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THEP

DED LCAT.I O N

TO SAMCUEL GALTON, Esg. '

_DPEAR SIR,

P ERMIT me to endeavour to pets
petuate, as far as I can the remembrance of your
valuable friendfhip to'me (as well as that of Mrs.
Galton to my wife) which has continued without
interruption from the time that we became ac-
quainted on my fettlement at Birmingham. The
interviews that we huive had at the lunar society,
and on other occafions, I now look back upon
with peculiar fatisfaétion, tho' mixed with regret,
There is no lunar fociety to which I can commu-
nicate my obfervations, and from which I can re-
ceive light in return, in this place,

aeg At



v The DEDICATION.

At my time of life, however, I could not ex-
pe& to enjoy any fociety in this world much long-
er. Others, alfo, of our members, muft now be
looking forward, as I do, to a ftate of greater fecu-

. ity and permanency_than the prefent; where no
riots will feparate us again, and where we Thall, T
doubt not, refume our pleafing purfuits, and our
fpeculations concerning the wonderful {yflem of
which we are a part, and with more advantage and
fatisfattion than ever. ¥

There odly can'I have ahy certain profpeét of
meeting with any of you. Bat the confident ex-
peftation that I hayve Qfmeetmg my philofophical
and chriftian friends 5;—21an is a fource of confola.
tion and pleafing refle@ion in my prefent ftateof
extle from them that is invaluable, ¢

Tho’ cbmpared to this, the" bl important of
all fubje&s T feel but litfle“intereft in the quefti-
‘on which; i this 1reét1fc ¢ bith)g once hore' be-
O Publx&" itisa’ great fatisfaQion to me,
‘t)bat f havé the fanéhon ofmy frierids of the ' lunar
fomety at’ Bnmmgham for the doQrifie maiftain-

'”d ifx'thls tt*eatx['e 3 ahd notw:thﬁandmg the: great
names amona fhe aﬂvm:a\‘es for the new fyftem in
other countnes 4s well as in France, there afe tio
where to bc féund men of more kncwledge faga-

' ! gacny
. Since this was written I have heard that one of the

““members of this fociety, viz, Dr, Withering, is dead.
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gacity, and cool obfervation, than in your body.

No perfon needs to be athamed of being in an er-
ror in fuch company.

Aflure them all, that I fhall ever think of them
with particular efteem and affe&ion ; and if, con-
trary to my prefent expettations, there fhould be

while I am able to bear the voyage, I flatter my-
felf with the profpe&t of paying a vifit to my
friends in England ; and then I fhall certainly take
‘the firft opportunity of attending one more of your
meetings. If providence fhould order otherwife,
Adieu till we meet in more favourable circum-
ftances than we can ever do at Birmingham.

With the greateft efteem and affe&ign
I am,
Dear Sir;
Yours fincerely.

J. PRIESTLEY.

Northumberland, October 20, 1803.
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The PREF A CE.

DESIROUS of bringing the important
controver{y concerning phlogiston to a fair decifion, I
fome years ago, made many experiments withthat view,
the refult of which appeared to myfelf favourable to
the difcarded hypothefis. Since 'my removal to Ame-
rica, where, after a long interruption of my purfuits, I
found myfelf in eircumfances tolerably favourable to
the refumption of them, one of the firt things that I
did was to continue the fame refearch, and many of
thefe new experiments being favourable to the old the-
ory, I endeavoured in feveral publications, efpecially in
the Medical Repository printed at New-York, to pro-
mote the fame difcuffion ; fome of the articles being
written in dire& defence of what 1 had advanced, and
others in reply to obje&lions ; and having now, I ima-

ging,
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gine, heard all that can be urged in favour of the ncw
theory, from its ablelt advocates, both here and in Eu-
rope, and thinking it far from being fufficient for its
Tupport, I republifh in this work all that I think of im-
portance in the former publications, and prefent it to
the public as a demonstration of the doctrine of phlogis-
ton,and a complete refutation of that of the composition
of water. For, after the beft attention that I am able
to give to the fubje&, fuch it appears to me. :

"The refutation of a fallacious hypothefis, efpeciaily
one that is fo fundamental as this, cannot but be of great
“importance to the future progrefs of {cience. It is like
taking dowu a falfe light which misleads the mariner,
and removing a great obftacle in the path of true know-
ledge. The longer fuch an hypothefis has been receiv-
ed, and the more numerous and able are its advocates,
the greater fervice is rendered to fcience by the refuta-
tion. And there is not perhaps any example of a philo-
fophical hypothelis, fince the revival of true [cience,
more gencrally received, or maintained by perfons of
greater eminence, than this of the rejection of phlogis-
ton. In this country I have notheard of a fingle ad-
vocate for phlogifton. In England they are very few,
and none of them have written any thing on the fab-
ject. In France they are {till fewer, and in Germany
I hear of no names befides thofe of Creil, Wefirumo,
Gmelin, and Mayer. No perfon, however, need to he
athamed of avowing an opinion which has the fan&ion
of fuch names as thefe.” But what any of them may
hare written ipn defence of phlogificn is urkrown to me;

A4 {o



viii The PREFACF,

fo that tho’ we are engaged in the fame caufe; we are
unable to give the leaft affiftance to each other.

Removed as I now am to fo great a diftance from
the great theatre of philofophical purfuit, and out of
the way of early intelligence (our communications with
Europe being alfo farther interrupted in the prefent une
fortunate ftate of war) I neceffarily labour under varis
ous and great difadvantages. 1 am thankful, however,
to a kind providence for the quiet that I here enjoy in
this remote fituation, and for {fuch means of profecuting
my fludies, as, confidering the ftate of the country, are
very ample.* Aund I'hope that, confidering my advanc-
ed age, I fhall be thought to have been tolerably affidu-
ous in making ufe of them.

But my philofophical friends muft excufe me if,
without negleéting natural fcience, I give a decided
preference to theological ftudies, and if here, as in Eu-
rope, I give the greatefl part of my time to them. They

are
# To the account of my reasons for leaving England I prefixed a

motto from Petrarch, whose Latin werks, and especially his Letters,
often amuse and interest me. It was from his address to his patron
the Cardinal of Colonna.
C. Quo fugis? Expecta. Liceat condiseere causas
Dissidii. Tunostra, puer, nisi fallor, amabas Pascua.
P. Parce, Parens, damnare tuum—Tibi letior annis,
Tunc animus fuerat. Nunc intractabilis, asper.
I may now apply to myself what he addressed to the bishop of Ca.
passcle when he was at Vaucluse, absent frem his native country JTtaly.
Exul ab Itajia, furiis civilibus actus,
Huc subii, partimque volens, partimque coactus.
Hic nemus, hic amnes, his ocia ruris amoeni.
Sed fidi comites absunt, vultusque sereni.
Hoc juvat, hec cruciat.  Nihil illis §ulce remotis.
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are unqueftionably of unfpeakably more importance to
men, as beings deftined for immeortality ; and I apply
myfelf with fo great fatisfattion to the ftudy of nature,
not fo much on account of the advantage we derive
from it at prefent, tho’ this is very confiderable; as from
its being a delightful field of fpeculation barely opens
ing to-us here, and to be refumed with far greater ad-
vantage in afuture ftate. 1

No difcovery-in philofophy bears any proportion in
real value to that of bringing Jife and immortality to
Jight, which is completely effeéled in the Gofpel, and
no wheve elfe. - None of our experiments, or obferva-
tions on the courfe of nature, -could have given us the
leaft glimpfe of " this.

But the evidence of this great truth, tho’ of the moft
fatisfadtory kind, not being that of sense, but requiring
attention and reflectign, perfons much engaged in the
bufinefs of the world, and -even in literary anc fcienti-
fical purfuits, are not-always convinced by it. It alfo
requires a candid’ and well difpofed mind, and there-
fore philofophers (who have their prejudices as wellas
other men) are not always chriflians. Among thofe
of this clafs, I am however, happy in being able to rank
not a téw, who would do honour to any caufe ; : and the
number of tryly philofophical chriftians, I am well per-
fuaded, will in due time increafe. A s Paul faid to. ki ng
Agrippa (who faid that he had © almoflt perfuaded him
“ to be a chriftian”) that ¢ lie wiflied that Loth he, and
¢ all who then heard him, were .both: alm oft, and alte-
¢ gether, fuch as he himfelf was, except -his bonds 3’

fo there is no greater ha‘)pmcfs that I can wifh to all

my



x The PREFACE.

my philofophical friends, than that, with refped to re-
ligion and their future profpeéts, they were what I am,
without the calumnies, and the ftill more ferious inju-
ries, to which I have been expofed.

Without a view to this future fituation, all our pur-
fuits appear to me to have little in them that is inter-
refling, efpecially in the decline of life, and the near
profpe of death, which, if it put a period to our exif-
tence, involves every thing in everlalling darknefs,
leaving us uncertain whether even the world itfelf, and
the whole race of man, as wellas all other animals, may
not be doomed to deftruction. How gloomy is this
profpeét, and how dead and indifferent does it render a
refle@ing mind to every great purf{uit !

How thankful, then, ought we to be for an affurance
of an endlefs ftate of exiftence, and in circumftances
infinitely more favourable than the prefent. The evi-
dence of this great doQrine (in comparifon with which
every other inquiry is as nothing) is turely worthy of
our moft afiiduous examination, infinitely more fo than
a title[to an eftate, or a claim to a kingdom 1n this world,
whichno wife man would be thought juftifiable in ne-
gle&ting.

This being perhaps the laft time that I may have an
opportunity of addrefling myfelf to my philofophical
friends, who, I am concerned to perceive, are generally
unbelievérs in revelation, I wrould make it my dying re-
quelt, proceeding from the molt Tincere good will to
them, to attend to this fubje, efpecially to what I tool:
the liberty to urge in the Preface to the fixth volume of
@servations on airy which was reprinted in the new

.

edition




The PREFACE xi

edition of that work in three volumes, and alfo to my
Letters to the philosophers and politicians of France on
the subject of religion, my Letters to a philosophical un-
believe r, and my other works in defence of revelation.

Independently of the confideration of the infinitely
fuperior importance of the fubjeét, religion will give a
double relifh to philofophical purfuits, and will thereby
contribute to their fuccefs. 1t is only a wretched fuper-
ftition, and not religion, that draws men’s attention from
natural {cience, or with any other view drives men into
retirement, and excludes them from any ative and
ufeful purfuits. On the contrary, it tends to infpire
men with increafed adtivity, and imparts ifncreafing fa-
tisfadtion and animation in every proper and laudable
exertion. Ofthis I think I may fay I have exhibited an
example myfelf. My numerous publications will fltew
that from early life I have, given the greateft part of my
time to theological ftudies, and yet few have been more
afliduous in phyfical inquiries fince I have had the means
of doing it. Do not then fay that religion makes men
idle, or bufy to no ufeful purpofe.

Call this, if you pleafe, the talkativenefs of age ; but
believe it to proceed from a zeal in the beft of caufes,
and fincere good will to yourfelves. For I find that I
have infenfibly got into a dire& addrefs in the form of a
dedication, rather than that of a Preface. With this,
however, I conclude. Farewell, and may we meet where
our prefent doubts will be removed, and where we fhall
make - more rapic advances in knowledge, without that
envy and jealou{y, from which philefophers are no

more exempt than other men, and which, tho” it has an
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excellent effe@ in making men cautious, qqd even ar-
dent in their purfuits, from a view to the. reputation
they hope to acquire by their difcoveries, too often
makes their purfuits the fource of more pain than plea-
fureto them. Hereafter, we fhall, 1 doubt not, be even
‘more atively employed, and more happy in cenfe-
quence of it, from better maotives. :

1 fhall clofe this Preface with the Letter I addreIT-
ed to the advocates for the new theary in France in
the firft pawphlet I publifhed in anfwer to them, and
alfo a fecond, which I addrefs to them in the prefent
ftate of the controverfy.

To Messrs. Berthollet, De la Place, Monge, Mor-
veaw, Fourcroy, and Hassenfratz, the svrviving
answerers of Mr. Kirwan.

GINTLLUEN,

HAVING drawn up a fhort defence
of the dorine of phlogiston, I take the liberty of in-
feribing it to you, as the principal advocates for the
Antiphlogiftic theory. My view in this is to draw your
attention once more to the fubject, and I requeft the

favour
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favour o. an anfwer to my objeétions. Ihope I am not
wanting in a proper deference to the opinion of men
fo juftly eminent as yourfelves and your friends in
France, and alfo that of great numbers in England,
and wherever chemiftry is known, who have adopted
your hypothefis. But vou will agree with me, that no
man ought to furrenderhis own judgment to any mere
aut hority, however refpeé’table “Otherwife, your own
‘fyﬁem would never have beenadvanced.
' “As'you would not, I am perfuaded, have yonrre’gn
‘to refemble that of Robespierre, few as we are who re.
fnain difaffe@ed; we hope you had ‘rather gain us
By perfiafion than filence us by power. = And tho’ we
“are all apt to flattér ourfelves, we hope we aré as wil-
‘ mg to be influenced by the former, as we are inflexible
to the latter. 'If you ‘gdin as Miuch by your anfier to
!lne,“lé&"')‘rbli did by that to Mr. ‘Kirwan, your power
will be umVerfally eftablifhed, and there will be mo
Vena’te i your dominions. -
blﬂcrlng as we doin this refpe& we axl agree in
our wiflies for the prevalance ot #ruth, and alfo of peace,
whieh'is wanted as much for the interefts of philofo-
phy, as thofe of humanity. ‘And on this account I ear-
neftly wifh fuccefs to ‘the liberty and profperity of
France, which did me the honour to adopt me when I
was perfecuted and rejécted in my native country.
With great fatisfaQtion, therefore, T fubfcribe my(elf

Your fellow-citizen,

JOSEPH PRIESTLEY.

Northumberland in America, June 15th, 1796.
f 4
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A second Letter to the same.

GENTLEMEN,

-BOUT three years ago I took the
liberty to requeft your reconfideration of the doétrine
of phlogiston, which you had long difcarded. A very
refpectable advocate of your fyfltem,: Mr. -Adet, being
then in this country, he replied to my defence of it,

.and at length [ have juft received what may be called
- your definitive anfwer, in the Report of Messrs. Ber=
thollet and Fourcroy on the ments of our performanc-
18, in the 26th volume . of the. Amzales de Chymxe, in
which you confider me as fupporting a fyftem un_peu
chancelante. As a friend of the weak, I have, indeed
endeavoured to give it a little afliftance ; and as- «there
is no giving ftrength to one of the nppoﬁte fyﬁcms
- without taking it from the other, I prefume that .yours
is now in the fame fituation, calling to you for all the
" Tupport that you can give te it.

On the opening of this controverfy I told Mr. Adet
that I fhould have greater pride in acknowledging my-
felf convinced, if I faw realon {o to be, than in viétory,
and fthould furrender my arms with pleafure. I was
fincere in that declaration ; and certainly the conqueft
of a man’s prejudices is more honourable to him than
the difcovery, or the moft fuccelsful defence, of any

truth,
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truth. This, however, I muft, for the prefent at leaft,
decline, and leave it toyou ; contenting myfelf with the
inferior praife of confirming the hypothefis for which
1 have contended. If, from the politenefs habitual to
Frenchmen, you fhocld decline this honour, thinking
my claim to it better founded than yeurs, I may here-
after be induced to receive it ; but for the prefent,
yielding to you a palm more glorious than  that of any
victory, and truﬁinbg that your political revolution will
be more ftable than this chemical one,

I am, with the greateft refpect,
Gentlemén,
Your fellow-citizen,

]J. PRIESTLEY.
Northumberland in dmerica, O&. 22, 1803, A
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- HE fift edition of this pamphlet was pub-
hfhed in the begmnmg of the year 1800, and it com-
prized the fubftarice of feveral proceeding publications
on the fame fubject, after I had heard the obfervations
that had been made on them by the chemifts in Ame-
rica and alfo thofe in France, the authors of the {yftem
that I controvert. I wrote with a view to promote
the difcuffion of a queftion that is acknowledged to be
of very great importance in chemifiry, and to which I
had not been able to engage much attention ; tho’
{ome, and the moft material, of my o‘oje&ions had been
before the public as foon asit was generally known, and
it is now nearly twenty years fince this new theory was
advanced.

