; for, though the phlogifton of the
nitrous air was taken from the metal, and
therefore foreign to the acid, yet, as the me-
tal was at laft revived, it muft have taken
from the acid as much phlogifton as it gave
to 1t.”

Mr. Kirwan’s fecond obje&ion is cer-
tainly the only loop-hole left for the phlo-
giftic theory, and for that reafon requires

* Lffay on Phlogifton, page 67.
L the
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the flri¢teft fcrutiny. He fuppofes, as 1
have already obferved, and as I fhall men-
tion here in a few words, that the mercury
gives up its phlogifton to the nitrous bafis,
by which it is converted into nitrous air, at
the fame time that the fixable air of the ni-
trous acid unites to the metallic bafis and
forms a calx. He likewife difpofes of ano-
ther portion of phlogifton, by faying, that
it decompofes part of the nitrous bafis, and
forms fixable air by uniting to its dephlo-
gifticated air. The remainder of the phlo-
gifton, as he {uppofes, combines both with
19 grains of phlogifticated acid that come
over uncombined, and with the compound
of acid and calx. After thus diftributing
the quantity of phlogifton contained in the
metal (and indeed he might have contrived
to difpole of as much again in the fame
manner), he fuppofes that the fixable air
is decompofed during the revival of the
mercury ; and that its phlogifton unites to
the metallic bafis, at the fame time that its
dephlogifticated air is expelled in its fimple
aerial {fate. But, as the quantity of phlo-
gifton in the fixable air is not equal to the
quantity the mercury gives out in order

’ to
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to become calcined, and of courfe infuffi=
cient to revive the metallic bafis, he con=
trives to have this deficiency fupplied by
that portion combined. with the acid and
calx. This 1s Mr. Kirwan’s opinion, and I
mutft confefs I do not fee how he can juftify
it. Therefore, convinced that his method of
fupporting this hypothefis carries with it
no fort of convi&ion, to avoid prolixity, I
fhall not enter into a detail of it, but refer
my reader to the author’s own words *.

Mr. Kirwan’s calculating the quantity of
phlogifton contained in the ingredients ufed
in the above experiment, does not in the
leaft tend to prove the prefence of the
{malleft quantity of phiogifton, or the mat-
ter of light inflammable air. It is a very
cafy matter to make numbers agree with
what never exifted but in imagination.

The hypothefis of fixable air being de-
monfirably erroneous, the phlogiftic doc-
trine appears very defeGive in the above ex-
periment. ‘The phlogiftians muft actually
acknowledge, that either the metal or the
nitrous air contains no phlogifton.

* Effay on Phlogif’c(;n, pages 67-8-g.
L 2 - If
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If nitrous air were compofed of nitrous
bafis, faturated with phlogifton, how comes
it to pafs that metals are calcined in it?

Dr. Prieftley fufed {ome iron in nitrous
air ; it calcined and increafed in weight, and
nothing but phlogifticated air remained *.
Mr. Kirwan explains this experiment by fay-
ing, that the dephlogifticated air of the ni-
trous air unites to both the phlogifton of the
metal and to that contained in the nitrousair
itfelf, and forms water, which unites to the
metallic bafis. Here he fuppofes a calx to be
formed by the union of water to the metal,
and in other circumftances by the union of

fixable air. Is this confiftent ? 122 gr. of ni-
trous air, according to Mr. Kirwan, contain
22 gr. of phlogifton, 66,36 gr. of dephio- '
gifticated air; or, to make a good allow-
ance for it, let us fay 68 gr. and the re-
mainder is phlogifticated air. - By this, the
preportion the dephlogifticated bears to
the inflammable air, is nearly as 3 to 1.

According to Mr. Lavoifier, the propor-
tion of dephlogifticated air in water, is to
the inflammable air as 7 to 1 ; and indeed,

* vi. Pr, 304.

agreeable
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agreeable to all experience, it is at leaft 8
to1.

Therefore, laying afide the phlogifton of
the metal, after the condenfation of the
dephlogifticated air into water, we fhould
have a large refiduum of inflammable air in
the above experiment. Befides, if metals
be faturated with phlogifton in their perfet
{tate, they muft either part with it on unit-
ing to water, or elfe, by the joint attraction
of it, and the metallic bafis, unite with de-
phlogifticated air fimply, and leave the whole
of the phlogifton of the nitrous air behind.

The fame excellent philofopher reduced
nitrous air, by taking the eleéric fpark in it
to }of its bulk; nitrous acid was produced,
and the refiduum was phlogifticated air. At
another time he reduced nitrous air to + of
its coriginal bulk by the ele@ric fpark,
and the refiduum contained % of nitrous
air ¥, He likewife, in one experiment,
reduced one and a half meafuare to 0,4 of a
meafure, by electric explofions taken in a
veflel of mercury, with water on the fur-
face of it. The water was acid to the tafte,
and his iron conductor was partly diffolved.

* Vol. vi. p. 312.
L Mr.
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Mr, Kirwan explains thefe experiments,
by {uppofing, that the dephlogifticated air
unites to the phiogiften of the nitrcus air,
and forms water ; and that the nitrous acid
preduced was originally formed and fuf-
-yended in the air, From what [ have al-
ready f{aid, it appears, if nitrous air contain=
ed phlogifton, we fhould have a refiduum
of inflammable air in thefe experiments, as
not containing dephlogifticated air enough
(according to Mr. Kirwan’s own calcula-
tions), at leaft by %, to convert the whole of
the phlogiftonintowater. July 17871 repeat-
ed the above experiment (with a view dif-
ferent to the prefent) ; and, after pafling the
nitrous air in cauftic volatile alkali, reduced
it by repeatedly taking the ele¢tric fpark in
it to about X of its bulk, nitrous acid was
produced, and the refiduum was pure phlo-
gifticated air. Having narrowly attended
to this experiment, I was at that time in-
duced to fuppofe, but am now fully con-
vinced, that nitrous acid is formed here in
confequence of a decompofition of part of
the nitrous air, ‘whereby the remainder is
furnifhed with dephlogifticated air, and fo
forms nitrous acid, at the fame time that

gifticated
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the phlogifticated air of that portion of de-
phlogifticated air that forms the new com-
pound, remains fingle and alone. When-
ever Dr, Prieftley diminifhed nitrous air by
fufing iron in it, no acid (as he obferves)
was formed. He likewife found, that mi-
nium could not be reduced by the heat
of his burning lens in nitrous air *,
If the guantity of phlogifton, which Mr.
Kirwan fuppofes,' exifted in nitrous air,
metallic calces fhould be revived in it &
but, on the contrary, metals are calcined
in it. This muft be very unfavourable to
Mr. Kirwan’s doétrine; for the {uppofition
that nitrous air retains, as one of its confti-
tuent principles, the phlogifton of the me-
tal, is the whole {upport of his theory; as,
by this, he is enabled to fay, that the fix-
able air is decompofed by giving up its
phlogifton to the metal, whereby we obtain
dephlogifticated air in its fimple aerial ftate.
But if the metal fhould not lofe its phlo-
gifton, fixable air cannot by any means be
fuppofed to be decompofed ; and of courfe,
if it were one of the conttituent parts of

* Vol. VL p. 11,
Lg nitrous
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nitrous acid, it thould be obtained from the
calx in its natural ftate. Indeed, if we
compare the quantity of fire difengaged,
during the union of dephlogifticated air
and light inflammable air, or the heavy in-
flammable air, or even the folid matter of
charcoal, fulphur, and phofphorus, to that
developed during the rapid combination of
nitrous air and dephlogifticated air, we
fhall not hefitate a moment to fay, that it
unites in this latter to a fubftance quite
different from either of the former fub-
ftances, and that the compound is of a dif-
ferent nature. Dr. Prieftley found, that ni-
trous air, confined abovea year in contalt
with iron ftanding in water, was reduced,
and that the refiduum was phlogifticated
air*, I have expofed nitrous air to iron
filings and water for three months; it was
diminifthed nearly 3, and extinguithed a
candle.

It is very well known, that iron expofed
to water alone will produce inflammable
air ; then if nitrous "air were compofed of
light inflammable air, dephlogifticated air
and phlogifticated air, we fhould obtain

* Vol.ii. p. 177.
pure
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pure phlogifton, or light inflammable air, in
the above experiment.

Is it not contrary to all laws, {o far as ex-
perience has enabled us to jodge, to fup-
pofe that iron, if it were faturated with
phlogifton, fhould give it out in contact with
water, which is compofed of dephlogifti-
cated air and light inflammable air, at the
fame time that, expofed under the fame cir-
cumftances to an aerial compoind of light
inflammable air, dephlogifticated and phlo-
gifticated air, it fhould abforb an additional
quantity of phlogifton? This likewife ap-
pears the more extraordinary, when we find
that iron, and other metals, unite in the dry
way to afufficiency of dephlogifticated air to
faturate them ; which fhews, if they attra&
it in confequence of phlogifton, that they
contain phlogifton enough of their own,
without the affiftance of foreign phlogifton.
Hence I thould fuppofé, that iron could
not influence the phlogifton of nitrous air ;
or if it thould attrac it and dephlogifticated
air jointly, that it muft part with its own
phlogifton.

This circumftance alone of metals with-
drawing dephlogifticated air from nitrous

air,
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air, and leaving only phlogifticated air be-
hind, proves that either the metal or the
nitrous air contains no phlogifton ; and in-
deed, in addition to other adduced faéts, it
convinces me, that neither contains a par-
ticle of the matter of light inflammable air.
It is now very well known, that hepatic
air is compofed of light inflammable air
and fulphur. If equal parts of hepatic air
and nitrous air be mixed, they will contra&
to more than 2 of their bulk, Sulphur will
be precipitated, and the refiduum is de-
phlogifticated nitrous air; which, as fhall
hereafter appear, contains no fuch thing as
phlogifton.  Is it reafonable to fuppofe,
that hepatic gas fhouid take light inflam-
mable air, or phlogifton, from the nitrous
air, when it is already faturated with what
they call phlogifton ? Dr. Prieftley likewife
reduced nitrous air to more than one half,
by expofing Homberg’s pyrophorus to it,
which had taken fire in it, and the refiduum
was dephlogifticated nitrous air, and no
acid was produced. Thefe facts tend ftrong-
ly to prove, that nitrous air does not con-

tain the matter of light inflammable air.
M.



( 155 )

Mr. Kirwan’s third and laft obje&ion
does not appear to me to be of fuch moment
as the former. It is true, as this philofo-
pher obferves, there had been an excefs of
dephlogifticated air produced : I mean by
excefs, a greater quantity. than the nitrous
air obtained couald condenfe in the ordinary
way of mixing them.

The quantity of nitrous air obtained was
273,234 cubic inches, or 101,09 gr.
and the dephlogifticated air amounted to
287,743 cubic inches, or 97,83 gr. The
above quantity of pure nitrous air contains
91,78 cubic inches of phlogifticated air, and
182,156 cubic inches of dephlogifticated
air, which, in addition to the quantity ex=
pelled from the calx, make 469,898 cubic
inches of dephlogifticated air; which, fub-
trating 14,512 cubic inches from them,
make five of dephlogifticated air to one_of
phlogifticated air, being the exa& propor=
tion of perfe& nitrous acid.

By thefe calculations I find, if Mr. La-
voifier ufed perfect nitrous acid, that the
excefs of dephlogifticated air is not fo great
as Mr. Kirwan imagines. Before we at-
tempt to judge of the excefs of dephlo-

1 gifticated
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gifticated air, in the above experiment,
the quantity of phlogifticated air mixed
with both the airs fhould have been fir
afcertained, by which we might eftimate the
quantity of nitrous air this would form.

Mr. Kirwan feems to make no allow-
ance for this, though he acknowledges that
phlogiflicated air is difengaged, which
partly mixes with the nitrous air, and part-
ly unites to the fixable air combined with
the calx; which, he fays, is partly decom-
pofed during the decompofition of the fix-
able air by the revivification of the mercu-
ry *. I do not underftand what he means
by the decompofition of phlogifticated air,
for it has not, to our knowledge, been as
yet decompofed. Mr. Kirwan likewife men-
tions, that during the decompofition of nitre
(per f¢) a portion of the phlogifticated air
is decompofed and burned, without any far-
ther information on the fubject. If hecan
decompofe this, he certainly will do more
than I at prefent fufpect.

"Taking the foregoing circumftances into
confideration, by what I can infer from Mr.

* Effay on Phlogifton, p. 69.
Lavoifier’s
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Lavoifier’s experiment, together with my
own obfervations on the fame fubje&, I
think both the combined and uncombined
phlogifticated air muft be to the dephlogif-
ticated as one to four, which is the portion
of the pale nitrous acid. Can this be called
an excefs ? Nitrous air is allowed to contain
one of phlogifticated to two of dephlogif-
ticated air: pufe_nitrous air will readily
unite with half its bulk of dephlogifticated
air, and form the orange coloured nitrous
acid. Every 54 gr. of this acid contain,
including the water which the airs hold in
folution, 41,655 gr. of dephlogifticated air,
and 12,335 gr. of phlogifticated air. There-
fore it contains § grains in 24 more than
the red nitrous vapour does. Thefe pro-
portions differ widely from thofe of the
perfect nitrous acid, which fhews, though
nitrous air will not readily unite to more air
in the ordinary way than the proportion
mentioned above, that it will in time con-
denfe a larger quantity. Analogous to this
is the formation of vitriolic acid; for ful-
phur will not combine during its combuf-
tion with much more dephlogifticated air
than is fufficient to convert it into volatile
vitriolic acid, but in time, by help of water,

heat,



( 158 )

heat, and expofure to air, it abforbs a fuffi-
cient quantity to form perfeét vitriolic acid,

Red nitrous acid expofed to dephlogifti-
cated air, will gradually abforb it, axd in
time, if fupplied with a fufficient quantity
of it, will become colourlefs. I repeated
this experiment to my fatisfaion in the
year 1786. I do not claim the originality
of it; it is to Dr. Prieftley we are in-
debted, as well forithis, as for his many
other valuable experiments. The fame
philofopher found, that fuming {pirit of
nitre, which is not the moft perfe, phlo-
gifticates, as he is pleafed to call it, common
air#, He likewife obferves, that the co-
lourlefs nitrous vapour will not affe& de-
phlogifticated air, or vitiate common air .
I expofed dephlogifticated air to the perfe&
nitrous acid for three weeks, and it was not
in the leaft changed. I found, that the red
nitrous vapour will diminith common air,
but not fo readily as the red nitrous acid.
Though the perfet nitrous vapour will not
diminifh dephlogifticated air, yetit has the
reverfe effect, for it will readily contraét
nitrous air.  This fhews that it is fully

¥ Vol. IL. p. 165, + Vol. II. p. 165.
faturated
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faturated with dephlogiﬁicated\qir,_“aﬁ‘&f

~is in the ftate already defcribed:”"i.ggnl~
Prieftley found, that melted nitre abforbs ~ "

dephlogifticated air *. A folution of nitre,
which had been melted, likewife ab-
{orbed dephlogifticated air. I have thewn,
that nitre and vitriolic acid, heated toge-
ther, abforb dephlogifticated air, whereby
we obtain the moft perfe& nitrous acid.
Hence it is evident we are not rafhly to
conclude, that, becaufe dephlogifticated and
nitrous air will only unite in certain
-proportion, the compound will not take
in more dephlogifticated air under more fa-
vourable circumftances. Thefe are my
reafons for differing from Mr. Kirwan, in
his objections to Mr. Lavoifier’s conclufiens
refpecting the decompofition of nitrous acid
by mercury.

As moftly all animal and vegetable fub-
ftances, which have an aflinity to pure air,
decompofe nitrous acid on the fame prin-
ciple with ‘the metals, I fhall pafs them
over in filence, except the two following.
Charcoal does not' decompofe nitrous acid,
even by help of digeftion ; the acid may

* Vol. IL. p. 163.
be
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be expelled from it in whitith fumes., Ttis
extraordinary, if nitrous air be produced in
confequence of phlogifton, that it is not ob-
tained in the above procefs; for the bafis
of nitrous air will take phlogifton from the
metals, and the metals will take it from
charcoal ; which proves, that metals, if they
do contain phlogifton, hold it with greater
force than charcoal. In fhort, almoft the
whole of charcoal is phlogifton, if fuch we
may call a fubftance which will wholly
unite to dephlogifticated air, or, in other
words, burn.

It is true it may be faid, that the attrac-
tion of the metallic bafis to the fixable air
of the nitrous acid, enables the nitrous ba-
fis, by virtue of a double affinity, to combine
with its phlogifton during the folution ;
and that there is nothing in charcoal to at-
trac the fixable air. In anfwer to this, I
would obferve, that the produétion of ni-
trous air by oils and fpirits of wine and
turpentine, contradicts fuch an hypothefis ;
for they contain nothing to attract fixable
air, and they even produce uncombined fix-
able air, which {trongly proves, if nitrous air

contains phlogifton, that it can expel fix-
able
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able air from its bafis, in confequence of its
{uperior affinity to it.

I have already fhewn the difficulty of
uniting charcoal to dephlogifticated air,
notwithftanding their ftrong affinity to each
other; and that this proceeds from the
aggregate attra®ion of charcoal. I have
likewife obferved the neceflity of applying
heat fufficient to overcome this attraction,
in order to combine charcoal with dephlo-
pifticated air; and I think this is the moft
reafonable mode of accounting for the
above experiment. _

The carbonaceous matter is held in che-
mical folution, in oils and fpirit of wine,
by light inflammable air, water, and a {fmall
quantity of fixable air; therefore two fub-
ftances contribute to the decompofition of
nitrous acid in oils and fpirit of wine,
by which we obtain fixableair, phlogifticated
air, and nitrous air, at the fame time that
water is likewife formed.

Mr. Prouft found, that ftrong nitrous
acid will fet fire to charcoal, if it be ren-
dered very dry #. He likewife remarked,
shat charcoal expofed a few hours to the

® Tourn. de Medicine, 1778.
M alr,
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air, after calcination, was unfit for the expe-
riment. Charcoal, as Mr. Prouft well ob-
ferves, attracts moifture very forcibly.
Therefore the firft effett of the charcoal on
the nitrous acid, is to withdraw a portion
of its water from it, by which it is rendered
highlyconcentrated, at the fametimethat the
condenfation of the water heats the charcoal
in a {mall degree, but fufficiently to vola-
tilize a nitrous vapour ; which as foon as it
reaches that portion of dry charcoal next
the humid part, is condenfed by it, and
generates heat enough to promote the de-
compofition of the nitrous acid. Hence
we find, why the experiment will not
fucceed if the acid be poured on the fur-
face of the charcoal. ,

The effe& of nitrous acid on blood is
very fingular ; and though it has not much
to do with what we are upon at prefent,
yet, hoping that any fa& relating to fo
interefting a fubjett may be acceptable to
‘my reader, I fhall give as brief an account
of it as I can.

Two parts of blood procured frefh at the
butcher’s, one of ftrong nitrous.acid, and
about * of the whole of water, were dis

gefted
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gefted in the heat nearly of boiling water
(frefh portions of water being occafionally
added), until the whole of the acid was
expelled, when it acquired nearly the co-
lour, and exactly the tafte, of bile. When
mixed with a large quantity of water, it
acquired a fine yellow colour; and, on
ftanding, depofiied a fubftance of a brighter
yellow, though the fupernatant liquor {till
retained a yellow colour, and bitter tafte,
but not fo intenfely as when the precipi-
tate was fufpended in it.

The different ftages of this procefs were
well worthy of obfervation. No nitrous
air was produced, and the acid was expelled
in the ftate of a white vapour. I tafted the
liquor at different periods of the procefs,
and was highly pleafed at the gradual pro-
grefs of the bitternefs in proportion as the
acidity vanifhed. About the middle of the
procefs the folution firft ¢afied acid, but was
quickly fucceeded by a bitter fenfation,
it appears to me that the nitrous acid tcok
dephlogafticated air i{rcm the bleod; for
. though I ufed the red nitrous acid, it was
expelled in a perfedt flate. At this time
I had not leifure to make any farther in-

M 2 quiries
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quiries into this fubje&, being bufy in aflift-
ing at a public courfe of chemiftry, at Ox-
ford ; nor have I had fince an opportunity
of enjoying the pleafure 1 then promifed
myfelf in fo interefting an inveftigation.

I think a feries of experiments made on
this fubje&, could not fail of being pro-
ductive of fome benefit to mankind. For
how can chemiftry be better applied than
in thofe inveftigations, which may tend to
throw light on the different diforders inci-
dent to man? '

Dr. Prieftley has difcovered a {pecies of
nitrous air which fupports combuftion, de-
{troys animal life,and 1s condenfible in water.
'This he has called dephlogifticated nitrous
air. I confider dephlogifticated nitrous air
to be the laft ftage of nitrous acid, and to
be lefs underftood than the four preceding.
I expofed four equal quantities of nitrous air
in different tubes, to a nearly equal propor-
tion of iron and water. In three weeks the
air was diminithed %, and the refiduum
extinguifhed a candle, and reduced common
air, In three weeks more it was reduced
about &, and the refiduum fuffered a can-
dle to burn in it faintly. When it ftood a

fort.
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fortnight longer, the diminution was nearly
1 of its bulk, and a candle burned in the
refiduum with an enlarged flame. T let
the other tube ftand until the air contraéted
to more than I of its original bulk; the
refiduum was phlogifticated air, and had
the fmell of volatile alkali. From the pro-
grefs of thefe experiments, I did not hefitate
to conclude, but that which is called de-
phlogifticated nitrous air, is common ni-
trous air, deprived only of a portion of its
dephlogifticated air, Dr. Prieftley found
that nitrous air, which ftood in conta&
with iron and water for four months, ex-
tinguithed a candle*, He likewife found
that a candle burned with an enlarged flame
in nitrous air which had been in conta&
with iron, over mercury, about fix months.
The fame philofopher found that nitrous
air expofed to liver of fulphur for a day
was diminifhed J of its bulk; a candle
burned in the remainder with an enlarged
flame, and it was not in the leaft dimi-
nifhed by nitrous air 4. I have frequently
obferved that nitrous air, when reduced to

# Vol IL p. 177. t+ Vol 1. p. 178,
M 3 1 of
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+ of its bulk, always admitted a candle tc
burn in it with an enlarged flame ; but that
it proportion as it got below this ftandard,
it fupported flame fo much the worfe, until
it was reduced nearly to ;, when it extin-
guifhed a candle.

