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XX, Experiments relating to Pélogyi’on, and the feeming Con-
werfion of Water into Air. By Jofeph Prieftley, LL. D).
F.R. S.; communicated by Sir Jofeph Banks, Bart, P, R. S.

Read June 26, 1483,

TO SIR JOSEPH BANKS, BART, P. R. .

DEAR SIR,
T the perfuafion of my friends, I beg you would lay
before the Royal Society my late obfervations on Phlo-
gifton, and alfo on the feeming Converfion of water into air,
though I have by no means done all that I have in view with
refpect to thefe fubjets. 'The principal facts are, I think, fuf-
ficiently afcertained, though I do not prefume to give any opi-
nion with refpe¢t te the zbeory of them.

I am, with the greateft refpe&, &c.

Birmingham, April 21, 1783,
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Experiments relating to Phlogifton.

THERE are few fubjects, perhaps none, that have occa-
fioned more perplexity to chemifts than that of phlogifton, or,
as it is fometimes called, the principle of inflammability. It
was the great difcovery of stTanr, that this principle, what-
ever it be, is transferrable from one fubftance to another, how
different foever in their other properties, {uch as fulphur, wocd,
and all the metals, and therefore 1s the fame thing in them all.
But what has given an air of myftery to this fubject, has been
that it was imagined, that this principle, or {ubftance, could
not be exhibited except in combination with other fubftances,
and could not be made to aflume feparately either a fluid or
folid form. It was alfo afferted by fome, that phlogifton was
{o far from adding to the weight of bodies, that the addition of
it made them really lighter than they were before; on which
account they chofe to call it the principle of levity. This opi-
nion had great patrons.

Of late it has been the opinion of many celebrated chemifls,
Mr. LAVOISIER among others, that the whole do&rine of phlo-
gifton had been founded on miftake, and that in all cafes in
which it was thought that bodies parted with the principle of
phlogifton, theyin fa& loft nothing, but on the contrary, ac-
quired fomething ; and in moft cafes an addition of fome kind
of air; that a metal, for inftance, -was not a combination
of two things, wiz. an earth and phlogifton, but was probably
a fimple {ubftance in its metallic ftate; and that the calx is
produced not by the lofs of phlogifton, or of any thing elfe,
but by the acquifition of air.

Vor. LXXIIL Ggg The



400 Dr.prissTLEY’s Experiments relating to Phlogifion,

The arguments in favour of this opinion, efpecially thofe
which are drawn from the experiments of Mr. nLAvoIsiER
made on mercury, are fo {pecious, that I own I was myfelf
much inclined to adopt it. My friend Mr. x1rwan, indeed,
always held that phlogifton was the fame thing with inflam-
mable air; and he has {fufficiently proved this from many expe-
riments and obfervations, my own as well as thofe of others.
1 did not, however, accede to it till T difcovered it by dire
experiments, made with general and indeterminate views, in
order to afcertain fomething concerning a fubje¢t which had
given myfelf and others fo much trouble.

I began with repeating the experiments in which I had found
that inflammable air, made red-hot in flint glafs tubes, gave
them a black tinge, and was in a great meafure abforbed,
which I had difcovered to be owing to the calx of lead in the
glafs attrating phlogifton from the inflammable air. As the
quantity of air in thefe tubes was very {mall, though I gave it
as my opinion, that the refiduum in one of the procefles was
phlogifticated air, becaufe I perceived no marks of afcenfion on
prefenting to it the flame of a fmall candle; I was not, on
recolleCtion, fatisfied with this conclufion, and was defirous of
repeating the experiment with more care, efpecially as, in one
of the above-mentioned experiments, I found only a very
{mall bubble of the inflammable air in the tube in which it had
been heated.

I found, however, great difficulties in repeating thefe expe-
riments ; and the quantity of inflammable air operated upon
in them is neceflarily fo {mall, that the refult is always liable
to much uncertainty. I thought, therefore, that throwing
the focus of a burning lens upon a quantity of pounded
flint glafs, {urrounded with inflammable air, or rather

on



and the feeming Converfion of Water into Air, 401

on the calx of lead alone, in the fame circumitances, would
be a much eafier experiment, and might bring me nearer to
my objeét; and on making the experiment it immediately an-
{wered far beyond my expectation.

For this purpofe, I put upon a piece of a broken crucible
{which could yield no-air) a-quantity of minium, out of which
all air had been extralted; and placing it upon a convenient
ftand, introduced it into a-large receiver, filled with inflamma-
ble air, confined by water. As foon as the minium was dry,
by means of the heat thrown upon it, I obferved that it became
black, and then ran in the form of perfedt lead, at the fame
time that the air diminithed at a great rate, the water afcending
within the receiver. I viewed this procefs with the moft eager
and pleafing expetation of the refult, having at that time no
fixed opiniou on the fubjelt; and therefore I could not tell,
except by attual trial, whether the air was decompofing in the
procefs, fo that fome other kind of air would be left, or whe~
ther it would be abforbed 77z tofo. 'The former I thought the
more probable, as if there was any fuch thing as phlogifton,
inflammable air, I imagined, confifted of it, and fomething
elfe. However, ‘1 was then fatisfied that it would be in my
power to determine, in a very fatisfaltory manner, whether the
phlogifton in inflammable air had any 4a/¢ or not, and if it had,
what that bafe was. For feeing the metal to be actually re-
vived, and that in a confiderable quantity, at the fame time
that the air was diminifthed, I could not doubt but that the
calx was aually imbibing fomething from. the air; and from
its effelts in making the calx into metal, it could be no other
than that to which chemifts had unanimoufly.given the name
of phlogifion.

Ggga Before
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Before this firft experiment was concluded, I perceived, that
if the phlogifton in inflammable air had any bafe, it muft be
very inconfiderable: for the procefs went on till there was
no more room to operate without endangering the receiver ; and
examining, with much anxiety, the air that remained, I found
that it could not be diftinguithed from that in which I began
the experiment, which was air extracted from iron by oil of
vitriol. 1 was therefore pretty well {atisfied that this inflam-
mable air could not contain any thing befides phlogifton ; for
at that time 1 reduced about 45 ounce meafures of the air to
five.

In order to afcertain a fa& of fo much importance with the
greateft care, I afterwards carefully expelled from a quantity of
minium all the phlogifton, and every thing elfe that could
have afflumed the form of air, by giving it a red heat when
mixed with {pirit of nitre; and immediately ufing it in the
manner mentioned above, I reduced 101 ounce meafures of
inflammable air to two. To judge of its degree of inflamma-
bility, I prefented the flame of a fmall candle to the mouth of
a phial filled with it, and obferved, that it made thirteen fepa-
rate explofions, though weak ones (flopping the mouth of the
phial with my finger after each explofion), when frefh made
inflammable air, in the fame circumftances, made only four-
teen cxplofions, though ftronger ones.