At length,however, I found that 1 had fo far fuc-
cceded, that Mr. Cruikfhank replied to my pamphlet,
tho’
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tho’ to not more than to an argument from one of my
experiments, and that the principle on which he replied
is greatly approved by the advocates for the new che-
miftryin France.

' To Mr+ Cruikfhank’s animadverfions (publifhed in
M. Nichalson’s Feurnal Quarto vol. 5, p. 1) Ireplied,
and on the twenty {econd of the fame month, viz. March
1802, in which my anfwer was publithed he dates his
reply to it; written with an air of the moft perfe& per-
fuafion of his fuperiority in the argument. Immedi-
ately on the receipt of this, which (living as 1 do at a
great diftance and the co mmunication by fea efpecially
in time of war being flow) could not be very early, I
wrote my reply, and it was publifhed by Mr. Nichol-
fon in his Journal for Feb. 1803

1n this I exprefsed great fatisfactionin the difcuffion
being entered upon bya perfon fo well qualified to do
juftice to his argument as Mr. Cruikfhank is univerfal-
ly acknowledged to be, and I invited him to difcufs the
other articles of the difference between the two {yftems,
feveral of which are of more importance than that
which he undertook to canvafs. ;

Ready as he was to reply before, I fully expected
his anfwer in the month following the publication of
mine ; but having before me five fucceeding numbers
of the Journal, in none of which is there any notice of
my laft communicationby Mr, Cruikfhank, or any other
perfon, and there being a demand for a new edition of
this pamphlet, I have not thought it neceflary to wait
any longer ; and my anf{wer to his objections, with fome
little addition, will be found in the fourth felion. Still,

b however
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however, if I hear any thing farther on ‘the fubjeét,
from Mr. Cruikfhank, or any other chemift of note, in
England or elfewhere, I fhall not fail to motice it in
fome way or other ; and I hope I am not thought to be
fo much attached to any opinions I have advanced, but
that I fhall frankly acknowledge any miftake that I may
have inadvertendy fallen into. Of this, however, our
readers will be the proper judges.

I refer the reader to feveral judicious and well cone
ducted experiments of Dr. Woodhoufe, Profeflor of
chemiftry in the univerfity of Philadelphia, in an Ap-
pendix to the American edition of Parkinsan’s Chemical
pocket book, on the calces of feveral of the metals, the
refults of which are manifeftly inconfiftent with the
principle of one part of the new theory, which the in-
genious experimenter confequently abandons, In my
opinion the abandonment of any of its parts muft lead
to that of the whole, all the parts of it having the clofeft
conne€lion with each other ; but the perception, and
acknowledgment of this, muft be the work of time and
refletion.

Dr. Woodhoufe clearly, proves that the air that is
procured from charcoal and water will by no means
warrant the conclufion that Mr. Lavoifier draws from
it, and that my inference from it is juft, pa209. He
thews that water is the principal agent in producing
part of the inflammable and fixed air that is got from
charcoal and the calces of feveral of the metals, efpeci-
ally that from finery cinder ; that ¢ if the oxygen
“in them was the fole agent, the inflammable air pre-
¢ cured from them in thefe circumftances could not be

»“Vobmincd
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¢t obtained ; and that the flowers, or white oxide of zinc,
« frequently affording inflammable and no fixed air,
¢« when fubjecled to heat with coal, cannot be account-
¢t ed for by the new doélrine.” p..216.

But if the calces of thefe metals, efpecially that of
irom, be not perfeét oxides, the proof of the decomposi=
tion of water muft fall to the ground ; and there, Iam
now pretty confident, it lies, and that all efforts to raife
it will be as ineffeGual as thofe of Mr. Cruikfhank.

My labours of every kind now rapidly drawing to
a clofe, I propofe foon to reprintfeveral articles of ob-
fervations and experiments that are publifhed in the
Transactions of the Philosophical Saciety in Philadelphia,
in Mr. Nicholson’s Fournaly, and. the Medical Repository
of New York, and a few other articles not yet publifh-
ed. ‘lhefe, together with this traét in defence of the
do&rine of phlogifton, will make a feventh volume of
my philofophical writings, or a fourth to thofe that are
abridged and methodifed in tliree, and they éomplete
all. that I have been able to do for the advancement of
natural fcience. | : : 3

Confidering the many, and fometimes long, interriip-
tions of my labours, efpecially in confequence of remo-
vals, as from Warrington, where I began my experi-
ments in electricity, to Leeds, where 1 began thefe on
the different kinds of air ; from Leeds to Wiltfhire,
when I'fpent the winters in London, and during which
time I accompanied the Marquis of Lansdown in atour
through Flanders, Holiand, part of Germany, and
France ; from Wiltthire to Birmingham, where all my

philofophical
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philofophical apparatus was defiroyed ; from Birming-
ham'to “Hackney, where my flay was too fhort to ad mit
of my doing much bufinefs of any kind ; and laflly from
Hackney to this country; and here, fo often from one
houfe to another (the inconvenicnce and lofs of time
attending which only an expeérimenter can form an idea :
of ) together with many difadvantages under which I'now:
neceflarily labour, where almoft every:thing 'relating-~
to experimental philofophy and “‘chewifiry muft be had
from Lk urope ; “when, I fay, thefe: circumftances are
conﬁdered, and that 1 did not (forwant of opportunity)
make any origial ‘expérimentstill ' I was near forty, I
hope it will be thought thiat 1 have notbeen deficient in
poi‘nt of industry; whatcver may‘bc thought of the va-
lue ‘ofmv JANARF 221 IR AFAIG W

T am truly’thankful to the fovereign difpoler of all
things, and to'thofe friends of fcience who have defray-
cditheexpenices of my laboratory, thatI have been a-
blé to dofo much ; and I hope my liberal benefaflors
will not rep’én‘t'of their generofity. Indeed, the greater
part of them are gone before me, to a flate in which I
fhall hope to join.them,' where 1 can again exprefs my
gratitude, and when we may again unite our refpetive
abilities in the fame pleafing purfuits ; feeing more of
the wifdem ard goodnefs of the great creater, and hav-
irg our admiration ind devotion excited to a grecter
height than ever,

The
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THE

DOCTRINE or PHLOGISTON

ESTABLISHED.

THE INTRODUCTION.

THERE have been few, if aay. revelutions in
{cience, {o great, fo fudden, and fo general, as the pre-
valence of what is now ufuglly termed the new system
of chemistry, or that of the Antiphlogistians, over the
doétrine of Stahl, which was at one time thought to
have been the greateft dilcovery that had ever been
made in the fcience. 1remember hearing Mr. Peter
Woulfe, whofe knowledge of chemiftry will not be quef-
tioned, fay, that there had hardly been.any thing that
deferved to be called a discovery fubfequent to it. The’

A there



2 The Doélrine of

there had been fome who occafionally exprefled doubts
concerning the exiftence of fuch a principle as that of
phlogiston, nothing had been advanced that could have
laid the foundation of another system before the labours
of Mr. Lavoifier and his friends, from whom this new
{yftem is often called that of the French.
This fyftem had hardly been publifhed in France
before the principal philofophers and chemifts of En-
gland, notwithftanding the rivalfhip that has long fub-
filted between the two countries, cagerly adopted it.
Dr. Black in kdinburg, and, as far asI hear, all the
Scots have declared themfelves converts, and what is
is more, the fame has been done by Mr. Kirwan, who
wrote a pretty large treatife in oppofition to it. ‘ILhe
Englifh reviewers of books, I perceive, univerfally fa-
vour the new doétrine. In America alfo, I hear of no-
thing elfe. It is taught, I believe, in all the fchools on
this continent; and the old fyftem is intirely exploded.
And now that Dr. Crawford is dead, I hardly know of
any perfon, except my friends of the Lunar fociety at
Birmingham, who adhere to the dofrine of phlogilton,
It isno doubt time, and of courfe opportunity of ex-
amination and difcuffion, that gives ftability to anyprin-
ciples. But this new theory has not only kept its ground,
but has been conftantly and uniformly advancing in re-
putation about fifteen years, which, as the attention of
fo many perfons, the beft judges of every thing relating
to the fubje€t, has been unremittingly givento ity is no
inconfiderable period. Every year of the lalt twenty or
thirty has been of more importance to fcience, and ef-
pecially to chemifiry, than any ten in the preceding cen-
' tury.
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tury. So firmly eftablifhed has this new theory been
confidered, that a new momenclature, entirely founded
apon it, has been invented, and is now almoft in uni=
werfal ufe; fo that, whether we adopt the new system
or not, we are: under the neceflity of-learning the new
language, if we would underftand fome of the moft va-
luable of modern publications.

In this {late of things. an advocate for the old fyf-
tem has but little profpeét of obtaining a patient hear-
ing. And yet, not having feen fufficient reafon to
change my opinion, and knowing that free difcuflion
muft always be favourable to the caufe of truth, I with
to make one appeal more to the philofophical world on
the fubje&. Befides having many new obfervations to
advance, 1 cannot help thinking that what I have ob-
ferved in feveral of my former publications has,not
been fufficiently attended to, or well underftood. I
thall, therefore, endeavour to bring into one view what
appears to me to be of the greateft weight, avoiding all
evtraneous and unimportant matter; and perhaps it
may be the means of bringing out {omething more de-
cifive in point of fact, or of argument, than has hitherto
appeared.

No perfon acquainted with my philofophical publi-
cations can fay that I appear tohave been particularly
attached to any hypothefis, as I have frequently avowed
achange of opinion, and have more than once exprefled
an inclination for the new theory, efpecially that very
important part of it the decomposition of water, for
which I was an advocate when 1 publifhed the fixth
volume of my Zxperiments on Air, though farther re-

A2 flection
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fle€tion on the fubjeét has led me to revert tothe creed
of the fchool in which I was educated, if in this refpect
I can be {aid to have been educated in any fchool. How=
ever, whether this new theory fhall appear to be well
founded or not, the advancing of it will always be confi-
dered as having been of great importance in chemiftry,
from the attention which it has excited, and the many
new experiments which it has occafioned, owing to the
juft celebrity of its patrons and admirers.

In matters of much nicety, as the fubjets of many
of my numerous experiments are, I do not always ex=
pect to efcape the charge of inaccuracy, and perhaps of
inconfiflency, Perfons who, from a want of experience,
are not {ufficiently aware of the difficulties, will not have
the candour that the circumftances call for. From
fuch I'muft appeal to the judgment of thofe who have
the requifite experience and qualifications. I will,
however, venture to f{ay, that no perfon who has
made near fo many experiments as I have, has made {o
tew miftakes, I do not mean with refpelt to gpinions,
but in my reports of fucts. But after all our care, er-
rors will fometimes arife from a want of attention to
{mall differences of circumftances ; and no perfon can
keep his eyes open to every thing that is before him at
the fame time.

SECTION
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SECTION L

That Metals are compound Substances, and contuin Phlo-
giston, proved from the Solution of Iron in the vitris
olic and marine Aeids, and from seme other Consider-
ations.

_A_CCORDING to the dotrine of phlo-
gifton, advanced by Becher and Stahl in the beginning
of this century, and much fimplified and improved
fince their time, metals, phofphorus, fulphur, and many
other fubftances which are fuppofed to contain it, are
compounds, confifting of this principle, and another
which may be called its base. Thus each of the metals
contains phlogifton united to a peculiar calx, and {ulphur
and phofphorus confit of the fame principle and their
refpective acids, or the bafes of them. But according
to the antiphlogiftic theory, all the metals are fimple
{ubftances, and become calces by imbibing pure air ;
and fulphur and phofphorus are alfo fimple fubftances,
and become the acids of vitriol and of phofphorus by
imbibing the fame principle, called by them oxygen, or
the prineiple, as it probably is, of univerfal acidity.

And whenever inflammable air is procured by means
of
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of any metal, they fay that it does not come from the
metal, but from a decompolfition of the water that is
prefent, and which they fay confilts of two elements,
viz. oxygen, or the bafe of dephlogifticated air, and
hydrogen, or the bafe of inflammable air, in the propor-
tion of eighty five parts of the former, to fifteen of the
latter,

1, The motft fimple of the experiments that I have
propofed for difcuffion, with a view to decide concern=
ing the merits of thefe two theories, and which 1 cannot
help thinking furnithes an argument no lefs than demon-
strative of the fallacy of the antiphlogiftic hypothefis,
is that of the folution of iron in the vitriolic and ma-
rine acids. Here the queftion to be folved is, from
which of the fubftances prefent comes the inflammable
gir that is procured in the procefs. The phogiftians
fay it comes from the iron, and the antiphlogiftians from
the water. DBut to this 1 objeé that, fince, according
to their own hypothefis, water confifts of about fix times
as much oxygen as it does of hydrogen, there mult be
a large depolfit of oxygen in the veflel, and that I can-
not find it there. That it is not in the acid appears, as
the antiphlogiftians themfelves fay, by its faturating no
more alkali after the procefs than before. They, there.-
fore fay (and there is no other alternative) that this ad-
dition ol oxygen is in the 7ron.

But I afk, how does this appear? It there be any
addition of oxygen in this cafe, it muft thew itfelf ei-
ther by an addition to the acid, or by its being exhibit-
ed in the form of dephlogiftated air, called by them
gxugencus gas. The former is not pretended, and fe

far
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far is the latter from being true, that if the precipitate
be expofed to ared heat, ityields much lefs pure air
than the fame quantity of the acid, without the iron,
would have done.

For this purpofe I took as much vitrolic acid as I
had found in the experiment recited in Vol. iii, p. 157,
of my Observations on Air (in three vols.) to have yield-
ed one hundred and thirty ounce meafures of dephlo.
gifticated air, of the ftandard of . 15, which is ex-
tremely pure, and faturated it with iron, But after this
it yielded only fifty two ounce meafures of air, of the
ftandard of . 55, which is much lefs pure. Thisfhews
that this precipitate is fo far from containing more oxy-
gen, that it contains lefs than the acid. It is in reality
poflefled of the oppefite principle, which is agreeable to
the phlogiltic theory. For fince much more inflamma-
ble air is procured from iron by means of fteam ouly,
than by its folution 1n any acid, more of the principle
of which inflammable air confifts, viz. phlogiflon, muft
adhere to this calx of iron than to the other.

Dr. Maclean fays p. 19, ¢ There is the moft fatis-
“ faltory evidence that iron, after its folution in ful-
¢ phuricacid is in a flate like that of the black oxyd, or
« finery cinder,” But the dephlogifticated air that is
yielded by this precipitate is all procured befoze it comes
to this form of a calx. After it becomes black, in
which ftate it ought to contain more oxygen in propor-
tion torits bulk than before, it yields no oxygenous gas

.at all.  Alfo, nciiher in this, nor in any other flate, wiil
it cxygenate muriatic acid, as minsum, and fome other
fubflances which coutain dephlegiflicated air, do, which

A 4 however
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however eafily diffolves it Ity thereforey fhews fro figi
of its containing any oxygen at all. The new theory,
hewever, requires that it be dignified with the appelia-
tion of the black oxyd of iron. The black oxyd of mans
ganese gives more evidence of its right to the name they
have given to it, tho’, according to them, it contains
much lefs cxygen, Itis evident, therefore, that there
is o addition of oxygen in this procefs, confequently
no decompofition of water in the cafe; and that the in-
flammable air muft come from the decompofition of the
wron.

