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XI. Experiments and Obfervations relating to the Principle of
Acidity, the' Compofition of Water, and Phlogifion. By
Jofeph Priettley, LL.D. I, R. §.

Read February 7, 1788,

HA'T water confifts of two kinds of air, dephlogifti-
cated and inflammable, is now, 1 believe, generally

admitted as one of the moft important, and beft afcertained,

doctrines in chemiftry. My own experiments having feemed
to favour it, I made no difficulty of receiving it myfelf: but
having, at the time of the publication of the laft Volume of
my Experiments, found that, in decompofing the two kinds
of air above mentioned by the elefric fpark, I got much lefs
water than I expe&ted, and, inftead of it, a dark-coloured va-

pour, not eafily condenfed, I could not help concluding that

fomething yet remained to be inveftigated with refpet to this
{ubje&, and determined, at a proper opportunity, to refume
my inquiries into it.

At that time, however, I had no f{ufpicion of any acid

being produced in the procefs; having never been able to find |

any in the water which [ had hitherto procured in pretty large
quantities from the decompofition of thofe two kinds of air,
though the do&rine of deph}ogi{’cicated air being, or contain-
ing, the principle of univerfal acidity, had been advanced by

‘M. Lavoisier, and admitted by myfelf and others.
Sufpedting that much of the water which had been procured
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in the above-mentioned procefs was no proper conflituent part
of the air, but only fuch as had been diffufed through it, and
in {fome manner attached to it, and kept {fufpended in it, and
therefore might be feparated from it, without decompofing the
air; on refuming thefe experiments, I ufed every precaution I
could think of to detach all water from the air on which I
operated. In order te this, I kept it confined by mercury,
~together with a quantity of fixed ammoniac, which imbibes
water more readily, if not in greater quantity, than - quick-
lime, or any other known fubftance.

In this more accurate method of making the experiment, I
was gradually led to difcover the acid, which had efcaped my
obfervation before. But I am not certain that I thould have
found it even now, if I had not been aided by the fagacity of
Mr. Ke1r, who was always of opinion, that fome acid mu/?
be the produce of this experiment, or rather that the produce
would be fomething which would become acid by expofure to
the open air. ‘

I began with making the explofions in the fame glafs veffel
from which the mixture of air had difplaced the mercury with
which it had been filled ; when I found, as I have obferved in
my laft publication, the whole of the veflel was filled with a
denfe fmoke, which fettled into a black coating of all the
infide of the veffel, and which appeared, as before, to be mer-
cury ; becoming white by expofure to the air. For fome time
I perceived no appearance of water: but placing the veflel at a
proper diftance from a fire, I found about a quarter of a grain
collected on the oppofite fide; when, as the veflel contained
four ounce meafures of air, the water produced ought to have

been at leaft a grain,
The
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"The mercury being an impediment in this procefs, 1 afterwards
‘confined the mixture of air in one veflel (with mercury and fixed
ammoniac as before) but I made the explofions in another, which
1 had previoully exhaufted of air. ‘This veflel was larger than
that which I had ufed before, containing fomething more than
eight ounce meafures ; fo that the air it contained, being one-
third dephlogifticated and two-thirds inflammable, would have
weighed about two grains. After one explofion the quantity of
water colleCted appearing- inconfiderable, I repeated the procefs
in the fame veflel, and then colle&ting the water, I found: it
not to exceed a grain and-an half. :

I repeated this experiment very often, and conftantly found
fome water, but it always fell far fhort of the weight of the
air decompofed. There muft, therefore, -have been fomething
not very fluid adhering to the fides of the veffel, which- could
not be diflodged by a moderate heat ; and indeed the glafs did
not recover the perfe clearnefs that it had before the procefs.-

I always obferved, that, prefently after every explofien,- the
veffel was filled with a denfe vapour, fo that it was fometimes
impoffible to fee through it and before I admitted the exter-
nal air, 1 could pour it fromone end of the veflel to the other,
and it feemed to fall almoft-as faft as a feather in a common
vacuum, and in general it did not difappear in lefs than ten
minutes. I-even found this denfe vapour when the mixture of
air had ‘been confined by water. The fmell of the veflel,-
after the procefs, was that of the moft offenfive kind of in~
flammable air from iron.