 Thefe fadts leave no room to doubt, but
that dephiogifticated 'nitrous air contains
lefs dephlogifticated air than the common
nitrous air.

Dr. Prietley found that clean f{mall
needies expofed to mtrous air, confined in
dry mercury, did not in the leaft diminith
it, though they had ftood fix or eight
months in the fame ftate. But when he
introduced a few drops of water, the air
was diminithed in a few days, and conti=
nued {o to do until - difappeared, and the
refiduum was dephlogifticated nitrous air *.
He likewife found that a quantity of nitrous
air which had been expofed nine months to
iron filings, over mercury, was diminithed
3, and a candle burned in the remainder,’
better than in common air, though a moufe
died invv it. Thefe two experiments fhew

* Vol, VI, p. 316,
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that moifture promotes the decompofition
of nitrous air. For, 1ft, when the materials
were perfetly dry, no fenfible change took
place in the nitrous air. 2dly, When wa-
ter was added, the abforption took place
very foon. 3dly, When lefs moifture was
ufed, the decompofition went on very flow.
Hence it appears that the water is decom-
pofed, and that its dephlogifticated air
unites to the metal, at the fame time that
the dephlogifticated air of the nitrous air
combines with the inflammable air, at the
very inflant of its liberation, and rege-
nerates water, I have already rather con-
jectured on what principle this laft union
takes place.

It is very well known that iron, when
¢xpofed to a very dry atmofphere, does not
ruft; and likewife that iron confined in
water will yield inflammable air, though it
will produce no inflammable air when ad-
vantageoully expofed both to water and de-
phlogifticated air. Thus iron filings and
fulphur wetted with water, and expofed
to dephlogifticated air, will yield little
of no inflammable air, until the whole

of the dephlogifticated part is nearly ab-
M4 forbed,
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forbed, and then inflammable air is pro-
duced in abundance. Dr. Prieftley re-
folved dephlogifticated nitrous air into
its conftituent principles, viz. phlogif-
ticated and dephlogifticated airs, by heat-
ing bits of dry crucibles in it ¥, He like-
wife rendered this air wholly immifcible
with water, by paffing the ele&ric {park in
it, and it was of the ftandard of 1,45. I
repeated this experiment with a view to the
prefenee of fixable air, and inflammable
air, but I could not dete¢t a particle of
either. It is evident fromthe correfpond-
ence of thefe faés, that nitrous air and
the dephlogiftjcated nitrous air are com-
pofed only of two principles, namely, phlo«
gifticated and dephlogifticated air, and that
they only differ in the proportion of thefe ;
and likewife that neither contains a particle
of light inflammable air, or fixable air.

1t is the opinion moft generally received
from the formation of volatile alkali,
during the diminution of nitrous air, by
iren and water, that the property of de-
phlogifticated nitrous air proceeds from a
condenfation of a portion of its phlogifti-

* Vol. VI. p. 332.
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cated air. I was inclined to this myfelf ; but
when I confidered the greater number of fur-
faces which the dephlogifticated air muft ex-
pofetotheiron, than the phlogifticated, being
in the proportion of two to one ; together
with the greater affinity of dephlogifticated
axr to inflammable air than the phlogifti-
cated, I began to be in {ufpenfe. It is true,
a portion of phlogifticated air is condenfed,
but the quantity is trifling in comparifon
to that of the dephlogifticated air ; for gene~
rally 3 of the bulk of a quantity of nitrous
air is left unabforbed, which is nearly the
whole of its phlogifticated air. There is
no volatile alkali formed during the com-
buftion of Homberg’s pyrophorus in ni-
trous air, for it contains nothing to Conde‘nﬁ:j
phlogifticated air, and yet the refiduary air
after the combuftion is dephlogifticated
pitrous air. The fame may be obferved
with refpeét to the contra&ion of nitrous
air, by liver of fulphur: it can neither
withdraw phlogifticated air nor light inflam-
mable air from it, and yet there is a refi-
duum of dephlogifticated nitrous air ob-
taimed, when the air is diminithed ;. The

progrefs
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progrefs of this laft experiment may atteft
the truth of what I fay. ’

Indeed the method of procuring dephlo-
gifticated nitrous air, by the folution of
metals in nitrous acid, favours the foregoing
notions ; for we can never obtain dephlos
gifticated nitrous air from nitrous acid,
until it Is nearly faturated with a metal;
and then by introducing more of the fame
metal, or a different metal, we obtain de=
phlogifticated nitrous air.

In order to underftand this, we muit
firt confider, that the nitrous acid which
holds the metallic calx in folution, isin
the ftate of red nitrous acid; or rather
more imperfet.  Therefore, though the
metal deprives the acid of folution in con-
ta&t with it, of the whole of its dephlo-
gifticated air, yet the pafticles of phlogifti-
cated air recover a portion of it again
from their neighbouring particles of acid,
on principles which I have already en-
deavoured to explain.

To render this the more perfpicuous,

let us fuppofe the acid of folution to be
Pe



( 7 )
Pabe, Letabc a
be its portion of 4/
dephlogifticated air, P 4 Vs
combined with the 4
annexed forces; if
a metal be introdu- <
ced into fuch folution, it will deprive P of
abc;then P being in conta&t with anather
particle of acid of folution, will mf’:antly
deprive it of either @ or 4 or ¢. I thould fup-
pofe, from what has already been faid on
this fubjeé, that it would be fuperfluous
to explain here, why P cannot unite to
aborébc. 1have thewn above, that the
conftituent principles of the new compound
P—6—a, or dephlogifticated nitrous air,
are united with the force of 6.

It may at firft fight appear, that a metal
introduced into the red nitrous acid in its
fimple ftate, fhould on this principle pro-
duce dephlogifticated nitrous air. But be
it confidered, that though a particle of
phlogifticated air can only take one par-
ticle of dephlogifticated air from a fingle
molecule of acid ; yet that another molecule
in its vicinity will {fupply it with anothes
particle of dephlogifticated air, by which

perfect
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perfe& nitrous air is formed. ‘Thig cannot
take place in the metallic folution ; for when
once P is fupplied with g, its power of at-
tracting more dephlogifticated air is fo di-
minifhed as to be equipoifed, even by the
weak attachment of the acid of folution to
its fufpended metal.

Having thus endeavoured to explain the
nature of perfect and imperfe& nitrous airs,
for fuch I fhall for the future take the li-
berty of calling them ; we can readily ac-
count to a degree of certainty, why thefe
do not affet each other when mixed. Let

p.-—é—-—a- be imperfe&t p 7 NI
nitrous air, and P~—a ,
-——b perfe&nitrous air ; A /

if thefe be mixéd, P—a cannot tzke 2
or 4 from P, for P retains them both
with as great force as. P—a can attract
either.  Why this fpecies of air is more
foluble in water than the perfe& nitrous
air, 1s what I cannot account for, unlefs it
be from the {mallnefs ofits atmofpheres of
fire, which admit the molecule of air to
come within the gravitating influence of
the water. It is rather remarkable, that

the
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the impéerfed nitrous air thould favour com-
buftion, when the perfe&t nitrous air,
though it contains more dephlogifticated
air, has the reverfe effe@. It is likewile
very fingular, that the perfe&t will unite to
more dephlogifticated air in a common
temperaturg, and that the imperfed will
not, though it has greater attraction to
dephlogifticated air than the former.

That the red nitrous vapour, which con-
tains much more dephlogifticated air, with
lefs force than the two former, fhould not
favour combuftion, is ftill more fingular.
Again, why Homberg’s pyrophorus, as has
been obferved by Dr. Prieftley, will burn
in perfe€t nitrous air, and not in the im-
perfec, is difficult to be accounted for;
unlefs it proceeds from a better fupply of
moifture by the one, than by the other.

As thefe falts cannot be fatisfactorily
accounted for, I think it better to fufpend
my opinion, than to attempt plaufible ex-
“planations, which are generally miore pro-
duttive of evil than good, and only ferve
as fo many allurements to decoy us out of
the right path.

If we confider that neither light nor

3 heavy
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heavy inflainmable air, nor dephlogifticas
ted air, will unite to phloglﬁlcated
air, notwithftanding their attraction to
it, without the aid of fire, either the
electric or a common f{park ; and compare
this to the eafy union of dephlogifticated
air and nitrous air, though the latter at-
tra@ts dephlogifticated air with lefs force
-than the three former; we cannot help
attributing it to fomething that furrounds
their gravitating particles, and- this we
muft fuppofe to be partly fire, as it is dif-
engaged during their condenfation. But
why fire fhould not exert this power when
nitrous air and dephlogifticated air are
brought in contact, is very extraordinary ;
more cfpecially when we know, as I have
already demonitrated, that their atmo-
fpheres of firc muft be nearly thrice deeper
than thofe of phlogifticated air ; and like=-
wife when we have every reafon to fuppofe
that nitrous air contains nearly the quantity
of fire which the dephlogifticated and phlo-
~ gifticated airs contained in their fimple ftate.
It is true, fire is not developed during the
union of thefe laft two fluids, which may
favour their combination. But how do

their
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their extenfive atmofpheres fo blend as to
bring their gravitating particles within
each other’s influence ?

The condenfation of dephlogifticated air,
by perfe&t nitrous air, without the feclu-
fion of fire, is certainly a very ftriking fact *.

That nitrous acid contains nearly as much
fire as its conftituent principles contained
before their union, can hardly be doubted;
and that it parts with very little of this by
its union to an alkali, is alfo as true as it 1s
fingular. Here then nitre contains, in a
folid ftate, fire {uflicient to give elafticity to
at lealt 100 times its bulk of dephlogiftica-
ted air.

Hence arife the deflagration of nitre and
charcoal in clofe vefiels, and the quantity of
fire difengaged, though fixable air is pro-
duced at the fame time.

Thefe fa&ts convince us, that fire unites
chemically to bodies, and of courfe muft
gravitate towards them. Can we therefore
doubt but that fire is a {ubftance, and not a

quality, as fome philofophers are pleafed to
fuppofe ?

* There is heat generated, but not more than fhould
be expeted from the re-aQion of the new formed acid
upon the fufpended water,

Although
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Although the conftituent principles of
nitrous acid are known, and though they
have been united by art, yet we do not well
know how nature performs this operation.

Some philofophers, but Mr. Thouvenel in
particular, have found that putrefaction fa-
vours the production of nitrous acid. All
animal fubftances, during their decay, give
out a vaft quantity of phlogifticated air
therefore, if dephlogifticated air be prefent,
it will unite to the phlogifticated air in its
nafcent ftate, and before it unites with fire.
However, I have had an opportunity of ob-
ferving, that nitrous acid may be copioufly
genecrated, where no putrid procefles are
carried on. The chemical elaboratory- at
Oxford is near fix feet lower than the fur-
face of theearth. The walls are confiru&-
ed with common lime ftone, and arched
over with the fame; the floor is alfo paved
with ftone, It is a large room, and very
lofty. There are {eparate rooms for the
chemical preparations, fo that nothing is
kept in' the elaboratory, but the neceflary
implements for conducting experiments.
‘There is an area adjoining it on a level with
the floor, which, though not very large, is

{ufficient



- C 7))

fufficient to admit a free circulation of air.
The athes and {weepings of the elaboratory
are depofited init, There is a good fink in
the centre of this area, fo that no ftagnated
water can lodge there. The p——y, which
is feldom frequented, is over groimd, and
unconnected with the elaboratory. Not-
withftanding all this, the walls of the room
afford freth crops of nitre every three or
four months. ‘

Dr. Wall, who paid particular attention
to this circumftance, and who told me it
contained fixed vegetable alkali, requefted I
would analyze it, and let him know what
proportion of it a quantity would yield. Ac-
cordingly T did, and found that two ounces
of it contained fix drachms of nitrated fixed
vegetable alkali, and three of calcareous
nitre. The nitre firft appears in fmall
whitith filaments, as fine as cob-web, which,
when they get a little larger, drop off, fo
that they never acquire growth f{ufficient to
diftinguifh their figure to a naked eye. On
finding that they contained fixed vegetable
alkali, Iconcluded that it proceeded from
minute vegetation; but in this I was mif-
taken; for I found that they were foluble in

‘ ™ water,
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water, and that they detonated with char-
coal at every flage of their growth. Having
fwept this {aline eflorefcence from the wall,
I dug deep into it, but could not obtain
nitre from it. When a part had been
white-wafhed, it yielded nitre, but not fo
abundantly as aneighbouring fpot which had
not been treated in the fame manner. Hence
it is evident, that nitrous acid may be form-
ed without the afliftance of putrefcent pro-
cefles, in a {till damp air, where there is a
{ubftance to attra& it when half formed,
whereby it is in time brought to perfection,
The above fa&ts moreover prove, that fixed
vegetable alkali is a .compound. Thus we
find that chemiftry is ftill in its infancy, and
that there is a great deal to be done in or-
der to bring it to perfection.

S E C-
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SECTION V.
Of the Marine Acid.

' HE bafis of marine acid has not as yet
' been difcovered ; but that dephlogif-
ticated air is one of the conftituent prin-
ciples of this acid is very evident, if it enters
into the conftitution of the nitrous or vi-
triolic acid.

Charcoal, fulphur, Zght inflammable air,
or phofphorus, cannot take its dephlogifti-
cated air from the marine bafis, whether
the acid be combined; or in its fimple fiate,

Lead will take the acid from the fixed
alkalies without decompofing it, as will
likewife iron when expofed to a damp air
for a confiderable time, as the celebrated
Scheel has obferved. I mixed common falt
and manganefe in various proportions, and
expofed them in 2 reverberating furnace in
a well clofed crucible for three hours, to
heat nearly fuflicient to melt caft iron. I
treated manganefe, falt; and charcoal; in

N2 the
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\
the fame manner, but with no effeé. 1
mixed clay, falt, and charcoal, and falt and
clay alone, with very little fuccefs. I treats
ed calcined bones, falt, and charcecal, and
calcined bones and falt, and likewife lime
and falt, in like manner, without effe@-
ing any apparent change in the falt.

I have been informed by a Mr. Robertfon,
an apothecary in Bifhopfgate-ftreet, who has
made feveral attempts to decompofe com-
mon falt, that he partially alkalized it, by
expofing it and clay to a fierce heat; but,
{oon after it got into contact with air, that
it became neutral again. Itis eertain, that
falt lofes a portion of its dephlogifticated
air very readily, as may be feen by its pro-
perty of accelerating combuftion when
thrown on the fire. If common falt and
litharge be fufed, it is in part decompofed ;
the acid fuffers no decompofition, but unites
to the lead ; whereby it acquires, when the
faline matter is wafhed away, a yellow co-
Iour. 1Itis evident from thefe falts, that
the bafis of marine acid is a combuftible
body, and quite different from light inflam-
mable air, charcoal, or any known inflam-
mable fubftance; and that it attracts de-

phlogifticated
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phlogifticated air with greater force than
any {ubftance hitherto difcovered. Though
charcoal will decompofe all other acids
(except a few), when united to bodies
which will fix them until they acquire a
fufficient degree of heat, yet it has no effect
on marine acid. In my opinion, metals
decompofe marine acid during their folu-
tion in it, though iron will condenfe ma-
rine air without decompofing it.

Mr. Kirwan is of opinion, that the marine
acid confifts of a particular bafis united
to phlogifton, and a certain proportion of
fixable air ; and that when the marine bafis
is deprived of its pholgifton, its affinity to
fixed air becomes much ftronger, whereby
it unites to a large portion of it *. Though
I have attentively perufed Mr. Kirwan’s
Fifth Se&tion on Phlogifton, wherein he
treats of marine acid, I muft confefs I
could not make out on what grounds he
founded this hypothefis. However, before
I prefume to offer my opinion. decifively
upon it, I fhall minutely inquire into it.
Therefore, let us firft fuppofe iron to be

* Effay on Phlogifton, p. 74.
N 3 compofed
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compofed of a certain bafis, and phlogifton,
intimately combined. Let us alfo fuppofe
marine acid to confift of a peculiar bafis,
and phlogiften, intimately united to fixable
air, and that this bafis attraés fixable -air
with greater force than it does phlogif-
ton. This granted, when thefe are
brought in conta&®, what is likely to
take place, according to well known che-
mica! laws ! for, in matters of ambiguity,
we are juftified in reafoning from analogy,
more c¢fpeciaily when it is an eftablithed
fadt, that the decompofition and compeofition
of all bodies, whether they prevail by
virtue of a fingle or double aﬁ‘?nity,‘ are
regulated by the fame power, though va-
rioufly mouiied. The acid moft undoubt-
edly cannot be decompofed, as the attraction
of its bafis to fixable zir on the one fide,
together with the attraltion of the metallic
afis for its own phlogifton on the other

fide, are fufficient to prevent it; for, as
the inflammable matter or phlogifton of
the metal is expelled in its aériform flate,
a double aflinity does not prevail in the
pperation, laying afide the agency of fire,
which
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which does not much interfere with the
prefent fubjeé’c.y

Hence it appears that the acid, without
fuffering a decompofition, unites to the
metallic bafis, and expels its phlogifton ;
which is Mr. Kirwan’s opinion, In this
cale, pure. fixed alkali, or lime, thould pre-
cipitate the metallic bafis in its purity, and
thereby enable us to obtain that fubftance,
which occafions fuch a conteft amongft
philofophers.

I faturated half an ounce of marine acid
with clean iron nails, firft having afcertained
the quantity of pure fixed alkali neceflary
to faturate fo much acid in its fimple ftate,
and found that the folution required the
fame quantity of alkali to precipitate the
whole of the iron ; nor did I find any dif-
ference in both falts, when evaporated to
drynefs. - Therefore the acid was not in
the leaft decompofed, though the metal
was calcinead, and its phlogifton difengaged.
Whence did it receive its dephlogifticated
air ; or, according to Mr. Kirwan, its fix-
able air ? The phl'ogiﬁians have but one
mode of anfwering this, which is, that the
metallic bafis unites to water, If metallic

N4 ‘ {ubftances
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{ubftances were calcined, as Mr. Kirwan
him(elf obferves, and as I had an occafion
to mention in treating of vitriolic acid, in
confequence of water alone, it fhould not
remain f{o inert when metals are intro-
duced into it, in a common temperature,
when iron is calcined by marine acid in
the fame temperature very rapidly.

If metallic calces, precipitated by pure
alkali from the different acids, owed their
additional weight and colour to an union
with water ; a given weight of iron, cal-
cined in the different acids, fhould be
precipitated by the fame pure fixed alkali
of the fame weight and colour. I obferved
that the precipitates of 20 gr. of iron from
the vitriolic, the marine, and the nitrous
acid, dried and treated exactly in the fame
manher, varied in their weights ; that from
the nitrous being the heavieft, and the ma-
rine precipitate next to it again: they
likewife differed in colour, which thews
their different degrees of calcination. To
make this experiment accurately, the pre-
cipitates thould be well wathed with hot
diftilled water, and by no means expofed to

' the
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the air while they are drying; for they
change colour in a few minutes by abforb-
ing both fixable and dephlogifticated air
from the atmofphere. The precipitate of
iron attraéts fixable air in {mall proportions,
with as great avidity as the alkalies, and
I fufpe&t with as great force as pure lime;
but this fixable air may be expelled again
from it by a ftrong heat, without being de-
compofed. Hence I am induced to {uppofe,
that fixable air is never decompofed during
the redution of mercury by heat, Why
are the precipitates from the different acids
of unequal degrees of calcination, if water
be the calcining fubftance, if the acids
do not impart fomething to them, more’
efpecially when they are equally well fup-
plied with water? That the acids take an
altive part in the folution of metals, cannot
be denied ; for it is very well known that
water will not diffolve them, and that it
will not even in any length of time ruft gold,
filver, platina, or mercury; though they
are foluble in different acids. Then I afk,
How the marine acid a&s, when iron
is introduced into it ? Whether the acid or
water divides it into its ultimate particles,

and
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and “expels its phlogifton; or whethes
they do this jointly; or whether the acid,
by its folvent power, only diffolves what
the water calcines and deprives of phlo- -
gifton, by which it may enable the water
1o attack freth furfaces ?

This laft is certainly the moft plaufible
phlogiftic hypothefis in favour of the doc-
trine of water; although it may with equal
plaufibility be faid, that the marine acid
alone unites to the metallic bafis, diffolves
it, and expels its phlogifton ; and when the
acid is withdrawn from it by lime or alka-
lies béing in its extreme divifion, that it
inftantly ruthes into union with water, and
forms a calx. Allowing the phlogiftians
all this, which is the moft that can be ur-
ged in their favour; there is one circum-
ftance which, I think, if ftri¢tly inquired
‘into, will be found {ufficient to overthrow
it ; namely, the precipitation of metals by
each other in their metallic ftate,

In order to know the full force of what
1 am going to obferve, it will be neceffary,
firft, to confider, that if calcination depends
upon the union of water, and the expul-
fion of phlogifton, the metallic bafis muft

have
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have greater attraction to water than it has to
phlogifton ; as evidently appears from the
calcination of metals by fteam. Therefore,
on this principle, a metal could never pre-
cipitate another metal in its metallic flate,
from a very dilpte folution of marine acid,
or of any other acid. For if water, agree-
ably to the art phlogiftic hypothefis, thould
calcine the metal, while the marine acid
diffolved it, how couldiron, though it unites
to the acid, precipitate copper in its metallic
{tate? Confidering that it is furrounded
with uncombined water, 1is it likely that
it would influence the water attached to the
metallic bafis in any degree ?

Then all that can be faid with the
{malleft appearance of plaufibility is, that
the difengaged phlogifton of the precipita-
ting metal expels its water, and unites
to the bafis.  This I think needs no con-
tradiction, The fecond and laft hypothefis
that I confidered moft favourable to the
phlogiftic do&rine, is that of the water unit-
ing to the metallic bafis, the inftant the
alkali deprives it of its acid of folution. In
this cafe, all the phenomena may be ac-
counted for thus, viz, that the precipitating

1 metal
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metal takes the acid from the precipitated,
at the fame time that it imparts phlogifton
to it, whereby it is reduced. This moft
undoubtedly, lofing fight of all analogical
reafoning, {eems very plaufible, and may
appear, to fuperficial inquirers into this
{ubje@, very fatisfaCtory. I muft own I
fhould be thoroughly convinced of the
truth of it myfelf, were it not for the fol-
lowing confiderations: 1ft, The eafy ex-
pulfion of inflammable air from metals
by water ; which fhews, if this comes from
the metals, the greater aflinity of their bafes
to water than to phlogifton. 2dly, The
ultimate divifion of the precipitated metal,
which favours calcination. 3dly, The pre-
fence of {uch an abundance of water, which
they confider to be the calcining fubftance.