1 have no great objeftion to admiiting that this
precipitate from the felution of iron*in the vitriolic
acid, when it is burned black; is the fame fubftance
with finery cinder. But this will appear to be no ad-
vantage to the antiphlogiltic theory. Both in this form,
and in that of a brown powder, this precipitate has
feveral of thie fame properties with thofe of finery cin-

er. They neither of them either gain or lofe any
weight by expofure to the greateft heat, When heat-
ed' in atmofpheric air, they both diminifh, and, as I
ufually fay, they phlogifticate, it, though very flowly,
They al{o equally imbibe inflammable air when heated
in it,but with this difference, that the produétion of wa-
ter[eemed to be greaterin the redudtion of finery cinder
than in that of this precipitates But the experiment
being of o great confequence, 1 did not give much at-
tention to this circumftance.
if this black calx that remains after heating thisg
folution of iren in the acid contain all the oxygen
“both of the water expended, and of the deficiency of

acid



Phlogision eftablifhed. g

acid in the folution, it muft be doubly oxygenated, cone
taining more oxygen than an equal quantity of common
finery cinder  a dificulty of which, I imagine, the ad.
votates for the new theory were not awaré,

There is fomething extraordinary in the manner in
which the antiphlogiftians {uppofe that metals become
foluble in acids. Mr. Adet fays, p. 60, ¢ Experiments
¢ prove that metals; in order to be combined with an
¢ acid, requireto be united with oxygen ;”” and explain.
ing himfelf farther, he fays, ¢ In reality, a metal not
¢ combining with acids but when it is in a ftate of ox.
¢ ide, and not pafling into this ftate but by its union
¢ with its oxygen, muft neceffarily abforb oxygen in
¢ order to unite with the acid. But this oxygen can on-
¢ ly be fupplied by one of thefe two fubftances, the
¢ acid, itfelf, or the water which it contains. If the
¢ oxygen had been given by the acid, it would have
¢ been in part decompofed, and would in confequence
¢ have faturated lefs alkali, But fince it faturates the
¢ {ame quantity of alkali, it has not been decompofed.”

On this I'would obferve, that if the feparation of the
oxygen from the water, in order to its attaching itfelf
to the ivon, take place prier to it folution in: the acid,
that folution is not neceffary to its producing inflamma-
ble air ; for if the oxygen of the water be feized by the
metal, the hydrogen of the water muft efcape in the
form of inflammable air ; and this effe@ would in all ca-
fes be produced by fome affinity between the iron and
the oxygen in the water only.

If the aflinity be between the iron and  the oxigen
univerfa'ly, what could prevent the iron from faturdt-

'ing



10 The Doétrine of

ing itfelf in the fuft inftance with that which belongs to
the acid, as well as with that which was a conftituent
part of the water, in whichit is at leaft much lefs evi.
dent. I would alfo afk, if an acid will not diffolve iron
till it be oxydated, but will do fo when :t is, why will not
the acid of vitriol diffolve the black oxyd of iron, or fine«
ry cinder, more readily than it does iron ; lince in this
fubftance it finds the iron already abundantly oxydated ;
and yet the reverfe of this 1s the cafe.

2, Inflammable air is procured when one metal is
precipitated from its folution by another in its metallic
ftate. Thisis a fact that is verv eafily explained on
the fuppofition that the metal precipitated does not re-
quire fo much phlogifton as that which is diffolved ;
but the doftrine of the decompofition of water cannot,
as far as I fee, account for the fad, atleaft in an eafy
and natural way.

When zinc is ufed to precipitate lead from a foluti-
on of fugar of lead, inflammable air is procured ; and
according to the phlogiftic theory it ought tobe fo;
fince'lead contains much lefs phlogifton than zinc, fo
that when the former is revived by means of the latter,
it is able to furnifh more than is requifite for the pur.
pofe. But if this inflammable air came from the de-
compofition of the water, the oxygen, which muft be
developed at the fame time, ought to be found either in
the water, or in whatremains of the zinc. For it will
not be pretended to be in the lead that is revived, and
there are no other fubftances prefent.

Iron, Ialfo find, will yield more infammable air
by folution in acids than zinc ; and a faturated {clution

o
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of iron in the marine acids yields inflammable air by the
folution of zinc.
‘T'o the arguments in this fection to prove that me-
tals are compound fubftances, and contain phlogifton,
I thall add the following.
My experiments prove to demonfiration that nitrous
acid is wholly compofed of dephlogifticated and nitrous
air ; fince when they form this acid, they unite with-
out any refiduum, or fo {fmall as not to enter into any
computation. Had there been any phlogifticated air in
either of thefe component parts of the acid, it would
have appeared on their uniting, and thereby lofing their
aerial ftate. For as neither of them willunite with it,
it muft then have appeared in its proper form. If,
therefore, in any procefs phlogifticated air be formed
by means of nitrous air, one effential ingredient in the
conftitution ofthat air muft come from another fource;
and all that can be faid is that the nitrous air furnifhed
one component part of it.

But phlogifticated air is produced by heating iron
in nitrous air. Something, therefore, muft come from
the iron in order to form it, and confequently iron can
not be a fimple fubflance ; and if iron be a compound,
it will not be queftioned but that other metals muft,
from analogy, be compounds too ; and fince nitrous a-
cid can be formed by means of both inflammable and
phlogifiicated air, the fame principle which is denomi-
nated phlsgiston, muil enter into them both.

SECTION
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SECTION 1II.
Of Finery Cinder.

_ THE great quefiion between the "advo.
cates for phlogifton and their opponents is, whether the
fubfiance that has ufually been called ﬁhéry cinder
(which is formed by the conta&t of fleam with iron
when it is red hot) be a proper oxide of iron, that is,
whether it contain any, principle which can be exhibited
either in the form of an acid, or of dephlogifticated air;
and yet this, whichis the only proper evidence in the
cafe, has not been given. To fay that it forms water
awhenheated in inflammable air, and that water cannot
be formed without oxygen, is taken for granted the ve-
ry thing to be proved ; fince the water {fo procured, I
fay, is that which was imbibed by the iron, and is now
expelled on the introduétion of the phlogifton with
which it had parted,

One of my arguments to prove that finery cinder
contains no oxygen is, that when it is diffolved in ma-
rine acid, it does not oxygenate it. Let us, however,
hear the account that my opponents give of this circum-
ftance. Mr, Adet fays p. 55, % The nonoxygenation

“of
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¢ of the muriatic acid by the folution of finery cinder,
« js owing to the latter retainiug the oxygen{o ftrongly,
¢ as not'to be difengaged by the a&ion of heat, aided
€ by the attration of the muriatic acid.”) To this I
anfwer, that if the acid had net been able to diffolve
this fubftance, this might have been faid with fome de-
gree of plaufibility ; but fince it does diffolve it com-
pletely, fo volatile a thing as oxygenous gas, of which
it is fuppofed to contain fo large.a quantity, and. with
which this acid has fo firopg an affinity, could hardly
efcape being evolved.

Meflrs. Berthollet and Fourcroy fay that ¢ finery
« cinder, like maflicot, is unable to dephlogifticate ma-
«¢ rine acid, hecaufe it contains no more oxygen than is
<« neceflary to its folution ; whereas the metals that
“have got a greater proportion of oxygen, give out
¢ what they have that is fuperabundant to a part of the
<« muriatic acid, which by that means becomes oxyge-
<« nated” ("Annales de Chymie, Vol. 26, p. 803) evi-
dantly taking it for granted, thatfine.y cinder, like maf-
ficot¢ contains but little oxygen, whereas, if it contain
any, it muft be much more than any other fubflance in
nature. ;
Dr. Maclean makes very light of this, as indeed he
does of every other difficnlty. ¢ It certainly” he fays
p. 10, ¢ does not follow that becaufe muriatic acid can
¢ feparate 2 certain quantity of oxygenfrom lead, when
¢ this is combined with a great quantity of that fubs
€ {‘cance,l that it fhould likewife feparate oxygen from
¢ iron, when this is united to a comparatively fmall
# quantity.” But finery cinder, if, as all antiphlogifti-

ans
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ans fay, it owes all its additional weight to pure oxy-
gen, which it gained from the water which it had de<
compofed, muft contain much more of it than lead in
any ftate. For the addition to its weight is nearly one
third ; whereas the addition to ‘the weight of lead by
converting it into minium, is only about one tenth of
itt weight. Can this be all pure oxygen that the iron
acquires, and yet not oxygenate muriatic acid ?

He farther fays p. 24. ¢ I he antiphlogiftians fup-
< pofe the addition made to iron to be by oxygen, be
¢ caufe the compound refembles in every refpect, as
¢« as Dr. Prieftley himfe f allows, that fubflance which is
« formed by burning iron in oxygenous gas, or in ate
¢ mofpheric air. And this they confider as an oxyd,
¢ becaufe while it is forming the oxygenous gas difap-
¢¢ pears, and its weight is exaflly equal to that of the
“ oxygenand iron confumed.”

But it is evident to me, that though the puré air or
oxygen difappears in this procefs, it is not imbibed by
the zron, but only the water which was its bafe, and
which formed at leaft the principal part of its weight ;
the pure air, or oxygen, {¢rving to form the fixed air
which is always found in this procefs, and which cannot
have avy other origin. Confequently, the calx of iron
{o formed, when heated in inflammable air, gives out
nothing but water. . The quantity of fixed air produced
in this procefs appears to me to be quite fufficient to
take all the pure air that difappears in it.' It is poflible,
however, that a fmall qaantity of oxygen may enter the
iron along with the water to which it was united ; as

few
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few fubftances are perfeily feparated from each other
by any chemical affinity.

When the fpirit of falt is diltilled over a quantity of
{cales of iron, which, being made in the open air, are
motft likely to have fome of this principle attached to
them, it has fomething of that faint fmell which a very
fmall quantity of dephlogifticated air will give it. But
it is the more evident from this circumftance, that if
this {pecies of finery cinder had contained any confideras
ble quantity of oxygen, it would have been extricated in
this procefs, That a little, and not more, appeared, L
confider as a proof that it contained no more ; whereas,
according to the new theory, it muft contain more than
any other fubftance.

That a very {mall quantity of oxygen is attached to
the fcales of iron, I have thought probable from a bare-
ly perceivable quantity [of fixed air which I have fome-
times found when they are revived in inflammable air.
But fo fmall a quantity as this makes nothing for the
new theory. g

That finery cinder does not dephlogifticate marine
acid is,I acknowledge, no abfolute proof that it contains
no oxygen ; becaufe this effeét is not always produced
by red precipitate, which is known to contain a great
proportion of oxygen,nor by flowers of zinc, or maffi-
cot, which, I doubt not, contain fome. On the firlt
pouring of marine acid on red precipitate frefh made,
I havehad anevident {mell of dephlogifticated marine
acid, but not afterwards. Alfo, the black powder of
mercury and lead, which gives pure air by heat, docs not
dephlogifticate marine acid, tho’ it makes it give an of-

fenfive
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fenfive fmell. But if it be confidered how much more
oxygen, according to the antiphlogiftic theory, is con«
tained in finery cinder than in any other fubftance, it
will appear to amount to little lefs than a demonftratis
on of its containing none, that it has not this effeét,
Froman ounce of red precipitate, or of minium, about
fixty ounce meafures of dephlogifticated air may be exa
pelled by heat, which is not more than abouta thirtieth
part of their weight. But if all the addition gained by
iron, when it is converted into finery cinder,be pure
oxygen, it amounts, as I have obferved, to near one
third of its weight; which is almoft ten times more than
is contained ineither of the other fubftances.

Befides, there is other evidence of all thefe fubftan«
ces containing oxygen, not only when expofed to beat,
but, with refpeét to the red precipitate, when diffolved
in marine acid ; and there is no evidence of any kind
that finery cinder contains this principle.

 The folution of red precipitate, heated with a
burninglens in atmofpherical air, caufes an addition to
its quantity, from the dephlogifticated air expelled from
it ; whereas, when the folution of finery cinder istreat-
ed in the fame manner, the contrary effect is produced.
‘T'he quantity of air is diminifhed, and the remainder
islefs pure than before. The fame wasalfo the confe-
quence of heating the folution of iron in the fame cir-
cumflances, that of finery cinder precipitated by cauftic
volatile alkali, and of iron itfelf treated in the fame man-
ner.

Since, therefore, finery cinder, both in this folution
and withcut it, hasthe fame effet on the atmofpherical

air
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air in which it is heated that iron has, I conclude that
they contain the fame principle, tho’ the finery cinder
hasmuch lefs of it than the iron, The fame is proba.
ble from finery cinder being in {ome degree attracted
by the magnet. 3o far, therefore, is finery cinder from
containing any oXygen, that it contains fome of the op-
pofite principle.

Auxother probable evidence of a calx containing ox-
ygen, or dephlogilticated air, is that when it is revived
in inflammable air, fixed air is produced. But this is
not the cafe when finery cinder is revived in thefe cir-
cumflances, tho’ I purpofely prepared fome by 'melt'mg
iron in the open air; in which cafe I had imagined thas
fome pure air would be attached to it, *

Since an iron tybe is dificlved by heating manganefe
in it, I thought it very poffible that fome dephlogiftica-
ted air from this fubflacce might unite with the iron,
and therefore that the finery cinder made in this mun-
ner might be found to contain fome. But when 1 heat«
.ed fome iron affeted in this manner in inflammable air,
Idid not find any fixed air in the refiduum; fo that it
.appeared to haye got nothing but water from the man.
ganefle, being the fame thing with the finery cinder
made by means of fteam.

Becaufe the calx of mercury derives its additional
weight from dephlogifticated air, the antiphiogiftians

~have too hallily concluded that 2ll meiallic calces derive

B their

* In making this finery cinder I observed that steel gaitied no sen-

sible addition of weight in the "process, much less than when it is made

by means of steam in 2 close vessel. When it was procured in a glass

receiver standing in water, it gained some weight; but when it‘was
done over mercury, the addition to its weight waslittle oy nothing,
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their additional weight from the fame caufe. But this
is not by any means a juft inference. For the calces of
fome metals are, in this and other refpefts, very differ-
ent from one another, and even the different calces of:
the fame meral-

Finery cinder, for example, is avery different thing

* from the common rus¢ of iron, confifting of different
principles. From finery cinder nothing can be got by
mere heat, but from the ruft of iron a large quantity of
fixed airis got in the {*me procefs. From one thoufand
two hundred and feventy feven grains of ruft, I got for-
ty five ounce meafures of air, of which only about one
thirtieth part was not fixed air.

The addition that is made to iron by rufting in the
open air, I do not find to be more than thirty or forty
grains to an ounce ; whereas the addition to an ounce
of iron when it is converted into finery cinder is about
two hundred grains.

What makes it almoft a certainty that the water
which is found on the revival of finery cinder in inflam-

“mable air has not the fource that the antiphlogiftians
fuppofe, is the great difference in the quantity which is
found in this cafe, and that of the revival of other calces
init. Dr. Maclean fays, p. 11, “ When oxyd of mer-
« cury is reduced in hydrogen gas, that difappears, no
“ oxygen gas i3 obtained, but a quantity of water may
¢« be colleéted.” Now I am confident that no perfon
who had ever feen the experiment could have written
this. The quantity of water that appears in this cafe is
barely perceivable, being no more than fufficient to con-
ftitute the bafe of the inflammable air imbibed by the

calx,
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calx, or that might have been concealed in the*{uhftance
operated upon ; whereas when finery cinder is revived
in the fame circumftances, the water forms itlelf into
hundreds of {mall drops; which unite, and run down
the infide of the veflel in all diretions.

Now if this water was really formed by the union
of inflammable air in the veflel with the oxygen expell-
ed from the calx, they ought, furely, to unite in the
fame proportions, in order to form the fame thing,
The aantiphlogiftians themfelves always [ay that the
proportion of hydrogen and oxygen in water, is univer-
fally fifteen parts of the former to eighty five of the
larter. , Here, therefore, is much more water produced
than their principles can account for. The fame quans-
tity of inflaminable air difappears, but the fame quanti-
ty of water is by no means formed. = The obvious con.
clufion therefore is, that in the cafe of the calx of iron,
the great quantity of water produced was fimply ex«
pelled from the calx when the inflammable air was ime
bibed ; whereas the calx of mercury contains little or no
water to be expelled, and only unites with the phlo-
gilton in the inflammable air that difappears. it willy
however, be fhewn that it does not always form any ue
nion with the inflammable air, but remains mixed with
it, fo as to occafion dangerous explofions.

Mr. Lavoifier and his affuciates obferve {Report, Pe
300) that when a calx is revived in inflammable air,
more water is found in the veflel than the weight of the
inflammable air that difappears, fo that it could nos
have been contained in that air.

B2 In
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" Tirthis they' only refer to' my expériments in genes
ral; bltas’ ‘ they fpeak of the water produiced as appears
ing both on the infide of the veffel, and on the furface
of the’mercury, it can be no othié than' theé experiment’
of the revival of iron from finery cinder ; ‘and the water
that i found in this procels was nevér fuppofed by me
to'come from the little that is contained in the inflam-
nidble air, but from' the much greatet quantlty contain~
ediin the €indeft.’