After this experiment I could not hefitate to conclude, that
this inflammable air went totally, and without decompofition,
mto the lead which I formed at that time; and if the neceflary
circumftances of the experiment be confidered, it will be thought
extraordinary that, even admitting this, the refult thould be fo
decifively clear in favour of it: for, in the firft place, the
greateft care muft be ufed to expel all air from the minium,
and

(F8)



and the feeming Converfion of Water into Air. 403
and it muft be ufed before it can have atttacted any from the
atmofphere ; and in the next place, the water alfo (a confidera-~
ble quantity of which muft be ufed, and which will alfo be
heated in the procefs) thould be made as free from air as pofii-
ble. In thefe circumftances, had I found the fmall refiduum,
of 2 ounce meafures from ror, to have been phlogifticated or
fixed air, I thould not have been difappointed ; and it would not
have prevented my concluding that pllogifion was the {ame
thing with inflammable air, contained in a combined ftate in
metals, juft as fixed air is contained in chalk and other calca-
reous fubftances; both being equally capable of being expelled
again in the form of air.

Afterwards ufing a calx of lead, which had been prepared in
the fame manner with the former, but which had remained
fome weeks expofed to the air, Ifound, that when by ufing it
I had reduced 150 ounce meafures of inflammable air to 10,
this refiduum was phlogifticated air. But examining this calx
feparately, I found that it gave, by heat in a glafs veflel, a
confiderable quantity of phlogifticated air.

I muft obferve, that the mintum thould not be reduced to a
perfe&tly compa& glafs of lead; for then it would be too re-
fraory to be eafily revived by this procefs. Making ufe of
fome of it, I found that I could only melt it; but that a co-
pious black fume came from it, and coated the infide of the
receiver : an experiment which I fhall repeat and re-confider.
I muft alfo obferve, that the lead which I procured in the
above-mentioned procefs was not to be diftinguithed from any
other lead, and that the inflammable air was all procured from
iron by oil of vitriol.”

When I made ufe of inflammable air from wood, I found,
that though I was able to reduce minium with it, it was

effected
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ifion,
effe@ed with more time and difficulty. Forty ounce meafures
of this kind of inflammable air I reduced to 253 when I found
that the heat of the lens produced only glafs of lead, and no
metal. The air was ftill, however, inflammable s and there
was a {mall mixture of fixed air in it. This kind of inflam-
mable air, which burns with a lambent flame, 1 have {fome rea-
{fon to think, confifts of an intimate union of fixed air with
that which is of the explofive kind extracted from metals. The
refult of thofe experiments which I made with that kind of
inflammable air which is colle@ed in the procefs for making
phofphorus, and which burns with a lambent yellow flame,
was fimilar to thofe which I made with inflammable air from
wood, which burns with a lambent white flame.

Having had this remarkable refult with inflammable air, I
immediately tried all the other kinds of air in the fame man-
ner; but in none of them did I procure any thing from the
minium befides glafs of lead, except in alkaline air, and vi-
triolic acid air. In fixed air, nitrous air, phlogifticated air,
marine acid air, fluor acid air, as alfo in common and dephlo-
gifticated air, I got no metal at all. In vitriolic acid air there was
but a {mall quantity of lead produced, and I have obferved
that this kind of air imparts a certain portion of phlogifton to
common air, rendering it in fome meafure phlogifticated,
though by no means in {o great a degree as nitrous air. Though
nitrous air and phlogifticated air certainly contain phlogifton,
they appear by thefe experiments to hold it too obftinately to
part with it to minium in this procefs, though nitrous air quits
it fo readily to refpirable air. I would obferve, that there were
fome peculiar appearances in the experiments I made to revive
the calx of lead in thefe kinds of air in which the attempt did

I not
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not fucceed ; but I muft repeat the experiments, and note the
appearances more accurately, before I report them.

In alkaline air lead feems to be formed from the minium as
readily as in inflammable air, and indeed I thought rather more
fo; and this 13 a remarkable confirmation and illufiration of
thefe experiments, in which, by taking the eleCtric fpark in a
quantity of alkaline air, I converted it into three times as much
pure inflammable air; an experiment which, on account of
the extraordinary nature of it, I have repeated many times
finee I firft publithed the account of it, and always. with the
fame refult.

This experiment al{o throws fome light upon thofe in which,
by fuper-phlogifticating iron with nitrous air, I produced a
ftrong {mell of volatile alkali; an experiment which 1 have
alfo frequently repeated with the fame refult. The reviving
of lead in alkaline air may alfo help us to conceive how all
acids thould have an affinity both to phlogifion and to alkalses,
which have hitherto appeared to be things fo very different from
each other; fince, from thefe experiments, itis probable that
one of them is fome modification of the other, or a combina-
tion of fomething elfe with the other. To trace the connec-
tion between the alkaline and inflaimmable principles, is a cu~
rious {ubjet; and from thefe hints it may, perhaps, not be
very difficult to profecute it to advantage. It is evident, how-
ever, from the following experiments, that alkaline air is the
compound and inflammable air, or phlogifton, the more fimple
fubftance of the two.

From 5% ounce meafures of alkaline air I got, by means of
litharge, 17 grains of lead, befides fome that was diffolved in
the mercury, by which the air was confined. There remained’
2% ounce meafures, which appeared to be phlogifticated air,

and:
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and to have no fixed air in it. At another time, in eight ounce
meafures of alkaline air I got 15 grains of lead, befides what
was diffolved in the mercury, which feemed to be a good deal
in propottion to it. It was obfervable, that there remained in
this procefs 33 ounce meafures of phlogifticated without any
mixture of fixed air 1 it, though the mafficot which I ufed at
this time gave by heat only a good deal of pretty pure fixed
‘air. Thefe experiments with alkaline air well deferve to be
refumed, and Ifhall not fail to do it ata proper opportunity.

Having thus produced lead i nflammable air, T proceeded
in my attempts to revive other metals from their calces by the
{ame means ; andI fucceeded very well with tin, bifmuth, and
filver; tolerably well with copper, iron, and regulus of co-
balt; but not at all with fegulus of antimony, regulus of ar-
{enic, zinc, or the metal of manganefe.

T was defirous alfo of afcertaining by this means the guantity
of phlogifton that enters into the compofition of the feveral
metals ; but in this I found more difficulty than I had expected ;
and this arofe chiefly from the allowance that was to be made
for the inflammable air which entered into that part of the
calx which was only partially revived ; and it was not eafy to
revive the whole of any quantity of calx completely.

After many trials, 1 think I may venture to fay, that an
ounce of Jead abforbs 100 ounce meafures of inflammable air,
or perhaps fomething more; for in one refult it feemed to have
imbibed in the proportion of 108 ounce meafures.

An ounce of #in abforbs inflammable air in the proportion of
377 ounce meafures to the ouncs.  An' ounce of copper from
verditer abforbed 403 ounce meafures; from a folution of blue
vitriol, precipitated by falt of tartar, and afterwards made red-
hot with {pirit of nitre, 640 ; but from blue vitriol itfelf gog

4 ounce
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ounce meafures. In this cafe, however, much of the inflam-
mable air went to the formation of the vitriolic acid air, the
fmell of which was very perceivable in the courfe of the ex-
periment. 'The copper that I made in this way was brittle, and
therefore feemed not to be perfeétly metalized ; but being fuzed
with borax it became perfet copper, and, as I think, without
any lofs of weight.