From thefe experiments it was fufficiently evident, that
fomething more than water had been produced; and pouring
into the veflel a quantity of the juice of litmus, it was in-
ftantly turned to a deep red; fo that it was equally evident,

that



150 Dr.PriestLEY’s Experiments and Obfervations on

that an acid had been formed. In all the preceding experi-
ments the dephlogifticated air had been procured from man-
ganefe; and in all the experiments mentioned in this Paper,
the inflammable air was from iron by water only.

A great number of ftrong glafs veflels having been broken
in thefc experiments, and fometimes with fome hazard to my-
{elf, and the quantity of air that I was able to decompofe in them
being {mall, I next procured a copper veflel, which contained
about thirty-fix ounce meafures of air; and having now no
other obje& than difcovering the 4ind of acid that I had pro-
cured, 1 made repeated experiments in it; and after every ten
or twelve explofions colleCted all the liquid matter I could
find; which, as the air had been previoufly confined by water,
was pretty confiderable, aboutequal to the weight of the air.

The liquor that I procured in this manner was always of a
deep blue or green, being evidently a folution of copper. But it
alfo contained a redundant acid, as appeared by its turning the
juice of litmus red. DBefides this blue liquor, there was
always a quantity of feemingly abraded copper; for it was
perfe@ly and quickly diffolved by volatile alkali, as copper
very minutely divided would have been.

In thefe experiments I ufed, at different times, dephlogifti-
cated air from manganefe, from red precipitate, and from red
lead, as the moft unexceptionable of all; and as it was obli-
gingly furnithed me by Mr. KEIr, the preparation of it may
be depended upon. There did not, however, appear to be any
other difference in the liquors produced by means of thefe kinds
of dephlogifticated air, except in the fhade of the colour; that

" from manganefe being of the deepeft blue, and that from red
lead the lighteft; and this diffcrence might be accidental,
By
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By the affiftance of Mr. Keir 1 examined thefe {olutions of
copper, and prefently found, by means of a folution of terra
ponderofa in {pirit of falt, that it was not, in any of" the cafes,
the vitriolic; and yet, as the dry {fubftance left by the evapo-
ration of the liquor did not deliquefce, I had concluded, that
the acid was neither the nitrous, nor the marine; but Mrn
KzIr informs me, that this is the cafe with a fully faturated
folution of copper in {pirit of nitre.

Alfo Dr. WrrarriNG, who was fo obliging as to examine

fome of thefe liquors for me (for, not being much accuftomed:
to thefe analyfes, I had requefted him to undertake it) had pro-
cured from that in the produion of which the red lead had
‘been ufed, cryftals of nitre, and other indifputable indications
of nitrous acid; fo that I was fatisfied thatit was this acid that
was produced in all the cafes.
1 had a farther proof of the acid being the nitrous, that
having (in order to get a quantity of liquor that thould be as
little faturated with any metal as poflible) ufed a veflel of #inned
iron, 1 found, that after fome time, when the tin had been:
much corroded (and with every procefs a confiderable quan-
tity came away) the liquor, which at firft was colourlefs, was
tinged with red. In thefe experiments I made ufe of dephlo-
gifticated air from red lead.

As both the kinds of air made ufe of in thefe experiments
‘were excecdingly pure, it feems evident, that phlogifticated
air does not contain all the elements of nitrous acid ; but only
fupplies a bafe for it, the dephlogifticatzd air (which was ufed
in a greater proportion in the valuable experiment of Mr. Ca-
VENDISH) fupplying the acidifying principle, as I had con-
je&ured in the laft Volume of my Experiments, p. 404. Be-

fides, though all phlogifticated air could not be excluded in thofe
2 experi-
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experiments in which the air-pump was ufed, this objection
cannot well be made to thofe in which that inftrument was
not ufed; and in them the flowly condenfable vapour above
mentioned feems to be an evident {ymptom that the produce
was not mere water. But it s a f{atisfaltory anfwer to this
~objection, from the prefence of phlogifiicated air in the tube,
that this kind of air is not decompofed, or at all affeted, by
this procefs, as will be found by mixing any quantity of it
with the two other kinds of air.