‘Before I eonclude this fe@ion concerning finéry
cinder; ¥ muft take noticé of what Dr. Meclean too con=
fildléntly advances about it.” « The Doétor,” he faysp:
26, ¢ is'certainly miftakenin fuppofing that finegy cin-’
sedericannot ruft. Mr. Fourcroy fags it taftd’ fooner
<« than 'cofimon ‘iron, and every dpothiceary knows/i¢
«wdoes fo.” If the ruft of itoh be madé red hot in a re«
«'tort, ‘a quantity ‘of carbonic acid 'is difengaged from
«it, and theiron remains in a ftate of black oxyd. The
« ruflt therefore is acarbonate of iron, and mult contain
« 3]l the prin¢iples ‘which compofe the black oxyd, and
“the¢refore can Contain nothing capablé of excluding
<« that which' would convert it'inté rult.” "But, in di-
rect contradi€lion to what he afferts, T iill fay that fine-
ry cinderis not fubjed to ruft. ‘In Englandno ufe hay-
ing been made of it before it was attended to by my
brother-in-law -Mr. Jolin Wilkinfon (one ot the moft in.
telligentand ficcefsful of all the iron-mafters in that or
any othericountry) butto mend the roads,it has Tain in
“teaps foryeéars; Imay even fay ages, without acquiring
the lealt tinge of brown. All my {pecimens have ever
remained free from ruft, and the phyficians, who are

alfe
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alfo apothecaries in this place, affure me they never faw
or heard of any fuch thing.  They get it from the black-
Amiths in the form of scales of iron, and the black{miths
fay the {ame. - It muft therofore, as I have obferved, be
faturated with fome principle very different from that
of the common ruft of iron, and is by no means the
Tame thing, notwithftanding what Dr. Maclﬁean’fays to
prove the contrary. If finery cinder be ever converted
into ruft, which I have never found to be the cafe, it
muft, by fome procefs or other, natural or artificial,
have been firft converted into iron, in which cafe it muft
lofe much of its weight.

SECTION I1I1I.
Of inflammable Air from Finery Cinder and Charcoal.

IF inflammable air, or hydrogen, be nothing
more than a component part of water, it could never
be produced but in circumftances in which either water
itfelf, or fomething into which water is known to enter,
is prefent. But in my experiments on heating finery

B3 cinder
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cinder together with charcoal, ipﬂammable air is pre-
#uced, though, according to the new theory, no water
is cencerned.  According to this theory, finery cinder,
* calied the oxide of iron, confifts of nothing befides iron
“'ard’ oxygen; and the charcoal made with the greatelt
degree of heat that can be applied, is equally free from
water ; and yet when thefe two fubftances are mixed
together, and expofe& to heat, they yield inflammable
air in the greateft abundanee. -

This fa& I cannot account for on the principles of
the new theory ; butnothing is eafier on thofe of the old.
For the finery cinder cortaining water, as one of its
component parts, gives it out to any fubftance from
which it can receive phlogifton in return. the water,
therefore, from the finery cinder uniting with the char-
coal makes the inﬂammabi_e air, at the fame time that
part of the phlogifton from the charcoal contributes to
vevive the iron. Inflammable air, of the very fame
kind is procured when fteam is made to pafs over red
hat charcoal.

Since inflammable air, and in great quantity, is pro-
cured in this procefs, the antiphlogiftians are under
a neceflity of finding water, by the decompofition of
which, and in no other way, they fay it is made ; and
fome of them find it in the charcoal, and others in the
finery cinder.

As Dr. Woodhoufe repeated this experiment with
peculiar exaélnefs, I {hall copy his account of it from the
FPhilosophical Transactions af Philadelphia, Vol. iv, p-
464, ¢ Anounce of the fcales of iron, and the fame

# quantity
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¢ quantity of charcoal, were reduced to a very fine
¢ powder, and expofed feparately in covered crucibles
% in an air furnace well {upplied with fuel for five hours.
« They were then taken out of the firc, and mixed
< while red hot, ina red hot iron mortar, were tirtura-
¢ ted with a red hot peftle, formed of an iron ramrod,
< were poured upon a red hot fheet of iron, and inftant.
¢ ly put into a red hot gun barrel, which was fixed in
¢ one of Lewis’s black lead furnaces, and which com-
¢ municated with the worm of a refrigeratory, a part
¢ of a hydropneumatic apparatus. lmmediately after
‘ luting one c¢nd of the gun barrel to the worm, one
¢ hundred and forty two ounce meafures of inflamma-
¢ ble air came over in torrents, mixed with one tenth
s¢ part of carbonic acid gas.”

Nothing more could have been done to exclude all
water from each of the fubftances previous to their mix-
ture ; and yet we immediately find the effeéts of water
as much as if water itfelf hadbeen employed inftead of
the finery cinder, which no doubt, contained it. This
experiment I thould have expected, might hive con-
verted the ingenious author of ithim{elf. His explana.
nation of it however, is fo unfatisfaCtory that I cannot
help thinking the confiderationof it will go a great way
towards the converfion of others. For he admits that
there really is water, and in this great quantity, in the
finery cimder.

But if we f{appofle finery cinder to contain water,
and o much of it as is neceflary to form all the air that
is produced in this procefs, both fizxed and mmflammable,
we mult, furely, abandon the moft fundamental princi-

B4 ple
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ple of the'new theory, which abfolutely requires water
to be decompofed n pafling over hot iron, the oxygen
alone remaining in the iron, and the hydrogen efcaping
in the form of inflammable air ; and it is only by com-
paring the addition of weight acquired by the iron in
this cafe, that the proportion between the oxygen and
the hydrogen in the compofition of water is afcertained.
Béfides, how can it be {fuppofed that water fhould both
be decompofed, and nat decompofed, in the fame cit-
cumftances ?
‘I o the experiment with the finery cinder and char-
“coal Mr, Berthollet ohjets, Report, p. 15, that ¢ I pro-
¢ bably got more fixed air than inflammable, that the
¢ inflammable air contains much charcoal diffolved in
¢ it, and that in many experiments charcoal appears to
‘¢ retain water very obftinately.”
How obftinately charcoal retains. water is eafily af-
“certained. When water only adheres to any fubftance
without entering into it as a conftituent part, a degree
of heat capable of convertingitinto fteam, will always
be {ufficient to expell it; and the antiphlogiftians have
" not yet faid that water is an effential part of this carbone,
This they fuppofe to be a fimple fubftance; and tho’ com-
mon charcoal is not pure carbone, they do not pretend
to {ay that water can bein it ‘except as an extraneous
fubftance.  Pethaps when they find their theory un peu
chancelange, they may have recourf{e to this fupport.
Mefirs. Berthollet and Fourcroy, however, fay that
this inflammable air comes from the decompofition cf
the ¢ water contained in the charcoal, and which they
¢ fay
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#t {ay cannot be feparated from it but by forming 2 new
“ ¢ombination with it.”’  Annalesde Chymie,; Vol. xxvi,
Pp. 306. fqbrgc | .

But as water is no conftituent part of charcoal, it
certainly may be feparated from it by heat, without
forming any new combination, or undergoing any -de-
compofition. i

If it be the water adheringto the charcoal that s

‘decompofed, and the component parts of this water
enter into a new combination with the carbone ofit, [
2%k of what ufeis the finery cinder in the procefs, which,
however, is effential to the fuccefs of it; and why
might not the fame heat have the fame effect in decom-
pofing this water, without the finery cinder, as well as
with it?

‘t'hey do not fay they have any occafion for the 0xy~
gen ‘contained in ‘the finery cinder, which, however,
leaves it in this procefs ; fince the iron is revived ; and
how can they account for the feparation of this oxygen
from the ‘iron without the fuppofition’of fomething
goingin to take its place.  Heat alone will not effect
this. For heat tends to unite, and not /to feparate
them.

In whatever manner this water, adhering to the
charcoal, contributes to the formation of inflammable
aiv, Mr. Berthollet himfelf would fay, that when .any
particular degree of heat would not make  charceal
vield any ‘more inflammable air, there was no more
water retained in it than the fame -degiee of heat was
able, with its aflifiance, to decompofe. But after this,
by the afliftance of finery cinder, with even a much lefs

n = 3 e
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degree of heat, it yields inflammable air very copioufly,
juftas if team had been made  to pafs over it in that
heat ; and, judging fiom evident appearances, there
cannot be a doubt but that, with a fufficient quantity
of finery cinder to fupply. it with water, all the phlogif-
ton inthe charcoaly exclufive of that which contributed
to the revival of the iron, would be converted into in-
flammable air.

As to the proportion between the fixed and inflam.-
mable airprocured by this procefs, it is about the fame
with that procured from charcoal by means of fteam,
and will probably vary' with the proportion of finery
cinder, as that does with mere or lefs water,

That finery cinder contains nothing but water, ap-
pears not only from its enabling charcoal to give out
air exactly as water would do, but from doing the fame
with refpe& to terra ponderosa aerata, which alfo gives
out'air by means of water, but not without.

I mixed a quantity of this fubftance, reduced toa
powder, with pounded finery cinder, and in a gun bar-
rel, heated red hot, I got from it fixed air as copioufly
asif fteam had paffed over it. ‘L here was a confidera-
ble refiduum of inflammable air from the iron.

When 1 Grflt made this experiment with charcoal
and finery cinder, I remember Mr. Watt fiid, it was
one that the Antiphlogiftians could never reconcile
to their hypothefis ;.and the’more I confider it, and the
objeClions that have been made to it, the more reafon I
fceto be of his opinion.

ECTION
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SECTION IV.

Of Mr. Cruitshank’s Hypothesis to account for the For-
mation of inflammable Air in the Process of heating
Jinery Cinder and Charcoal,

THE two anfwers to my argument in favour
of the doétrine of phlogifton confidered in the preced-
ing fection go upon the proper principle of the new
theory, viz. that whateveris inflammable in 2ny kind of
air muft come from water. But Mr. Cruikfhank,
fecing, no doabt, the impoflibility of ﬁnding,'\or decom-
pofing, water in the cafe,replies upon a principle intire-
Iy new ; fince he requires no water at all for the forma-
tion of the very great quantity of inflammable air that
is produced in this procefs. He even maintains tha
this air, tho’ it be evidently as inflammable as that
from charcoal and water, is an cxide, calling it the
gazeous oxide of carbone, fuppofing it to be formed by
the union of oxygen.from the finery cinder and carbore
in the charcoal, butin a very circuitous way. For he
fuppofes, in the ficlt inftance, thata quantity of fi ad
air is formed by the oxygen of the finery cinder unit-
ixtg with ;carbonc in the charccaly and that this fixed

-
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air is decompofed by one of its conftituent parts (viz.
its oxygen) going back into the finery cinder, and re-
converting it into iron ; which iron he fays, by means
of heat, decompofes the fixed air, fo that part of its
oxygen can unite with the carbone in the charcoal.
Thus, he fays, will be formedithis gazeaus oxide of car.
bone without any water.

This hypothefis, ftrange as it appeared to me, and
even inconfiftent with the moft fundamental principle
of the new theory, I found to be quite fatisfaétory to
the original authors of this theory in France.  Oue of
the moft eminent of them, in converfation with a friend
of mine at Paris, faid that « I had kept them for fome
% time in torture by my objections to their fyltem, but
¢ that they were intirely relieved by Mr. Cruikihank.”
In confequence of this information, I have given more
attention to this hyppthefis than many perfons will pro-
bably think to have been neceflary, and I have replied
by ftating the following objeclions to it, each of which
__I gannot help thinking abundantly fu c1ent to refute
it

1. Mr. Cruikfhank’s h) pothefis requlres that, in the
procefs of heating finery cinder and charcoal the oxy-
gen in the finery cinder fhould quit that fubftanice, and
unite with carbone in the charcoal, in order to form fix.
ed air. Since, however, this fixed air is to be decom-
pofed by iron, the oxygen which it has got. from the
finery cinder muft be {eparated from it, and enter into
the {fame calx again, for there is nothing elfe to receive
it.  Bnt while the heat continues the fame, I dcem
#ac{c contrary effells to bg impofiible.  If the degree

of
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of heat that is applied expel oxygen from'the calx; ie
will certamnly prevent its returm. ' Conféquently, if fixed
air'could'Be formed; 'iv canmot be decorrx‘bnsed it thele
circumftances.

2. T feé no occafion that Mr. Cruik fhank had fmt the :
formation of this' fixed air,which, after"alb, “is’ merely
hypothetical, as it eannotbe exhibited in asy. part of the
procefs.  Why could not thie ‘oxygen in'the finery ¢in~
dek Unite, in the requifite proportion; to form the partis
al oXide réquired ¥ For the hypothefis does not admit
of ‘a complete exidation, fince then it could’ not take
more On ‘Being fired ‘with dephlogifticated'dir. The
finéry cinder can bniy take'from the fixed: air the very
fame thiig that it gave out to fhrm e s1aqs ¥ %

‘3. Ifitiwas poflible for ‘oxygen to be feparated from
finery cinder without any thivg enteringintd it (which
I think cannot be done) it would not, - according to the
néw theory, form any' thing by this union with carbons
befides fiéd airithis being faid to be carbone dissolved in
oXygen gad. 2Of this: My, Cruikthank is fenfible, and
therefore He was undérthe neceflity of fuppofing that,af-
ter the 6xygén had quitted the finery cinder; itfhould in
part enter-into itagainsBut if this were'pofiible, nothing
would renain of the fixed air but carbbne, as before that
union. For the oxygen that was'left init could only
unite with the fame proportion of carbone, and this is
aly vayq a solid substdnce,” incapable, without the 'ud of
oxygen gas (or dephlogifticated air) of affluming the
form of air.  Whence, then, comés the inflammable air
in this procefs, which fo nearly refembles that from char-

coal
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coaland water, that they muft of neceflity have the fama
origin? ~Andwith refpet to this, Mr. Lavoifier des
cides that, whatever is inflammable in it muft come
from waters

4. Admitting all that Mr. Cruikfhank alleges con.
cerning the difference in fpecific gravity, and other cir«
cumftances, between the air from finery cinder and
charcoal, and that from water and charcoal, it is not {o
great as the difference between the latter and the light,
inflammable air from metals with iacids or water. Dif-
ferent as they.may be in -other refpeéts, they are all
infiammdble, having the common property of uniting
witlyoxygen 1n acertain degrch of heat ; in conf- quence
of which they are alike the very reyerfe of ox/dcm, and
muft be clafled' with combusiible fubftances, equally with
fulpl:ar and phofphorus. - '

I this kind of air was a real oxide, it would appear
to be fo on the decompofiiion of it, when, to make the
vefult unexceptionable, the oxygen it contained would
either take the form of dephlogifticated air, or become
a component part of fome other fubftance into which
oxygen is ‘acknowledged to enter... But this has not
been done.. When it is decompofed by being fired to-
gether with dephlogiiiicated air, the fixed air which ig
the formed comes, I have no doubt, from the oxygen in
the dephlogifticated air, and the phlogifion in this
{pecies of inflammable air ; the fame being the refult,
tho’ not in the fame degree, of firing the heavy inflam-
mable air from charcoal and water, from oil &e. &c, in. |
to which it 1s not pretended that any oxyéen enters,

' it,
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It, therefore, appears to me to be an  abfolute abans
donment of'the moft fundamental principle of the new
theory to call the-air from finery cinder ‘and charcoal
an oxide. 1f fubftances be combustible in proportion to
their affinity to oxygen, and their conféquent readinefs
to unite with it, this air, which is inflammable, muft
be of this clafs, and therefore the very reverfe of the
oxides, which are faturated with oxygen, and incapable
of receiving more. i

5. If the oxygen, after quitting the finery cinder,
entered into it again, it would make it finery cinder as at
the firft, or at lealt in fome degree ; whereas the  calx is.
completely revived in this procefs, the iron fo revived
being as foluble in acids as.any iron whatever,

6. If the iron fhould be completely revived by the
oxygen wholly leaving it, .1 maintain that it could nat,
by any degree of heatydecompofe. fixed air. For rﬁy
experiment with a burning lens; in which it could not
be done, is far more unexceptionable than Mr. Cruik-
thank’s with bladders and a. gun barrel. His objelion
to my procefs has no weight. It was made with only
a very few ounce meafures of the air, over mercury,
with alens fixteen inches in diameter, and was contin-
ued feveral hours, generally from ten o’clock to one ;
{o that no particie of theair could efcape being expoled
to a far grcater degree of heat than could be commu-
nicated througha gun barrel. :

His evperiment 1 have frequently made, both in'
England and here, but I could never be fatisfied with
the refult. The scale which he found upon the iron, I
have no doubt, came from mcisture in the air, or from

the
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the'bladders. Indeced, I cannotthink that any perfon,
converfant as 1 have been, with both thefe ymodes of o«
perating, ¢an hefitate in declaring that the prelcrence
mufi be 'given to mine.