Bifinuth abforbed inflammable air in the proportion of 185
ounce meafures to the ounce. The calx I ufed was a precipi-
tate from the folution of this metal in {pirit of nitre.

fron 1 got from a precipitate of a folution of green vitriol by
falt of tartar, moiftened with {pirit of nitre, and expofed to a
red heat. 'This calx abforbed in the proportion of 8go ounce
meafures of the inflammable air to an ounce of iron, which
was in the form of a black powder; but to all appearance as
much attracted by the magnet as iron filings. But it could not
be expe@ed, that perfect iron, containing its full proportion of
phlogifton, fhould be produced in this manner, fince inflam-
mable air may be expelled from perfect iron in this very
procefs.

Sitver 1 evidently revived from a folution of it in {pirit of
‘nitre precipitated by falt of tartar, and alfo from luna cornea.
A quantity of this laft fubftance abforbed 23 ounce meafures of
inflammable air; but I could not get any calx of filver free
from {mall grains of the perfe metal, which was cafily difco-
vered by a magnifier, and therefore I could not afcertain the
quantity of inflammable air abforbed by it.

Small grains of regulus cobalt I produced from zaffre, and
inflammable air was abforbed; but I did not eftimate the
quantity.

Vor., LXXIIL Hhh A quane
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A quantity of manganefe abforbed 7 ounce meafures of in-
flammable air; but I could net percewe any thing in it which
had the appearanee of metal. But 1 imagined I had not heat
enongh for the purpofe, and mixing with it fome calcined bo-
rax, 1 repeated the experiment, when there was again an evi-
dent abforbtion of air, and in the courfe of that experiment, E
once thought that I did perceive a fmall globule of metal.

Zine and arfenie were only fublimed i this procefs. The
fame was the cafe with the glafs of antimony ; but the experi-
ment was attended with this peculiar circumftance, that Wﬁem
the glafs was melted in inflammable air it formed itfelf into.
needle-like cryftals arranged i a very curious manner, theugh.
k could not preduce that appearance i other kinds of air..

Inflammable air being clearly imbibed by the calces of me-
tals, and thereby reviving them, is a. {ufficient proof of its.
containing what has been called phlogifton ; and its being ab-
forbed by them ## toto, without decompeofition, isa proof of its.
being nothing befides pblogifion in the form of air, unlefs there
thould be fomething folid depofited from it at the fame time:
that the proper phlogiftic part of it was abforbed. With re-
ipect to this, I can only fay that, inthe courfe of the experi-
ments, 1did not perceive any thing of the kind: for though
in fome of the procefles there was a black {moke produced, i
others I could perceive nothing but part of the calx fubliming,,.
and clouding the glafs. On this account, however, I could.
not pretend to-afcertain the weight of the inflammable air in.
the calx, {o as to prove that it had acquired an addition: of
weight by being metallized, which T often attempted.. But
were it pofiible to procure a perfet calx, no- part of which:
{hould be fublimed and difperfed, by the heat neceflanily to be
made wle of m the procefs, I fhould not doubt but that the

quantity
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quantity of inflammable air imbibed by it would fufficiently
add to its weight.

Befides the formation of metals from then‘ calces, I had
other proofs, and of a nature fufficiently curious, of inflam-
mable air containing phlogifton, though perhaps not fufficiently
conclufive with refpe to its being wholly and fimply phlogifton
itfelf. Thus, by means of it, I was able to make pho/phorus,
nitrous airy liver of fulpbur, and fulphur itfelf, in all of which
phlogifton is acknowledged to be a principal ingredient.

Throwing the focus of the lens upon a quantity of that
glafly matter which is made from calcined bones by oil of vitriol
in inflammable air, fome of it was abforbed, and ali the inide
of the receiver was covered with an orange-coloured fubftance,
which had a ftrong fmell of phofphorus. Ithen wanted {un-fhine
to continue the experiment; but [ was fatisfied that there was
{ufficient proof of phofphorus being actually formed in this
manner. With alkaline air I {ucceeded much better.

In 2} ounce meafures of this air I produced, from the glafly
matter mentioned above, 2 grains of phofphorus in one mafs,
the veflel being only filled with white fumes during the pro-
cefs.  One-fourth of the bulk of the air remained, and thigs
was inflammable, burning with a yellow lambent flame, exaltly
like that which is produced in the procefs for making phof-
phorus.

That nitrous air contains phlogifton is fufficiently ev1dent,
if there be any fuch thing as phlogifton: and I have farther
proved, that it contains as much phlogifton, in proportion to
its bulk, as inflammable air itfelf. 1 have now, however, the
farther fatisfation to be able to make nitrous air from its
two conflituent principles, viz. nitrous vapour and inflamma-
ble air. 'The moft eafy procefs for this purpofe is, to throw a

Hhha ftream
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ftream of nitrous vapour into a large phial previoufly filled,
with inflammable air.  In this manner nitrous air is inftantly
formed, and in great quantities ; but as this nitrous vapour is
produced by the rapid folution of bifmuth in fpirit of nitre,
which at the fame time produces a quantity of nitrous air, the
experiment is not quite unexceptionable. I therefore attempted
the {fame thing in the following manner.

Taking a quantity of what I have called a nitrated caly of
lead, which I firft produced by uniting nitrous vapour to mi--
nium  (in confequence of which, from being a red and pow-
dery fubftance, it became white, compact, and brittle), I placed
it upon a ftand, in a receiver filled with inflammable air, and
throwing the focus of the lensupon it, there was a diminution
of the inflammable air, which amounted to about two-thirds.
of the whole, and during this time lead was revived from the
calx. After this there was no more diminution of the air, or
revival of the calx: and then examining what remained of
theair, I found it to be all ftrongly nitrous : and, from the cir-
cumftances in which it was produced, 1t muft have been formed:
from the nitrous vapour contained in the calx, and the in=
flammable air in the receiver. In order to afcertain the purity
of this nitrous air, I mixed it with an equal quantity of com-
mon air, and found that they cccupied the {pace of 1, 32 mea-
f{ures. Frefth nitrous air, made in the ufual way, and mixed.
with common air in the fame proportion, occupied the fpace of
1,26, This difference arofe not from any impurity in the ni-
trous air, but from the mixture of the dCPth?lﬂlC'lth atr,,
which is alfo expelled from this calx by heat.

Liver of fulphur was procured by throwing the focus of the
tens upon vitriolated tartar in inflammable air, and it appeared

to be perfetly well formed. ‘
Laftly,
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Laftly, to produce fulphur, 1 threw the focus of the lens on
a quantity of oil of vitriol, contained in an hollow earthen
veflel, and evaporated it to drynefs in a recever filled with ine
flammable air, in confequence of which the infide of the re-
_ceiver acquired a whitith incruftation, which when warmed
had a ftrong {mell of fulphur; and repeating the procefs in the
fame receiver, I was able, this fecond time, to fcrape off
enough of the matter to put on a piece of hot iron, and to
produce the genuine blue flame, as well as the peculiar fmell of
fulphur.

I thall conclude thefe obfervations on phlogifton with twae
articles 3 one of which feems to contradit an eftablithed maxim
among chemifts; and the other a former opinion of my own.