Thus far I have impartially inquired, on
the phlogiflic principle, into the nature of
marine acid by its effels, as we cannot
obtain its conftituent parts feparately ; and
though I am not much pleafed with it yet,
I leave my reader to judge for himfelf.

Let us now trace the fame fubje& fo far
in the antiphlogiftic docrine, and with-

out prejudice compare them to each other.
But
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But before we proceed on this, I would
have my reader not to lofe fight of the fol-
lowing fa&s, which have already been
particularifed: 1ft, The feparation of the
marine acid from the metallic folution in
its perfe¢t ftate. 2dly, The precipitation
of the metal in a calciform ftate. 3dly, The
a&ive part acids take in the calcination of
metals. 4thly, The inconfiftency of fuppof-
ing that the calces of metals are compofed
of water and a metallic bafis. sthly, The
feparation of inflammable air, during the
folution of metals. And laftly, the pre-
cipitation of one metal by another in its
metallic fate.

It appears to me, and indeed 1 have
no other rational mode of accounting for it,
that the acid is firt decompofed, and that
its bafis inftantly decompofes the water,
and liberates inflammable air; although I
think the marine bafis has greater attraction
for dephlogifticated air than the metals have.
It likewife feems to me, that marine acid is
compofed of two principles only, viz. an
unknown inflammable bafis, and dephlogif-
ticated air, intimately combined. It may
appear rather ftrange at firft fight, that me-

tals
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tals fhould deI‘IVC this bafis of its dephlos
gxﬁlcated air, notwithftanding their weaker
attraction to it. However, I thmk this may
be very well accounted for on the following
principles: Let B be the bafis of marine
acid, D dephlogifticated air; and let thefe
attraét each other with the force of § ; and
Ict thisbethe utmoft fum of their joint forces.
Let B be pofiefled of one half of this force,
and D of the other half. In this ftate, me-
tals which I have fuppofed to attrac de-
phlogifticated air with only the force of 7,
could not deprive B

of D. Let B, in order . g —P
to form commorn ma- R<6
\

rine acid, be united to
another particle of dephlogifticated air 4
They will only unite with the force of 6 ;

that is, the whole force of B will be divided
between D and 4, on- pr1nc1ples which 1
have already explained, in treating of the

vitriolic and nitrous a- 4

cid. Therefore B will /D
retainits dephlogiftica= ‘

ted air with only the \@,
force of 6; for B can only gravitate with

the force of 2 towards D, although D gra-
vitates
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vitates with the force of 4 towards B, and
fo with 4 and B. If iron, whofe attrac-
tion for dephlogifticated air is 7, were
brought in conta& with the above com-
pound in the prefence of water, whofe con-
ttituent principles are united with the force
of 65, would it not deprive B of both D and
d, and would not B inftantly re-aét on the
water, and take from it half the quantity of
dephlogifticated air which it before gave up
to the metal, and then unite to the calx?
Dry marine acid air will unite to iron,
without producing inflammable air; which
thews that it muft come from the water. It
istrue, it may be faid, thatthe union of ma-
rine air to iron, without any feparation of
its principles, 1s unfavourable to the hy-
pothefis of the decompofition of marine
acid, when in conta& with water. But be
it confidered, although the force of 7
overcomes the attraction of B to dephlogif-
ticated air, that the force of «% is fuffi«
cient to move it with its dephlogiilicated air
towards the iron, whenthere is nothing elfe
to influence it; and we may fuppofe that
the iron itfelf muft attract it with greater
force than this. When water is préfent,

the
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the cafe is different: for, when the iron
influences the dephlogifticated air of the ma-
- rine bafis with fo fuperior a force as 3% to 2 ;
B, or the marine bafis, being in conta& with
water, which retains its dephlogifticated air
with the force of 6%, or, laying afide re-
ciprocal attra&tion, with only the force of
35, yields its own dephlogifticated air to
the iron, and directs the whole force of
its attraction, which is 4, towards the de-
phlogifticated air of the water ; by which it
is decompofed, and inflammable is produced.
The marine bafis being thus furnithed with
half the quantity of dephlogifticaed ait
which is neceflary to the formation of
common marine acid, unites to the calx,
and diffolves it. To render this the more
intelligible, let I—d be a molecule of water,
a molecule of marine
acid, and I a {urface of
\ iron ; let us fuppofe
D thefe to be influenced
with the different forces exprefled by the
numbers annexed to them; is it not rea-
fonable to fuppofe, as foon as I, or iron,

thould influence 4 D, that B would re-act
" on

B

4



on d, or the
dephlogiftica-
ted air of the
water, and dif-
engage I, or B<
inflammable
air.

I make no doubt but a good mathema-
tician' (for I acknowledge my own defi-
ciency) would demonftrate this to a degree
of certainty.  However, although I am
convinced of the truth of it myfelf, I would
have my philofophical reader to ftrictly in-
quire into it before he either approves or
difapproves of it.

The reft of the antxphlomf’uans differ

from me with refpe&t to the manner in
which water is decompofed; for they fup-
pofe (if I miftake not) that the marine or
vitriolic acid fir{t unites to the metal, and
that the compound decompofes the water,
from the joint attration of its conftituent
principles to dephlogiiticated-air. If this
were true, water, when brought in contact
with iron united to marine air,, would yield
inflammable air, which is not the cafe ; or
iron would yield inflammable air with
greatc1 rapidity in volatile vitriolic acid,
than in perfect vitriolic acid; or marine

O acid
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acid would produce inflammable air during
the decompofition of a folution of iron in
volatile vitriolic acid.

I fhall not trouble my reader with any
moredemont{irationson this fubje&, but only
obferve, that when metals are calcined by
the mediation of acids and water, there is
lefs inflammable air produced, by one half,
as Dr. Prieftley obferves, than when they
are calcined by fteam *. This is notonly ex-
plicable on the foregoing principles, but alfo
tends ftrongly to corroborate them ; and, if
narrowly infpe&ted, will be found very unfa-
vourable to the phlogiftic theory. If the
calcination of metals depended folely upon
their union to dephlogifticated air, it muft
be fupplied by water, when fteam is brought
in conta& with them ; and as every particle
of light inflammable air is united but to a
fingle ultimate particle of dephlogifticated
air, inflammable air muft be difengaged in
proportion to the quantity of dephlogiftica-
ted air which unites to the metal ; or, in
other words, according to the degree of
calcination it acquires.

* Vol. VL p. ro2.
‘But
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But this is not the cafe when metals are
calcined in the marine or in the vitriolic
acid ; for though the bafes of thefe acids
impart two or more portions of dephlogif-
ticated air to the metal, they can recover
but one half of it from the water, as has
been fully demonftrated. Therefore, when
acids are ufed, only one half of the quan-
tity of inflammable air fhould be produced,
that is extricated when fteam is the cal-
cining menftruum; which could not be
the cafe, if light inflammable air were one
of the conftituent principles of the metal.

It is true, it may be faid, that the metallic
precipitate from the above acids corre-
fponds in its degree of calcination with the
quantity of inflammable air or phlogifton
difengaged, and for that reafon retained
phlogifton in folution. But I have already
fhewn, in treating of the vitriolic acid, that
the precipitant, whether it be an alkali or
an earth, enables the bafis of the acid, in
quitting the metal, to take from it, its full
portion of dephlogifticated air, by which the
precipitate contains but the portion taken
from the water. When the nitrous acid is
ufed, which contains more dephlogitticated

0 2 air



( 196 )
air lefs intimately combined than the ma«
rine or vitriolic acid does, the precipitate is
found united with more dephlogifticate
air ; and the nitre cbtained by precipitating
a neutral folution of nitrated iron by fixed
alkali, is far from being fo perfect as what
may be produced by combining thefe
previous to the above treatment. When
iron is introduced into a neutral folution of
marine copper, the latter is precipitated
in its metallic ftate, and no inflammable air
is produced. This fa&, feparately confi-
dered, appears very favourable to the phlo-
giftic theory. Iron attrats dephlogifticated
air with greater force than copper does, al-
though iron alone will not reduce the mere
calx of copper diffufed in water ; but, aided
by the bafis of marine.acid, it will wholly
deprive it of its dephlogifticated air. The
marine acid, having greater affinity to iron
than to copper, quits the latter to unite to
the former; and, affifted by the iron itfelf,
it forces with it the dephlogifticated air fe-
parated from the water. Thus, by their
joint forces, they accomplifh what the iron
alone could not; and as this quantity of
dephlogifticated air is {uflicient for the fo-
lution
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lution of the iron, no decompofition of
water takes place, and of courfe no inflam-
mable air is produced. In fhort, the de-
phlogifticated air of the marine acid itfelf,
together with the fiall portion feparated
from the water during the folution of the
copper (for but little inflammable air is
produced), move jointly to unite to the iron,
and affect it as dephlogifticated marine acid
would, which is known to diflolve metals
without generating inflammable air.

Having, as fairly as lay in my power, in-
quired into the nature of marine acid on
the antiphlogiftic and the different phlogif~
tic principles, {o far as it is affe¢ted by me-
tals, 1 fhall now proceed to its other prin-
cipal properties.

When common marine acid 1is dxf’ulled
over red lead or manganefe, it undergoes a
very great change, as the celebrated Scheel
has difcovered, in tafle, {mell, volati-
lity, &c. : diftilled or mixed with nitrous
acid, it acquires partly the fame properties.
1 doubt whether arterial blood would not
effe the fame change in it. Marine acid
thus treated is faid to lofe phlogifton, or
the matter of light inflammable air: hence

O3 it
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it has got the name of dephlogifticated ma-
rine acid.

Some phlogiftians attribute this change
in marine acid to a lofs of its phlogifton,
and an union to dephlagifticated air; others,
to an union of dephlogifticated air to its
phlogifton : but Mr. Kirwan imagines, that
it exchanges its phlogifton for fixable air,

-in order to become what is called dephlo-
gifticated marine acid. Thus the phlogif-
tians themfelves differ in opinion ; a clear
proof of the inconfiftency of their do&rine.

The antiphlogiftians, on the contrary,
are of opinion, that the bafis of marine
acid, from its great attraction to dephlogif=
ticated air, is capable of uniting to a greater
portion of it than it is found combined
with in its ordinary ftate, provided it be
prefented to it under_favourable circum-
ftances.

* Mr. Kirwan affirms, that he has obtained
dephlogifticated marine acid from chalk.
Chalk has no fenfible attra&ion to inflam-
mable air; therefore the marine bafis muft

* Efluy on Phlogifton, page 8o,

attrat
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attra&t fixable air with greater force than it
does phlogifton, for a double affinity does
not prevail here. According to Mr. Kir-
wan, common marine acid muft part with
phlogifton in order to unite to fixable air ;
for he fuppofes, that the marine bafis can-
not retain both when in the ftate of dephlo-
gifticated marine acid : then I afk, whether
Mr. Kirwan obtained inflammable air in
this experiment, or what became of the
phlogifton of the marine acid? However,
Mr. Kirwan has been more fuccefsful than
I have been ; for I attempteq in vain to pre-
pare dephlogifticated marine acid by means
of chalk : in fhort, it had the contrary ef-
fe&, for it decompofed dephlogifticated ma-
rine acid obtained from manganefe,

I faturated a quantity of pure volatile al-
kali with dephlogifticated marine acid care-
fully prepared; phlogifticated air was pro-
duced, but not a particle of fixable air, and
the refulting falt was found to be common
fal ammoniac. Volatile alkali is compefed
of light inflammable air and phlogifticated
air; therefore it muft be partly decompofed,
by which phlogifticated air is obtained; and
the inflammable air muft unite to fomething

04 elfe,
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elfe, which attra&s it more forcibly than
the phlogifticated air. I afk, to what? Not
to the marine bafis, for it appears to have
already parted with phlogifton to unite to
fixable air; therefore it muft have greater
attraction to it than it has to phlogifton.
Befides, the attraion of the phlogi\fticated
air to light inflammable air, renders fuch an
union very improbable. Or, allowing that
the gravitating matter of the light inflam-
mable air united to the marine bafis, it muft
then let go its fixable air in order tp become
common marine acid ; for it cannot hold
both, according to Mr. Kirwan himfelf,
‘T'hen I afk, what becomes of its fixable air ?
for I diftilled the falt to drynefs, and could
not obtain it. It cannot be fajd, that it has
been decompofed by the inflammable air of
the alkali; for it would be inconfiftent to
fuppofe, that phlogifton fhould influence de-
phlogifticated air already faturated with
phlogifton, and united to another fubftance.
Equal parts of dephlogifticated marine
air and light inflammable air mixed over
water, will form, according to Mr. Kir-
wan ¥, a denfe white cloud; more than one

* Effay on Phlogifton, page 8o. ,
half
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half is abforbed, and is found to be com-
mon marine acid, and the refiduary air 1s
pure inflammable air.  Mr. Kirwan confi-
ders this experiment as very favourable to
his hypothefis, and fufficient to {ubvert that
of the antiphlogiftians. In my opinion, if
it be narrowly inquired into, it will be
found more unfavourable to the former than
to the latter doétrine. Therefore, allowing
dephlogificated marine air to be converti-
ble into common marine acid by the mere
admixture of light inflammableair: how does
the inflammable air a& in this cafe ! Docs
it unite to the bafis of marine acid ? If {o,
fixable air (if it were one of the conftituent
principles of the dephlogifticated marine
acid) fhould be difengaged ; but Mr. Kir-
wan himfelf has fhewn, that not a particle
of fixable air is produced. Then all that
can be faid in favour of the dorine of fix-
able air is, that it is decompofed. I thould
like to know how fuch a decompofition can
take place ; for, in order to this, the marine
acid bafis muﬁr_\exert a certain force on the
phloolﬁon of the fixable air on the one ﬁde,
while the hght mﬂammable air pulls at
its dephlogifticated air on the other, and

L ‘ 3 fo,
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fo, by their contrary powers, force the con=
ftituent principles-of fixable air afunder. Is
this conformable to the laws of nature,
fo far as they govern chemical attrac-
tion? May not we as well fay, that a rope
which fufpends a weight fhould firft break
in the ftrongeft part? Is it not more rea-
fonable to fuppofe, that the marine bafis
would the rather unite to the difengaged
phlogifton, than ftruggle for that which is
already intimately combined ? Evenallow-
ing fuch a decompofition, fixable air thould
be regenerated ; for, according to Mr. Kir-
wan himfelf, water has never been formed
but in a red heat *,

The black calx of manganefe, free from
calcareous earth and iron, will not yield a
particle of fixable air by expofure to heat.
The acids, even thofe that will diffolve it,
do not expel a particle of fixable air from
it. 1 fufed manganefe and borax into a vi-
trefcent mafs, and yet no fixable air was
produced, and little or no dephlogifticated
air ; but this I do not wonder at, as dephlo-
gifticated air ‘enters into the conflitution of

* Effay on Phlogifton, p. 26.
4 glafs.
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glafs. If fal ammoniac and manganefe be
diftilled, the fal ammoniac is decompofed,
and the volatile alkali is obtained in a cauf-
tic ftate; and the acid is dephlogifticated,
as Mr. Kirwan obferves. Hence he infers,
that the fixable air of the manganefe unites
to the marine acid; but he thould firft
prove that the manganefe contains fixable
air. I have diftilled cauftic volatile alkali
and manganefe, and yet the alkali was ftill
cauftic. Cauftic fixed alkali boiled over
manganefe received no fixed air from it.
Lime and manganefe treated in the fame
manner did not fhew the {malleft veftige
of fixable air; and the manganefe thus
treated, afforded the ufual quantity of de-
phlogifticated air. Thefe circumftances
induce me to believe that manganefe,
when free from calcareous earth, does not
contain fixable air in any confiderable pro-
portion ; and that dephlogifticated marine
acid does not contain a particle of fixable
air, as one of its conftituent principles. In
my opinion, the phlogiftians muft have re-
courfe to fome other mode of accounting
for the formation of dephlogifticated ma-
rine’ acid, befides that of fixable air; and

what-
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what can this be? They cannot attribute it
to the mere {eparation of phlogifton from
the marine acid ; for it is evident that de-
phlogifticated air unites to it, during its
diftillation with manganefe, when we can
expel it from the acid again by uniting it to
fixed alkali, and when the {alt is found to
be the fame as if the alkali had been com-
bined with common marine acid. Befides,
the manganefe, after the diftillation of ma-
rine acid, will yield no dephlogifticated air,
although previous to this procefs it affords
it in abundance. Hence it appears, that
the phlogiftians muft allow the prefence of
dephlogifticated air in the dephlogifticated
marine acid ; and to fupport the dotrine
of phlogifton, they can 6nly fay, that the
manganefe unites to it at the fame time that
it imparts dephlogifticated air to the marine
acid. If the marine acid parts with phlo-
-gifton to unite to dephlogifticated air, how
does it reccever this again on uniting to fixed
vegetable alkali, when its dephlogifticated
air is expelled? for it is converted into
common marine acid, and, according to the
phlogiftians, the prefence of phlogifton is
indifpenfably neceflary to this ftate. Let

usg,
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us now inquire into the nature of déphloi
gifticated marine acid, and aqua regia, in
the antiphlogiftic doGrine. :
I have already deferibed the nature of -
marine acid with refpect to the attraction
of its bafis for dephlogifticated air, and the
intimacy of their union when in the fraté
of commen marine acid. No wonder then
that it fhould unite to more dephlogifticated
air, when it meets with it condenfed and
united with lefs force than its bafis attraits
it. A decrage degree of heat will expel
dephlogifticated air from red lead and man-
fanefe 5 but the fierceft heat we can pro-
duce will not expel the whole of their de-
phlogifticated air from them. Hence we
may infer, that the marine bafis may with
very listle refiftance déprive thefe of a por-
tion of their air, and thereby aflume the
chiradter of dephlogifticated marine acid.
The calces of iron, tin, copper, antimony,
&c. will not part with dephlogifticated air
in the moft intenfe heat; which fhews
that they retain it with greater force than
the former calces, and of courfe will not
give it up to the marine bafis {o readily.
I have endeavoured to thew, that dephlo-
gifticated air is retained with lefs force in
the
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the nitrous acid than in the vitriolic acid ;
and in the vitriolic, than in the marine acid.
I would now obferve that, though the ma-
rine bafis, when united to its natural portion
of dephlogifticated air, cannot take this
from the vitriolic acid, it will deprive the
nitrous acid of a portion of its dephlogifti-
cated air, as holding it with fo inferior a
force.

Thus, when marine acid is mixed with
the nitrous acid, nitrous air is fometimes
produced, according to the proportion ufed.
If thefe two acids be mixed in the propor-
tions of two of the nitrcus to three of the
marine, provided the acids be ftrong and
complete, and the mixture be kept in a
cool place, nitrous air will firft be difen~
gaged, attended with heat; buton ftanding
for fome time, and when it gets cool,
the nitrous air ceafes coming over, and
fmall bubbles of air are generated in dif-
ferent parts of the mixture, which are
abforbed almoft as foon as they get birth,
Thefe fometimes make their firft appearance
at the bottom of the liquor, and are carried
upwards in {lender ftreams, gradually di-
minifthing inr their progrefs, until they can-

be
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be no longer traced, and attended with a hif-
fing noife, occafioned by the abforption.
I endeavoured in vain to obtain fome of
this air. This beautiful appearance does
not always take place. A fimilar phenome-
non may be obferved in preparing nitrous
ether in Dr. Black’s method,

Thus we find that the marine acid will
take dephlogifticated air from the nitrous,
with as much facility as from the calx of
manganele, and that it affe&ts this acid
as the metals do, by withdrawing dephlo-
gifticated air from it, and not, as the phlo-
giftians imagine, by imparting phlogifton
toit; for I flatter myfelf I have already
fhewn that nitrous air contains no fuch
thing. '

It is very well known that fixable air will
not affe& nitrous air in the leaft, and that
they cannot be combined by any means
whatever, It is likewife very obvious, that
nitrous air will not form nitrous acid with-
out the prefence of dephlogifticated air.
Yet Mr. Pellitier formed nitrous and com-
mon marine acid, by mixing dephlogifti-
cated marine air and nitrous air, 26 Roz.

393. Thisis not only a convincing proof
of
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of the entry of dephlogifticated air, in ite
fimple flate, into the conftitution of dephlo-
gifticated marine acid, but likewife points
out the weaknefs of the phlogiftic theory.
For, if nitrous air were difengaged during
the a&ion of the marine on the nitrous
acid, in confequence of the marine ilnpa;t—
ing phlogifton to it, and withdrawing from
it either dephlogifticated air or fixable air;
is it likely that they would decompofe each
other again, efpecially when they are in an
aérial ftate, and'guarded by fire? Indeed,
the phlogiftians may urge a fimilar ob-
jection againft the antiphlogiftic dorine,
by faying that, if the marine acid deprived
the nitrous air of its dephlogifticated air, in
order to become dephlogifticated marine
acid, nitrous air could not deprive it of
this again. All this is very fair, and would
be difficult to get over, were it not for
our minute inquiry into the naturé and in-
ternal firucture of the acids; and likewife
the force with which their conftituent prin-
ciples unite, ‘and the manner in which this
force muft be influenced, according to the
‘proportion of dephlogifticated air united
to their bafes,

I have
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I have already fuppofed, that the imper-
fect or dephlogifticated nitrous air is united
to its dephlogifticated air with the force of
6; the perfe or common nitrous air
with the force of 4% ; the red nitrous va-
pour, or perfe& red nitrous acid, with the
force of 4 ; the pale with the force of 31;
and the colourlefs or perfeft nitrous acid
with the force of 3. But I would obferve
that thefe are often ‘mixed, fo that it is a
difficult matter to obtain them feparately,
particularly the red and pale, for the co-

lourlefs cannot exift in contaé with the red.

I have likewife fuppofed that the marine
bafis, though it attracts dephlogifticated air
with the force of 8, is only attached in its
common {tate to its dephlogifticated air
with the force of 6 ; and that it has a tend-
ency to unite to more dephlogifticated air
when it méets with it combined with a
force inferior to its own attration to it.