7 UMy, Cruik/hank feems to think that, charcoal can«
not'contain any oxygen; but Mr. i'enant’s fine experi.
ment decifively proves that it does. | For where are we
to look for the oxygen (which weall acknowledge to be
a component part of fixed air) which is feparated from
the mafble, but in the charcoal whichis produced ? And
in that it makes part of a solid substance; and does not
t’:ﬂ:éjth'e form of air.: © . . -

8. Since oxygen and all combuftible fubftances unite,
and explode together in a certain' degree of heat, the
oxygen thatis expelled from the finery cinder, uniting
with earbone from the charcoal when 7ed fiof, muft en«
able it to burn, and therefore, in thefe circumftances,
there ought to be'an explosion, or'at leaft a gradual come
bustion, of them i in the courfe of the procefs, as there
is when oxygen is put to the fame fubftance, and heated
with ‘it afterwards. Here, however, oxygen meets
carbone, a combuftible fubftance, in a red heat, without
any explofion or combuftion taking place.

“T'hus ‘do the antiphlogiftians boaft of the drfcoﬂery‘
of ¥ a new oxide, when they are unable to prove that
it contains a particle of oxygen, and when its obvious
properties fhew that it belongs to a clafs of fubftances

the

*'Mr Chenevix, ‘a:chemist of the first class in the new school, speak-
ing:of Mr. Cruikshank, calls him very justly ¢ an able chermist, to whom
¢ we axc indebted for the discovery of the gazeous oxide of carbone.”

¥

See Fhilosophical Transactions for A. ». 1802, p. 133.




Phlogifton eftablifhed. 33

the very reverfe ot oxides. If the discovery, as it is
called, relates to the substance, it bzloags to me. All
that they can pretend to is haviiz given a better ac-
count of the nature of it, and with what {uccefs they
have done this let the impartial reader judge.

Sl Con Tl O Nin M

Of the Calces of Zinc.

' THE only circumftance that. gives any
plaufibility to the opinion of finery cinder being an oxide
of iron is the addition that is made to the weight of the
jron when it is converted into this calx. But when zinc
is treated in the fame manner, fteam being {ent over
it in a red heat, tho’ inflammable air ‘is. procured, the
zinc gains no addition of weight; fo thatin this cafe
there is no pretence whatever for faying that the water
is decompofed.

The fubftance thatis produced in th«fe circumftanc-
es I have fomewhere called flowers of zinc becaufe it
is a calx of zinc; and at that time | prefumed that it
mult have all the propertics of the common flowers of

C zinc,
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zinc, and contain oxygen. But Lhave treated this pé

¢uliar calx of zinc, made without accefs of air, in all the
methods that T can think of, without being able to find
any appearance of oxygen in it, any more than n finery
cinder. When I heated it in common air, the air was
not increafed bnt dimmifthed, the very fame effect that
is produced by the finery cinder.

Having put an ounce of zinc into a. glazed earthen
tube, to which I gave a red hear, I made fteam pafs o-
yver it till I had procured three hundred ounce meafures
of inflammable air, after which I found the greateft part
of the zinc reduced to a dark coloured femitranfpare;lt
glafs, adhering pretty clofely te the tube. Iwas able,
however to feparate them, and I am confident that the
calx did not weigh more than the metal had done;
whereas, computing from the proportion of eighty five
parts of oxygen to fifteen of hydrogen (into which it is
faid that water is refolvable) it ought to have gained a-
bout ahundred grains. Since, then, this great propor-
tion of oxygenis not found either in the calx, or in the;
srater (for this I alfo examined) where will the antiphlo. ;
giftians fay that we are to look forit? For fince the
water, they fay, is decompofed, in order to furnifh the
infammable air, it ought to be found fomewhere.

Another experiment that I made with zinc proves
that when inflammable air is procured by means of it,
it muft come from the metal, and not from any water.

On throwing the focus of a burning lens on a quan-
tity of zinc in common air, confined by water, in a glafs
vellel, the firlt effect is the produétion of flowers of zinc,

which



Pﬁlogiﬁon eliabzz’//ic(f; 35

which make a beautiful appearance, by their difperfion
within the veflel ; and during this part of the procefs
the air is diminithed, the pure part of it, no doubt, en-
tering the calx, while the phlogifticated part remains
unaffeCted. Afier this, the application of the heat be-
ing continued, there is an increafe of the quantity of
air by the produ&ion of inflammable air ; and inftead
of flowers of zinc, a black powder arifes, and adheres to
the infide of the veflel, and with care may be colleft-
ed.

Now, fince inflammable air is produced; the anti.
phlogiftians muft fay, that part of the water over which
the experiment was made, was decompofed. But then
1 afk, where is the oxygen, which, according to them,
conftitutes the far greater part of the water ? I cannot
find it any where . The water is entirely free from a-
cidity, and the air expelled from it afterwards is even
lefs pure than that whicl it yields before the procefs.
And if 1 examing the black powder (which muft be the
metal fublimed) by heating it in confined common air,
it becomes a whitifh fubftance, the air is diminithed,
and rendered in a confiderable degrce impure; where-
as, if it had contained any oxygen, the Quantity would
have been increafed, and it would have been Rurer than
common air; as when red precipitate, or min.<m, is
treated in the fame manner. It is evident therefors;
thatit contained no oxygen, but a quantity of phlogif-
tonyon the expulfion of which, and the imbibing of pure
air, it became fiowers of zinc:

This experiment is rather miore decifve than the
fimilar one with iron, becaufe the b.ack powder to which

Ca zing
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zinc is reduced can be affe€ted by heat in common air,
which finery cinder cannot.

It will hardly be pretenced that the exygen ariling
from the decompofition of the water is lodged in the
flowers of zinc , fince they were completely formed be-
fore any inflammable air was procured. =~ Befides it will
appear that little or no oxygen can be found in ﬂowerl
of zinc produced in any procefs.

As I could not find any oxygen in the precipitates
of iron diffolved in acids, I have not been able to find
any in thole of zinc. The moft unexceptionable that I
could think of was that by cauftic volaule alkali. This
fubftance I heated in aimofpherical air, both moift and
dry (left expofure to the atmofphere thould have made

.fome diffirence1n :t) but it was with the fime refult,
The air in which it was heated was made more impure
than it was before, tho’ in one cafe the quantity was in-
wcrealed from fix and an half to eight ounce meafures.
Of this half an ounce meafure was fixed air, and the re-
mainder of the ftandard 1. 8. extinguifhing a candle, o

that it was almoft wholly phlogiﬂicai_ed. It feemed,

. therefore, to have imbibed part of the pure air, and to
have given out phlogifticated air. .

Filings of zinc yield much inflammable . air in pure
water, tho’ I do not find that they can by this means
be reduced to- a complete calx. * But the imperfect
calx to which the metal is then reduced, does no! appear
to contain any oxygen. When it was heated in atmof-

pherical
* Since this was first.printediin the Medical Repository, T find that,

.t by long standing, the surface of the e filings of zing is, become white,
@0 that they are perfect flowers of sinc.



Pllogifion effablifhed. 87

pherical air the quantity of the air was increafed, and
about one twentieth part of it was fixed air, and the
remainder was of the ftandard of 1. 5, The water in
which the filings oi zinc had been immerfed, gave out
air much worfe than,common air, and it was perfeétly
free from acidity. 'ircn filings will alfo yield inflam-
mable air in water, and this water alfo gives out air
that 1s more impure than common air, as does the water,
over which'tin and other m<tals are calcined. Yoy
That the calces of metals do in general contain 0%,
ygen i have no doubt, becaufe the dephlogilticated yir
in the atmofphere difappears when they are calcined ia
it. | But there is reafon to think that. the ‘greateft, part
of the addition of weight which they by this means ac=
quire is from water; while, the oxygen atiaches itfelf 1o
other fubltances in preference to the cals, if they be pre-
{ent. 4 : :
- One inftance of this is ‘that when they are calcined
with a burning lens over lime water, the lime is preci-
pitated ; whereas if the calx ‘had imbibed all the de=
phiogifticated air that difappeared, the lime water would
not have been affeéted in the procefs; this precipitation
of the lime, coming, no doubt, from fixed air, which I
have fufficiently proved to confift of dephlogifticated air
and phlogifton, or the bafe of inflammable air. I had this
refult when I cal:ined iron, copper, zinc, tin, lead, bif-
muth, and regulus of antimony in thefe circumftances.
But when the procefs was made over mercury, I could
not aliays find any fixed air ; and therefore I prefume
that all the oxygen was imbibed by the calx, tho’ it may
ke impofiible in many cafes to exiract it again in that
Cs ‘ torm



38 The Doétrine of

form. For when the quantity is fmall, it may be fo
united to the phlogifton remaining in the calx, as to
form the bafis of phlogifticated air, which I have proved
to confift of dephlogifticated and inflammable air.

Lead furnifhes an example of ‘this. No oxygen I
believe can by any means be got\from massicot, tho?
it has imbibed fome. But when this calx is fuperfatu-
rated with it, and is become minium, it will yield the
pureft dephlogifticated air by heat only, and will like-
wife dephlogifticate marine acid. And fince flowers of
zinc will not -dephiogifticate marine acid, I prefume
that this calx alfo is nearly in the fame ftate with maffi-
cot in this refpect; and that in any flate it contains but
little oxygen, or fo united to phlogifton as not to be ex-
tra&ted either in the form of acid, or of dephlogifticated
air,

Tho’ the flowers of zinc may contain fome oxygen,
Ihave not been able to difcover any in them by any pro-
cefs that I have made ufe of for the purpofe. As this
fubftance is formed in a confiderable degree of heat, I
was not furprized to find that heat would not expel any
thirg from 1t; but I thought that when it was mixed
with iron filings it might with them, yield fome fixed
air, as red precipitate does  But I did not find this to
be the cafe. T got nothing in this procefs befides inflam-
mable air. Alfo, when mixed with perfe@ charcoal,
fuch as gives no air with heat, a great quantity of both
fixed and inflammable air is produced ; which fhews
that, like this fubftance, flowers of zine contain little or
nothing befides water, which will have juft the fame
effeét,

To
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To make this experiment with faimefs, the iron
filings muft be heated till they give no air. They muft
then be well wafhed, till the water put on them be quite
clear, and be again found to give no fixed air with heat.
For foreign fubftances are very apt to be mixed with
iron filings, and. this procefs will {eparate them. With
iron filings thus preparéd, red precipitate gives fixed
air, but flowers of zinc none.

There is agrey calx of zinc fimilar to that of lead,
which Mr. Chaptal calls a perfect oxyd. This 1 find
to be only zirc partially calcined. For on heating it
in atmofpherical air it became white, the air was di-
minifhed, was without fixed air, and conliderably phlo-"
gifticated. The perfedt flowers of zinc treated.in the
fame manner made no fenfible change in the quantity
of the air; but, as in the former cafle, there was no fix-
ed air in it, and it was confiderably phlogifticated.

The melting of maflicot in thefe circumflances made
no change of any kind in the air, which fhews that it
contains no more phlogifton than flowers of zinc.

Oxygen in a calx is perhaps moft ealily deteCled by
its forming fixed air when it is heated in inflammable
air ; but I did not find this. to be the refult of an at-
tempt torevive flowers of zinc in thofe circumftances.
Oywing to the whitenefls of this fubfance, which difpofes
it to refle®, and not to abforb, the light that is thrown
uponit, I could not revive any part of this calx com-
pletely. A Dblack fpot only was made on a partof it,
and about an ounce meafure of inflammable air was
imbibed ; but I found no fixed air in the remainder, any
more than I did when I revived finery cinder in the fame

procefs. Y SECTION
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i i CYOtREE B8

SECTION: Vit ik st

Arguments in Favour of the Doctrme of Phlogiston fram
some C: reumstances in which Suéb/zur zs formed and
nitrous Acid j:blagzsttcated

12 AN argnment may, I think, be drawn in
favour of the do&rine of phiogifton from my experi-
ment of the tormation of fulphur {from the acid of vi-
triol heated in inflammuble air; and alfo from water
impregnated with wiviolic acid air, expofed ina clofe
veflel to a confinued heat.

Sulpbur, the antiphldgiftians fay is a fimple fub-~
ftance, and that the vitriolic acid is that fubfiance with
the addition of oxygen, or dephlogilticated air. Why,
then, Iask, is not {ulphur produced when dephlogiftica-
ted air is expelled from it by heat, rather than 'in'the
procefs wiih water impreguated with vitriolic acid air?
For when this air'is procured by making thé acid pafls
through a red hot earthen’tube, no fulphur is found.

‘But when it' is heated to drynefé in inflammable air,
which can fupply it with phlogifior, fulphur is form-
el , (ot i

' L The
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> The ‘produion of phosphorus from the phofphoric
acid heated in inflammable air furnifhes thefame proof
of this fubftance alf» being' a compound, and that phlo-
giﬁon enters into'the compofition of it, as well as into
fuiphur. i

According to the phlogiftic theory, the formation of
fulphur from water impregnated with vitriolic acid air
is'very ealy ; both the ingredients of which it 1s com-
po'fea being brefem, viz. 7its bafis; vitriolic acid, and;
phlogifion. ~ They are only made to form a different
mode of combination by the'hedt in a tube hermetically
fealed. 'For the vitriolicacid air is prodaced by heat-
ing in vitriolic'acid moft of the metals, or any other
fubftance, folid or liquid, thatis faid to contain phloa
gifton. '

2 If it be faid that the fulphur ‘may be formed in this
experiment by the heat of feparating the acid from its
bafe ; I anfwer that then the remaining water fhould be
more acid than'before ; whereas I find it to be lefs {o.
This dimunition of acidity I account for from the cx-
treme' volatility of this phlogifticated 'acid. But had
the acid been that of vitriol unphlogifiicated, it would
have been obftinately retained by the water. = Befides,
it would, furely, be more eafy 1o expel all acid from
a liquor pafling througha red hotopen tube, than from
a liquor' confined in a 'ghafs tube, hermetically fealed,
fothatit cannot poflibly efcape; and'when' it is expo-

fed'to no more’ than.a oderate degree of heat. For
had it appreached t6 a red heat, the tube would have

burft-

i "But the formation of fulphur and phofphorus, by
; Cs heating

|
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heating the vitriolic and phofphoric acids, fo as to e-
vaporate them to drynefs, in inflammable air, which
then difappears, and this effect not being produced with-
out it, or fome other fubftance containing phlogifton, is,
I think, decifive in favour of their receiving an addis
tion of fomething from the inflammable air, or phlo-
gifton, when they are converted into {ulphur and phof-
phorus; and therefore that thefe fubftances are the coms
pounds, and the acids the more fimple fubftances of the
two.

2. It is faid by the antiphlogiftians that the nitrous
acid never becomes coloured by imbibing any thing,
but zlways in confequence of giving out oxygen. I
think, however, that the contrary is proved by its ab-
forbing nitrous air, which it does with great rapidity.
But the fame effet is produced, tho’ not in {o remark-
able a manner, by means of inflammable air.

I put a quantity of dephlogifticated nitrous acid in-
to a phial with a ground glafs ftopper, with inflamma-
ble air o its furface ; and in another fimilar phial at-
mofpherical air,was confined with it. Both thefe phi-
als I covered with water in inverted glafs jars, to pre-
venttheir having any communication with the atmof-
phere. After long expofure in thefe circumftances,
that which had the common air-on its furface never ac-
quired any colour, or cnly a very little, from the effect
of light tran{mitted through two glaffes with water be-
tween them ; but that on the furface of which inflam-
mable airwas incumbent acquired colour very foon. 1
alfo found, on repeating the experiment, that a part of

the
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the infla. aable air had been imbibed by the acid. Im
order to make this experiment, a phial filled with the
acid muft be introduced into a jar of inflammable air ;
and, part of it being poured out, the ftopper muft be
put into it in thar fituation, Other precautions muftbe
aled which a little experience will teachs

o o ol o B B

Of the Galces of Mercury.