That a confiderable quantity of water enters into the com-
pofition of dephlogifticated air, will not be thought impro-
bable, when it is confidered that, in my former experiments,
this appeared to. be the cafe with refpet to inflammable air. For
without water this air cannot be procured. I can alfo now fay,
that the fame is the cafe with refpe& to fived air. It is not
therefore improbable, that the fame may be true of every
other kind of air, fince water is ufed .in the produ&tion of
them all. |

Terra ponderofa aerata (a fubftance of which Dr. WiTHERING
has given us an excellent analyfis) gives no fixed air by mere heat.
But I find, that when fteam is fent over it, in a red heat, in
an earthen tube, fixed air is produced with the greateft rapi-
dity, and in the fame quantity as when it is diffolved in {pirit
of falt: and, making the experiment with the greateft care, I
find, that fixed air confifts of about half its weight of water.

From two ounces of the terra ponderofa I got, by means of
fteam, 190 ounce meafures of fixed air, fo pure that at firft
150 ounce meafures of it were reduced by agitation in water to
3%, and of the laft produce, 30 ounce meafures were reduced
to one. Examining the refiduum of the firft portion by means
of nitrous air, I found it to be of the ftandard of 1.s.

After
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After this, attending to the water expended in the procefs, I
found that I procured 330 ounce meafures of fixed air with
the lofs of 160 grains of water. According to this, as the
air weighed 294 grains, - the water in the fixed air muft have
been 8o parts of 147 of the whole.

1In another experiment, having previoufly found that three
ounces of the terra ponderofa yielded about 250 ounce meafures
of fixed air, I attended only to the lofs of water in procuring
it, and I found it to be about one-fifth of an ounce, in two {uc-
ceffive trials. The quantity of fixed air would weigh 225
grains, and the water expended about 100 grains; fo that, in
this experiment alfo, the fixed air muft have contained about
one-half of its weight of water.

That water enters into the compofition of fixed air, and
adds confiderably to its weight, is farther probable from the
folution of terra ponderofa in {pirit of falt. Becaufe when the
folution is evaporated to drynefs, and the refiduum expofed to
a red heat, the weight of the air, and of this refiduum, ex-
ceeds that of the fubftance from which it was procured ; and it
is probable, that a red heat would expel any marine acid ad=
hering to it.

Forty-eight grains of terra ponderofa diffolved in {pirit of
falt, and then evaporated to drynels, and expofed to a red
heat, Joft four grains, and yielded eight ounce meafures of
fixedair, which would weigh 4.2 grains; confequently, three-
fevenths of the weight of the air was fomething that had
been gained in the procefs, and therefore probably water.

The near coincidence of the refults of thefe different expe-
riments is-remarkable, and makes it almoft certain, that no
marine acid is retained in the terra ponderofa that has been dif-
folved in it, after expofure to a red heat; that the generation

- Vor, LXXVIIL X of
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of the fixed air carries off part of the water in the men-
ftruum ; and that this part of the weight 1s about one-half of
the whole.

I muft obferve, that the fuppofition of water entering into
the conflitution of all the kinds of* air, and being, as it were,
their proper bafis, that without which no aériform fubftance
can {ubfift (which the preceding experiments render in a high
degree prbbable) makes it unneceflary to fuppofe, as myfelf as
well as others have done, that water confifts of dephlogiiti-
cated air and inflainmable air, or that it has ever been: either
compofed or decompofed in any of our proceffes.

That water is decompofed when inflammable air is procured
from iron by fteam, is not probable ;- fince the inflammable prin-
ciple may very well be fuppofed to come from the iron, and the
addition of weight acquired by the iron may be afcribed to the
water which has difplaced it. Alfo when the fcale of iren,
or finery cinder, is heated in inflammable air, it gives out what
it had gained, vsz. the water. '

The moft plaufible obje@ion to this hypothefis 1s, that iron
gains the fame addition of weight, and becomes the fame
thing, whether it be heated in conta& with fteam, or fur-
rounded by dephlogifticated air. But from the preceding expe-
riments it appears, that by far the greateft part of the weight
of dephlogifticated 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 this procefs:
for that there is one common principle of acidity, and that all
the acids ate convertible into one another (at leaft the nitrous
acid into fixed air) is by no means an improbable fuppofition,
though we are not yet in pofleffion of any procefs by which it
may be doue. It is pretty evident that, in this refpe, nature
afually does what we are not able to do,

2 In
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In my laft Volume of Experiments, I recited the particu-
lars of one, the refult of which {feemed to be diffimilar to this
with the fcales of iron and inflammableair ; for heating red pre-
cipitate in inflammable air, I then found little or no water;
but having ufed more precautions, I have fince found it in fuf-
ficient quantity in this procefs, even though the inflammable
air was previoufly well dried with fixed ammoniac. In this
experiment I difcontinued the procefs after three ounce meafures
of air -were abforbed, leaving room in the veflel, that the moif-
ture might be more eafily colleCted. With this precaution,
and warming the veflel, I colle¢ted between an half and three-
fourths of a gram of water.