It is generally faid, that charcoal is indeftruétible, except by
a red heat in conta& with air. But I find that it is perfetly
deftru&ible, or decompofed, 7z wacuo, and by the heat of a
burning lens almoft wholly converted into inflammable air; fo
that nothing remains befides an ‘exceedingly {mall quantity of
white athes, which are feldom vifible, except when, in very
{mall particles, they happen to crofs the fun-beam, as they fly
about within the receiver. It would be impofiible to colle&t or
weigh them ; but, according to appearance, the athes thus pro-
duced from many pounds of wood could not be fuppofed to
weigh a grain. The great weight of athes produced by burn-
ing wood in the open air arifes from what s attratted by them
from the air. The air which I get in this manner is wholly
inflammable, without the leaft particle of fixed airin it. But, in
order to this, the charcoal muft be perfeltly well made, or with
fuch a heat as would expel all the fixed air which the wood
contains ; and it muft be continued till it yield inflammable air

only, which, in an earthen retort, is foon produced.
Wood,
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Wood, or charcoal, is even perfe@ly deftructible, that is,
refolvable into inflammable air, in a good earthern retort, and
a fire that would about melt iron. In thefe circumftances,
after all the fixed air had come over, I have {feveral times conti-
nued the procefs during a whole day, in all which time inflam-
mable air has been produced equally, and without any appearance
of a termination. Nor did I wonder at this, after feeing it
wholly vanifh into inflammable air /# wvacno. A quantity of
charcoal made from oak, and weighing about an ounce, gene-
rally gave me about five ounce meafures of inflammable air in
twelve minutes.

The fecond article that I fhall now mention affords an in-
difputable proof of the generation of fixed air from dephlo-
gifticated air and phlogifton, or inflammable air. 1 have feve-
ral times given it as my opinion, that fixed air is a jfaititious
Jubftance, and a modification of the nitrous and vitriolic acids,
my former experiments greatly favouring that conclufion ; but
that it was compofed of dephlogifticated air and phlogifton,
though maintained by my friend Mr. k1RwAN, I was far from
being fatisfied with, till T was forced to confent to his proof of
it from my own former experiments, and gave him leave to
mention it, as he has done in his late excellent paper on falts.
But I have lately had two direét proofs of it by experiment.

The firft was when, in repeating a beautiful experiment fir(t
made by Dr. INGEN-HOUsZ, but with fome variation, I was
firing fome fhavings of iron in dephlogifticated air confined by
mercury, by means of a burning lens. In this way I quickly
fired the iron, and it burned away in a very plealing manner.
But what ftruck me moft was, that, of the air that remained,
a confiderable portion was fixed air, though in the receiver I had
nothing but the pureft dephlogifticated air, together with the

3 iron,
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iron, which could only giveinflammable air. 1would obferve,
that the melted iron formed itfelf into large balls, which ap-
peared to be a mere flag or glafs, and was no longeriron.

Afterwards, to put this hypothefis concerning the confli-
tuent principles of fixed air toa more dire¢t proof, I mixed
iron filings, which gave only inflammable air, with red preci-
pitate, which I found to give nothing but the pureft dephlo-
gifticated ; and when I heated them in a coated glafs rctort,
they gave a great quantity of fixed air, in fome portions of
which ninetecn-twentieths were abforbed by lime-water 3 but
the refiduum was mflammable.  However, when 1 mixed with
iron filings a quantity of powdered charcoal, which I had
found te give only inflammable air, the fixed air produced frony
it was fo pure, that only one-fortieth part of it remained un-
abforbed by water ; fo that this fixed awr was as pure as that
which is generally procured from chalk by oil of vitriol.

It appeared, i fome of thefe experiments, that three ounce
meafures of dephlogifticated air go into the compofition of two.
ounce meafures of fixed air. For one ounce of this red preci-
pitate gave 60 ounce meafures of dephlogiftated airy and when
mixed with two eunces of ron filings, it gave about 40 ounce
meafures of fixed air that were a&ually abforbed by water, be-
fides a refiduum that was inflammable. 1 had the fame pro-
portion when T ufed half an eunce of each of the materials.
But when I ufed one ounce of each, Igot only 20 ounce meca-
fures of fixed air, including the refiduum. At other times F
had different propostions with different quantities of iron filings
and charcoal.

T cannot conclude thefe obfervations without taking mnotice,
how very valuable an inftrument in philefophy 1s a good burn-
ing lemns. This muft have been perceived’ m many of my

formes
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former experiments, but more efpecially in thefe. By no other
means can heat be given to fubftances iz vacuo, or in any other
kind of air befides atmofpherical ;5 and without fome method of
doing this, no {uch experiments as thefe can poflibly be made.
T therefore congratulate all the lovers of {cience on the {uccefi-
ful attempt of Mr. PARKER to execute fo capital an inftrument
as he has done of this kind.  Such fpirited and generous exer-
tions reflect honour on himfelf and on our country. Itisonly
to be withed, that we could have lenfes of a {maller fize (viz.
from 12 to 18 inches diameter) made tolerably cheap, {o that
they might be in more common ufe. All my experiments
were made with one of 12 inches in diameter.

Lsperiments relating to the feeming Converfion of Water into Air.

SINCE many perfons have exprefied a wifh to be acquainted
with the experiments I have lately made, which at firft {feemed
to favour the idea of a converfion of water into air, but which
terminated in the difcovery of a fa&, in my opinion, ftill more
extraordinary, I fhall fubmit to the Royal Society the refult of
“the obfervations I have already made; though, as yet, T have
by no ‘means been able to fatisfy myfelf {o fully as I could with
with refpeét to fome particulars conne&ed with the {ubjec. All
the fafls which T fhall frate may be depended upon; but it is
probable, that different perfons may draw different conclufions
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from them ; and to mere opinions I have never fhewn myfelf
much attached. ,

Having formerly obferved f{everal remarkable changes in fluid
fubftances, in confequence of long expofure to heat in glafs
veflels hermetically fealed (of which an account may be feen
in the fourth volume of my Philofophical Obfervations) ; I
then formed a defign of expofing all kinds of {folid fubftances
to great heats, in a fimilar ftate of confinement; and for that
purpofe provided myfelf with a caft-iron veflel, which T could
clofe at one end, like a digefter, and of fuch a length, that
one of the ends might be red-hot, while the other was fuffi-
ciently cool to be handled. To this end there was a cock
connected to a tube, by means of which I could let off fteam,
or air, in any period of the procefs. |

I imagined, that when fubftances confifting of parts fo vola-
tile as to fly off before they had attained any confiderable degree
of heat, in the ufual preflure of the atmofphere, were com-
pelled to bear great heats under a greater preflure, they might
aflume new forms, and undergo remarkable changes, fimilar to
what we may fuppofe to be the cafe within the bowels of the
earth, where, by means of {ubterraneous fires, various fub-
ftances bear great heats under very great preflures.

I have had this inftrument fome years; but it was {o ill con-
ftructed, that I could not make the ufe of it that I had origi-
nally intended. I therefore lately fitted up fome gun-barrels
in the {fame manner, and made my firft experiment with lime-
ftone ; expe&ting, that when the fixed air, and other volatile
matters, that might be contained in it, fhould be compelled to
bear a red heat, without a poffibility of making their efcape, the
fubftance itfelf might undergo fome change; but I had no
particular expectation concerning the nature of that change.