THE phlogiftic theory, I readilyré’c‘kl‘l‘c)’\'{;‘féﬂc’}wgé
is moft prefled by the phenomena of the calces of mer-
cury. But in forming any general theory we muft
content eurfelves with the feweft difficulties. It will
hardly be pretended by the greateft admirers of the an-
tiphlogiftic theory, that it is attended with none. Thofe
which attend the phlogiftic with refpet to thefe ealcss
1 do not think to be infuperable, and farther experi-
ments may throw more light upon them.

As there are calces of mercury which certainly ime
“bibe inflammabie air, this {ubftance, or the bafe of ‘i,

phlogiftos
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phiogifion; mufl be concluded to'ekift in' thatmistalas
an element.. - This'is trueboth with refpc& 1o red pre<
cipitate, and wiibithominerali i boouhovat od o biog
ot As'to therealx of meréury from the. acid of vitrioly
Mr. Beaume*.Lfind; agrees with me in the obfervationj
tho’ I did notkmow rtat the time, that it is/'not¥com¥

“pletely reduceable by mere heat.But «later obfervations,’
Dr Maclean fays, p 11, % fhews that the turbith min-
¢ eral, or any other fubflance into which it may be con-
¢« verted by a red heat, does not require any addition 10
& conﬁnuu it amctal ;"% and Mr. Adet fays, p. 43,
¢ that the yellow oxide of mercury has been revived
 without addition by Mefirs, Monnet, Bouquet,L.voi-
¢ fier, and Fourcroy.”

‘T'o this | u.‘-cnly faw, thatd h'wc never been ab'e
to reduce the whole of this calx by an‘ heat that I could
apply, not even that of a burning lens of fixteen inches
diameter ; anc} this, I am. confideut, iS\a greater heat
than can be raifed by any fuinace vshatcver. From
being a red friable fubftance, this heat mnvprts it into
2% }cl’om(u glafs, with the Tofs of about three tenths of
its weight; tbut after thisj no continuance o‘f_the fame
heat makes'any farther changein 1t Yet: after this,
when it is heated 1 inflammable air, the air is 1mb1bed
and it is covered witha black powder evidently ethwj)s
mincral, mto ‘which mercuryy thh ail ns (omponen‘t

parts,
* With Mr. Beaurse I wasa little acquainted. Mr. Macquer’ intro-
duced me to him in his laboratory in Paris, and though he was an avow-

cd oppenent of the whole of the pneumatic chemisiry, he was'a good
c_}_qatm in the old wey ; and his fres, I am persuaded, were as hot as
gny raised by the pcisons mentioned by Mr. Adet, or those by Dr.
Hepe.
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parts; whatever they bejiis knawn to enter. This fub.
ftance allp,and nptdire@y. running: mercury, was fre-
quently the refuit of my experiments.on this precipitate
before Ileft Engiand. - Thisis certainly an cxperiment
of confiderabie. L‘onlcquence-. Forif it be truc that ins
nflammable air be really imbibed by any calx of mqf.
.cury, that it is revived by it, and canuo: be revived
without it, we are authorifed to fay. univeriaily, that
fome element of whichitconfifts, and no doube phio-
gifton, 1s a ne.eflary compoaent part of that metal; and
therefore of ali the other meta's alfo. [

A decifive evidenceyas 1t appears to me, that mer-
-cury containsphlogifton is the ablorption of a great pro-
.portion of inflammable air in the revxval ot red precipi-
tate in it.

By means of a burning lens L hc"t'*d a quantlty of

.red prec1pltatc in iuflammable air, in a glafs vefiel con~
fined by water, till one hundred and twenty one ounce
meafures of the air were reduced Lo mnety five. .. Then,
: examining the refiduum, I found that, one: meafure of
it mixed withan equal quaatity of nitrous air occu-
pied the fpace ol 1. 77 meafures. Computing from
this refult, it will be found that. it .contained 7. 22
. ounce meafures of pure air which added to the twen-
. ty fix which had difappeared make 33. 22 ounce mea-
fures of. inflammable .air which had been abiorbed by

_ the calx in its rcvival' For that the air expelled
from the calx had not contrib auted to the formation
of water, was evident from its being found mixed
; with the remainder of inflammable an._ ‘Neither had

it, in this cafe, contributed to the formation of fix-
ed

i
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edair. Forthere was ni (ol quantity of this aif
found in it, tho’ 1 have {o'n- (10« found a little of it in
thisprocefs. Nor canth = di/icr-nce in the refult be
thought extraordinary, w'cn it 15 confidered that fixed
air certainly confifis of »ere ir and inflammable air,
and that it is found in o lici procefles fimilar to this.

In another experinient of 1ais kind ¥ revived aquans-
tity of the precipitate n thirtv ounce meafures of intlam.
mable air, till twelve ou meafures difappeared, and
the ftandard of the r v+ ncer, examined as in the pre-
ceding cafe, was » From this it appeared that
1. 495 ounce mea « air had been expelled from
the calx, and that 13. 125 ounce mealures of inflame
mable air had beo1 imbzbed by it. K '

Since much o i ¢i'x was fublimed in the procefs,
the beft method “f:certaining how much inflammable
air is imbibed i vival of a given quantity of mer.
cury, is to comps quantity of pure air that is yield.
ed by a given gty of the calx with the quantity of

inflammable air (!¢ correfponds to it in thefe experi-
‘ments. Now an ounce of the precipitate yields about
fixty ounce meafures of pure air; and fince in thefe
experiments 46. 71 ounce meafures of inflamma.
“ble air were abforbed when 8. 71 ounce meafures of
pure air were emitted, fixty ounce meafures could
not be expelled without the abfoiption of three huns
dred and twenty three ounce meafures of inflame
mable air; and fince mercury gains, as Mr. Chaptal
fays, about 8 per cent, in being converted into precipi-
tate, an ounce of mercury muft contain three hundred

he : and
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and fixty two ounce meafures of inflammable air, or ra-
ther the phlogifton that enters into it.  An ounce of
lead, I have fhewn, requires one hundred and eight
ounce meafures of inflammable air, an ounce of bil-
muth one hundred and eighty five, of tin three hundred
and feventy feven, of copper from verditer, four hun-
dred and three, and of iron eight hundred and ninety.

That mercury revived either by inflammable air,
or in clofe velleis, has the fame properties will not be
denied ; andif fo, it muft confift of the fame principles,
and in the {fame proportions, or nearly fo. I am there=
fore inclined to think, improbable as it may appear, that
the fame principle which is effential to the cenftitution
of inflammable air, that is phlogilton, paffes trom the
fewel through thehot glafs when the calx is revived by
heatin a glafs veflel.

There is however, only the choice of this difficulty,
and of that of an ounce of mercury containing either
three hindred and fixty two ounce meafures of inflam.
mable air (thatis the phlogiften in it) or none at all.
It is not denied that /ght and heat, both of which
are allowed to be substances, tho’ the weight of them
cannot be afcertained, pafs through glafs. They both
have certain properties, and are transferable from one
fubftance to another, according to their known affinie
ties. And why may notthis be the cafe with Phlogiston |
alfo ! The electric matter pafles readily through glafs
when it is very hot, tho’ it will not whenit is cold.

' Light certainly paffes through glafs ; and is known
to give to fome fubftances colour, fmell, and tafte,

which
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which have ufually been afcribed to phlogifton. - That i¢
does mot révive thelead in pafling through the hot flint
glafs,iis no fufficient objeftion. . For the fame fubftanc-
es in different combinations, and in. different . ftates,
have different properties. ' The doctrine of chemical
affinities’ has yet many difficulties attending it, and it re-
quires the miceft difcrimination. of circumftances to
make confiftent tables of them.  However, I can only
propofe facts, let others account for.them in the beft
_manner that they can. Mr. Scheele fuppofed that even
dephlogifticated air, or the eflential element of it, pafl-
ed through glafs.. ;

I have frequently repeated this. experiment of the
revival of red precipitate in inflammable air, and haye
never failed to find a great abforption of it, whether
there was any fixed air in the remainder or not ; and I
fhould have repeated it much oftencr, and on a larger
{cale, in order to afcertain, with more exaftnefs the

_quantity.¢f inflammable air, or of phlogifton, contained
in a given quantity of mercury, but that it has frequent-
Iy happened that the veflels in which I made the expe-
riments were exploded, after a fufficient quantity of
pure air was expelled from., the_ calx. This accident,
however, is a proof that the air expclled from the pre-
cipitate had not formed either water or fixed air.
Sometimes, however, I have made the greateft part
of the inflammable air to difappear without any explo-
fion.

‘The accuracy of this experiment being queftioned
by Dr. Woodheufe, I repeated it with all the attention I
could give to it, and had the following refult. T heat-

ed
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-d a quantity of red precipitate in twenty eight and an
half ounce meafures of inflammmable air, il it was re-
duced to twenty four and an half, and fouhdthat, where-
as before the procefs it was not in the lealt affe@ted by
nitrous air ; the fandard of it was afterwards 1. 8 ; fo
that it contained a confiderable mixture of dephlogilfti-
cated air. Irepeated the experiment feveral times, and

always found pure air mixed with.the inflammable,
when I had revived any part of the calx.

Continuing one of thefe procefles, till, after the di-
munition, the quantity of air began to increafe, there
was an explofion ; but it only raifed the receiver in
which the air was confined about an inch, and recover-
ing its pofition, it broke the earthen dith in which it

.was placed.

After this 1 made ufe of atin difb, and repeating
the experiment, there was an explofion fo loud, that a
perfon at a confiderable diftance was alarmed, and came
running to fee what had happened,. The receiver,

.which was a very heavy one, was blown much Ligher
than my head ; but falling on the grafs, it was not bro-
ken. After this, I thoughtit uaneceflary to make any
.mojie experiments of the kind.

Having formerly made many experiments on the
revival of red precipitate in inflammable air, when I
was a convert to the do@rine of the compofition of
water, I fhall fubjoin what I then obferved with refpect
to the fubje& from the 6th volume of my Obscraations

“.en.gir, p. 128,

4 The greatelt difficulty that occurred with refpect

“ to the theory of the conftitution of water, arofe from
. D ; “.my
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¢ my never having been able to procure any warer when
% I revived mercury from red precipitate in inflamma-
¢ ble air, or at leaft more than may be fuppofled to have
" ¢ been contained in the inflammable air. In order to
" make the e‘xpelﬁment with the scales of iron; and that
¢« withthe precipitate, as much a alike as poffible, and
¢ that I might compare them to the greateft advantage,
¢« I made them immediately one after the other, and
¢ with every circumftance as nearly as I could the fame.
¢t L he inflammable air was the fame in both experi-
‘; ments, and the fcales of iron, and the precipitate,
¢ were made as dry as poffible. - They were heated in
« veflels of the fame fize and form, and equally confin-
“ed by dry mercury. And yet when I heated the
¢ former, water was formed as copioufly as I have def-
¢ cribed it before, viz. aftually running down the infide
¢« of the veflel in drops, tho” only four ounce meafures
¢ of inflammable air were abforbed. But tho’ I heat-
¢ ed the precipitate till eight ounice meafures of the air
¢t was abforbed, and only three fourthsof an ounce mea-
¢« fure remained, there was hardly any f{enfible quanti-
“ ty of water Iﬁroduced, certainly notone tenth of what
¢ appeared in the experiment with the fcales of iron.
< 'I'here was this difference, however, in the two re-
¢ fults, In what remained from the experiment with
« the precipitate I at this time perceived a flight ap-
¢« pearance of fixed air, whereas there was none in
¢« what remained in the fcales of iron. The refiduum
‘“alfo from the precipitate had init a fiall portion of
“ dephlogilticated air.  For being mixed with an equ:l
“ meafurc of nitreus’ air the fandard of it was 1. 8. In
¢¢ this
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% this experiment there can be 1o dotbt but that the
¢ dephlogifticated air diflodged from the precipitate
“ mixed with the inflammable air in - the vefll, and as
““ no water was produced, they muflt have formed {ome
¢ more folid fubftance; which in the fmal! quantity I was
“ obliged to ufe could not be found.”

At this time, however, I think it mdre probable
that nothing solid was produced, but only that the phio-
gifton of the inflammable air was imbibed by the calx,
while the pure air emitted from it was in part found
mixed with the inflammableair in the veflel, and in part
united with it and tormed fixed air, ' .

In nine ounce meafures of inflammable air from
malleable iron and water [ revived part of the precipi=
tate fent me by Mr. Berthollet, (which I had found to
contain no fixed air) till not more than one fourth of
the air remained unabforbed ; and examining it, 1 found
one twentieth part ofit fixed air. Budt mixing nitrous
air with it, it appeared thatthe air diflodged from the
precipitate had not wholly united with the inflammable
air. Forbeing mixed with an equal quantity ofnitrous
air it occupied the fpace of 1. 71. After the procefs
I miffed eighteen grains of the precipitate: But there
are feveral caufes of lofs in this cafe, befides that from
the air expelled from it.

In 5. 5 ounce meafures of the fame inflammable air
I againrevived fome of the fame precipitate till it was
reduced to O: 77 of an ounce meafure. Of this vne
fixth part was fixed airy and the reft of the ftandard of
1. 6: 1t exploded atonce when a flame of a candle was

prefented to it. |
D2 In
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In making thefe experiments over mereury, we D6
ceflarily ufe but fmall quantities of - air,  and, dierefore
the refults may notinfome refpeéts be fo muich depends
ed upon. But I think it {ufficiently appears from them
that no water was formed - in the proce{s, and this the
new theory abfolutely requires. '

On the whole, 1 think it-can hardly be denied that

confidering the great quantity of inflammable air thas
difappears in. thefe experiments, the greateft part of it,
at leaft,muit enter into the calx, And fince all running
mercury muft confift of the fame clements, the fame
principle that (with the addition of water) forms in-
flammable air, and which we call phlogifton, muft pafs
through the red hot glafs when the calx of mercury is
revived without addition, by means of heat only:
' Some experiments that Lhave made on filver, gold,
and platina, favour this hypothefis. All thefe metals
yield a confiderable quantity of nitrous air, when they
are diflolved, the firlt in nitrous acid, and the laft two
in aqua regia. And When the {olutions were evapora-
ted, and the refidunums heated in inflammable air, a
great quantity of it difappeared, and the metals were
revived. And'yet by means of the fame acids thefe
dry refiduums will yicld a great quantity of nitrous air,
They muft, therefore, have acquired by means of
heat only, and this tranfmitted through a veffel not red
hot, the fame principie that was communicated to them
by imbibing mtlammable air.

That nitrous air coniains the fame principle with
inflammable mr, or phlogiflon, appeurs from the fol-

lowing
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towing experiment, in which the former was produced
by means of the lat‘ttr, if the nitrated ‘calk of -any metal
beheatedin it. -

If copper be diffolved in fitfaus acid, and the wa-
Fer' be eﬁpellc& to a ccrtam point) there remait$ 4 greén
substahée, which'1$" not at all deliquefient ; but when
expofed to heat gives out a redvapour. * Some of this
fiibftance T heated in twenty one ounce meafures of in-
flammable air till the veffel was filled'with red vapour,
NtHen it was reduced to fix ounce meaflres, and I found
that when it 'was mixed with common air, the ftand-
&rd was 1. 85 ; fo that it was a'moll wholly nitrous
‘giri Thete was in it a fmall quantity of fixed air, bus
there was nothing inflammable init. It extinguiflied 2
candle, g ' Sy

I formerly endeavoured to afcertain the proportion
of phlegifton in nitrous aud inflammable air, and found
it to be nearly the fame . in both. That this is not far
from the truth, may, I think, appear from comparing
the refult of two of my former experiments, which I
never before thought of doing with this view. When
I firt difcovered nitrous air, I endeavoured to find
what quantity of it would be yielded by the different
metals, and found that twenty grains of iron yielded -
fixteen ounce meafures. When, with other views, I
endeavoured to afcertain the quantity of inflammable
air that was yielded by malleable iron, I found that one
hundred and twenty grains of it yiclded ninety fix ounce
meafures ; and this is exallly the quantity of nitrous
air that the fame weight of iron would give. For 120
15 te 96 as 20 is to 16.