From this ftatement of the force of union
of the conftituent principles of common
marine acid, and its tendency to unite to
more dephlogifticated air, we may fuppofe
that its bafis attracts the quantity neceffary

P to
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to its dephlogifticated ftate with the force
of 4. ‘

Thus ftating the comparative attration
of both acids to dephlogifticated air, rather
than “their abfolute forces, which 1 think
are impoffible to be afcertained, we fhall
be the better able to account for the fol-
lowing fac&ts. Mr. Pellitier has obferved,
if the nitrous acid be added in {mall. pro-
portion to the marine acid, that it is wholly
decompofed, and that its phlogifticated air is
difengaged, notwithftanding phlogifticated
air attralts the quantity of dephlogifticated
air neceflary to the formation of perfe@
nitrous .air, with greater force than the
marine acid. \

This I think is only explicable on the fol-
lowing principles: When a fmall portion of
nitrous acid is diffufed in a large quantity of
_marine, the latter expofes furfaces enough
to at once f{eparate the whole of its dephlo-
gifticated air from the phlogifticated. Tor
the force of 4 is fufficient to overcome, if
the perfet nitrous acid be ufed, the force of
3%, or if the pale 32 ; but if the red nitrous
acid be ufed in its purity, it will not be
decompofed, for it retains its dephlogifti-

4 cated
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cated air with as great force as the marine
acid attra&s it ; therefore they will par-
tially unite withouta decompofition.

I have already obferved the nature of the
above decompofition of nitrous acid, in
treating of the effe@s of metals on it when
highly diluted.

When a larger quantity of nitrous acid
is mixed with the marine acid, nitrous air
is produced ; for, as a molecule of the ma-
rine can only deprive a fingle molecule of
nitrous acid at moft but of two ultimate
particles of dephlogifticated air, there are
not a fufficient number of the former in
conta& with the latter to effect a total de-
compofition; and as it cannot take place
but by a number of uniform pulls from
different quarters at once, while the ni-
trous molecule is perfe@, the nitrous air,
retaining its fmall portion of dephlogiftica-
ted air with greater force than when united
to a larger quantity, paffes off unmolefted
in its aerial ftate in the marine acid.

Thus it is that nitrous air is difengaged
by the marine acid, though the nitrous air
will take its deéphlogifticated air from de-
phlogifticated marine air.

P2 I think
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I think the dephlogifticated marine air re-
tains its dephlogiﬂicaied air with nearly as
great force as the nitrous air attradls it; for
when the airs are perfecly dry,and mixed over
mercury, no decompofition feems to take
place until water is introduced. Hence I in-
fer, that water affifts in the decompofition
from its attraction to marine acid. If a {mall
quantity of marine acid be mixed with a-
large portion of perfe&t nitrous acid, no
nitrous air is produced, and no change ap-
pears in the acid, If more be added, the
acid changes colour ; but if a larger quan-
tity be added, nitrous air is produced, but
no phlogifticated air. ~This confirms the
above demonfiration of the totaldecom-
pofition of nitrous acid ; for we find a cor-
refpondence in reverfing the proportion~of
the acids. ‘ '

If marine ammoniac be mixed with the
nitrous acid in the temperature of 70° or
80°, a violent action takes place, and a
large quantity of nitrous air is extricated,
mixed with a fmall portion of dephlogiftica-
ted marine air and phlogifticated air. Here
the marine ammoniac is decompofed; for
the nitrous acid, from its fuperior attraction

to
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volatile alkali, takes it from the marine acid.
The marine acid in its turn takes dephio-
gifticated air from the remainder of the
nitrous acid, and forms aqua regia, or de-
phlogifticated marine acid; a portion of
this dephlogifticated marine acid re-a&s
on the newly formed nitrous ammoniac,
withdraws from it its inflammable air, and
converts it into water, by fupplying it with
dephlogifticated air, at the fame time that
its phlogifticated air is difengaged. 'This
accounts for the greater production of ni-
trous air when we ufe marine ammoniac,
than when the quantity of marine acid
which it contains is ufed. If the regulus
of antimony in fine powder be expofed to
the airs difengaged during the action of ni-
trous acid on marine ammoniac, it is in-
ftantly calcined, and fparks of fire are emit-
ted. This beautiful appearance will not
take place, if the regulus be expofed to the
dephlogifticated marine air alone ; fo that
it requires the prefence of nitrous air. This
is very unfavourable to the phlogiflic doc-
trine ; for, if the nitrous air be already fa-
turated with phlogifton, how can it
contribute to the rapid calcination of the

P 3 antimony ?
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antimony ? Or, if it fhould take place in
confequence of the attrattion of the marine
acid to phlogifton, the metal muft retain
it with lefs force than the nitrous air. But
if this fhould depend on the attration of
the metallic bafis for fixable air, at the
fame time that the dephlogifticated bafis
attracts its phlogifton, and fo by a double
affinity promote the calcination or decom-
pofition, it fhould take place in pure dephlo-
gifticated marine air. It cannot be attri-
- buted to water ; for fteam in its rareft ftate
cannot produce it, nor will fteam and ni-
trous air afford this phenomenon,

It appears to me, that it can only take
place at the very inftant that the dephlo-
gifticated marine air unites to red nitrous
vapour, which is formed by an union of
atmofpheric air to the nitrous air, extricated
with the dephlogifticated marine air; :for
both acids attached and deftitute of water,
which would imperceptibly carry off the
fire difengaged by the rapid union of de-
phlogifticated air to the metal, favour cal-
cination more when thus partially conden~
fed, than either would feparately in- an

aerial
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aerial ftate, being then too intimately uni-
ted to fire.
. 'The marine acid will condenfe red ni-
trous vapour in confequence of its dephlo-
gifticated air ; and provided the proportion
be adjufted, little or no nitrous air will be
produced. In like manner, red nitrous va-
pour, or red nitrous acid, from its attrattion
to dephlogifticated air, will unite to de-
phlogifticated marine acid, and not a par-
ticle of nitrous air will be produced: here
the attracion of both acids to dephlogiftilo-
cated air is nearly equal; therefore they
unite without a feparation of either of their
principles. Hence arifes the difference be-
tween what is called aqua regia, and dephlo-
gifticated marine acid; for when marine
acid is even combined with a fufficiency of
dephlogifticated air to form dephlogifticated
marine acid, it will influence the nitrous
vapour {o as to render it impoffible to fepa-
rate them, from their nearly equal degree of
volatility. Although the heat generaced by
the admixture of the marine and perfect ni-
trous acid, fhews the more intimate unign
of the dephlogifticated air of the nitrous
acid to the marine ; yet the volatility of the

Py compound,
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compound, or the little force with which
its molecules gravitate towards each other,
accounts for thefpecific gravity of aqua regia.

‘Dr. Prieftley diminifhed common air by
paffing the eleltric fpark in it, in contalt
with marine acid; and though he con-
tinued the operation fome time after the
contraction took place, the refiduum neither
increafed nor diminithed*. Dephlogifticated
marine acid expofed to the folar light will
yield dephlogifticated air, 29 Roz. 8a2.
Thefe two facts, not to adduce any more,
are fufficient to confirm the antiphlogiftic
do&rine. When Dr. Prieftley took the
eletric {park in common air, in contact with
dephlogifticated marine acid, it was di-
minithed to one half; but I fufpect, as
fome of the phlogifticated air difappeared,
that nitrous acid had been formed.

Thus finding that this change in marine
acid depends upon its union to dephlogifti-
cated air fimply, we can eafily account for
the calcination of metals in this acid,
without the extrication of inflammable
aip; for though the metal takes this de=

* Vol. VL. p. 340.
phlogitticated
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phlogifticated air from the marine acid, it
cannot recover it again from the water;
therefore it re-a&s on the metallic calx, and
diffolves it.  From the attra&ion of com-
mon marine acid to dephlogifticated air, it
will diffolve the calces even of thofe metals
which it has no ~power over when in their
metallic ftate, without producing inflam-
mable air. We can explain on the fame
principle, why dephlogiflicated marine
acid will not diffolve metallic calces; for
the-marine bafis and the metals being fa-
turated with dephlogiflicated air, cannot
influence each other until either lofes a
portion of its air, by which this neutrality
or equilibrium is deftroyed.  The eftect of
‘perfect or pale nitrous acid on manganefe
and other metallic calces confirms thi:s;
for, as the immortal Scheel has long fince
obferved, this acid muft be deprived of a
portion of its dephlogilfticated air, before it
can diffolve them ; and this is done by the
addition of any fubftance which artralts
dephlogifticated air, fuch as fugar, {pirit

of wine, &c.
The converfion of {ulphur into vitriolic
acid by dephlogifticated marine acid, is ra-
ther
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ther againft the phlogiftic theory, when we
confider that this again, when combined
with clay, and expofed to heat, will yield
dephlogifticated air. This I mention, be-
caufe Mr. Kirwan urges it againft the anti-
phlogiftians. Bergman fays, that fulphur is
not vitriolated in dephlogifticated marine
acid ; but, nothaving repeated theexperiment,
I muft reft in fufpenfe. Several other fats
might be adduced in favour of the antiphlo-
giftic do¢trine, but in my opinion it is un-
neceffary to fay any more. Indeed I think
every fingle fact in chemiftry isin its favour,
eventhofe that have been urged in oppofition
toit. 'Therefore it appeared unneceflary to
felect from the general ftock of falts, which
induced me to adopt fuch truths as firft oc-
curred to me in my demonfirations.

SECTION
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SECTION VL

Of the Calcination of Metals Via Sicca.

LL the metals, except gold, platina,
: and filver, are calcined by the joint
action of air and fire. ‘That is to fay, they
are deprived of their metallic brilliancy,
affame ‘an earthy appearance, and acquire
an additional weight,

Philofophers vary in opinion refpeing
the nature of the calcination of metals.
‘The antiphlogiftians fuppofe that metals are
fimple bodies, which unite to dephlogifti-
cated air, and form calces; and that the
mere expulfion of it is fuflicient to reduce
them again to their metallic {plendour ; and
likewife when charcoal is ufed to reduce
the refractory calces, that it imparts nothing
to the metal ; bug that, by its {uperior at-
traction to dephlogifticated air, it feparates
this from it, by which it is revived,

The phlogiflians, on the contrary, are of
opinion, that metals are compofed of two

principles,
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principles, viz. metallic bafes, and phlo-
gifton (or light inflammable air), ina folid
ftate.  Although all the phlogiftians allow
that dephlogifticated air unites to fome
of the metals during calcination, yet
they do not agree with refped to the na-
ture of the union. Some phlogiftians fup-
pofe that the dephlogifticated air unites to
the phlogifton of the metal, and forms
water, which combines with the metallic
bafis, and conftitutes the calx. Others are
of opinion, that fixable air is fometimes
formed. Dr. Prieftley thinks that metals,
during their calcination in dephlogifticated
air, unite to the water fufpended in it, at
the fame time that the gravitating matter,
or acidifying principle of the dephlogifti-
cated air, unites to its phlogifton, and forms
an acid. )

Thefe are the lateft received opinions in
the phlogiftic dorine refpecting the calci-
nation of metals. That metals give out no-
thing, but take in dephlogifticated air dur-
ing calcination, appears from Dr. Prieftley’s
and Mr. Lavoifier’s experiments ; but that
this abforption depends on inflammable air
(or phlogifton) has not been proved, and, in

' 7 , my
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my opinion, there have been very little
grounds for fuch an hypothefis. |
. Allowing metals to be what the phlo-
giltians {uppofe, is it likely that phlogifton,
which muft be the fame wherever it is, or
however combined, fhould at one time form
fixable air, and at another time water ; or,
according to Dr. Prieftley, nitrous acid ?
The former do@rine is certainly an excel-
lent improvement on the phlogiftic theory;
for, without it, this could not ftand its
ground much longer. But although this
hypbtheﬁs of fixable air may at firt feem
plaufible in calcination in the dry way, yet
that advantage is totally loft when acids are
ufed. Fixable air is formed during the cal-
cination of 'mercury per fé, according to
Mr. Kirwan; fo that mercurius calcinatus
is a compound of a metallic bafis and fix-
able air, as are likewife all the mercurial
calces. The phlogiftians may perfift in this
hypothefis, for, in my opinion, it appears
very favourable to them. rft, Becaufe it is
very well known that fixable air is com-
pofed of dephlogifticated air and heavy in-
flammable air, and therefore can be fup~
pofed to impart phlogifton during its de-

compofition.



( 222 )

compofition. - 2dly, Becaufe a vaftquantity
of nitrous air is produced during the cal=
cination of mercury in the nitrous acid,
which they fuppofe to be the phlogifton of
the metal and nitrous bafis intimately com-
bined. 3dly, Becaufe this laft fuppofition of
nitrous air could not be admitted but on
the do&trine of fixable air, as the nitrated
calx is reduced without addition ; which,
according to the phlogiftians, would be im-
poflible, as the nitrous air carried off its
own phlogifton, unlefs it was united with
fomething which could impart phlogifton to
it. Hence we find that, laying afide the
prefence of fixable air, phlogifton muft be
fubverted. As the phlogifton of the mercury
is carried off in the nitrous air,according to
the phlogiftians, and of courfe no phlogifton
left to form fixable air, which is neceffary
to the calciform ftate of the mercury, Mr,
Kirwan has been pleafed to fay, that fixable
air is one of the conftituent principles of
nitrous acid itfelf, and that it unites to the.
mercurial bafis ready formed. I have al-
ready given my reafons for refufing my af-
fent to this ; and it has appeared that phlo-
gifton, or lwht inflammable air, does not

enter
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enter into the conftitution of nitrous air;
therefore it is evident, that the doétrine of
fixable air is as delufive as any other phlo-
giftic do@rine. Mercury, as that great phi-
lofopher Mr. Lavoifier has firft obferved,
unites to a certain portion of dephlogifti-
catedair during its calcination per /6, and the
additional weight of the calx correfponds with
the weight of the air abforbed. By the
mere application of heat the air is expelled
again, and the mercury is revived. Laying
afide all prejudices, this moft undoubtedly
is a ftrong argument in favour of the anti-
phlogiftic do&rine, and is.to me, together
with the fa&s already adduced, a convin-
cing proof of the truth of it. Mr. Kirwan
would explain this procefs in the following
manner, viz. That the phlogifton of the
metal unites to the dephlogifticated air, and
forms fixable air, which, re-uniting to the
metallic bafis, conftitutes the calx; but
when a greater degree of heat is applied
than was neceflary to the calcination, that
this fixable air is decompofed, by which its
dephlogifticated air is difengaged, at the
fame time that its phlogifton re-unites to
the metallic bafis. LEven-lofing fight of

what
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what has been already adduced on the {ub-
je@, it appears to me, that this mode of
reafoning, if ftri¢tly fcrutinized, will be
found to carry with it felf-contradi&ion.
For, in the firft place, it thews that phlo-
giﬁoh, or the matter of light inflammable
air, has greater affinity to dephlogifti-
cated air than it has to the metallic bafis.
In the fecond place, during the revivification,
this evidently appears not to be the cafe.
If mercurius calcinatus were compofed of
three principles, viz. a metallic bafis, phlo-
gifton, and dephlogifticated air; and if the
two latter were intimately combined from
their fuperior attraction in the ftate of fix-
able air, and attached to the metallic bafis,
1s it likely that any degree of heat, but par-
ticularly that fufficient to revive mercury,
would feparate the conftituent principles of
the fixable air ; more efpecially when they
attralt each other with greater force than
the metallic bafis does either? This ftill
appears the more improbable, when we
confider the volatility of fixable air and of
its conftituent principles. Is it not the
property of fire to promote the eletive at-
traction of bodies, or elfe to refolve com-

' pounds
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. pounds into their conftituent principles?
And is not this eftablithed law wholly per-
verted, if we fuppofe mercury to contain
phlogifton (or the gravitating matter of
light inflammable air) ?

Indeed, there are fome circumftances in
which bodies will decompofe others of fu-
perior éttraé’cion, when expofed to heat; as,
for inftance, phofphoric acid will decompole
vitriolated tartar; but this proceeds from
the extreme fixity of the alkali and phof~
phoric acid, and the volatility of vitriolic
acid ; a circumftance which does not in-
terfere in the reduction or calcination of
mercury. ,

If mercury were a fimple body, whofe

“ultimate particles attra& dephlogifticated
air, but which, from -their own influence
on each other, cannot unite to it until this

is counteracted by heat, we could account
for the calcination of mercury, and the de-
compofition of the calx again when expofed
to a f{tronger heat, on the fame principle
that copper and zinc, or gold and mercury,
or tin and mercury, unite ina low heat, and
feparate again in a higher degree.

If the calces of mercury contained fix-
able air, they would yield it during their re-

Q_ dudtion
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duion in light inflammable air ; which is
not the cafe, as appears from Dr. Prieftley’s
experiments. This philofopher heated red
precipitate of mercury in contact with light
inflammable air, in clofe veflels, until eight
ounce meafures were abforbed, and no fix-
able air was produced, but a {mall portion
of water®. :

Mr. Kirwan would fay, that the fixable
air is here decompofed, or rather condenfed
into water ; which hypothefis is founded

»upon ne experiment whatever. For I am
perfuaded that no chemift can convert all
the principles of fixable air into water, or
into any other fluid.

If fixable air was decompofed during the
redu&tion of mercurial calces, the fame
fhould take plaee during the revivification of
white lead in light inflammable air, which,
we know, contains {Txable air in great abun-
dance; but this does not appear to be the
cafe. If fixed air be convertible into
water by intenfe heat, as Mr. Kirwan fup-
pofes, fixed vegetable alkali, or barites,
thould not yi€ld it after theyhave been ex-
pofed to a ftrong heat for fome time; or the

* Vol. VI, p. 129,
cleétric
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ele&tric fpark would condenfe it into water,
which Dr. Prieftley has thewn does not
happen ; though, as he has obferved, a par-
tial decompofition had taken place. I fre-
quently mixed an afcertained quantity of
fixable air with a charge of light inflamma-
ble and dephlogifticated air; and though I
inflamed them by pafling a ftrong eleiric
fpark in them, I found no fenfible change in
the fixable air, From thefe and many other
fimilar circumftances I am led to believe,
if the calces of mercury contained fixable
air, that we fhould obtain it when we fup-
ply the metallic bafis with pure phlogifton.

It is furprifing to me, if metals be com-
pofed of fo volatile a {ubftance as light in-
flammable air and fixed bafes, that we
cannot feparate them in the moft intenfe
heat. Surely all the metallic bafés are not
the fame. Therefore we fhould fuppofe
that there might be one or more amongft
them all, that would be {o little tenacious
of their -phlogifton as to yield, if not
the whole, a portion of it when urged with
a fierce heat, Yet the phlogiftians them-~
felves could never obtain from metals what
they fo tarneftly coménd for, without the

Q.2 prefence
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prefence -of water. Indeed, Dr. Prieftley
acknowledges that metals will not give a
particle of air without water, As to a me-
tallic bafis, they have not yet been able to
produce it. Therefore it is obvious, that
the conteption or difference between the
phlogiftians and antiphlogiftians is this:
the former are led away by imagination,
and the latter confine themfelves to the
evidence of their fenfes. I charged four
drachms of iron filings, which I carefully
prepared, into a {mall glafs retort; and
though I applied heat fufficient to melt
the glafs, I obtained little more than one
~cubic inch of inflammable air; and this was
vpréduced in the beginning of the procefs;
fo that it muft have proceeded from moif=
ture. I expofed lead, tin, zinc, bifmuth,
cobalt, copper, and regulus of antimony,
to heat f{ufficient to melt caft iron, in a
well clofed deep crucible; and althbugh
I {ublimed and diffipated all of them (copper
excepted), I could. not effe@” the fmalleft
change in their conflitution ; for what fub-
limed and adhered to the upper part of the
crucibles, poflefled its natural brilliancy and
fpecific gravity, Mr, Kirwan {tppofes that

fixable
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fixable air is only formed during calcination
in a'low heat, but that water is formed #n
a higher degree. If it were {o, red lead
would not yield dephlogifticated air; for
the phlogiftians will not allow the decom-
pofition of water. Mr: Kirwan attempts
to obviate this by faying, that red lead is
prepared in a low degree of heat, but that
litharge, which requires a higher, willafford
none. However, I converted litharge into
red lead in a degree of heat not much thort
of that which will convert red lead into li-
tharge; and it gave dephlogifticated air in
fmall quantities; and by the addition of
oil of vitriol I obtained dephlogifticated
air from it in abundance, but not a particle
of fixable air. Part of the fame red lead,
expofed to the atmofphere for a few weeks,
yielded fixable air both with and without
vitriolic acid ; which induces me to think
that fixable air is not a neceflary ingredient
in red lead, but that it abforbs it after it is
formed.

The truth is, minium contains more de-
phlogifticated air than litharge does; and,
in its tranfition from the former t® the latter,
it parts with it, as Dr. Prieftley has fhewn.

Q3 And
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And as litharge contains lefs of dephlogifti-
cated 2ir than minium, it is the more tena-
cious of it,and will not give it up until fome-
thing elfe is prefented to it which has greater
affinity to the air than the lead has. Dr.
Higgins has fhewn, that 7581,5 gr. of li-
tharge, when completely reduced, will yield
6835,2 gr. of pure lead, and that 7680 gr.
of red lead will yield but the fame quantity ;
whence be juitly inferred, that 6835,2 gr. of
lead require, in order to become minium,
98,5 gr. more of air than is neceflary to its
converfion into litharge. To confirm this,
he converted the above quantity of minium
into litharge, and cbtained during the pro-
cefs 98,5 gr. of air, 24 of which he found
to be fixable air, and 74,5 dephlogifticated
mixed with phlogifticated air *. This does
not correfpond with Mr, Kirwan’s account
of a fimilar procefs; for he found that mi-
nium, during -its tranfition to litharge, ab-
{orbed air+. |

. The expulfion of fixable air from mini-
um and other metallic calces, which Mr.
Kirwan feems to lay great firefs upon, does

* Exp. and Obf. on Acet. Acid, &c. p. 210.
+ Effay on Phlogifton, p. 111.

not
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notinmy opinion favour hishypothefis in the
leaft ; for, if the dephlogifticated air abforbed,
formed fixable air by an union to the phlo-
gifton of the metal, confidering that fome
metals are revived again without the addi-
tion of foreign phlogifton ; it fhould feem
that metals never fuffer any part of their
natural portion of phlogifton to be carried
off: and, indeed, if metals contain what they
call phlogifton, it muft be fo; for I found
that red precipitate, or turbith mineral, re-
cently prepared, afforded no fixable air,
although Dr. Prieftley difcovered a trifling
portion of it in dephlogifticated air ob-
tained from mercurius calcinatus. But
much depends upon the time theyare kept ;
for they abforb fixable air from the atmo-
fphere, like all other {pongy or porous fub-
ftances. Hence I think, that the fixable air
obtained as well during the calcination of
metals, as afterwards from their calces, de-
pends upon fome impregnation in the ma-
terials, and does not in the leaft tend to
prove the exiftence of phlogifton in metals.
Iron quickly calcined by fire, or in the ni-
trous acid, will not yield a particle of fix-
able air, though ruft of iron will afford it in

Q_4 abundance,
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abundance. Mr. Kirwan may object to the
former procefs, by faying, that water is
formed during the calcination; but this
cannot be faid when the calx is prepared by

-

nitrous acid. Therefore, if the calcination in
the nitrous acid depended upon an union to
fixable air, why fhould not this afford fix-
able air as well as the ruft of iron, when
both appear equally well calcined ?