Vor. LXXIIL Iii Thad,
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I had, however, been {o often favoured with valuable refults
from merely putting things into new fituations, that 1 was
encouraged to make the experiment ; but I found an unexpeéted
difficulty in getting a cock that would be awr-tight and {team-
tight under fo great a preflure as T withed to mjéy

I was mentioning thefe ideas to Mr.war, in whofe neigh-
bourhoed I have the happinefs to be fituated, when he men-
tioned a {imilar idea of his, vz, that of the poflibility of the
converfion of water, or fleam, into permanent air; faying,
that fome appearances in the working of his fire-engine had
led him to expect this. He thought rh’t if {team could be
made red-hot, fo that all its latent heat thould be converted
into fenfible heat, either this or {fome other change would
probably take place in its conftitution. The idea was new to
me, and led me to attend more particularly to my former pro-
jects of a fimilar nature, and I began with lime-ftone, with-
ing to try the effect of giving a red heat to lime in which water
‘only thould be previoufly combined, thinking it might poflibly
have the fame effe&t with making the water itfelf md hot.

Accordingly, I took a quantity of well calcined lime, and mix-
ing with it a little water, out of which all air had been carefully
boiled, T expofed it gradually to a ftrong heat in an earthen
retort, {uch as I had been ufually fupplied with by Mr. wepg-
woop (who is as much diftinguithed by his.love and generous
encouragement of {cience, as he is by his improvements in his
own curious art), not imagining that it could make any dif-
ference whether the lime, fo prepared, fhould receive its heat
in an earthen retort, or in a veflel of iron or glafs. Proceed-
ing, however, in this manner, I found that nothing came over
in the form of ffeam, but that there was a;great quantity of air,
{everal hundred times more than the bulk of the water, and at

5 that
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that time there was in it a confiderable PLOpOLtIOIl of fixed air,
which I imagined might either be that which had not been
fufficiently expelled before, or might be compofed of fome
phlogiftic matter contained in the lime, and the purer air that
was yielded by the water : for I own I then concluded, that the
air which I got (and which, when the fixed air was extracted
from it, was fuch as a candle would juft bitfn in) came from
the water, efpecially as in fome of the procefles, the weight of
the air I caught was very nearly, if not quite equal to that of
the water, and interpofing a large glafs balloon between the
retort and the recipient for the air, I obferved thatit remained
perfe@tly cool and dry during the whole procefs; and feveral
hours afterwards there was not the leaft moifture condenfed in
it. Ialfo reccived a quantity of another produce of air made
in this mauner in mercury, and having viewed it with the
greateft attention, obferved that, after feveral days, it never
depofited the leaft moifture.

"1 then calcined a quantity of natural lime-ftone with this
glafs balloon, interpofed in the fame manner, and found no
water, but only air to come from 1t, though the ftone is gene«
rally fuppofed to contain water. But when I ufed much more
than half an ounce ,of water to the quantity of whiting or
lime above-mentioned, I always had fome water come over,
though very little in proportion to the quantity made ufe of.

I did not fail to examine whesher there had been any lofs in
the weight of the lime, or whiting, in order to determine
whether any part of thefe folid fubftances had entered into the
compofition of the air; butl found much difficulty in weighing
them with exanefs, after thaking them out of an earthen re~
tort, into which I could not fee, and to which part of thefe
earthy matters often adhered, fo that I could not obtain much

fatisfattion even when I broke the retort. Befides, there was
Tiiz always
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always {ome lofs of the earth in the cloudinefs of the air,
whenever the produétion of it was rapid. Ina future procefs {
had abundant proof that the air did not come from any earthy
matter with which the water had been combined.

Hitherto 1 had no idea but that all that was neceflary to the
converfion, as I concluded it to be, of water into air, was to
give ita red heat, without which it would not quit the calca-
reous carth ; and I'imagined by this means the matter or prin-
ciple of heas was {o intimately combined with it, as not to be fe-
parated from it by cooling, as in the cafe of fteam. But I, as
well as all my friends, was a long time utterly difconcerted
‘upon finding that when I put the whiting and water into a
coated glafs retort, the water came over in the form of {team,
and little or no air was produced. The refult was alfo the fame
when I made the procefs in a gun-barrel, in a porcelain retort,
or even in an earthen retort glazed in the infide.

That the earth had not loft its property of doing its part in
the bufinefs, I found by putting more water to the fame whiting
which had failed in the glafs retort, and which had been ufed
no lefs than four times before, and then heating it in an
earthen retort 5 when again it gave air only, and no water, the
tame as before.  And at this time I obferved, that part of the
atr was hardly to be diftinguithed from that of the atmofphere.

I cannot exprels my furprife at my unexpected failure with
the glafs retort; and my {peculations on the fubjet were va-
tious, but at that time altogether ineffeCtual. Among other
things it occurred to me that, poffibly, fome phlogifton, either
contained in the earthen retort, or coming through it (though
I could not tell how, or on what principle) from the fire, might
be neceflary to water, and all other fubftances, affuming the
form of air. But when, with this idea, I put {pirit of wine,

oil,
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oil, or iron-filings to the lime, I got nothing from thefe mix-
tures 1n glafs retorts befides fteam and inflammable air, from
the decompolfition of thefe {fubftances containing phlogifton.

That there was nothing in the materials of which the
earthern retort was made that neceflarily produced the air, was
evident from my not fucceeding when I peunded a broken
retort, and heated it, mixed with water, i1 one of glafs.

Being fatisfied that the production of air depended very much.
upon the retort itfelf, I thought of ufing the retort only with’
water, but without any lime, orearthy fubftance; and I found
it {ucceed far beyond my expectation. For when I put a fmall
quantity of water intoone of thefe retorts, and endeavoured to
diftil it gently, I never failed to procure about an hundred ounce
meafures of air; and thisI could do as often as I pleafed, with
the fame retort, and without its lofing any weight; and the air
produced in this manner had never any portion of fixed air in
it, and was always but very little inferior to that of the
atmofphere.

In all thefe procefles T obferved, that very little of this air
was procured till all the water that could be poured out of the
retort was evaporated, for the difference in the produce was
very little, whether I expofed the retort to the fire quite full of
water, or with only about an ounce meafure of water in it, or
even after letting it remain full fora fhort time, and then pour-
ing outall that I could fromit; fo that it was only that water
which was entangled, as it were, in the pores of the retort,
and which had been in fome meafure united to the {fubftance of
it, that had contributed to this produéion of air.

Thefe retorts (which Mr. wEDGEWooOD informs me are made
of a mixture of freth and of burnt Devonthire pipe clay) are
pervious to water, though not to air; fo that while the air is

produced
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produced from that water which has entered the pores, the reft
is fometimes vifibly making its efcape in the form of a copious
{fmoke on the outfide. It was evidently impofhible, however,
and contrary to all the laws of hydroftatics, that air fhould
enter by the fame pores by which the water or fteam was efcap-
ing, and at the {fame time that its endeavour to force its way
out of the retort was fuch that it overcame a confiderable re-
fiftance from the column of water, at the mouth of my reci-
pients. Air might have ¢feaped through any unobferved pores
in the retort, but none could have entered that way: and if
there was the leaft fenfible crack in any part of the retort, I
was never able to colle¢t any air at all.