D3 Tweaty
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Twenty grains of platina gave nine ounce meaflures
" of pure nitrous air, andtwenty two grains of .gold gave
eight ounce meafures. They therefore contain nearly
the fame proportion of phlogifton (for 20 is to 9 as 22
i= to 9. 9) and little more than half as much as iron. For
~it will be in the proportion.of one hundred and feventy
ounce meafyres to the ounce, It is, however, more
" than is contained in lead, but lefs than in bifmuth, and ]
much lefs than in mercury.

I hat fomething can pafs through glafs is evident
from many oblervations rcfpeéting both light and heat,
one of the moit remarkable of which is perhaps that of
minium, or red precipitate (which when cold are of

_ the colour of arterial blcod) beated in a glafs tube, ac-
guring the dark colour of venous blood, tho’ they lofe
it again when they beccine cold.  What to infer from
this curicus fact I do not diftinéily fee,

SECTION
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0y ot o s 9 0 8 ¢ S
Experiments on heating Manganese in i;gfla?;i;;gab?cﬂ[r.'

SOME experiments that I' made on heating:
manganefe in inflammable air authorize the {fame gen-
eral conclufion with thofe on heating red precipitate in
that kind of air, and therefore deferve to be recited.

Manganefe and red precipitate of mercury are fab:
ftances of a fimilar nature, as they are both calces of

“metals, and both contain dephlogifticated air, and, like
all other calces of metals; they imbibe the inflammable
airin which they are heated. Butwhereasthe dephlo-
gifticated air expelled from the precipitate, frequently
atleaft, remains mixed with the inflammable air (which
is fometimes the caufe of dangerous explofions) this has
never happened to me in confequence of heating man-
ganefe in the fame circumftances, fo thatnmay he ope-
rated upon without any apprehenfion.

'Tho’ in thefe experiments the inflammable air
difappears, and dephlogifticated air is expelled from
both the fubftances, no water is formed by means of
oither of them, as the new theory abfolutely requires,
and which is pretended to be the cafe when finery cin-
vleris heated inthe fame circumftances. But fince the:

D4 fame
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fame quantity of inflammated air difappears in all thefe
cafes alike, the fame quantity of water, ifinflamable
air be readily a conftituent part of it, ought to be pro-
duced. It 1s evident, therefore, that the water produc-
ed by means of fisery cinder was, aftually contained in
that fubftance, and only expelled by the heat, to make
room for the phlogifton which then enters into it, by
the abforption of the inflammable aix ; while the preci-
pitate and manganefe, con‘taihiﬁg no water, imbibe the
inflammable air without any appearance of water, ex-
_eept ‘rhe little that i$ the’ bafis of the inflimmable air,
or may be conceatecbin fuch powdery fMances as mans
ganefe- and ‘the precipitate are.

"#'he principal difference; however, in the fefult of
thefe two fimilar procefles is that inthe experiment with
the manganefe a quantity of phlogisticaied air appears
to be generated, which is not the cafe withi the precipi-
tate, The particulars of the'experiments were as fol«
lows.

 Fifteen ounce meafures of inflammable air were res
duceéd to feven by heating in it twenty four grains of
manganefe. In the refiduum; which -was not affected
by nitrous air, there was no fixed air ; but when a cer«
tain portion of it was fired together with ajceftain quan-
tity of dephlogifticated air, the dimunition was only to
0. 95 ; whereas when the fame quantity of the fame o-
riginal inflammable air was ¢xploded in-the fame cir-
cumflances, the dimunition was to 0. 52. In another
fimilar experiment, in which the inflammable air was
confined by miercury, andin'which feven ounce mea«
ures were reduced to one and a quarter, the dimunitiont

with
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with the refiduum was to 0. 93, when that with the ori-
ginal inflammable air was to 0. 33. The manganefe I
ufed in thefe experiments yielded dephlogifticated air
without any mixture of fixed air.

I repeated this experiment with manganefe out of
which air had been expelled with a ftrong heat, and the
refult was the fame as with the frefh manganefe, except
that much more heat was neceffory to make it imbibe
the air ; wheréas the manganefe’from which the dephlo-
gifticated air has been expelled imbibes inflammable air
very rapidly, and with a very moderate degree of heat.
Twenty grains of it imbibed eight ounce’ meafures of
inflammable airyand then wéighed nineteen grains. In
both the kinds'of manganefe the central part on which
the focus of the lens fell was of a beautiful green cos
lour, but the next day this had difappeared, and the
whole of the fubftance that had been heated was brown,

As no doubt dephlogiflicated air is expélled from
the manganefe in théfe experiments, and neither fixed
air nor water is produced, the dephlogifiicated air muft
entér into the fixed air that i5 found in the refidunm.

In order to make a more exact comparifon between
the experiments in which marganefc and finery cinder
were made to imbibe inflammable air, Irepeated them
both ‘in fimilar veflels, with equal guantitics of intlam-
mable air confined by mercyry; and I obferved that,
tho® fome water appeared during the procefs with the
manganefe, it wholly difappeared the next morning ;
whereas theinfide of the veffel in which the finery cin-
der had béen.revived was wholly covered with innume-
rable drops of water, contiguous te one another.

SECTION
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SECTIONTY,
of t?ze Decomposition of Wi?té‘l'.

THE antiphlogiftic theory has reccived its
greatelt fupport from the fuppofed difcovery that water:
is refolvable into two principles, one that of oxygen,
the bafe of dephlogifiicated air, and the other (becaufe
it hasno other origin than water) hydrogen, or that
which with the addition of calorique, or the element of
heat, confiitutes inflammable air. ¢ One of the parts of
$¢ the modern do€lrine the moft folidly eftablithed, fay
¢¢ Mr. Berthollet, and the other authors of the Report
¢« on this fubjelt ("Examination of Kirwan, p. 17) is
#¢ the formation, the decompofition, and recompofition,
¢ of witer. And how can we doubt of it; when we fee
# that, in burning together fifteen grains of inflammable
¢ air, and eighty-five of vital air, we obtain exally an
¢ hundred grains of water, in which, by decompofition,
¢ we find again the fame principles, and in the fame

proportions. If we doubt ofa truth eftablifhed by
**experiments fo fimple, and palpable, there would be
“nothing eertein in natural philofophy. We might
“even
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% aven queftion whethér vitriolated ‘tartar be compof-
¢ cd of vitriolic acdid and fixed alkali; or fal ammoniae
¢¢ of the marine acid and volatile alkali, &c, &ec, For the
¢ proofs that we have of the (compofition of thefe falts
¢ are of /the fame kind, and not more rigorous than
¢ thofe whichueftablifh the compofition of water. Noths=
¢ ing perhaps more clearly provesthe weaknefs of the
¢ old theory, than the forced explanations. that have
been attempted’ to be given of thefe experiments,”’

Notwithftanding the confidence thus “firongly ‘ex-
preflfed by thefe able and experienced chemifts, I mufe
take the liberty to fay, that the experiments to which
they allude appear tome to be very liable to exception,
and that the doétrine of phlogifton eafily accounts for
all that they obferved. :

Their proof that water is decompofed, and refolved
into two kinds of air, is that when fteam is made to pafs
over red-hot iron inflammable air is produced, and the

iron acquires an addition of weight, becoming what ig
ealled finery cinder, but what they call an oxide of iron ;
fuppofing that there is lodged in it the oxygen which
was one of the conftituent parts of the water expended
in the procefs, while the other part,or the hydrogen,
with the addition of heat, affumed the form of inflam-
mable air.

But in order to prove that this addition of weight ta
the iron is really oxygen, they ought to be able 0 exhi«
bitit in the form of dephlogifticated air,or of fome other
fubftance into which oxigenis allewed to enter, and
this they have notdene. Iron that has really imbibed
airy ar the common rust of iron, has a very different

appearancc '
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appearance from' the finery cinder, being red, and not
black ; and when treated in fimilar procefles; exhibits
very different refults. Mr. Fourcroy fays, (1bid p. 251)
that this finery cinder is ‘“iron partially ‘oxygenated.”
"But if that were the: cafe, it would go on 'to attract
more oxygen, and in time becomeé a proper ruft of iron
completely oxygenated ; whereas thisisfo far from be=
ing the cafe, that as 1 have obferved finery cinder never
will acquireruft ; which fhews that the iton in this faté
is {aturated with fome very différent principle, which
even excludes that which would have converted it into
ruft.

However, neither this, nor any other calx of iron,
can be revived unlefs it be heated in inflammable air,
which it eagerly imbibes, or in contaét with fome other
fubftance which has been fuppofed to contain phlogif.
ton. The probability theretore is, that the phlogifion
then enters this calx of: iron, replacing that which® had
been expelled to form the inflammable air: Nor can
any inflammable air be procured in this procefs with
fteam, but by means of fome fubltance which has been
fuppofed to contain phlogifton. Where then, is the
certaifi proof that water is decompofed in this pre-
cefs?

Since, according to the antiphlogiftic theory, water
itfelf contains all the elements of both dephiogifticated
and inflammable z2ir, and wants only calorigue, which
they can give at pleafure, I fee no reafon why heat a-
lone, without the aid of any metal, might not convert
it into air. 'When the particles are fo far feparated as
they are in a late of fleam, I fee no occafion for the fu-

perior



Phlogifion eflablifhed. b1

perior attraltion of any other fubflance for either of
them.  In team each of the elemelts is already in the
form of air, and with its due proportion of calorique,
and then why fhould they not continue in that form; on-
ly mixed togethcr, ready for explofion ?

It is faid that the oxyvgen imbibed by this iron, be
ing expelicd by heat in conta@ with inflammable air,
unites with that air, and with it conftitutes the water
which is found after the procefs. But for any thing
that appears, this water may be that which the iron had
imbibed, and which can only be expelled from it by the
entrance of that phlogiflton which it had lof. Befides,
it has been fhewn that the' water produced in this man-
ner is much more than in the required proportion of the
inflammable air that difappears.

Another pretended proof that water is compofed of
dephlogilticated and inflammable air, is that when the
latter is burned {lowly in the former, they both difap~
pear, and a quantity of water is produced equal to their
weight. - I do not, however, find, that it was in more
than a fingle experiment that the water fo produced is
faid to have been entirely free from acidity, tho’ this
experiment was on a large fcale, not lefs than twelve
ounces of water being procured. But the apparatus
employed does notappear to me admitof fo much accu.
racy as the conclufion requires ; and there is too much
of correflion, allowance, and computation in deducing
the refult.

A fo, it is, after all, acknowledged that, after de-
compofing this quintity of the two kinds of air, and
making aik the allowauce they could for phlogifticated

air
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‘air; Or uzofe, in the dephlogifticated air, the éxpetis
‘menters found fifty one cubic inches of this kind of aif
more than they could well account for. 1 his quantity,
theretore, and perhaps fomething more (fince the opes
rators were inferefted to muke it ‘as fmall as poflible)
were formed in the procefs. And when this kind of
-air, as well as inflammable is decompofed together with
dephlogifticated air, nitrous acid is produced, The
probability therefore is, that the acidifying principle, ot
the oxygen, inthe dephlogifticated air which they de«
compofed, was contained in that phlogifticated air; and
that, had the ptocefs been conduéted in any other man<
ner, it would have affTumed the form of nitrous acid.
~They acknowledge that, except when the inflammable
air was burned in the slowest manner, the water they
produced had more or lefs of acidity.

The reafon, no doubt, was that, whenever the flame
they made ufé of was tco firong, more of the dephlo-
gilticated air in proportion to the inflammable was con-
fumed than when the flame was weak ; {o that the re<
{ults of their experiments exaéily coincide with thofe of
mine.

Citizens Berthollet and Fourcroy fay, with Mr. A-
det, that ¢ the fmall quantity of acid which is commonly
¢ found in this procefs comes from the azote, which is
* mixed with the gas.” (duuales de Chymie, vol. 26,
p» 306.) But if this was the cafe, they could never
get water free from acidity,becaufe they can never whol-
ly exclude azote. Befides, how can they think it fo
eafy to procure nitrous acid from azote in this procefs,

whea
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" when Mr. Cavendifh found it fo difficult to procure a
barely fenfible quantity by numberlefs eleGrie explo-
fions ? '

The experiments which 1 made on the decompofition
of thefe two kinds of air in close vessels, appear to me
¢o be much lefs liable to exception, and the conclufion.
drawn from shem is the reverfe of that of the French
philofophers.

When dephlogifticated and inflammable air, in the

“ proportion of a little'more than one mealure of the for-

* mer or two of the latter (both fo pure as'to contain no
fenfible quantity of phlogifticated air) are inclofed in a
glafs or copper veflel, and decompofed by taking an e-
leétric fpark it it, a highly phlogifticated nitrous acid is
inftantly produced ; and the purer the airs are, the
‘ftronger is the acid found to be. If phlogifticated air
be purpofely introduced into this mixture of dephlogis-
ticated and inflammable air, i¢ is not affefted by the
procefs, though, when there is a confiderable deficiency
of inflammable air, the dephlogifticated air, for want of
it, will unite with the phlogifticated air, and, as in Mr.
Cavendifh’s experiment, form the fame acid. But
fince both the kinds of air, viz. the inflammable and
the phlogifticated, contribute to form the fame acid,
they muft contain the fame principle, viz. phlogiiton.

If there be a redundancy of intlammable air in thig
procefs, no acid will be produced, as in the great cxpe-
riment, of the French chemiftsybut in the place of it
there will be a quantity of phlogifticated air together

with water.*

3 ; : Lyt idr e otrod 1
* 1 found, after many trials, that whep an hundred ource m
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Meffrs. Berthollet and Fourcroy fay, with Mr. As
det, that the water procured in this manner cannot bes
held in folution in the gaffes, but muit neceflarily be a
new produlion (Annales de Chymie, ¥ols. 26,.p. 306 )
But I do not fay that this water was held in f{olution in
the gafles, but was aconfltituent part of them ; and for.
any thing that is certainly known is all that can be afcer-
tained by weight. Twilh,however, to have more repe«
titions of this experiment, in order to afcertain this cu-
rious circumftance. I was never able to get the whole
weight of the airsin water. In my experiments, when
no acid is produced a confiderable quantity of phlogifti«
cated airis always formed.

When the decompofition of ph]ogiﬁicated,and in=
flammadle air is made in a glafs veffel, 3 peculiar dense
vapour is formed, which the eye can caﬁiy diftinguifh
not to be mere vapour of water, and if the juice of
turnfole be putinto the veflel, it immediately becomes
of a deep red, which fhews that it was an acid vapour.

Since the acid that I procured in this procefs was in
confliderable quantity, and no phlog:fticated air was pre=
fent (for in the laft of the expcril}ients I did not even
make ufe of an air pump, but firft filled the veflel with
watér, and then difplaced it by the mixture of the airs)
I do not fee how it is pofiible to account for the forma-
tion of this acid but from the union of the twe kinds of
air ; and it can hardly be fuppofed that, in the very
fame proce(s, the decompofition of the fame fubftances

fhould

inflammable air were fired together with fifty one measures of de-

when the same quantity of inflammable nir was fired with forty sevew

measures of the same dephlogisticated air.
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thouild eompofe othets fo very differént from each other
as water-and spirit of nitre. Tithink I Haye fufficiendly
accounted for the refult of the experimenis made by
the Fiench chemifts on the common hypethefis, which
fuppofes inflammable air to covtain phlogifton ; but I
domnot yet fee how itis poflible for them to explain miae
b theirs; according to which there is no fuch principle
I nature. ! Upon the whole, it does not appear to me
that the evidence either for the compofition, or the de-
compoliiion of water, is at all fatislactory ; and certain-
Iv the argamients in fupport of an hypothefis fo extraora
dinary, and fo novel, ought to bé of the mofk conclufive
kind.

'* Dr. Maclean boalts greatly of the fuperior accuracy
6fthe French chemifts. ¢ In what refpects,” fays he,
p- 455 ‘““his experiments (meaning mine) were lefs lia-
¢ble to ex<eption than thofe of the French chemifls, is
¢ what I do not comprehend. Theirs were performed
“ on avery extenfive {cale, great care was taken to afs
“ certain the degree of purity of the gafles before coms
¢ buftion, and the apparatus was {o conftru@ed, that the
¢ refults could be determined with the greateflt nicety,
¢« The Dséor’s, on the contrary; weré made with very
“trifling quantities of materials, their purity was not
« tried, and their weight not accurately deternined.”