Dr. Prieftley calcined iron fhavings over
mercury in dephlogifticated air, by means
of a burning leps, and found fome fixed air
in the refiduum, but it was not more than
the 13thofa meafure, after the abforption of
7 ounce meafures of dephlogifticated air.
~The fame philofopher reduced a quantity of
the calx of iron, carefully prepared, by
means of {pirit of nitre in light inflamma-
~ ble air; but it does not appear that he ob-
tained fixable air*, He likewife reduced
17 gr. of lead in alkaline air : the refiduum
was phlogifticated air, and it did not con-
tain a particle of fixable air.  Dr., Prieftley
reduced 150 ounce meafures of light in-
flammable air to io ounce meafures, by re-

#* Vol. V1. p. 16,
g ducing
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ducing in it the calx of lead over mercury,
and the refiduum contained no fixable air *,

If the fixable air generated during the
calcination of tB® iron, in the above experi-
ment, proceeded from its phlogifton and de-
phlogif’ticated air, why was not fixable air
formed during the reduction of the calces,
whereas they were expofed only to the fame
degree of heat?

In my opinion, metals contain fomething
not at all neceflary to their conftitution,
‘which forms fixable air with dephlogiftica-
ted air. The phlogiftians muft all allow,
if metals contain phlogifton or inflam-
mable air, that it is of the explofive kind ;
for no other is obtained during their calci-
- nation in the humid way, whatever men-
firuum is ufed. Then why does not this
form fixable air with the dephlogifticated
air during the revival of the calx of mer-
cury in it, if a {ubftance of the fame fort be
united to it in the ftate of fixable air in
the calx? The phlogiftians will fay, that
the heat neceffary to the redu@ion is too
great for the formation of fixable air. But
then, if fo, why will inflammable air from
foliated tartar, or from charcoal, which

* Vol. VL. p. .
are
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are known not to contain a particle of ready
formed fixable air, generate this under the
fame circumftance ! Or why will it form
fixable air in the moft infénfe degree of
heat? 1 afk, if there ever has been an in-
ftance of the formation of fixable air by an
union of light inflammable air and de-
phlogifticated air? It appears to me a mat-
ter of impoflibility. Therefore, how can
we fuppofe that the fixable air produced
when we ufe iron filings and red precipitate,
refults from an union of both thefe airs ?

- Dr. Prieftley obtained 40 ounce meafures
of fixable air from one ounce of red preci-
pitate and two ounces of iron filings *.
From 300 gl'aixus of iron newly filed, and
240 of red precipitate, Mr. Kirwan ob-
tained no air ; but, cn the contfary, there
was an abforption. 'When he ufed precipi-
tate per fe, inftead of red precipitate, and
varied the proportion, and fprinkled the
ingredients with water, he got 4,5 cubic
inches of fixable air, aud 36 of a mixture of
dephlogifticated and inflammable air. M,
De ia Metherie obtained no air from equal

* Vol, VI. p. 27.
) parts
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parts of red precipitate and iron filings ;
and from two ounces of red precipitate, |
and one drachm of iron filings, he obtained
a very {mall quantity of fixable air *. Equal
parts of lead and red precipitate gave no air
at all to Mr, Kirwan, though the lead was
nearly calcined. 240 gr. of bifmuth, and
the fame quantity of red precipitate, diftil-
led with a low heat, afforded Mr. Kirwan
two ounces of fixable air. The fame mix-
ture, urged with a ftrong heat, gave but
one cubic inch of fixable air, and the bif-
muth was calcined. Equal parts of red
precipitate and zinc did not produce any
air; nor did zoo gr. of copper, and 240 of
red precipitate, though the mercury was re-
vived .

One ounce of red precipitate, and one
ounce and a half of iron filings newly made,
diftilled in a fmall coated glafs retort, afford-
ed but fix ounce meafures of fixable air,
and about one ounce meafure of phlogifti-
cated air, though the mercury was nearly
revived, and the iron a good deal calcined.
I fufpeét that the iron was impure, for the
air had the fmell of volatile vitriolic acid

* 27. Roz. 146,
4 Effay on Phlogifton, p. 114, 113, 7
4 ~towards
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towards the end of the procefs; and as I_
was obliged to receive the airs in water, a_
fmall portion might have been abforbed.
- However, thefe experiments differ widely
from Dr. Prieftley’s, and clearly prove, that
fixable air is not a neceflary produétion in
thenx-butthatitdepends14xn1chance,and
the prefence of fome foreign fubﬁ:anue which
we are not aware of. ,

- Dr. Prieftley partially calcined lead in
mercury by repeated agitation, with free
accefs of air; and after feparating the fluid
mercury from a black powder thus obtained,
it afforded fome fixable air. From fix ounces
of this black powder he obtained four and a
half ounce meafures of air, one and a half
of which was fixable air *. 10 ounces of
the fame powder gave 23 ounce meafures of
ir; 8 or 9 ounces of which were fixable
air. 4 ounces of this black powder, and
2 ounces of iron filings, gave only 4 ounce
meafures of fixable air . 20 ounces of this,
and one of iron filings, afforded but 4 or
5 ounce meafures of fixed air {. 2 ounces
of this black powder, moiftened and dried
again, gave very little fixed air§. Al-

#* Vol. VI. page 258. + Ib. p. 261.

1 Ib. p. 262. _ § Ib. p. 265.
though
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though 4 ounces, treated in the fame man-
ner, afforded 120 ounce meafures of air, 12
meafures of which were fixed air.

Thus we find how thefe experiments
vary in their refults ; which fhews that the
fixable air proceeds partly from fome im-
purities in the materials, but chiefly from
abforption of fixable air from the atmo- -
fphere. I diftilled fome mercury with iron
filings, in order o obtain it pure, and in-
troduced fix ounces of it, and fome lead
filings, intoa five ounce phial with a ground
~ftopple, and tied a bladder half full of
dephlogifticated air, which I previouily
wafhed in lime liquor,” to the neck of it.
‘The bladder Séing flaccid, I could take out
the glafs ftopple at pleafure, and let in de-
phlogifticated air when I thought necef-
fary. Having by repeated concuffions pro-
duced fome of this black powder, though
the air in the bladder did not feem much
diminifhed, I difcontinued the procefs, fear-
ing that the wet bladder might be a fource
of fixable air. When I feparated the run-
ming mercury from it, it weighed near half
an ounce, which I quickly introduced into
a {mall coated glafs retort, and obtained

I a from
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from it one ounce meafure of air, which,
although it rendered lime-witer a little
turbid, was not fenfibly diminithed, and a
candle burned in it fomewhat better than
in common air,

Having enumerated thofe experiments
which the phlogiftians adduce as " the chief
fupport of their doctrine, I think, they do
not in the leaft help to prove the exiftence
of phlogifton in metals. Let us review
them all, and carefully compare their dif-
ferent produéts of fixable air, and we fhall
be convinced that it cannot refult from any
neceflary principle in metals; for, if fo,
the produéts thould be invariably the fame
under the fame circumftantes.

Befides, I think, the reduéion of one
metal by another, in the dry way, rather
proves that they contain no fuch thing as
the matter of light inflammable air, or phlo-
gifton. For, let us fuppofe the dephlogifti-
cated air to be united to the phlogifton of
the metal, in the ftate either of fixable air or
water, and thefe tobeattached to the metallic
bafiswith anyforce; is it likely that the phlo-
gifton of another metal, which is intimately
combined with its own bafis, (hould difturb

this
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this union in the leaft ? - The phlogiftians
may fay, that the bafis of the reviving metal
(we will take, for inftance, copper) attrats
the fixable air or water of the calx at the
fame time that the bafis of the calx attraés
its phlogifton; and fo, by a double affinity,
effett a decompofition. But I would ob-
ferve, if fuch a decompofition thould take
place, in confequence of the influence
of their different metallic bafes, that it muft
be impoflible for us to obtain either water
or fixable air, as a produdt 'refulting from
any of the conftituent principles of the
metal, in the degree of heat neceffary to re-
duce red precipitate. Becaufe, if t.he iron,
or copper, or zinc, or bifmuth, all of which
will reduce a mercurial calx, fhould ex-
change their phlogifton for the fixable air
or water of the calx, they muft undoubted-
1y retain this with at leaft as much force as
they do their phlogifton; and it is well
known that no heat will expel this from
them. .

SECTION
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SECTION VIIL

Of the Calcination of Metals by Steam, and
the Decompofition of Water.

R. Lavoifier has thewn us, that fteam,

when brought in contact with red
hot iron, calcines it, at the {fame time that
inflammable air is abundantly produced;
from which he inferred, that the water is
decompofed. He likewife found that the
water is decompofed by iron without the
afliftance of heat; for he obtained inflam-
mable air by confining iron filings and
water over mercury. Dr. Prieftley, who has
made a vaft number of very accurate expe-
riments on the fame {ubjed, has found that
294 gr, added to the weight of a quantity
of iron, made it to yield 1000 ounce mea-
fures of inflammable air, which he efti-
mates would weigh 6o gr. and which is
nearly 5 to 1%, But this eftimation, ac-

¥ Vol. VI. p. 121,
' cording
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cording to Lavoifier and Kirwan, is too
high. Dr. Prieftley likewife found, that
the addition of 12 ounce meafures of de-
phlogifticated air added 6 gr. to the weight
of the iron which had been fufed in-it.
Therefore, the dephlogifticated air abforb-
ed, carries with it into the calx the quan-
tity of water it holds in folution. Whe-
ther a quantity of dephlogifticated air, when
as much water as pofhble is abftracted from
it, would calcine the fame weight of iron,
or any other metal, that it would in its or-
dinary fate, 1s very well worth afcertain-
ing. As this cannot be done without the
afliftance of a lens, it is not in my power,
at prefent, to make the experiment. The
{ame philofopher obferves, that, making an
allowance for the fmall quantity of dephlo-
gifticated air expended in the formation of
fixable air during calcination, which did
not exceed the 13th of an ounce meafure in
5 ounce meafures of dephlogifticated air, the
quantity of water produced by the reduc-
tion of the iron in light inflammable air,
nearly correfponded with the weight of
both airs. He moreover obferves, that the
lofs of weight in the iron, after its redac-

R tion,
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tion, was equal to that of fuch a quantity
of dephlogifticated air as would have been
one half of the bulk of the inflammable air
that difappeared in the procefs *. A mix-
ture of 1 part of dephlogifticated air and
2 of light inflammable air, provided the airs
be pure, will, by pafling the electric fpark
in it, form water, as Mr. Cavendith has
fhewn ; which proportion very well agrees
with the above eftimation of Dr. Prieftley.
All thefe falts {trongly concur in favour of
the decompofition of water, I charged half
an ounce of charcoal into a {mall tubulated
sretort; the orifice was very {mall, and
well fitted with a ftopple, though, from its
conical figure, it was readily taken out at
pleafure. Having then expofed the char-
coal to a firong heat until nothing came
over but pure inflammable air, and this
very flowly, 1 took. out the ftopple, and
poured in nearly half a thimble full of
water, and inflantly clofed it again; when
3 or 4 ounce meafures of air gufhed from
the retort with violence, and then ceafed
giving out any more until frefh water was

* Vol, VI p. 121,

introduced.
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introduced. Thus I obtained 10 or 12
cubic inches of air, of which one-ffth was
fixable air, and the remainder inflammable,
intermediate, I thought, between the light
and heavy.

It is very well known that charcoal is
wholly convertible into inflammable air,
and that this infammable air cannot, by
any means whatever, form fixable air with-
out the prefence of dephlogifticated air#.
Therefore water muft have been decompofed
in the above experiment, by which the mat-
ter of charcoal was fupplied with dephlo-
gifticated air. Dr. Prieftley converted the
whole of a quantity of charcoal into inflam-
mable air, without the {lightelt appearance
of fixable air -, ' '

* Tt may be fuppofed that the atmofpheric air, by prefl-
ing into the retort, contributed to the formation of the
fixable air; but if fo, fixable air would Fave been pro=
duced by merely taking out the ftoppley which was not
the cafe: belides, atmiofpheric air could not rufh in
during the fhort time the {-Lop ble had been out, coniider-
ing that the charcoal yielded inflammable air, and that
the preflure of the water up the neck of the retort muft
more than counterbalance the éxternal preflure of the
ﬂtmOA} 1er

1,
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Mr. Lavoifier, having carefully calcined
a quantity of charcoal, in order to expel
any water or fixable air it might contain, in-
troduced 248,62 gr. troy of it into an iron
tubé¢ lined with copper, and having paflfed
through it 1122 gr. of water, in the ftate
of fteam, obtained 6644 cubic inches of
air, whofe weight he eftimated at 5350 gr.
one-fourth of the bulk of which he found,
by introducing cauftic alkali, to be fixed
air; and there remained 5 grains of athes
in the tube. As the weight of the airs pro-
duced was more than double that of the
charcoal, he inferred that the water muft
have been decompofed ; its oxygenous prin-
ciple uniting to a portion of the charcoal,
and forming fixable air, while the remainder
acquired an aerial ftate, and mixed with the
inflammable air of the water. That water
had been decompofed-in this experiment is
evident ; elfe, whence came the fixable air ?
for, from Mr. Lavoifier’s previous treat-
merit of the charcoal, it could not coritain
any.

Mr. Kirwan does not allow the decom-
pofition of water in the above experiment.

He fuppofes that the fixable air came from
the
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the charcoal, being one of its conftituent
principles, and that the inflammable air is
its other conftituent principle, and that the
additional weight proceeded from the folu-
tion of water in both airs.

Mr. Kirwan’s firft fuppofition is abfolute-
ly contradited by Dr. Prieftley’s experi-
ments#, where he has thewn that charcoal
does not contain an atom of fixable air. -
"Therefore, to fay any more on the fubje&
would be {uperfluous. That water is held
in folution in all airs, is what we do not
difpute, but not in that quantity which the
phlogiftians imagine. A {mall quantity of
moifture is undoubtedly neceffary to the
converfion of charcoal into pure inflam=-
mable air: if a little more be ufed, fixable
a¥ is produced in very fmall quantities ;
but if a larger portion of water be ufed, the
quantity of fixable air is ftill greater. The
extremes Dr. Prieftley obferved in the pro=
portion of fixed to the inflammable air has
been from one-twelfth to one-fifth of the
whole. 'Why the fmall quantity of water
neceflary to the aerial ftate of charcoal thould
not be decompofed, is difficult to be ac=-

* Vol. VL. p. 345.
R 3 counted
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counted for, efpecially when a larger quan-
tity is readily decompofed. I expofed fome
wort to dephlogifticated air until it began
to ferment, yet the air was not in the leafk
diminithed, theugh the liquor acquired an
acid tafte. 'T'he fame change took place
in the liguor when [ prevented all comimu-
nications with dephlegifticated air.

Thefe fad&s nnrrowly inquired 1nto,
will remove all doubts refpeéting the de-
compolition of water, If it were not de~
compoled, we could not account for feveral
facts relating as well to the calcination, as
the redullion of metals,  Let us even fup-
pefe the inflainmable air to come from the
metal in confequeace of a fuperior attraction
of its bafis to water; 1s it likely that this
would diflod; ce the water again in any degree
of heat, ¢ pfc aily m en the inflammable
a:r is combined with ﬁre? it may be faid,
that intenie heat diffolves the union of the
water and the metallic bafis. But fhould
not, as aiready oblerved, the fame caufe
prevent the union of the inflammable air to
the metallic bafis, if 1t even were as fixed
as water, and uncombined with fite, un-
leis we f{uppofe phlogifion to have greater

attrallion
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attrattion to the metallic bafis than water
has? Then, water could never expel in-
flammable air from the metal.

T'o account for the calcination of metals
by fteam, &c. and for the reducion of
thefe again to their metallic {plendour in
inflammable air, we muft, in my opinion,
have recourfe to a mode of reafoning quite
different from the preceding; and confider
metals to be fimple bodies, whofe ultimate
particles attract dephlogifticated air with
greater force than light inflammable air.
The phlogiftians may fay, that light inflam-
mable air in this cafe could not decompofe
metallic calces; but this is foreign - to
that which I urged Iaft againft them. For,
metals being fixed bodies, and dephlogifti-
cated air having ftrong attraction to fife;
when calces are expofed to heat, the force of
union between them is much weakened, as
is evident by the reduction of gold, filver,
and mercury by heat alone, having lefs at-
traction to dephlogifticated air than the
other metals.

To render this more intelligible, let
us f{uppofe dephlogifticated air to be at-
tached: to the metal in a common tem-

R 4 perature,
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perature, with the force of 7, and the at-
tra@ion of light inflammable air to dephlo-
gifticated air to be any degree below this,
we will fay the force of 6. Let us now
fuppofe thiscompound or calx to be expofed
to intenfe heat, though not ftrong enough
to decompofe it, yet fufficient to reduce its
force of union to its dephloglﬁlcated air to
53 If inflammable air were brought in
contact with the calx in this ftate, is it not
reafonable to {uppofe that it would deprive
it of its dephlogxﬁmatéd air? But then I
afk the phlogiftians, whether the inflamma-
ble air could unite to the metal under thefe
circumftances ?
I think this alone, firi@ly confidered,

would go a great way towards overthrowmg
the phlogiftic theory.

SECTION
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SECTION VIIL

Of the Redultion of Metallic Calces by means
¢of Charcoal, and the Formation of Fixed
Air.

R. Prieftley has obferved, that fixable
air muft have been atually formed
during the union of heaVy inflammable air
and dephlogifticated air, as he often found
that the fixable air produced, exceeded the
weight of the inflammable air.
Dr. Higgins has fhewn (andI think I
am authorized to particularize it, for I had
an acive fhare in all the experiments fet
down in his laft publication), that 3,15 gr.
of the pureft dephlogifticated air, and 1,1
gr. of inflammable air from foliated tartar,
_afford, when inflamed by the eleGric fpark,
2,85 gr. of fixable air.  As the weight of
the fixable air fell fhort of that of the two
airs employed, by 1,4 gr. and as there had
been a quantity of moifture precipitated,
Dr. Higgins fuppofes that a part of the de-
phloolﬁlcatcd,
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phlogifticated air unites to phlogifton, and
forms water, while the remainder, which
he eftimates to be two thirds of the whole,
unites to the acid matter of acetous acid, as
he is pleafed to call it, and forms the fix-
able air. When he ufed inflammable air
from charcoal, the refult was the fame.
Thefe experiments clearly fhew, that fix-
able air is compofed of the matter of char-
coal and dephlogifticated air. I have my
doubts.refpecting the water produced in the
above experiment: in my opinion, the
moft part of it is precipitated from both
airs on their contrating an union, as the
compound cannot hold in folution as much
water as its conftituent principles in their
fimple aerial ftate; although heavy inflam--
bable air from foliated tartar contains light
inflammable air, as appears from Dr. Auf~
tin’s experiments. But this I confider to
be as foreign to the gravitating matter of
charcoal, as the matter of {ulphur is to the
inflammable air, which holds it in {olution
in the ftate of hepatic gas. For both will
burn, or, in other words, will unite to de=
phlogifticated air, and form feparate com-
pounds. I think, neglecting to difcrimi-

nate
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nate between the light and heavy inflam-
mable airs, has been the chief caufe of all
the errors and confufion that at prefent pre-
vail in the {cience of chemiftry.

Dr. Higgins introduced fome pieces of
well burned charcoal into a deep crucible,
and covered them over an inch deep with
pow&cred charcoal. Having luted on a
cover, he expofed them for two hours to
heat {ufficient to melt filver; he then placed
the crucible in fuch a manner, that the
powder might remain red hot for fome time
after the pieces next the bottom had cooled.
This he had done in order, as the charcoal
muft imbibe fomething on cooling, both to
fupply it with inflammable air, and to pre-
vent a communication with the external
air, which the charcoal would have other-
wife imbibed.

One hundred and twenty grains of this
charcoal quickly powdered were well mixed
with 7680 gr. of litharge, which had been
previoufly fufed to feparate any uncalcined
lead which it may contain. This mixture
was charged into a coated retort juft large
enough to contain it, f{o that the common
air muft bave been nearly fecluded.  Being

then
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then placed in a reverberating furnace, and
heat duly applied, it yielded by eftimation,
after cooling to the mean temperature of
the atmofphere, 384 gr. of fixable air,
at the rate of ,57 gr. to a cubic inch,
8,704 of phlogifticated air, and 0,911
gr. of dephlogifticated air, befides 49
gr. of water, On breaking the retoft,
3888 gr. of revived lead were found, be-
fides fome vitrified litharge ; but not an
atom of charcoal was left, nor was there a
particle of inflammable air produced*.
Now let my reader confider the weight that
3388 gr. of lead acquire by its converfion
to litharge, and the quantity of inflamma-
ble air that 120 gr. of charcoal will afford
(which, according to Dr. Prieftley, is about
360 ounce meafures), and he will find,
making an allowance for the phlogifticated
air, that thefe nearly correfpond with the
proportion of heavy inflammable air and
dephogifticated air neceflary to the formation
of fixable air by the eleGric {park. Hence
we may conclude, that not a particle of
charcoal entered into the conftitution of the

% Exp. and Cbf. on Acet. Acid, Se&t. XIX., p. 274-276.