But the following experiments may, perhaps, thew that it
is fufficient for the produftion of air that fteam come into con-
ta& with clay {ufficiently heated. Between a copper flill and
the glafs tube communicating with my recipient for air, Iin-
troduced the ftem of a tobacco-pipe 5 and by means of a {mall
furnace, I kept about three inches of the middle part of it
moderately red-hot. In this ftate, making the water boil, T
uniformly received air, though mixed with fteam, at the rate
of five ounce meafures in twelve minutes for more than an
hour; butwhen I let the pipe cool, nothing but fteam was de-
livered by it without any air at all. ‘There was no fixed air in
this produce, and it was all fuch as a candle would hardly have
burned it. It might, I thought, have been better and alfo
more in quantity if I had not ufed the ftem of a foul pipe. But
when I ufed a clean pipe in the fame manner, I did not find
the air much, if at all improved. Sufpeéting this to arife from
the near conta&t of the fuel, I inclofed the tobacco-pipe in an
earthen tube, and then I had air as good as I had generally

got
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got in the earthen retort, and notmuch worfe than that of the
atmofphere.

Another circumftance I obferved was, that if the outfide of
the veflel which contained the water or fteam, through which
it paffed, when the requifite heat was applied to it, was not
dry, or perhaps furrounded with good air (for in thofe circum-
ftances the following experiment differs from the preceding
ones) the experiment did not {ucceed.

When I put the ball of an earthern retort, filled with moift
clay, into an iron digefter, and applied heat to it, I get only a
very little fixed air, which was probably compofed of a fmall
quantity of air beginning to be produced from the materials
and inflammable air from the veflel. All that come over be-
fides was fteam, and at laft inflammable air, from the veflel
itfelf.

Being now able to procure air by means of water in this
moft fimple method, viz. by water only in the earthen retort,
I had an opportunity of afcertaining, with great eafe and exaét-
nefs, feveral circumftances relating to the procefs, and of ob-
viating, as I thought, fome objettions to the conclufion that I
had drawn from it. Among other things I fully fatisfied my-
felf that the carth of the retort contributed nothing at all to
this produion of air, but the water only: for having ufed the
fame retort till I'had got from it nearly an ounce weight of air,
or 800 ounce meafures, I found that it had not loft fo much as
a fingle grain in weight. ~After the firft procefs it weighed juft
three grains more than it did at firft, and it continued to weigh
the fame till after the laft procefs. This fmall addition of
weight might eafily have come from a little of the water hav-
ing been imbibed by the neck of the retort, where the heat of
the fire could not reach it.  When all the procefles were over,

1kept
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I kept the whole retort in a red heat for feveral hours, and then
found that, befides lofing thofe three grains, it Weighéd eight
grains lefs than it did at firft.

Before this I had found, that the calcined whiting which 1
had ufed in the firft experiment could not, as fome f{uppofed,
attract from the atmofphere any confiderable part of the air
which I got from 1t, after combining water with it: for two
ounces of the whiting (which was the quantity which I gene-
rally made ufe of) did not attra more than eight grains of
any thing when it was expofed a whole day in an open difh,
though it had loft more than half its weight in calcination.

It has been imagined by fome, that the air which I got n
thefe earthen retorts was that which had been attradted from
the atmofphere by the infide furface of them. But, befides
that no air could ever be produced without water, to obviate
this objeftion more particularly, when one of thefe retorts
was giving its laft portion of air, I immerfed the mouth of it
in a bafon of water; and letting it cool in that fituation, filled
it again without admitting any accefs of air to the infide; and
yet, on repeating the procefs withit, the air was produced juft
as freely as before. This operation I repeated feveral times.
If it be faid, that the outfide of the retort attratted the air, {till
the infide, being compofed of the fame materials, muft have
attraced air alfo; and it would have appeared by the afcent of
the water from the bafon, the retort being {ufficiently imper-
vious to air.

By fome it was imagined, that either the air itfelf that I
procured, or at leaft the power of the retort to contribute to
the produttion of it, was owing to fomething that was tran{-
mitted from the burning coals, but which could not pafs
through glafs or metals. To determine this, I took an earthen
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tube, -of the fame compofition with the retort, and puttmg a
little water in it, phccd it, furrounded with fand, in a glafs
veflel, and this again, furrounded alfo with fand, in an iron
enc; and wet the heat tranfmitted through all thefe fubftances
enabled the earthen tube to give air, in the fame proportion,
and of the fame quality, as it would have done if it had been
expofed to the naked fire.

Having now .procured air, by means of a water, in a very
fimple and, as I thought, an unexceptionable manner, 1 wifhed
to make it in greater quantities 1n proportion to the water cm-~
ployed; and for this purpofe I firft thought of increafing the
fize or the thicknefs of the porous retorts; but I thought it might
anfwer as well if I put into the retort, in powder, the materials
of which they were made, or other fubftances of the fame kind.

Accordingly, by mixing ground flint and clay in various
proportions, I prefently increafed the quantity of air much be-
yond my expeltation. In the firft trials, in which I had much
flint and a little clay, I never failed to get 200 ounce meafures
of air from one of water. Then, ufing more clay and lefs
flint, I had {ill more air; and at laft, leaving out the flint
altogether, and ufing clay only, I never failed to get much
more than 400, and generally between 500 and 600, ounce
meafures of air “from one of water, which was about threc-
fourths of ‘the weight of the water; and in one particular pro-
cefs I procured very little lefs than nine-tenths of the weight
of the water in air, and this air was never much lefs pure than
that of the atmofphere, Sometimes it could not be diftinguithed
at all from it at all by the teft of nitrousair; and once or twice
I thought it even purer than that of the atmofphere.

1 muit here obferve, that I found it not convenient to put {e
much water to any quantity of clay as would make it cohere
in one mafs, but only fo much as that it fhould remain in the
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form of powder. By this means it would eafily pour out of
the retort when the experiment was over.

The weight of the water expended in this preduétion of air
I afcertained, in the moft unexceptionable manner, by weigh-
ing the retort, with all its contents, before and after the pro-
cefs. I fhall explain this by the refult of two of the procefies.
In one of them, the retort and moiftened clay together loft in
weight 1oz, 4 dwts. 12 grs. after yielding 741 ounce meafures
of air, which (in the proportion of fix grains to ons ounce
meafure) would have weighed 18 dwts. 12 grs. and confe-
quently three-fourths of the weight of the water.

In the other procefs the lofs of weight was 15 dwts. 18 grs.
after yieldiig 556 ounce meafures of air, which would have
weighed 13dwts. 21 grs. . The proportion, therefore, between
the weight of the air and that of the water was 111 to 116,
or nearly nine to ten.

I alfo found now, that fo much heat as I had hitherto ap-
plied was neither neceflary nor ufeful. In the laft mentioned
procefs the retort was conftantly f{ufpended about fix inches
above a moderate charcoal fire; at another time more than
twelve or fifteen inches above it, where a FAHRENHEITS
thermometer did not thew more than 210°%  With this
moderate heat I got 465 ounce meafures in the courfe of
about twelve hours. When the retort was fufpended within
fix inches of the fire, the air was generally produced at the
rate of 30 ounce meafures in five minutes. But a thermome-
ter, the bulb of which was immerfed in the clay, was @il
only at the heat of boiling water.

In all thefe procefles, however, there was evidently fome
lofs of water; for, excepting the firft experiment with the

lime, I never got the whole weight of the water it air; and
it
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it might be faid that T only expelled the air before contained in
the water, though from thefe experiments it appeared to con-
tain much more air than it had been thought capable of con-
taining. T'o obviate this objettion, I contrived to catch all the
water that efcaped through the pores of the retort in the fol-
lowing manner..