This experiment may be thought to be unfavourable to my
prefent hypothefis, asall water was carefully excluded, and yet
a fufficient quantity was found in the procefs. But befides
taking into the account the water that is neceflary to conftitute
the inflammable air, why may not red precipitate, in its dryeft
ftate, be fuppofed to contain water, as well as the {cales of
iron, which will bear any degree of heat without parting
with it. Red precipitate is made by a liquid procefs, and there-
fore the water, that may enter into its compofition as a calx,
may quit it when it becomes a metal.

I (hall take the liberty to obferve farther, that the do&rine
of the decompofition of wwater being fet afide, that of phlogifion
(which, in confequence of the late experiments on water, has
been almoft univerfally abandoned) will much better ftand its
ground, as all the newly difcovered facts are more eafily ex-
plained by the help of it.

If water be not decompofed, both metals and fulphur do
certainly yield inflammable air, when fteam is made to pafs
over them in a red heat. They cannot, therefore, be fimple fub-

X 2 flances,
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Sances, as the antiphlogiftic theory makes them to be. Alfo,
the {ame thing that they have parted with, viz. inflammable air
(or rather fomething that is left of inflammable air when the

water is taken from it, and which may as well be called phlo-
gifton as any thing elfe) may be transferred to other fubftances,
and thus contribute to form any of the metals, {fulphur, phof-
phorus, or any thing elfe that has been deemed to contain phlo-
gifton. 'This phlogifton allo, no doubt, having weight, it
perfe&tly correfponds to the definition of a fubflance, having
certain affinities, by means of which it is transferred from:
one body to another, as much as the different acids.

If there be no fuch thing as one principle of phlogifton,,
transferable from one fubftance to another, it muft be admitted,
that inflammable air from fulphur is real {ulphur and water,
that from 1ron, iron and water, as well as that very different
fubftance, the feale of iron. And fince copper, or any other
metal, may be made of inflammable air from iron, &c. all the:
metals will be, in fa&, convertible into one another. At
leaft, it may be faid, that all the component parts of any one
metal may be fo incorporated with any other, that no teft can
detett it.  Alfo iron, made of inflammable air from fulphur,
ought, upon this hypothefs, to have the properties of fulpburated.
#on, which undoubtedly it would not have. An hypothefis
loaded with thefe difficulties muft be inadmiffible; whereas.
that of phlogifton is extremely fimple, and, as far as appears,.of
amverfal application.

‘The difcovery that the greateft part of the weight of in-
flammable air, as well as of other kinds of air, is water, does
not make the ufe of the term phlogifton’lefs proper: for it
may be ftill given to that principle, or thing, which, when,
added to water, makes it to be inflammable air ; as the term,

5 0XYZEnans.
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oxygenous principle may be given to that thing which, when it
is mcorporated with water, makes dephlogiiticated air.

As there 1s {fomething in dephlogifticated air that feems to
be the principle of univerfal acidity, {fo T am ftill inclined to
think, as I obferved in my laft Volume of Experiments, that
phlogifton is the principle of alkalinsty, if fuch a term may be
ufed ; efpecially as alkaline air may be converted into inflam-
mable air. '

In the courfe of experiments recited in this Paper, I-difcos
vered more completely than before the fource of my former
miftake, in fuppofing that fixed air was a neceffary part of the:
produce of red lead, and alfo of manganefe. Both thefe fub-
ftances, I find, give of themfelves only dephlogifticated air,
and that of the pureft kind; and all the fixed air they yielded
in my former experiments muft have come from .the gun-
barrel I then made ufe of, which would yield inflammable air,,
which, with dephlogifticated air, forms fixed air. For though
the dephlogifticated air from red lead was fo pure that, mixed
with two meafures of nitrous air, the three meafures were
reduced to five hundredth parts of a meafure, and the fub-
ftance gave no fixed air at all when it was heated in an earthen.
tube or retort ; yet by mixing iron filings with it, or with man-
ganefe, asI had formerly done with red precipitate, I got more
or lefs fixed air at pleafure, and fometimes no dephlogifticated:
air at all..
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