4 revived
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revived lead, but muft have been wholly
converted into fixable air. Mr. Kirwan
cannot fay, that this quantity of fixable air
exifted ready formed in the charcoal, when
it is more than two thirds the weight of
the charcoal; nor can he attribute this
weight to water. Then I afk the phlogif-
tians, whence came the dephlogifticated
air which formed this fixable air? If they
can anfwer this without contradifting them-
felves, it ismore thanIat prefent forefee. For,
in the firft place, if they thould fay that the
metallic calx affords fixable air, or that its
fixable air is decompofed, by which the char-
coal is furnithed with dephlogifticated air,
tley contradi& their own affertion ; for they
do not allow the refractory calces to contain
any f{uch thing, but, on the contrary, they
{uppofe thefe to be combined with water.
In the fecond place, if they fhould fay that
the dephlogifticated air is fupplied by the
water of the calx, itis contradiGory to their
own principles, for they do not allow the
decompofition of water.

SECTION



SECTION IX.
Of the Solubility of Metals.

ETALS in their imple ftate are in
foluble in water; but when com-

bined with acids they are foluble. Iron
and fulphur fufed form an infoluble mafs ;
iron and dephlogifticated air form likewife
an infoluble compound; but iron, dephlo-
gifticated air, and f{ulphur will form a vary
foluble compound. Phlogifticated air in
its fimple ftate has no fenfible affinity to
metals; yet, when combined with de-
phlogifticated air, it will unite to them and
render them foluble. The affinity of the ma-
rine bafis to metals 1s not known; but that
they have greater attraction to the dephlo-
gifticated air attached to it than they have
to the bafis itfelf, has been already demon-
firated. That the attra&ion of the marine
bafis to metals is increafed by their previous
‘ union
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union to dephlogifticated air, may be in-

ferred from its property of diffolving the

calces of thofe metals which will not yield

to it in their fimple ftate. That common

marine acid has an attraction to dephlogi{-

ticated air, is very well known; and it has

been above obferved, that, when fully fatu-

rated with this, it will not affe& metallic
calces, though it will diffolve thofe metals
which the common marine acid will not
touch. Oils will not difiolve metals in their
fimple ftate, provided the oils be pure, ex-
cept iron and copper, which are deftruct~
ible wherever they meet moifture and fix-
able air, both of which are generally prefent
in oils. But the oils will unite to the calces,
and conftitute foluble {aponaceous com-
pounds. As oils have an attra&tion to de-
phlogifticated air, though they cannot unite
“to itin a common temperature, nor take it
from the metals but by the affiftance of a

ftrong heat; it may {o faf influence them as
to promote their union to metallic calces. It
is clear from thefe facts, although dephlogif-

ticated air alone will not render metals fo-

luble in water, that it is through its media-

tian,
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tion, or influence, that a third body will
unite, and form a foluble compound. But
which of the three fubftances has this fol-
vent power moft inherent in it, is what
we cannot pretend to explain ; noris it ne-
ceffary towards the eftablithment of the
antiphlogiftic theory to know this. It is
fufficient for us to prove, that dephlogiftica-
ted air is indifpenfably neceffary for the f{o-
lution of metals in every menftruum, except
a few which 1 fhall prefently obferve. The
foregoing principles will account for Mr.
Kirwan’s firft four queries, Section ro. I
muft confefs I do not fee the force of thole
eleven queries of his, nor can I find how
they oppofe the antiphlogiftic theory in the
leaft.

The moft rational of his queries are
explicable in this doctrine; and of thefe
the moft difficult to be accounted for is the
folubility of fome calces in the nitrous acid,
while others are infoluble in it. But we
may attribute this in a great meafure to
their property of uniting to more dephlogif-
ficated air when in folution, than they can
retain in their dry, pure, calciform ftate.
Thus the calces of lead are foluble in all the

acids
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acids. ~ 'The calces of gold, mercury, and
filver are likewife foluble in the nitrous
acid on the fame principle. The calces of
iron, tin, bifmuth, cobalt, zinc, antimony,
&c. when perfectly calcined, contain more
~dephlogifticated air, together with the
quantity which enters into the conftitu-
tion of perfet nitrous acid, than is necef~
fary for folution; therefore either muft
lofe a portion of their air before they can
unite. I do not difpute but the bafes of the
different acids have, independent of their
dephlogifticated ajr, different degrees of
attraction to the different metals. I have
thewn this to be the cafe in treating of the
vitriolic and marine acid.

Mr. Kirwan’s Toth query is not eafily ac-
counted for: before we can attempt this,
we muft be acquainted with the conftituent
principles of fixed alkali. I doubt whether
he can give even a plaufible explanation of
_ it himfelf, in his own doérine. The diffo-
lution of copper in volatile alkali, likewife,
cannot be accounted for in any theory until
we know more of ckemiftry. I at one
time fuppofed that it proceeded from the
abforption of dephlogifticated air from the

S atmofphere ;
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atmofphere; but I found this not to be the
cafe by experiment, Indeed Mr. Kirwan
might as well have atked why liver of
fulphur, or mercury, diffolves gold, M.
Kirwan’s laft and 1 1th query has been amply.
accounted for in defcribing the effe® of
metals on vitriolic acid.

SECTION
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SECTION X,

Of the Precipitation of Metals by each other.

‘HAT fome metals attract dephlogifti-
cated air with greater force than
‘others, is now an eftablithed faét. Gold,
platina, and filver will not unite with it
in the ftrongeft heat of our furnaces. Mer-
cury, likewife, will not unite to dephlo-
gifticated air until heated feveral hundred
degrees above that which is neceflary for
its fufion only. The reft of the metals
will abforb dephlogifticated air by mere
fufion, but fome with greater rapidity than
others ; as for inftance, zinc, bifmuth, and
arfenic will prefent the phenomenon of
combuftion, when fufficiently heated in
atmofpheric air. Again we find, that thofe
metals which combine with dephlogifticated
air with moft difficulty, will yield it with
the greateft facility. Mercury, gold, filver,
Sa and
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and platina are reftored to their metallic
brilliancy by mere heat; while all the other
calces require the' addition of fomething
which has greafer affinity to dephlogifti-
cated air than their refpetive metals, before
they can be reduced to their fimple ftate.
The fame order takes place in the preci-
pitation of metals by each other in their
metallic ftate. Gold is precipitated in its
femi-metallic ftate by filver, and filver by
mercury, and mercury by copper; and all
three yield to the reft of the metals. The
fame law holds good with refpect to moft of
the refratory metals. They p‘recipitate
each other according to their different affi-
nities to dephlogifticated air; although there
are a few exceptions; but thefe, I fancy,
proceed chiefly from the attachment of the
acid bafis to the different metals. ‘Thus
iron will not precipitate lead from marine
acid; and regulus of arfenic precipitates
mercury with difficulty from the vitriolic
acid. Marine acid will take filver from the
nitrous ; and as we cannot attribute this to
dephlogifticated air alone (both acids having
this in their conftitution), it is evident, that
the



( =261 )

the acid bafes are differently influenced
by the different metals. Indeed, if they
had not different forces of attraction as well
to the metals as to the alkalies and earths,
we could not very well account for the ex-
pulfion of one acid by another from thefe
different fubftances, more elpecially when
the acids are in their perfe&t ftate; although
we may attribute this very frequently to
the agency of fire. Hence we may con-
clude, though the acid bafis difturbs the
affinity of the oxygenous principle to me-
tals in a few inftances, that we are not from
thence to pronounce the invalidity of the
antiphlogiftic theory.

I have already thewn, in treating of ma-
rine acid, that the bafis of this acid contri-
butes much to the reduétion of the precipi-
tated metal, otherwife the precipitating me-
tal could never deprive it of the whole of
its dephlogifticated air; and the fame may
be faid of the other acid bafes.

In a neutral mixture of vitriolated copper,
the calx is held in folution by volatile vitri-
olic acid, which is lefs intimately attached
to the coppter than its_dephlogifticated air.

S 3 Iron



( 26z )

Iron will precipitate the copper from this
folution in its fimple metallic ftate.

In order to illuftrate this decompoﬁtlon,
I think it neceffary to have recourfe to the
following method:

Let C be copper, D dephloglﬁxcated air,
which (let us fuppofe) attra each other
with the force of 23, (to avoid perplexity,
reciprocal attraction is not confidered) and
let this be the calx of copper. Let V,
or volatile vitriolic acid, be attached to this
compound with the force of 3, and let us
fuppofe 2 of this force to proceed from the
dephlogifticated air attached to the copper,
and the remainder, which is but 1, to be
in confequence of the influence of the cop-
per itfelf on the fulphur and dephlogifti-
cated air of the volatile vitriolic acid; there-
fore let G be
“the centre of ¢
gravity of V.
Let us {up-
pofethistobe I.
the ftate of a neutral folution of copper in the
vitriolic acid, Here the copper attralts v
and D with only the force of 32, and C
and D attract 'V with the force of 3. Let

us
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‘us again fuppofe I to be iron, which attracts
‘V, or volatile vitriolic acid, with the force of
3, it cannot take it from C and'D, which
hold it with the force of 3 ; but it {fo coun-
tera@s the attachment of D and V to C,
that it is reduced to 3. Let us now fuppofe
1, from its attra&ion to dephlogifticated
#ir, to influence D with the forcelof 1 : in
this cafe’C will be deprived of D and V,
for the force of 3% muft readily obey the
‘power of 4, ‘This, in my opinien, is what
takes place in all metallic precipitations.
If the precipitant cannot take up the wholeof
the dephlogifticated air of the precipitated,
it is thrown down in a femi-reduced flate.
Thus lead and filver will precipitate gold of
a dirty purple colour, while copper and
iron throw it down in its brilliant metallis
ftate. If the iron united firft to the volatile
vitriolic acid, the refulting compound would
not deprive the calx of its dephlogifticated
air. For the calx of copper, diffufed in a
folution of iron in volatile vitriolic acid
(although no inflammable air had been dif-
engaged), was not in the leaft reduced.
Hence we may infer, that the whole force
of the iron, in order to throw down the

S 4 copper
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copper in-its pure flate, muft be- exerted at
once towards V and D ; by which, with che
affiftance of V, V and D move jointly to
unite to I, or iron, - .
If tin be introduced into a neutral folu-
tion of tin in the nitrous acid, it is calcined,
a calx is thrown down, and dgphlvogiﬁi—
cated or imperfec nitrous air is produced.
Dephlogifticated nitrous air, according to
the phlogiftians, contains no phlogifton ;
then I afk, what becomes of the phlogifton
of the newly calcined metal ? If tin con-
-tained phlogifton, either inflammable air or
nitrous air would be produced; or a portion
of the diffolved tin would be precipitated in
its metallic ftate; neither of which will
take place, if the experiment be well con-
ducted. Hence 1 thould fuppofe, that mé- -
tals do not precipitate each other in their
metallic ftate, in confequence of a double
affinity proceeding from the matter of light
ir;‘ﬁa_mz.nablc air (or phlogiflon), and like-
wife that metals part with no fuch thing
during their calcination in acids.

~ Mctallic calces do not precipitate each
other, as the celebrated Bergman has thewn,
but are rat ther foluble even in neutral fola-
tions
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tions of different metals. Hence he infer-
red, that the fame acid takes up. the differ-
ent metallic calces without diftin&ion, pro-
vided they have loft a certain portion of their
~phlogifton; but, to {peak in the language of
the prefenttlmc,provxded they are not united
to too much dephlogxfhcated air. To afcer-
tain the different degrees of calcination the
different metals require to render them
equally foluble in the fame acid, is a diffi-
cult tafk; for, as the above excellent che-
mift obferved, a very fmall quantity of de-
‘phlogifticated air, over and above a certain
portion, will render fome metals quite info-
luble; and the fame may be obferved on the

contrary extreme. ‘
Hence apparent exceptions arife to this
law ; for the fame acid will take up the
fome calces,although it will not affe& others.
Thus the acetous acid readily diffolves the
calx of mercury, but {carcely takes up any
of the calx of bifmuth. However, as the
fame acid does not make that diftin&ion
between the calces that 1t does between their
refpective metals, it is evident that dephlo-
gifticated air is the chief caufe of metallic
folution ; although this cannot take place
when
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when the attra&tion of the acid bafis to
‘the metal itfelf, and to the dephlogifticated
ajr attached to it, is deftroyed. For, when
the metal is fully faturated with dephlogif-
ticated ait, it cannot influence the acid ba-
fis to which it muft have much lefs affi-
nity ; nor can the dephlogifticated air of
the calx influence the acid bafis, being al-
ready faturated with -dephlogifticated air;
‘and the metal, having all its force of attrac-
tion to dephlogifticated air expended on the
quantity already attached to -it, cannot in-
fluence the dephlogifticated air of the acid
‘bafis in the leaft: therefore, when perfect
calces and perfeét acids are mixed, they do
not affet each other, except in a few in-
ftances, which have been already obferved.
Mr. Lavoifier, who firft attributed the
precipitation of metals in their metallic
ftate by each other, to the fuperior attrac-
tion of the precipitant to dephlogifticated
air, deduces the proportion of the oxyge-
nous principle neceffary to the folution of
‘different metals, from the quantity of one
metal neceflary to the precipitation of a.
given quantity of another metal, by the fol-
lowing
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lowing analogy, which, as I cannot at pre-

fent refer to the author, I fhall give in Mr.

Kirwan’s ‘words: ¢ As the quantity of
“¢ the precipitant is to that of the precipi=

¢ tated metal, fo is the quantity of the
« oxygenous principle neceflary for the folu-

‘¢ tion ‘of the precipitated, to that neceffary
“¢ for the folution of the precipitant. Thus,

¢ fince 135 grains of mercury are neceflary
“ for the precipitation of 100 gr. of filver
‘“ from the nitrous acid, it is evident that
“ 1358 of mercury require for their folu-
«-tioh the fame quantity of the oxygenous
‘¢ principle as 100 grains of filver; and
“¢ therefore that the quantity neceflary to
¢ diflolve 100 gr. of mercury, is to that
«¢ neceffary to diffolve 100 gr. of filver, as
““ 100 to 135. His general formula may
“be ‘exprefled thus: Let the weight of
¢ the precipitant be P, that of the preci-
¢ pitated p, that of the oxygenous principle
“¢.neceflary for the folution by precipitation
“ of 100 gr. of the different metals, to be
~<“.as exprefled in the fecond column of the
*«¢ annexed table, and that neceflary for fo-
“ lution enly, as in the third column.”

' Metals.
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. Metals. Oxygenous Principle.
v Grains.  For Solution
o . _merelys
1co gr. of Platina, 81,690
- Gold, 43,612
Iron,.{‘ -
o037,

Copper, 36,000 15, 83
"Cobalt, 29,190
Manganefe, 21,176

Zinc, 19,637
‘Nickel, 14,721

Reg.of Ant. 13,746 22, 383

Tin, 14 23, 555
Regulus of{ 11,739
Arfenic 24,743
) Silver, 10,800
Bifmuth, 9,622
Mercury, 8,000
Lead, 4,470 14, 190

Mr. Kirwan objects to this part of the
“antiphlogiftic doétrine #, 1ft, Becaufe a fo-
lution of gold in aqua regia is precipitable
" in its metallic ftate, by 2 freth made folution
“of vitriol of iron, but not of copper ot any

* Effay on Phlogifton, p. 131,
other
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other metal. - The precipitate of gold ob-
tained in the above manner, is generally
combined with more or lefs dephlogifticated
air; and confidering that 100 gr. of iron
freth diffolved can take 10 grains of dephlo-
gifticated air from 100 grains of gold, that
a precipitation fhould take place is not to be
wondered at, efpecially when gold is ren-
dered infoluble on lefing a fmall portion
of the dephlogifticated air neceffary for its
folution. Befides, the iron does not preci-
pitate an equal quantity of gold, which
muft make a vaft difference. Mr. Kirwan
thinks this manner of accounting for it
infufficient; 1ft, Becaufe a folution of vi-
triol of copper takes up only 15,85 parts of
the oxygenous principle, and yet is capable,
by precipitation, of taking up 36 gr. and
although it has greater attra&ion to the oxy-
genous principle than gold has (according
‘to Mr. Lavoifier), it does not precipitate a
particle of gold. 2dly, Becaufe platina is
not precipitable by a folution of vitriol of
iron, which, in the antiphlogiftic do&rine,

muft retain its dephlogifticated air with
very little force, when it cannot take it from
nitrous
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nitrous air, as its infolubility in the nitrous
acid indicates.

To the firft of thefe objections I would
make anfwer, that the attrattion of copper
to dephlogifticated air is not near fo ftrong
as that of iron; and its ftronger attachment
to the acid of folution reduces this {till
lowef, fo as to bring both folutions to an
equilibrium. To the fecond caufe I would
{ay, that platina, by being foluble in vari-
ous proportions of dephlogifticated air, may
afford the martial folution a portion of it,
and ftill remain in folution.

As copper is precipitated by iron, and
likewife as copper is infoluble in diluted
vitriolic acid, Mr. Kirwan fuppofes that the
diffolution of copper in a diluted folution
of vitriol of iron, by expofure to air or in a
boiling heat, is difficult to be accounted for
in the antiphlogiftic theory; and on this he
grounds his fecond objetion. In my opi-
nion, it is very unfavourable to the phlo-
giftic dottrine ; becaufe the copper is dif-
folved, and no inflammable air produced,
and yet the iron is thrown down in a calci-
form flate} :
" Mr,
7
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Mr. Kirwan grounds his third objection,
page 132, on the following fact: ¢ Iron,”
he fays, * is diffolved by the concentrated
¢ vitriolic acid only by the affiftance of
““ heat; yet, if to a {folution of filver or
¢ mercury, in that concentrated acid, a piece
« of iron be inferted, the filver or mercury
¢ will immediately be precipitated in their
¢ metallic form, and the iron diffolved.
¢ This feems inexplicable in the new
“¢ theory ; for fince iron cannot without the
¢ affiftance of heat deprive fulphur of its
«¢ oxygenous principle, how does it happen
«¢ that, without that affiftance, it deprives
¢ filver or mercury of that principle, though
¢ they have a ftronger attraction to it than
¢ fulphur has?” This, certainly, is a very
fair query, and deferves attention. There-
fore, I fhall give my opinion of it in as clear
a manner as I can. d

Let the two diagrams, ¢
be molecules of concen-
trated vitriolic acid ;
which let us fuppofe in-
fluence each other with the force of
z, which in addition to 5y makes 7ir.

D

Now,
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Now, if iron be introduced B d/
into this acid, it will not be 5%
diffolved in it; for the force S<.57(;-;\ |

of 7, with which we have 2 ]2

already fuppofed iron to at- 5‘13'_:. ¢
tra® dephlogifticated air, 541) ‘
being inferior to 7+%, a perfett neutrality
prevails until the force of 2, which we may
call the aggregate influence, is dimi-
nifthed ; and this is done by fire or water.
Again, let us fuppofe mercury to at-
tract dephlogifticated air with the force
of 6+; in this fate concentrated vitriolic
acid will not influence it, until its aggre-
gate attraltion 1s wholly removed by fire,
and then it will readily diffolve it. Let
us now fuppofe the mercury in a ftate of
folution, to be influenced by its dephlogifti-
cated air and volatile vitriolic acid, which
is the acid of folution,” with the following
forces. Let M be mercury, D the quantity
of dephlogifticated air neceflary for folu-
tion ; let us {uppofe thefe, if there had not
beenany thingelfe prefent toinfluenceeither,
to attra&t each other with the force of 64,

and
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and let us fup-
pofe this to be
the utmoft {um
of their reci-
procal attra@ions. Let us likewife fuppofe
V, or volatile vitriolic acid, to be attached to
M D, or the calx of mercury, with
the force of 3; let 1 of this proceed from
the mercury itfelf, and the other 2 from
the dephlogifticated air attached to it, which
muft reduce the attraction of M for D to
3% ; which, in addition to the force of 1,
that prevails in confequence of the at-
tachment of M and V, makes 43: thus, V
and D are attached to M with the force of

)
R\
Py
<

3. Now, : : |
s 3% D
ifiron were 1y ; 3
introduced 9
into fuch a

I\ ¥4

mixture, is
it not to be expected that it would with
the force of 7 readily overcome the above
force, and preeipitate the filver or mercury,.
even in the prefence of concentrated vitriolic
acid, which 1s always infeparable from
thefe folutions, and which, from its weak

attachment to the mercurial falt, may op-
T pofe
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pofe the decompofition a little ? Mr. Ki‘r-
wan’s fourth query, page 133, 1is very
much in favour of the antiphlogiftic doc-
trine : for, as I had an occafion to obferve
above, the precipitation of one metal by
another in its calciform ftate, without the
production of inflammable air, at the fame
time that the precipitant is held in folution,
tends ftrongly to prove the non-exiftence of
the matter of light inflammable air in
metals ; befides, it is very explicable in the
antiphlogiftic doétrine. I have already en-
deavoured to thew upon what principle the
acid bafes retain their dephlogifticated air
with lefs force, when fully faturated with
it, than when united to a {fmall portion;
and I bhave fhewn, in treating of nitrous
acid, that the attachment of its bafis to
dephlogifticated air is in exadt proportion
to the quantity united to it. The fame
law holds good in all other ccmbinations,
and is explicable on the fame principles.
Almoft all bodies will unite with the dif-
“ferent fubftances to which they have an
affinity, in various proportions, until they
arrive at the point of faturation, which
limits their power of chemical attraction.

There
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There are a few exceptions to the above
law ; for, the principles of water will only
unité in one proportion, fo that we can
névér obtain if in an intermedidte ftate,
The caufe of this I have already attempted
to demonftrate. I have my'doubts whether
the fame may not be faid of the aerial acid.
Thus, metdls will unite with dephlogif=
ticated air in various proportions, until
faturated. If roo grains of a metal are capa-
ble of uniting to 15 gr. of dephlogifticated
air only, they will attract and retain § gr.
of dephlogifticated air with greater force
than they will 10 gt.and 10 gr. with greater
force than 15 gr.