Having put the moiftened clay in an carthen tube, to which
I had fitted a cock and a long glafs tube (by means of which I
could colle@ all the air that came from it), I put this within
an iron tube, which was clofed at the end next the fire, but
open at the other end, and fo long that 1 could eafily keep this
open and quite cool while the other was in the fire; confe-
quently, whatever water e{caped through the pores of the
earthen tube, 1t would be condenfed 1 the cool part of the iron
one. This water I carefully collected, and always found that
the weight of it, together with that of the air produced in the
experiment, was nearly that of the original weight of the
water, eftimated by the lofs of weight in the earthen tube and
its contents. I alfo found, that the water {o colle¢ted ferved
for the produétion of more air, juft as well as any other water
whatever, {o that there had been no decompofition of the water
in the cafe.

In the laft procefs that I went through of this kind, the
lofs of weight in the earthen tube, or rather of the water con-
tained 1n it, was 12 dwts. 4 grs.; the air colleCted was 173
ounce meafures, which would have weighed 4 dwts. 3 grs. and
the water which efcaped through the pores of the earthen tube,
and which I collected, was nearly 8 dwts. 3 grs,; {o that the
air and this water together weighed 12 dwts, 14 grs. or ten
grains more than the original water. But as I eftimated the
weight of the water only by the {fpace which it occupied in a
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cylindrical glafs tube, divided according to ounces and parts of
ounces of water, it was not ealy to avoid an error of a few
gramns. At other times there was an error of a {imall magni-
rude on the other fide.  But it will appear hereafter, that more
{team muft have efcaped invifibly at the open mouth of the
iron tube than I was aware of.

That nothing could enter by the pores of the retort at the
fame time that the water was making its efcape out of them, I
thought I afcertained pretty {atisfattorily by immerfing the
bulb of it in mercury, contained in an iron veflel. In thefe
circumftances I obtained air as ufual, only the produce was not
fo rapid. In this way, however, I procured above an hundred
ounce meafures of air from moiftened clay s and I difcontinued
the procefs without perceiving any termination of it. But the
moment the retort was raifed out of the mercury, it gave air
three times as falt as it had done before. The quality of the
air was the {ame in both cafes, v, a little worfe than that of
the atmofphere.

I even collected thirty ounce meafures of air when the bulb
of the fame retort was immerfed in hot linfeed oil, but the pro-
duétion of air gradually ceafed, and the next day I found the
retort almoft full of the oil, which had foaked through it.
Diftilling this oil T get 300 ounce meafures of air, wholly in-
flammable, except a very few ounce meafures at the laft, which
were only phlogifticated.

Still hearing of many objections to the converfion of water
into air, I now gave particular attention to an experiment of
Mr. caveNDpIsH’s, concerning the re-converfion of air into
water, by decompofing it in conjunction with inflammable
air.  And in the firft place, in order to be fure that the wa-
ter L might find in the air was really a conftituent part of
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it, and not what it might have imbibed after its formation, 1
made a quantity of both dephlogifticated and inflammable air
in {fuch a:manner as.that neither of them fhould ever come into
conta& with water, receiving them as they were produced in
mercury ;3 the former from nitre, and 1a the middle of the
procefs (long after the water of cryftallization was come over),
and the latter from perfeétly-made charcoal. The two kinds.
of air thus produced I decompofed by firing them together by
tke electric explofion,. and found a manifeft depofition of water,.
and to appearance in the fame quantity as if both.the kinds of
air had been previoufly confined by water..

In order to judge more accurately of the quantity of water
fo depofited, and to compare it with the weight of the air de-
compofed, I carefully weighed a piece of filtering paper, and’
then having wiped with.itall the infide of the glafs veflel in:
which. the air had been decompofed,. weighed it again, and I
always found, as nearly as- I could judge, the weight of the
decompofed- air in the moifture acquired by the paper..

Asthere is 3 fource of deception in this experiment,, in the.
fmall globules.of mercury, whichare apt to adhere to the infide
of the glafs veflel, and-to be taken up by the paper with which.
it is- wiped, I fometimes weighed the paper with the moifture.
and the mercury adhering toit; and then expofing itin a warm:
place, where the water would evaporate, but not the mercury,
weighed it again, and ftill found, as nearly as I could pretend’
to weigh. fo fmall a matter,. a lofs af weight equal to that of
the air. 1 wifhed, however; to have had a nicer balance for.
the purpofe: the refult was fuch as to atford a.ftrong prefump-
tion that the air was re-converted nto water, and therefore.
that the origin of it had been water..

' Anotherr



%28  Dr.priesTLEY's Experiments velating to Phlogifion,

Another prefumption in favour of the generation of our
atmofphere from water was, that'the purity of the air that I
produced from it is {o very nearly the fame with that of the
atmofphere.  And the degree’of heat requifite to produce it is
ne greater than may be given by the rays of the fun in certain
circumitances, Subterraneous fires, however, would be abun-
dantly {ufficient for the purpofe, as it appears to be fufficient
for the converfion of water into refpirable air, that it come
into conta&t with clay, and perhaps many other earthy {ub-
{tances in the form of vapour. 1 muft, however, obferve,
that when I threw the focus of a burning lens upon a quantity
of moift clay, either i vacuo, or in common air, I got no air
from it. ‘

I made this experiment both with the clay expofed in an
open difh, and alfo confined in a thort earthen tube. Had |
then proceeded to repeat this laft procefs with a communica-
‘tion between the infide of the earthen tube and the external
air, as 1 then propofed to do, but was prevented, Ifhould much
fooner have difcovered what I did afterwards, wviz. that there
was no real converfion of water into air in this procefs. In
favour of which, however, it may not be amifs to obferve,
that the great difficulty Mr. pE Luc and others have found in
expelling all air from water, is beft accounted for on the fup-
‘pofition of the generation of air from water, though in other
circumitances than thofe that I have obferved. 1 have the
pleafure to add, that Mr. pE Luc himfelf concurs with me in
this opinton.

The difficulty that firikes many petfons the moft forcibly, is
‘the want of analogy between the converfion of water into air
with any other known faéts in philofophy or in nature. But
admitting that this converfion is effe&ted by the intimate union
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of what is called the principle of beat with the water, it ap-
pears to me to be fufficiently analogous to other changes, or
rather combinations of fubftances. Is not the acid of nitre,
and alfo that of vitriol, a thing as unlike to air as water is,
their propertics being as remarkably different? And yet it is
demonfirable, that the acid of nitre is convertible into the
pureft refpirable air, and probably by the union of the fame
principle of heat.

~ Itis true, that fteam is a thing very different from air, and
I find that it is not able to decompofe nitrous air; but then,
though it has acquired fenfible heat, it has got no latent heat fo
intimately combined with it as it is with air; and for the fame
reafon, perhaps, the vapour of nitrous acid is not dephlogifti-
cated air.

By the fame procefs by which refpirable air is made by
means of water, inflimmable air may be made from liquid
{ubftances containing phlogifton. Making {pirit of wine to boil
in a glafs retort, I made the vapour pafs through the ftem of a hot
tobacco-pipe, and found that it ‘was all' feemingly converted
into inflammable air, and it was of that kind which burns with
a lambent white flame.  But when I let the pipe cool no air
was produced, but only vapour, which was inftantly con-~
denfed in the water.