Let us fuppofe every 100 gr. of tin;
when in perfect folution, to be united to
15 gr. of dephlogifticated air with the
force of 5i. Letiron attrac dephlogifti=
cated air with the force of 7, and let us
fuppofe this force to be reduced to 6, by
the acceffion of 7% gr. of dephlogifticated
air; and the attraCtion of the tin to its de-
phlogifticated air to be increafed by lofing
7.+ of dephlogifticated air : in this cafe, iron
cannot precipitate tin in its metallic ftate,

although it may have greater attraion to
T 2 dephlo-
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dephlogifticated air than the tin has. Hence
it is evident, that a metal, in order to pre-
cipitate another iIn its metallic ftate, muft
not only unite to dephlogifticated air in
greater quantities, and attralt it more for-
cibly, but that this fuperiority of force muft
be very great indeed.

Mr. Kirwan’s fifth, fixth, and feventh
queries have been explained, pages 260—T1.
One ounce of the nitrated calx of mercury,
two ounces of Pruffian blue, and twenty-
four of water, boiled for a few minutes with
conftant agitation, acquire a cineritious yel-
low colour. . ‘The mercury unites to the
tinging acid of the Pruffian blue, and forms
a foluble falt. If to the filtered folution a
fmall quantity of iron filings and vitriolic
acid be added, the whole mafs turns black,
and the mercury is reduced®. As iron fil-
ings and vitriolic acid produce inflammable
air, and as the Pruffian acid is difengaged
and the mercury revived, Mr. Kirwan {up-
pofes, that a portion of the inflammable air
unites to the mercury, reyives it, and ex-
pels from it the Pruffian acid.

- # Scheel, p. 162, French wanflation.

" This



(¢ 277 )

This being urged againft the antiphlogif-
tians by Mr. Kirwan, as unanfwerable in
their do&rine %, I thall endeavour to in+
quire into it minutely.

In the firft place we are to confider, that
the Pruffian ‘acid, being united to the calx in
1ts perfet ftate, cannot take any thing from
it during its feparation; therefore the re-
duc®ion muft folely depend upon the attrac-
tion of the mercury to inflammable air.
2dly, Be it remembered, that Mr. Kirwan
confiders the calx of mercury as a compound
of fixable air and the bafis of mercury.
Now, I thould like to know how the in-
flammable air can a& in this cafe; for it
has two pdwers to encounter. Firft, The
attachment of the aerial acid to the metal-
lic bafis. zdly, The attraction of the Pruf~
fian acid to both, befides its own attraction
for fire, which is very confiderable. T muft
confefs, as the decompofition depends upon
a fingle eletive attraction, I cannot con-
ceive how the inflammable air can expel
both acids. If the inflammable air difen-
gaged by the acid and iron filings, fhould

% Effay on Phlogifton, p. 123.
T 3 unite
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unite to the metallic bafis, its own proper
phlogifton would be difengaged, united ta
dcphloglf‘clcated air in the ftate of fixable
air; for it cannot be fald that there is heat
fufficient to form water. Then what be-
comes of the fixable air ? for I repeated the
experiment with the utmoft caution, and
could not obtain a particle of fixable air,
It cannot be faid, that the inflammable air
pmted to the deph]oglf’clcated air of the
calx, and formed water, if we {uppofe it to
be already attached to the matter of light in-
flammable air in the calx ; for bodies of the
fame fort cannot difturb each other’s affinity
to dlffcrent fubftances fo materially, as to
caufe a decompoﬁtlon

Let us now inquire into the above pro-
cefs in the antlphloglf’uc do&rine. I have
already {hewn, that bodies which have lefs
attraction to dephloolﬁlcated air 1han {ul-
' phur has, may wholly decompofe the vitrio-
lic acid, from the nature of its conftitution.
Thus mercury will ca]cme in concentrated
vitriolic acid by the aﬂiﬁance of heat only,
and volatlle fulphureous aCId is chfbncraoed
The rationale of the production of this acid
has been given before. As water has no
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effe® on mercury, itis evident that light
inflammable air attra&s dephlogifticated air
with greater force than mercury does.

If fulphur and the calx of mercury be
diftilled, volatile vitriolic acid is formed,
and the r_xiercury is partly revived ; and ifa
large portion of fulphur be ufed, cinnabat
is formed. Hence it appears, that fulphur
has greater attraction to dephlogifticated air
than mercury has. Thefe fa&s kept in
view, we can readily account for the re-~
dullion of mercury, when vitriolic acid
and iron are introduced into the f{olu-
tion of the mercurial calx in the Pruf-
fian acid. Iron, as I have already endea-
voured to explain, during its diffolution in
vitriolic acid, totally deprives the fulphur
of its dephlogifticated air; the fulphur
again, while in its ultimate divifion, and be-
fore it is influenced by fire, or by the ag-
gregate attracion, recovers this from the
water, by which inflammable air is produ-
ced. If the calx of mercury reduced into
its ultimate divifion, in which ftate it muift
be when held in folution, were in conta&
with vitriolic acid thus decompofed, is it
not reafonable to fuppofe, that it would

T 4 yield

B
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yield its dephlogifticated air to the fulphur,

more efpecially when it retains it with lefs
force than water does ? But as water is pre-
fent, a portion of it is likewife decompofed,
by which we obtain inflammable air. Whe-
ther the inflammable air itfelf, at the in-
ftant that it is deprived of its dephlogifti-
cated air, may not contribute to the reduc-
tion of the mercury, by uniting to its de-
phlogifticated air, and reproducing water,
is what I cannot pretend to determine; al-
though, from the attraction of the matter of
light inflammable air to fire, together with
the interference of the Pruffian acid, I am
rather inclined to fuppofe it does not. The
mercury being thus deprived of its dephlo-
gifticated air by the fuperior attraction of ful -
phur to that principle, reje@s the Pruflian
acid, as having no fenfible attraltion to it in
its metallic ftate. ' -

ot NOTE,



( 281 )

N O T &

INDING that Mr. Bertholette, in his
notes to the French verfion of Mr.
Kirwan’s Effay on Phlogifton (which I had
not feen until my fe¢tion on marine acid
had been printed, which is now fome
months fince, the prefs has been fo very te-
dious), affirms, that dephlogifticated ma-
rine air is not decompofed by inflammable
air, as Mr. Kirwan has afferted, I made the
foliowing experiment :

I poured fome colourlefs nitrous acid high-
1y diluted upon a quantity of manganefe, in
orderto feparate any calcareous earth it might
contain (the perfet acid having no effect on
the pure calx of manganefe), and triturated
them for fome time; then filtered the fo-
lution, and wafhed the calx repeatedly
with hot diftilled water, until the whole
of the nitrous acid was wathed away. Hav-
ing introduced it into a retort, I pour-
ed fome pure marine acid upon it; and,
when it had worked fome time, received
fome of the air in hot diftilled wa-

ter:
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ter : equal parts of this and inflammable air
produced from vitriolic acid, which ftood
in lime liquor for two days, were mixed
over lime water; the marine air was gradu-
ally abforbed, no precipitation took place,
and the inflammable air did not feem dimi-
nithed. I repeated the experiment with the
fame refult, In haftily perufing the page
in which Mr. Kirwan mentions his experij-
ment on inflammable and dephlogifticated
marine air over lime water, I fuppofed,
he meant, that no fixable air had been pro-~
duced during the union of both airs: this
was my chiefeft motive to repeat the above
experiment, the refult of which tends to
corroborate my arguments on that fubject.
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An Analyfis of the Human Calculus, with Ob- |

Jervations on 1ts Origin, &c.

NTO a {mall earthen retort well coated,
I introduced one ounce and three quar=
ters (Troy weight), or 840 grains of dry
and well powdered calculus, which, on be-
ing broke, appeared to be laminated with a
fmall nucleus, which was likewife minutely
laminated. It was compofed of coats or
layers fomewhat like an onion ; the outward
cruft appeared very porous, but increafed in
firmnefs of texture towards the centre. The
retort thus charged was placed in a fide fur-
nace, with a conical glafs tube, and an air
apparatus adjoined to it. The firft impref-
fion of fire after the air "of the veflels was
expelled, occafioned a flow emiffion of an
elaftic fluid, the firft meafure of which ap-
peared to confift of equal parts of phlogifti-
cated and fixed air.
The 2d meafure * fixable, + phlogifticated.
3d z ditto, I ditto.
4th 7 ditto, 1 inflammable.
sth, 6th, and 7th meafures fame as the
laft,
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laft. Here the elaftic fluids began to come
over very faft, attended with an  urinous
fmell., The 8th meafure confifted of % fix-
able, £ inflammable, with an alkaline {mell,
gth meafure 3 fixable, 3 inflammable, and
burned withagreenifhflame. Theelafticfluids
now iflued fo rapidly, it was impofiible to
keep an exa&t account of the number of mea-
fures ; and as I was obliged to work in mer-~
cury, the meafure which I ufed was {mall,
containing but five cubic inches; therefore I
only examined the elaftic fluids at different
periods of the procefs, About the four-
teenth meafure by conjeture, a very pun-
gent alkaline, urinous and fuffocating {mell
was very fenfible, not only on the furface of
the mercury, but throughout the elabora-
tory. The fixteenth meafure was rapidly
attralted by lime water. to 1, and the lime
water was not rendered fo turbid as it ought
to have been, if all the air abforbed had
been fixable air: on continuing the agita-
tion the contraction flill went on, though
much flower than at firft, until the air was
reduced to ¢, which was inflaimmable;
the laft portion, that was flowly abforbed,

precipitated the lime very faft. After lofing
' 7 about
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about five meafures, the next was rapidly
contrated in common pump water partially
imprcgnated with fixable air, until reduced
to 2, and here feemed ftationary, though
frequently agitated; but on removing it to
lime water, it was contracted z, render-
ing the lime water turbid. From thefe
falts it appears, that fixed and alkaline airs
iffued at the fame time; but why they did
not unite-in their paflage, or when received
into the meafure, is a myftery to me; pro=~
bably the fmall quantity of inflammable air
interfered. From the beginning of the
1oth meafure, a black charry and greafy
matter began to line the conical tube and
the air veflel ; and may not the alkaline air
diffolve this partially, though not in f{uch
proportion as to render it folid, yet at the
fame time to weaken its attraCtion for fix-
able air ? 'Were they to ftand for fome time,
I do not doubt but mild volatile alkali
would have been formed ; but this circum-
ftance did not occur to me during the pro-
cefs.  The laft proportions continued for
four meafures, and then the alkaline air in-
creafed to 4, and the remainder was in-
flammable. It is remarkable, that this

proportion
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proportion of alkalirie and inflammable ¥irg
thould burn as well as if the whole had
been inflammable. At this period more
than two thirds of the procefs were over,
and the proportion of alkaline air decreafed,
while that of the inflammable air increafed,
until towards the end, when the laft nine
meafures were all inflammable, and the
operation ceafed, though the retort was
urged with a whiteé heat.

On breaking the retort when cold, I
found a black powder on the bottom, which
weighed g5 grains; this I digefted in ten
ounces of diftilled water for one hour, and
then filtered and evaporated it to two ounces,
when a yellowith powder was depofited ; and
on letting the whole ftand for one night, no
cryftals were formed. I filtered the liquor
to feparate the powder, and evaporated the
filtered folution to one ounce, during which
time it continued to depofit more of the
fame powder; this again I paffed through
the fame filter [ ufed laft, in order to have
it all upon one filter, and when the liquor
was all through, I wathed the powder with
diftilled water, which I added to the reft
of the folution.  This being evaporated to

eight
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¢ight pennyweights, or half an ounce, began
to depofita very white powder, and to emit
a fubacid aftringent vapour, not unlike
vitriolic acid.  The white precipitate when
collected; wathed, and dried, weighed one
grain : it had a thining appearance, and
felt very foft, not unlike mica in pow=
der : expofed to’a white heat for ten mi-
nutes, it acquired no change, but looked
rather whiter. ‘It diffolved in diftilled water;
cauftic volatile alkali caufed no precipita-
tion ; mineral alkali, and the acid of fugar,
rendered the folution turbid, and likewife
nitrated terra ponderofa: hence I inferred
that this powder was felenite. After {epa-
rating the felenite, I evaporated the re-
maining part of the folution to drynefs,
with a gentle heat, during which time it
emitted fubacid vapours. The powder
Weigfled eleven grains, was of a dirty yel-
low colour, and had an aluminous tafte.
To this powder I added as much diftilled
water as was nearly fufficient to diffolve it ;
and then put it by for three weeks, being
interrupted by fome other bufinefs. At the
expiration of this time, {mall tranfparent,
and feemingly cubical cryvftals appeared

2 on
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on the fide of the veflel, above the furface
of the folution ; and thefe likewife had an
aluminous tafte. I diflfolved the whole in
diftilled water, and filtered the folution:
acid of fugar had no effe& on it at leaft
for five minutes; cauftic volatile alkali
occafioned an immediate cloudinefs; and
the folution when filtered, though the cauf-
tic alkali predominated, was rendered tur-
bid by a folution of mineral alkali; nitrated
terra ponderofa threw down a copious pre-
cipitate, and Pruffian alkali deteted a fmall
portion of iron, This aluminous folution,
as I may now venture to call it, left on the
filter a yellow f{ubftance, which when
wathed and dried weighed half a'grain ; it
diffolved in nitrous acid without effer-
vefcence ; acid of fugar caufed no precipi-
tation, but cauftic volatile alkali threw
down .a precipitate, -which diffolved in
diftilled water. This {olution was rendered
turbid by the acid of {ugar, and muriated
terra ponderofa ; but cauftic volatile alkali,
or lime water, had no effet onit. The fo=
lution of felenite in either of the mineral
acids, and its precipitation undecompofed
by cauftic volatile alkali, fhould always be
guarded againft by every experimentalift.

The
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The yellow powder firft depofited dur-

ing evaporation from the folution (page
286) weighed two grains and a half, and,
expofed to a tolerably ftrong heat, acquired
a deep orange colour. I digefted it with two
ounces of diftilled water in a fand heat for
half an hour, and then filtered the folution,
which did not contain any thing but fele-
nite. A yellow powder was left on the filter,
which weighed # of a grain; it feemed to
be iron, and fuch I found it, for marine
acid readily diffolved it; phlogifticated alkali
precipitated Pruffian blue,andtin¢tureof galls
turned the folution black; muriated terra
ponderofa feemed todetet a vitriolic impreg-
nation ; but, on examining the marine acid,
it contained a {mall veftige of vitriolic acid,
though not fo much as appeared to be pre-
fent in this martial folution. Indeed the
acid vapour rifing from the folution of alum,
during the depofition of this iron and
felenite, renders it probable that it may be
partially combined with vitriolic acid, in
fuch a proportion as not to render it fo-
luble in water, and in fuch a ftate as to be
difengaged by marine acid. Thus fepara-
ting all that was foluble in dililled water
from the charry fubftance left in the earthen

' U retort,
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retort, I dried and weighed the remainder,
and found the lofs of weight by this treat-
ment to be fifteen grains. I calcined the
remaining cighty grains in an open crucible
expofed to a ftrong red heat; it was dif-
ficult of calcination, and took three quarters
of an hour to be reduced to a bright grey
powder; it firft burned with a flame, and
afterwards calcined with very vivid {parks
at every freth furface expofed to the air;
when thoroughly calcined and cold, it
weighed twenty-one grains, having loft
fifty-nine grains during calcination. I
plunged it into fix ounces of hot diftilled
water, and when it ftood half an hour fil-
tered it : the folution tafted like lime water,
turned fyrup of violets green, and  diluted
vitriolic acid had no effe® on it; but
acrated volatile alkali, and acid of fugar,
rendered it turbid. The remaining part of
this powder left on the filter, when well
dried, weighed fixteen grains; therefore,
five grains of lime feem to have been taken
up by the diftilled water; thefe fixteen
grains diffolved in nitrous acid, firft, with a
little effervefcence, and when this ceafed
the folution went on very flow, until the

whole



( 291 )

whole was taken up : acid of figar caufed
no precipitation in this folution, but cauf-
tic volatile alkali precipitated the whole;
about one grain of Pruffian blue was thrown
down by the phlogifticated alkali, or per=-
haps more, for I could not feparate it from
the filter. 1 digefted the precipitate, whef
well wathed and freed from the volatile
alkali, in diftilled vinegar, which took up
with effervefcence one grain and a half,
which was precipitated by cauftic volatile
alkali. I wafhed what was infoluble in the
vinegar, and digefted it in diftilled water
for half an hour, then filtered the folution:
cauftic volatile alkali had no effect on this
folution ; but acid of fugar and nitrated
terra ponderofa caufed an immediate cloudi-
nefs. Seven grains and a half of the pow-
der, which was infoluble in diftilled water
and acetous acid, were readily taken up by
diluted vitriolic acid, and precipitated by
cauftic volatile alkali: fo the fixteen grains
laft treated, feem to contain of clay feven
grains and a half; of felenite fix grains;
of magnefia one and a half; and of iron one
grain. The proportions of the different
ingredients are as follow, viz. :

U2 Iron
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Iron = = =~ <« - = 21 Graing
Selenite - - - - - 11 Ditto
Chay = = - - - = =+ Ditto
Alum - - - - - = 8 Ditto
Pure calcareous Earth - 5 Ditto

Acrated Magnefia - - - 11 Ditto
Charry combuftible Subftance 59 Ditto

Total g4} Grains

1 found a darkith yellow faline {ublimate
adhering to the neck of the retort, of a
lamellar {pongy texture, except the inner
part next the retort, which was more com=
pa&, and coloured : this being carefully
colleGted, weighed 425 grains, and readily
diffolved in half a pint of hot diftilled water.
I filtered the folution, and feparated a
coally fubftance, which when wathed and
dried weighed ten grains, and, when ex-
pofed to a red heat, burnt with a greenifh
flame, and emitted white fumes, in {mell
not unlike vitriolic ammoniac: the refi-
dium after calcination weighed half a
grain, and was of a whitith colour; it
feemed infoluble in diftilled water, but
nitrous acid diffolved it with effervefcence;
acid of fugar caufed a very little precipita-

tion,
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tion, which did not take place until it
ftood fome time; but cauftic volatile al-
kali inftantly threw down a precipitate,
which was taken up, when wathed, by
acetous acid : The quantity was too {mall
to be examined more accurately, but it
feemed to pofiefs the properties of magnefia.
The faline folution had the colour of {mall
beer, and, when evaporated to two ounces,
did not depofit any thing, nor on cooling
yielded any cryftals. The black matter
which lined the conical tube and air veflel,
weighed twenty-eight grains; indeed it ad-
hered fo faft to the gl‘afs,- it was Im=
pofible to colle¢t the whole from the
broken fragments, fo that a few grains may
be loft. I diffolved it in diftilled water,
and feparated four grains of a black coal
from it, which did not differ in the leaft
from that obtained from the former fubli-
mate : this folution likewife evaporated
to one ounce, and, after flanding one
night, did not fhew the fmalleft appearance
of a depofition, or a cryftallization. I mixed
both folutions together, and evaporated
them to one ounce; which, when cold,
acquired the confiftence and colour of trea-

U 3 cle,
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cle; {o that T was now affured this was not
a cryftallizable falt, and that a f{ufficient
knowledge of it could not be acquired by
this treatment. I charged it into a {mall
tubulated glafs retort, with fix ounces of
diftilled water, in order to wath it down;
and then placed it in a fand bath, and dif-
tilled over three ounces of water, which
feemed to be impregnated with nothing
but a {mall quantity of the f{olution, which
adhered to the neck of the retort, and which
gave it a light firaw colour: this being re-
moved, Tapplied a clean receiver ; and when
‘about half an ounce more of the liquer
came over, the diftillation was attended
with an alkaline {mell, merely {fenfi-
ble, until an ounce and a half of the
liquor pafled over ; and then it got fo very
pungent, though the diftillation was car-
ried on very flow, and the veflel kept cool,
that I was convinced of its being in a cauf-
tic ftate 5 but a fmall quantity of mild
volatile alkali adhered to the lower part of
the nepk of the retort, part of which was
wafhed down by the diftillation, fo that it
was in vain for me to attempt to afcertain
the proportions which the mild and cauftic
| | alkali
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alkali bore one to another. The volatile alka-
line folution in the receiver, had the colour
and{mell of {pirits of hartthorn, but more
empyreumatic, and like {pirits of hartfhorn,
when expofed to the air for fome time, ,ac-
quired a deeper colour, in confequence of
part of the alkali efcaping, and the reft at-
tracting fixable air, which rendered it in~
capable of keeping the charry matter in {o-
lution, which it had before diffolved.
When all the liquor had pafled over, and
nothing appeared in the retort but a f{mall
black malfs, I raifed the fire ; and, according
as the heat increafed, this black fubftance
acquired a white colour, with a kind of ar-
rangement on the furface, which was occa-
fioned by the heat applied to the bottom of
the retort being only fuflicient to raife the
{alt to the top of the charge; but when the
fand got nearly red hot, white fumes began
to appear, which condenfed on the upper
part of the retort, and a little way down
the neck. The procefs lafted until the
charge was nearly red hot, when the white
fumes ceafed, and nothing elfe paffed over.
On breaking the retort the following day,
I colleted the fublimate, which weighed

U 4 feventy-
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feventy-two grains, and a black porous
brittle fubftance was found on the bottom of
the retort, which weighed twelve grains; and
which, when expofed to a ftrong red heat,
emitted white fumes, with a flight alkaline
fmell : by this procefs it was reduced, with
very little appearance of combuftion, to a
grey powder, which weighed three grains :
this I cannot give any account of, as it has
met with an accident; but I could venture
to fay, that four grains of the black powd'er
were the fame as the {ublimate, and that the
remaining five grains confifted of volatile al-

kali, and a charry combuftible {fubftance.
Having the tublimate now, as I thought,
tolerably pure, and wifthing to know its
‘nature and properties (as I {ufpe@ed it to
be a combination of volatile alkali and fome
acid), I took five grains of well burnt
and powdered quicklime, and with it
mixed five grains of the fublimate, but
without the leaft f{mell of volatile al-
kali; and thrown upon a red hot iron, it
emitted white fumes : the fame proportion of
vegetable alkali and {ublimate had the like
effet. I made two equal divifions of the re-
/ maining
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maining part of the fublimate, which was
fixty-two grains; the one I mixed with
two ounces of diftilled water; it readily dif-
fufed through it, being in fine powder;
and on the other poured fixty grains of vi-
triolic acid, diluted with half an ounce of
diftilled water: having thus mixed them
in two large beer glafles, I was obliged to
fet them by for fix weeks, being inter-
rupted by other chemical experiments;
and at the expiration of that time, neither
feemed to be much-ated upon. I poured
the vitriolic mixture into a fmall matrafs,
and boiled it on fand for half an hour, with
two ounces of diftilled water, when the
whole was taken up: the folution looked
clear, and depofited nothing on ftanding;
mild mineral alkali had no effe& on it; but
mild vegetable alkali threw down a copious
precipitate in white floculi, which was re-
diflolved by cauftic alkali, lime water, and
partially by mild mineral alkali. Phlogif-
ticated alkali, acid of fugar, and acid of
tartar, had no effe& on this folution. The
other portion of fublimate, which I mixed
with water, was very little diffolved, and

4 in
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in pouring it into a matrafs, fmall round
lumps which appeared on the bottom of
the glafs, drew my attention; they were
fix or {feven in number, fome weighing
more than one grain, and the {malleft about
half a grain. They were very hard and
compa&, with a very fmooth furface, and
in fgure refembling the nucleus found
in this calculus. I charged the whole into
a matrafs, with three ounces of water, and
boiled it on fand for three quarters of an
hour, when about one half was taken up;
the folution filtered very clear while hot,
but on cooling it got turbid, and in time
depefited white floculi, which were redif-
folved by cauftic volatile alkali and lime
water : it turned {yrup of violets green ; but
this may be occafioned by its retaining
volatile alkali, though it had not the {mall-
eft appearance of fuch impregnation. 1
have often obferved, that, fometimes, the
pureft fixed vegetable alkali contains vola-
tile alkali, notwithftanding the many ope-
rations and different degrees of heat it muft
undergo. before it arrives at that degree of
purity in which we find it fold at the thops,

' under
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under the name of falt of tartar®. I filtered
the folution, to feparate what it depofited
on cooling : mineral alkali had no effect on
it; bat mild vegetable alkali caufed a
cloudinefs, which was rediflolved by mine-
ral alkali and lime water. Pruffian alkali
had no effe@ on this {olution; the acids of
arfenic, of tartar, of fugar, and of borax,
had likewife no effet on it; and alfo the
three mineral acids. I was obliged to dif-
continue my experiments on this fublimate
here, having no more of it, and no calcu=
lus to obtain it from.