Being now mafter of a new and eafy procefs, I was willing
to extend it to other liquid fabftances; and I prefently found,
as I then imagined, that, by this means, I could give a per-
manent aérial form to any liquid fubftance that had been pre-
vioufly thrown into the form of vapour.

When I made the vapour of fpirit of nitre, heated in a
glafs retort, pafs through the ftem of the hot tobacco-pipe, I
got as pure dephlogifticated air as ever 1 have procured from
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nitre; though the cork, by which the retort was conneted
with the pipe, was diffolved, and muft have contributed to
contaminate it, and give it a fhight mixture of fixed air.

With o1l of vitriol T got air confiderably phlogifticated, fo
that a candle would not have burned in it; but this 1 alfo attri-
bute to the cork, which was diffoived in the procefs. The re-
fult was nearly the fame when I ufed water impregnated with
vitriolic acid air, though the cork was not diffolved. But this
acid is known to contain much phlogifton.

Spirit of falt gave air no purer than the beft atmofpherical
air.  But as by this procefs I never got air {o pure as this from
water only, I concluded, that even this acid, as well as the
nitrous and vitriolic, 1s capable of being turned into dephlo«
gifticated air.

When I ufed water impregnated with fixed air, this air was
expelled by the heat, and came over without any change that T
could perceive, except that the refiduum was larger, from the
water that came along with it.  The air I got afterwards was
only that from the water, and of the fame quality as if it had
not been impregnated with fixed air.

Water impregnated with alkaline air gave neither fixed nor
inflammable air, which I had rather expeted, but only air
confiderably phlogifticated; though fome of it was fo pure
that a candle would have burnedin it.

N. B. In all thefe experiments with the tobacco-pipe all the
air was remarkably turbid, like milk, and even the common air
in the retort before the procefs properly began.

In this ftate of the experiments I think I may venture to
fay, that no perfon could have feen them without concluding
that there was a real converfion of water into air, there being
no known principle or fac in philofophy, that could have led
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any perfon to fufpe a fallacy in the cafe. In this, therefore,
1 muft have acquiefced, as indeed did all my acquaintance,
even thofe who had been the moft incredulous on the fubject,
after they had themfelves feen the experiments.  But I was led
to the farther profecution of this bufinefs, in confequence of
having obferved that the purity of the air which I procured de-
pended upon the ftate of that which was immediately conti-
guous to the earthen retort, or tube, in which I fuppofed the
converfion to have been made; and that fome communication
with the atmofphere was neceffary to the prodution of any
air, as in the experiment with the digefter, and thofe with the
clay and the burning lens. And fince pure exterpal air was
neceflary in order to procure good air, it was concluded by
feveral of my friends, and efpecially Mr. waTT, that the ope-
ration of the earthen retort was, to tranfmit phlogifton from
the water contained in the clay tothe external air; and that the
water, thus dephlogifticated, was capable of being converted
into refpirable air by the intimate union of the principle of
heat.

In order to afcertain what the influence of the external air in
this cafe really was, I inclofed an earthen retort filled with
moiftened clay in a large glafsreceiver,open at both ends, through
the upper orifice of which (being narrow) I thruft the neck of
the retort, luting it {o as to be perfedtly air-tight; and placing
the recciver in a bafon of water, by which the air within was
cut off from all communication with the external air, 1 fitted
to the mouth of the retort a glafs tube, through which I could
receive whatever was produced in the procefs.  In this {ituation
I heated the retort by means of Mr. parkER’s excellent burn-
ing lens, when air was received “through the tube communi-
cating with ‘the infide of the retort as ufual; but at the {fams

Vor.. LXXIILL .11 time



432 Dr. PRIESTLEY’s Experiments relating to-Phlogifion,
time the water rofe within the receiver. This effe& might be
owing to a phlogiftication of the air within the receiver; but
it was foon diminithed far beyond the utmoft limit of that pro=-
cefs, {o that very little of it remained ; and examining this air,
I found it to be but very little worfe than that of the atmo-
fphere, as that which came from the retort was a little better.

'This experiment made it probable, that the air on the outfide
of the receiver had aftually pafled through it, only a little pu-
rified in its paffage; and yet it was contrary to all the known
principles of hydroftatics, and even any thing hitherto known
in chemiftry, that air thould be tranfmitted through a veflel of
this kind, and in a direCtion contrary to that in which it would
have been forced by the preflure of the atmofphere ;s while the
water, with which the clay was moiftened, went the other
way. For had the retort been pervious to air, as the infide
had a free communication with the atmofphere, the water
could not have rifen within the receiver. This, however, ap=
peared to be the cafe by the following decifive experiments.

Having filled the earthen retort with the moiftened clay as
before, I made the infide of the recciver perfettly dry, and
placed it in a bafon of mercury; when, upon heating the
retort as before, the receiver was all covered with dew, which
colle&ing into drops trickled down the infide of the receiver,
and remained upon the mercury, which rofe within the re-
ceiver, while air was received from the retort as ufual. I had
no doubt, therefore, but that all the water within the retort
would have got through into the receiver. Spirit of wine, or
fomething that had the fmell of it, was tran{mitted from the:
clay through the retort in the fame manner.

I then filled the receiver with inflammable air, and upon
heating the retort it was all drawn through it, and delivered
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as ftrongly inflammable as ever by the tube communic:atingr
with the infide of 1t, while the water rofe within the receiver,
and even covered the retort, which was fixed at the very top
of it, fo that hardly any of the inflammable air remained
within it. In like manner nitrous air pafled through the retort
unchanged.

From thefe experiments it is impoflible not to infer, that the
clay of the earthen retort, being thus heated, deltroys for a
time the a€rial form of whatever air is expofed to the outfide
of it; which aérial form it recovers after it has been tran{mit-
ted in combination from ene part of the clay to another, till it
has reached the infide of the retort, while the water is drawn
through 1t in the contrary direction.

Had this hypothefis been propofed a priors, it would, I doubt
not, have been thought more extraordinary than the converfion of
water into air. I propofe to make many other experiments in
the profecution of thefe; but till 1 have an opportunity of
doing this, I thall not trouble the Society with any conjectures
that have occurred to me on the fubjc&,

The great difficulty with refpe&t to the experiment with the
lens is, that the water thould pafs through the retort one way,
and the air the other, and yet that the air fhould not be able
to pafs without the water. Itis alfo not a little extraordinary,
that the weight of the air and that of the water fhould be {o
nearly equal.

In the laft place T muft obferve, that there is nothing in this
experiment that contradi&s the idea of the converfion of water
into air, though it does not prove it: for ftill the experiment
with the tobacco-pipe, in which the fieam is made red-hot
(whereas in that with the lens it 1s only of a boiling heat)
cannot be explained fo well on any other hypothefis any more
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than Mr. cavENDIsH’s experiment on finding water on the
decompofition of air. |

I cannot conclude this account without acknowledging my
obligation to Mr. pARKER for the ufe of his incomparable lens,
and his obligingly affifting me in the management of it, Indeed,
without this very inftrument, or one of greater power than my
own, I do not know that the laft mentioned experiments could
have been made at all; certainly not to fo much fatisfaction.