I introduced five pennyweights, or 120
grains, of the fame calculus into a {mall tu.
bulated retort, and on this poured half an
ounce of ftrong nitrous acid, which aced
upon it with effervefcence. I colle@ed fome
of the air extricated during folution, and
found it to be fixable, with a {malil quantity
of nitrous air. When the effervefcence
ceafed, I added a quarter of an ounce more

* I have obferved that fixed alkali, when firft moiftened
with water, very frequently produced volatile alkali ; and
as the conflituent principles of volatile alkali were not
well known when this paper had been written, I fuppofed
it to be ready formed in the fixed alkali.

of
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of nitrous acid, and digefted it in hot fand
for one hour, during which time it emitted
nitrous vapour and nitrous air; but the
latter in very fmall proportion. 'When the
folution was perfeGted, I poured it into a
fmall matrafs, with the addition of one
ounce of diftilled water, and boiled it gently,
until the fuperabundant nitrous acid was
nearly expelled. The folution was of a
deep yellow colour, and appeared turbid;
but, on adding five ounces more of water,
and digefting it a quarter of an hour longer,
it acquired the colour and tranfparency of
what is called dephlogifticated nitrous acid.
On cooling it got a little turbid, and in a
few days depofited a darkifh yellow powder.
I filtered the folution to feparate this powder,
which, when wathed and dried, weighed a
little more than a quarter of a grain: pure
nitrous acid had no effe& or it, but marine
acid readily diffolved it; in fhort, it had all
the properties of calx of iron.  Being again
interrupted, I was obliged to lay the folu-
tion by for {fome time ; and withing to know
what effect a long expofure to the heat of
the fun would have on it, I placed itina
window, in one of the upper rooms of the

elaboratory at Cxford, where the {un had
ful}
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full power over it four hours every day, A
little moifture feemed to exhale from it dai-
ly, the weather being hot, and the matrafs,
which had a thort wide neck, being only
covered with a piece of bibulous paper to
keep out the duft. Thus fituated, in the
courfe of a week a few very {fmall cryftals ap-
peared to float on the furface, which in time
funk to the bottom, where they adhered to-
gether, f{o as to form a hard concretion, ftill
retaining a cryftalline appearance, but being
{o {fmall and confufed, it wasimpofiibleto dif-
tinguifh their figure : this depolition conti-
nued for near a month, and then feemed to
ceafe. I filtered the folution to feparate the
falt ; and, to expedite the procefs, as I
thought, evaporated half an ounce of the li-
quor away, and then fet it by in the ufual
place for a fortnight longer ; but no more of
sthefe cryftals appeared. I digefted the falt,
which, when wathed and dried, weighed
three grains, in four ounces of diftilled wa-
ter for two hours, and no part feemed to be
taken up. I decanted off three ounces of the
water, and added to the remainder fix drops
of vitriolic acid, which, by help of digef-
tion, {eemed to diffolve it flowly; buton the

addition
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addition of half an ounce more of diftilled
water, the whole was readily taken up.
Acid of fugar had no effect on the folution,
but lime water rendered it turbid. T preci-
pitated the whole with cauftic volatile alkali,
and filtered the f{olution, which likewife
threw - down the lime from lime water. I
wafhed the precipitate, and poured diftilled
vinegar upon it, which did not take it up :
marine acid diffolved it; phlogifticated al-
kali had no effe& on the folution; and the
acid of‘fugar caufed very little turbidnefs
on ftanding three or four hours. Thefe
appearances induced me to fuppofe, that
this falt was phofphorated clay. The folu-
tion being now free from iron and phofpho-
rated clay, had a fub-acid tafte, and looked
clearer, but {till retained a yellow caft:
acid of fugar had no effe¢t on it; but ni-
trated terra ponderofa threw down a copi-
ous precipitate; as did likewife the cauttic
volatile alkali. Mild fixed vegetable alkali
(which at firft furprifed me much)"caufed
no precipitation ; but, when I confidered
the folvent power of fixable air on calcare-
ous earth and magnefia, which earths I
knew were held in folution in {mall propor-
tions, and the quantity of fixable air difen=

3 gaged
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gaged by the uncombined and combined
acids, I could readily account for the above
phenomenon. I charged two-thirds of this
folution into a {mall glafs retort, and diftil-
led over two ounces of liquor, which {eemed
taftelefs; but hada very agreeable fmell, not
unlike rofe water. When all the liquor
pafled over, white fumes appeared in the
retort, which were foon fucceeded by a
flow emiflion of an elaftic fluid. 1 col-
leGted fome of this fluid, and found that a
candle immerfcd in it burned with an en-
larged flame. Nitrous air did not diminifh
it in the leaft ; it {feemed to be that {pecies
of air that nitrous ammoniac is convertible
into: no more than thirteen or fourteen cu-
bic inches of this air were obtained ; and as
foon as it ceafed to come over, I obferved
fome falt in irregular cryftals in the
lower part of the neck of the retort. On
increafing the heat, a white falt began to
{fublime, and adhere to the upper part
of the retort. 1. continued the opera-
tion until the bottom of the retort was
obfcurely red hot, and then raifed it in the
fand. The following day, when I broke
the retort, the quantity of fublimate was fo
trifling, I could collect but very little from

the
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the broken glafs: however, there was fufficie
ent to convince me, that it was the famewith
what I obtained in my former analyfis. The
falt mentioned above,. which cryftallifed in
the neck of the retort, was nitrous ammo-
niac; it inflamed and detonated per fe, &c.
A grey powder was left on'the bottom of the
retort, whic.;h‘.hot diftilled water partly dif~
folved; muriated terra ponderofa, acid of fu-
gar, and vegetable alkali rendered this folu-
tion turbid, but cauftic volatile alkali had
no effe& on it. The remaining part of the
powde‘rvwhich the diftilled water left behind,
was readily diffolved with effervefcence by
marine acid, and precipitated by cauftic vo-
latile alkali: that part taken up by the dif-
tilled water feems to be felenite, and that
difiolved by the marine acid to be magne-
fia.

This laft modeof treating the calculus,
was partly to correct my former analyfis, but
chiefly in confequence of Dr. Beddoe’s very
judicioufly fufpecting, that it contained
fomething which might be decompofed by
the ftrong heat 1 firft ufed (how far this
conjecture was right is very evi&ent) 5 there-
fore I only attended to the proportions of

that which evaded my former analyfis.
The
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The phofphoric acid muft have been
united to volatile alkali in the calculus, pre-
vious to its treatment with the nitrousacid,
notwithﬁanding its fuperior attrattion to
calcareous earth: the prefence of alum thews
how enveloped with an oleaginous matter
the volatile alkali and pure calcareous earth
muft have been; therefore it appears, that
the calculus was compofed of the following
different compounds blended together, viz.
{felenite, alum, microcofmic falt, mildvolatile
alkali, lime, and cauftic volatile alkali com-
bined with oil, fo as to form a faponaceous
mafs, calx of iron, magnefia combined with
aerial acid, clay enveloped by a faponaceous
and oily matter, and the fublimate already
defcribed. Confidering this to be the true
ftate of the calculus in the bladder, the
{mall proportions of clay, felenite, magnefia,
and iron, which are the moft infoluble of
the ingredients, the great folubility of mi-
crocofmic falt, and alum, and the mifcibility
of lime, volatile alkali, and oil in water, tend
to thew, that the {ublimate is the cgmen‘t-'
ing ingredient : indeed, its infolubility in
water, and property of forming nuclei
out of the body, as above obferved, leave no

X room
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room to doubt it. The proportion of the
other ingredients, and very likely their pre-
fence, depend upon chance, volatile alkali
and oil excepted ; therefore this fublimate
thould be the objedt of our inveftigation.
May not {tri& refearches into the nature of
this fingular fubftance throw new light on
tie original caufe of other diforders, as well
as ‘that of the calculus, particularly the
gout, which hitherto has baffled the fkill of
our phyficians ? ‘The effet of mild mine-
ral alkali on the fublimate, is worthy the
attention of thofe who may have an oppor-
tunity of trying 1ts efficacy. Mild mineral
alkali may be taken in large dofes, and con-
tinued for a length of time with impunity
to the moft delicate conftitutions, only ob-
ferving a few circumftances; but this alkali
in a cauftic ftate muft very often be attended
with mifchievous confequences.  Befides, if
we confider that it muft enter the mafs of
blood before any part can reach the bladder,
and the {mall portion of the dofe taken fe-
creted with the urine ; and, laftly, the a&ion
of cauftic alkali upon animal fubftances, we
fhall be at a lofs to know on what principle

' cauftic
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cauftic alkalies have been recommended in
preference to the mild. Soap itfelf might as
well be prefcribed at once; for foon after
cauftic alkali is taken, it muft bein a fapo-
naceous ftate. Fixed vegetable alkali fthould
be avoided, and the preference given to the
other two alkalies. As it is evident that
alkalies have no real altion on the ftone in
the bladder, though their efficacy has been
experienced in alleviating the difeafe when
timely adminiftered, their mode of attion is
only explicable in the following manner:
They either prevent the generation of the
fublimate in the {yftem, or elfe keep it in fo-
lution in the mafs of fluids; and being in the
utmoft degree of divifibility, its ultimate par-
ticles are capable of pafling through the moft
minute emundories, by which it iscarriedoff ¢
by other fecretions as well as by the urinary.
Thus the urine not being faturated with
this matter, acts as a folvent on the ftone;
and as the moft foluble parts are fir
wathed away, it in time falls into fragments
of irregular furfaces, which, by their fric-
tion, irritate and inflame the bladder, as
has been obferved by feveral pradtitioners.

X 2 Allowing
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Allowing that the fublimate is the ce-
menting fubftance in the calculus, and judg-
ing from the effeés of alkalies upon i,
their modus operandi in the conftitution, it
remains now to inquire into the origin of-
the calculus. The immortal Scheele has |
found this fublimate in the urine of differ-
ent perfons, and hence .inferred, that it was
a common fecretion ; but it ftill remains
to be afcertained, whether there be a
greater quantity of it procured from the
urine of patients who have tht; misfortune
to labour under this diforder, than in that
of thofe who never felt its pangs. If this
latter fhould not be the cafe, another path
lies open for our refearches, which promifes
moft fuccefs, May not a deficiency of vo-
jatile alkali in the conftitution, be the caufe
of concretions in the bladder, kidneys, &c.
or, which mut have the fame effect, too great
a proportion of -acid, which, uniting with
the alkali, may take up that portion which
would have kept the fublimate in folution,
until conveyed out of the fyftem by the uri-
nary and other fecretions ; and may not this
be the phofphoric acid? If this latter
thould be the cqfe, an increafe of micro=
cofmic
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cofmic falt muft be found in the urine ; but
if the former, a decreafe of the volatile al~
Kkali, and no increafe of the neutral falt. The
{mall quantity of phofphoric acid found in
the calculus, proceeds from the folubility
of microcofmic falt, Do not volatile alkali
and phofphoric acid conftitute a great part
of the human frame ? and is there not a pro-
cefs continually carried on to generate thefe

in the fyftem *? and is not this procefs
liable

* Tt is nearly three years fince I firft had an opportunity
of making fome obfervations on volatile alkali, which
confirmed my opinion of its conftant generation in the hu-
man Tyf’cem, to fupply its continual wafte ; and likewife
enabled'me to form a faint idea of its conftituent parts.
As others have publifhed fome experiments and obferva-
tions, made fubfequent to mine, I find it neceffary to be
more minute in the following recital, than I otherwife
would wifh. About the latter end of March 1785, I
found that nitrous acid poured on tin filings, and imme=~
diately mixed with fixed vegetable alkali, generated vola-
tile alkali in great abundance: fo fingular a f2& did not.
fail of deeply imprefling my mind, though at the time
I could not account for it., I mentioned this to Dr.
Higgins (for the obfervation was made in his elaboratory),
but he took little or no notice of it. Thus, unable to
awake his attention to fo fingular a fa&, and having no
oppoi{unity of making experiments of my ewn, I was
obliged to lay afide all thoughts of it. '
' ‘ About
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liable o be retarded or checked by intem-
perance, &c. which may vary theirquantities
and proportions? and may not a due propor-
tion of thefe be neceffary to a vigorous and
found conftitution ? If fo, no wonder that
an

About a fortnight after, I mentioned the circumftance
to Dr. Brocklefby. He told me he was going to meet
fome philofophical gentlemen at Sir Jofeph Banks’s,
and defired I would generate fome alkali for him to
exkibit before them: accordingly I did, and had the
pleafure of accompanying him thither.

The December following, I chanced to get acquainted
with my late worthy friend, Dr. Caulett, to whom 1
mentioned the fat already related, refpeQing volatile
alkali, and likewife its copious generation from Prufiian
blue, fixed vegetable alkali, and water. Pleafed with what I
told him, we agreed to procure the neceflary apparatis for
making a fet of experiments on the fubjet. At prefent
it is needlefs to give a detail of our different experiments
though at that time, when volatile alkali was lefs known,
they might have been of fome importance : therefore [ fhall
only give an account of the following, which drew our
particular attention. Into a glafs cylinder made for the
purpofe, we charged three parts of alkaline air, and to this
added one part of dephlogifticated air; we pafled the
eleéirical fpark repeatedly in it, withour apparently effelt-
ing the fmalleft change. When it had received about
a hundred ftrong fhocks, a fmall quantity of moifture ap-
peared on the fides of the glafs, and the brafs conduors

feemed
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an increafe or deficiency in either or both
of thefe, thould be produdive of feveral
diforders. I make not the {malleft doubt
but a feries of accurate experiments, made
by a facacious obferver on the latter part of

this

feemed to be corroded: when we had pafled fixty more
fhocks in it, the quantity of moifture feemed to increafe,
and acquire a greenifh colour, though at this time the
column of air fuffered no increafe or diminution. On
examining the air, it burned with 2 languid greeniflr
flame, from which we inferred that the dephlogifticated
air was totally condenfed ; it ftill retained an alkaline
fmell, and the alkaline part was not readily abforbed by
water. This and another phenomenon obferved in the
firft part of this paper, refpe@ing alkaline and fixable airs
ifluing at the fame time, without forming an union, in-
duce me to fuppofe, that volatile alkali, like other fub-
ftances, may be found in an intermediate ftate, and in
proportion as itis deprived of one of its conftituent parts,
that it attra&ts fire fo much the flronger, which counter-
aéls its attraltion to other bodies. "Thus nitrous airis a
compound of phlogifticated and dephlogifticated airs, re-
quiring a larger proportion of dephlogifticated air to
condenfe and render it combinable with alkalies. I often
obferved, that fixable air obtained from different fubftances,
was not under the fame circum{tances always coud:nfed
with equal facility® : hence muft arife the “impof~

* Since the above has been written, I have been induced to {uppofe that
fixable air is never found in an intermediate fate, as obferved in the be.
sinning of this volume,

fibility
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this fubje@, would be attended with ufeful
difcoveries. If Ged will grant me health
and opportunity, I fhall perfevere in this
tatk, and with that others would do the

fame; for the importance and extent of the
fubject

fibility of afcertaining the fpecific gravity of the compound
claftic fluids. From Mr, Cavendifh’s famous difcovery of
the conftituent parts of water, we could readily account
for thelofs of the dephlogifticated air in this experiment 5
but the quantity of water produced was more than we
could expect from this: therefore water muft have been
precipitated from the decompoied alkali ; for volatile al-
kali, from its great attraltion for water, muft keep fome
in folution, even in its aeriform ftate. From the above
circumflances, it might be expeéted that a contraction of
the column of air fhould take place; but be it confi-
dered, that the union took place gradually, in propor-
tion as the alkali was decompofcd; and that in this cafe
the expanfion muft equal the condenfation. Being
obliged to fet out for Oxford, our experiments were
fufpended, and, alas! never to be refumed. If a young
man of uncommon fagacity, perfeverance and induf-
try, and whofe philofophical mind was ftrongly bent
towards new inveftigations, promifed to extend fcience,
the premature death of the late Dr. Caulett muft be a
fevere lofs to fociety, as well as a gricvous one to thofe
who had the pleafure of his acquaintance. During the
fpring of the year 1786, I often had an opportunity of
mentioning different faéts to Dr. Auflin, relating to vo-
latile atkali, who at that time was too much en\gaged to
pay attention to the fubjeét, In the latter end of June

. -0
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fubje@ point out to me, that we fhall all
find work enough, and that our labours will

not be in vain, provldcd they be attended
with dxhgence. '

The above Analyfis is an exa& copy of
what has been read before the Royal Society.
I am forry I have. not had an opportunity
of profecuting the fubject as I would with,
as I promifed two years fince, when this
paper was written. I have made fome

1787, I received a letter from him at Oxford (for hz
then lived in London), requefting my exact mode of ob-
taining volatile alkali, as he was engaged in that fubje&

I mentioned the purport of his letter to Dr. Beddoes, our
prefent leGturer in chemiftry at Oxford, who had readily
feen into the importance of what I told him, and candidly
faid, it ought to have been made public a long time ago.
On my arriving in London the following Auguft, Dr.
Auftin gave me an account of a {et of experiments which
he had made, and which aétually proved, that volatile af-
kali confifts of light inflammable and phlogifticated
airs, not knowing at that time what Mefl. Hau{man and
Bertholet had done. = Without depreciating the merit of
thefe two gentlemen, Dr. Auftin has an equal clim to
the difcovery, laying afide priority; as his experiments
are as decifive as theirs, . Dr, Prieftley made the firft
ftep towards our knowledge of volatile alkali.  See his
Sixth Volume on Air,

Y experiments,
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experiments, but they ‘are not numerots
endugh, or of fufficient importance, to af-
ford a fatisfaCtory conclufion; for, in or-
der to this, it would require at leaft 500
experiments.  But -1 hope fhortly to
have it in my power, to offer the public
fomething on this fubje@. That the uri-
nary {ublimate is prefent in tubercles found
in the lungs of perfons who die of pulmo-
~ nary confumptions, and likewife in whatare
vulgarly called chalk ftones, is what Lhave
experienced ; but in what proportion, or
whether in quantities fufficient to caufe the
concretivorv), is what I cannot fay, for I have
had but a few grains of each to examine;
nor could I precure any more, notwithftand-
ing a diligent inquiry amongft my friends.
I have every reafon to fufpe&, that con-
fumptions and {corbutic complaints very
frequently arife from a fuperabundance of
this fublimate in the {yftem; and that it is
- chiefly the caufe of the gout and rheuma-
tifm, and folely the caufe of the ftone in
the bladder. I make no doubt but .thefe
diforders generally proceed from obftruc~
‘tions ; and it is probable that either a preci-
pitation of this {ublimate in the fyftem, or
. elfe
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elfe a deficiency of fome other fecretion,
which would hold it in folution until con-
veyed out of the body, may be the chief
caufe of thofe obftructions; and likewife,
that different degrees of precipitation may
produce different fymptoms and different
diforders. _ L -

That mineral or volatile valkaii and _bark
have been ufeful in the above diforders,
has been affirmed by experienced phyfi-
cians ; and I know an inftance myfelf of
mineral alkali and nitrous ammoniac being
ferviceable in a pulmonary complaint of
fome ftanding,

With refpe&t to the ftone, when it ac-
quires a certain magnitude, it is abfurd to
attempt to diffolve it in the bladder, it
waftes fo very flowly, and during this time
the patient muflt fuffer vaft pain, particu-
larly when the ftone acquires arugged fur-
face; therefore cutting for it at once is
much preferable., '

Mineral alkali taken in the beginning of
the complaint, and before the ftone accu-
mulates, will no doubt check its progrefs,
and may in time change that difpofition in
the habit.  Patients who are cut for the
: ftone
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ﬁone thould, I think, take mineral alkali
for fome time when the’ Wound is healed,
but not before, for fear of brlnglng on a
mortification. Thefe are my opinions, or
rather queries, refpecting the effe&s of the
above falt or fublimate found in the urine,
calculus, &c. on the human copf’cltutlon,
and my fole motive for laying them before
the public, is to promote an inquiry into fo
interefting a fubjedt. \
I flatter myfelf, that at leaft an attentive
perufal of the above experiments may point
out the ignorance of thofe empirics who
have too long impofed upon the public with
their pretended lithontriptics, and likewife
that it may tend in future to check fuch
proceedings. :

THE EN,./
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