Let us now confider what thefe high {founding words
dmourt to. ~Experiments made with a great quantity
6f materials 4re not; always; on that account; the moft
dccurate; efpecially where, as inthis cafe, the thing to
be detérmined isfimply the quality of the réfult. When
I can produce but a few drops of a ftrong acid, and as

E often
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often as I pleafe, from the very fame materials from
which I any told Lought to get only pure water; what is
it to me whether they produce gallons o ol

' Great care, he fays, was' taken to afcertain the pu-
rity of the gaffes, whereas, with refpect to mine, he fays,
the purity. was not tried.  Now that of mine was not
only tried, and with as greataccuracy as they could
try theirs, but the ‘dephlogifticated air that I ufed was
purer than any that I believe they ever pretended to
have made. ‘Far with two equal meafures of nitrous
air, the refiduum was only - four hundredth parts of a
: meafore,-and- this flight impurity was probably not in
the dephlogifticated, but in the nitrous air, which is ve-
ry aptto vary inits quality, and very difficult to obtain
pure. ‘And yet with this very.pure dephlogifticated
air, and a proportion, exaétly defined, of the pureft pof-
fible inflammiable air, I got drops of a ftronger acid than
can be procured by means of air lefs pure. To thisim-
purity, viz,  a mixture of phlogifticated .air, the anti-
phlogiftians always afcribe ‘the production of the ‘acid,
tho’ if the air be purpofely lefs pure, I never fail to find
that impurity, viz. the phlogifticated air, unaffeted by
the procefs ; fo that it.could not poflibly have contribu-
ted to the prodution of the acid.

With the greateft confidence, however, Dr. Maclean
fays p. 53, *the denfe acid vapour that I produced by
¢ the explofion of the two kinds of air was occafioned
“by the azote contained in the oxygenous gas that I
¢« employed.” . He might as well have faid it was occa-
fioned by that wh:ch I did not employ. If ten times
the quantity of azote .in the air L ufed had been. '.)yrholly

decoms-
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decompofed, it wonld ot have amouated to the hune
dreth part of the weight of ths acid 'L prosured

Their appaftus, he fays, was [0 conftrutted, that
the refult could be determined with the grt.ateﬂ nicety.
On the contrary, it was extremely complex, as a view
of their plates will thew, and mine was perfectly fimple,
fo that nothing can be imagined to be lefs liable to'be a
fource of error. * How, indeed, was this poflible? T
ufe only one large veflel of glafs or copper. I putinto
it’at once a certain proportion of the two kinds of air,
the purity of which, when it is neceflary, I can afcer-
tain as'well as other perfons, From the fimplicity of
the 'apparatus no other fubftance can poifibly mix with
them, and I then explode the whole at once by an elec=
tric fpark. After this I prefently find the relult by
examining the liquor that is driined from the veflel.
Tho’ i have notgallons of thisliquor, I have fome oun-
ces, which no antiphiogiftian would care todrink. Will
Dr. Maclean fay that my procefs is lefs accurate than
that of the French; becaufe it can be finifthed in lefs
than five minutes, and theirs requires the afliduous at-
tendance of fome days ?

Ufing the fame moft fimple apparatus, I can, by
only varying the proportions of the two kinds of air,
produce the refult which the French chemifts fo much
boalt of. - For Ican procure water as free from acidity
as theirs, and with much greater certainty, asl have

“no attention to give to aflame, left it thould at any time
‘burn too fiercely. Butin this cafe I always produce
a quanmy of phlogisticated air, in which they acknow-

ke ledge
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ledge that the principle of acidity refides. “They alfo
do not deny that they: had a furplus of the fame kind
of air ; and as to the guantity of it, I cannot help fup-
pofing, that, interefled as they were to. make it as little
as poflible, being men, and of courfe liable to the biafles
of other men, they may have reprefented it, by the al
lowances they made. in their computation, fomething
lefs than it redlly was. = All the infide of my large vefs
{el being, of courfle, wet with the liquor produced by
the explofion, I could net pretend to weigh that which
was drained from it with much accuracy. But them
very little depended upon the guantity, compared to
‘the confideration of the guality of the liquor ; which
may be as fatisfadtorily alcertained by drops, as by the
largeft quantities; and till the French: chemifis can

make their experiments in a manner lefs operofe and

expenfive, requiring fewer precautions, and lefs of com-
putation, I fhall continue to think my refults more to
be depcnded uponthan theirs-

r. Berthollet objetts to my experlment, that the
wmght, of the liquor which I producéd from the de-
compofition of the dephlogifticated and inflammable air
was never equal to the weight of the air. But this I
account for by the efcape of the highly phlogifticated
acid.

He alfo fays that I took no account of the refiduum
of the air in the veflel in which I made the explofions.
But I did not overlook this circumftance ; fince I mea-
fured the capacity of the vefiel by the quantity of air
that atually. difappeared, by having been completely

decom-
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decompofed in the procefs ; fo that there was no occa-
fion whatever to take an account of the air that was not
affected by it.

I fhall conclude this fe@tion with obferving that in
order to complete their proof of the decompofition of
water, the antiphlogiftiaps fhould produce fome {ub-
flance which by uniting with hydrogen in water, fhould
let go the oxygen, in the form of dephlogifticdted air,
or fome acid ; .and furely fome fuch fubfance may be.
found, if their theory be true.  The coifiponent paris of
water are not fo intimately united, but that, they may
be feparated by means of afinities. Otherwife the hy
drogen could not have been detached from it.

E e n . SECTION
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An Argument against the Dccom;bos:twn of Water from
< I the different Proportions dftﬂc»}/ements qf which it
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ACCORD]NG to the new theory, water
confifts of two prmciples, oxvg:n and hydrogen ; and
they are feparated by iron, or charcoal,in a red heat,
uniting with one of them, and fuffering the other to ef-
cape ;land therefore if, in any cafe, a quantity of wa-
tcr be wholly expended in torming air, and only one
of the kinds be found, it will be evident that this water
does not confift of two elements. Now according to
one of my experiments water would appear to confift
of only one of the kinds of air, and according to another
of the other.

I have fhewn that by a flow fupply of water in fend-
ing fteam over red hot charcoal, the whole of the pro-
duce is inflammable air, without any mixture of fixed
air, or the produclion of uny thing, acrial, fluid,or folid,
into which oxygen can Le fuppofed to enter.” From
this experiment, thercfere, conduéted in this manner,

it
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it might be concluded that water coniiﬁs of hydrogen
onlv, without any oxygen: < :

‘This obfervation of mine is conﬁrmed by Mr. Watt,;
Who['e- accuracy no. perfon will callin queftion. lie
fays in his Description of apneumatical’ apparatus fob-:
joined to-Dry Beddoes’s Considorations on the medicinal!
use of factitious air, p. 8%.: 7 “ It-has 'been obferved by’
« Dr. Prieftley; and €onfirmed by ‘my experience, that
«when ‘much water pafles in the form of :fteam, there!
35 such fixed air formed ; but little ‘or 'none 'when
@ the  svater:is admicted fo: ‘fiiarmgly that no x{team
«« reaches the refrigeratory.::

- Trohce thought with the Antxphlogifhans that ﬁxed
sirwas hield sn folution in 'thistheavy inflammable aify
becaufe when itis fired together with dephlogilticated’
air ‘miiich fixed air is produced ; but I'am: now fatisfied’
that'all the oxygen in that fixed air!:comes  from the)
dephlogifticated, air with which. it «is” fired, | That this
niust be the dafe ‘in fome’ experimentsiis evident, be-
califerthé fixed air fo ‘procured gredtly ~exceeds the!
weight of all the inflammable air employed ; 'and there-:
fore could not poflibly have been containedin’its:

The reafbn‘wh'y ‘more'fixed air is produced when:
thefupply of water is ‘copious is, I imagine; becaufe:
more water is néceflary to the con{tltutmn of fixed air-
than to that of inflammableair, ’

According to this experiment with charcoal water
may be fhéwn to‘confift of hydrogen only ; but accord-,
ing to’ my (.xpenments with “terra ponderdsa acratay it!
may- be proved to confift-6f oxygen: only.. For when:

fléam is cnt over this {ubflance ina red heat nothing
E 1 but
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but the pureft fixed air s produced; and 'yet thg
whole of any quantity of water may be expendéd in thay
Rrodutlion, .~ As-water is ‘not faid to contain any car-
bone, this mult;be fupplied by the terra ponderssa; and;
allthe oxvgen by the water’\- For according’ to the!
theory-fixed air confifts of twentfr 1311: patts aof cars
bene, and feventy two oﬁoxvgem q 180 2504 K3y N o
"I hefe experiments favour my hymtbeﬁs that watcr:
is-the bafis of all kinds oflair; and therefore, that, with=
outitno kind of awr cansbe producéd: : In fome, gales,
as'in that of the light inflammable air, it may he;all thay
can be afcertained by weight.vGiavoeiloc ords 2ad ey
Lo Formyeexperiments /with | thv 'terra panderofa,
whichs in my dpinion: demonfirably : préves that watep
is,a conflituent part of fixed air, dnd therefore probably,
af-other kingds;-of ! air alfo,  Mr, -Berthollet! ohjedls:
(EReport;, pu-8e) that I did not examine the lofs of
weightin this fubftance, Butafterthe procefsit.adhers
ed fo_clofely to the earthen tubein which the experix
ment was mede, sthat the lofs of dveight! eould hot be
afcertained with accuracy.  This, however, was:net-at
all neceflary. I found very exadly how much-fixed
air a given:quantity of this fubftance weould yield by
means of water, which appeared.to be the fame that it
yielded by folution in marine acid, and that ityiclded ng
air at all by mere heat without water. ~ It was quite fufs
ficient, therefore, to find how much water was expend.
ed in procuring any quantity of fixed air from this fubs
ftance. Andas there wasno ather feurce of lofs of wa-
ter befides the fixed air, it could not but be concluded
thay
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that it entered into its compofition, as a neceflary part
of it, and inthe proportion which I afcertained.

The truly ingenious and equally candid Mr. Rupp,
hints that the water might be imbibed by the terra pon-
derofa ; but I fee no reafon te think thaticdid. It is
not at all probable [hgt the.{e is any affinity between this
fubftance and water; and if water exilt in it as an ex~
traneous fubftance, the heat that I applied would have
czpekleditx* RER TR R (VR TS SRR g SN

M. R Rupp produces feveral ‘experiments, made
feemingly Wu\l} great gcguﬂcy, to RLOYE, that ﬁxecL air
contains no water. But experiments ‘which require the
folution of fubﬁances in ac1ds, and evaporation, to-
gethé‘x‘” with the comptﬂatron &t the. prop(‘)rtlon of earth,
acid; Qﬁd water, comaméc}m i’a!ts ‘ar€ ‘mlich mere coms
plex t‘han mine ; and therefore, will ‘not; 1 tHink, au«
thori’i’e’"fo pbﬁtxve a'corichifion)’” T'have wot ‘repeated:
hi‘s expenmcnts, ‘anid Teave others ‘more ex*peﬁ than I
am in fughyrqceﬁ'vc_s tolngefbctweeh ns ' 377 haseec

\ 0‘_ ,"1:
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Of the supposed Dewmj)osmon of Water in t/te Ex)bem-
3 meﬂfs of Van' Troostwick and Dezman, in z7:b.s*e of

M rs F ulfzame, and vdrwu.s' btﬁer Protessks, ' 001
ae LA v atnontilogxa SIS K WO ;;.'.‘:Snr;v_.
qeve-bree  =0igs ol 161 oot

T is, allegpd in favqur of l,h,e deC,ompoﬁtmnl
of watem thab both.- dephlogifticated . and, mﬂam,gxable
air-have’been procured by, taking El.ﬁﬁrl,c exploﬁons in
water.;-;Experiments with this, refult, were made by
Meflrs. ¥ ap;Troowick and Deiman, and have been re-,
peated with the greatefl attentmn by D‘ Pearfon bce
the Philosophical Transactions for 1797, p- g ¥ e

The accuracy of thefe experiments I am by no means
difpofed to queflion. Bothdephlogifticated and inflam-
mable air, were, no doubt, produced, tho’ with infinite

Jlabour, by this means ; and I confider the experiment
as exﬁetjli‘ngly curious and important in feveral ref-
pects. Butitis a very complex one. Several agents
are concerned, and what, and how much, to afcribe to
each of them is not eafy to fay. I have not yet found
any termination to the produélion jof air from water
only, and the laft produél, which is equable, is wholly
phlogifticated air, of the nature of which we know but

little.
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Liele. - Some of my experiments {eem to prove that itis
compofed of dephlogifticated and inflammable air ; and-
fight, which is peculiarly intenfe in: the ' ele@ric fpark,
is in'my experiments on plants, and probably in: other:
procefles, a neceflary agentin thé produdtion. of de-
phlogifticated air, when therer is watér for its/bafis.
And the metals that are employed, viz. gold:and. platj-.
na, may contributeto this flow produétion of inflamma-
ble air, But the dccenfion of: thefe airs: béing-fome-:
times {pontzneous; without the eleéric fpark being-tak-:
enin them, (hews;that part at keaft of the air preduced:
is phosphoric 3 andiit is ‘well - knowno that the; eleie
fpark is always, ac.compamed wnh the fmell'df plmfpnor
rus. ) th 0038 2o I ediidiagn

I ‘hope thefc exneﬁments will beé rcpeatcd wuh a
fiill greater variety of cirdumftances; tho’1 do not fee'
how they can be made {o that water’ only fhall be ‘em=
ployed, except perhaps in a glafs fyphon, fothit the
eleétric fpark fhall bé made to pafs-from the water: in’
one of the legs to the water in the: othen, and to thxs
there are many objeflions. ‘

To thefe obfervations I fhall fubJom what I éBfenv-
ed w1th refpe& to this experiment when I made a new
arrangement of my Observations on Air, in three vo-
lumes, vol..3, p,-543. :

¢ It muft be acknowledged that fub{tances pdfeifed
< of very different properties may be compofed of the
e fame elements, in different proportions, and different
¢ modes of combination. It cannot, therefore, be faid'
s to be ablolutely impoflible but that water may be com-
« pofed of dephlogifticated and inflammable air, or of

“any
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“ any other elements. But then the fuppofition thould:
« pot be admitted without proof ; and if a former the~
« ory will fufficiently account for all the facts, there is"_
«no occafion to have recourfe to a new one; . attended:
<« with no peculiar:; advantage.” I

< Alfo that phlogifton is an elem&nt in the compﬂﬁa
<t tion of water is; as 1 have more: than once ebferved,
« ot at all improhable; fince water conduéls ele&iricity
¢ like metals amd charcoal, into which the fame princi<
« ple enters ; and becaufe, when frefh diftilled, it ate
¢ tradts dephlogifticated air from the atmofphere, which
«is the property of other fubflances- containing phlo«
¢ gifton. By 'this means water may, in fa&, contain
¢ both the principles of which, according to the new
¢ theory, it wholly confifts, and in'what propordion it
“ contains them.ive cannot tell: - For tho’ heat may ex-
4 pel them in part, in the form of air, the force of this
 attion may be limited, fo that water boiled ever &
% long may retain much air, which only fuch a dégree
¢ of heat as is communicated by cle@ricity can difcos
¢ ver. But this proves nothing again®t the do&rine of
¢ phlogifton ; finceit only proves thatthis principle is
% contained in/water, more or lefs intimately combined;
<¢as well as 1n many other fubftances,”

Dr. G. Fordyce found, by an experiment which has
the appearance of great accuracy (Sce Philosophical
Transactions for 1792, p. 374) that the addition of
weight to zinc, when it is converted  into a ‘calx, comes
from the water. But he advances nothing to prove
that the water was decompofed in the procefs ; and wa-
ter is all that I can find in flowers of zinc,
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It is pretended that water -is decompofed by the
growth of plants adted upon by hght.  Bat if this was
the cafe, why will not a plant ‘continue to grow in the
fame water till the whole of it be decompofed ? Where-
as I always found that only acertain quantity of dephlaa
" gifticated air could by this means be procured in the
fame water, and very littlé in proportion to its bulk:
After this the produttion of air cealed, and the plant
died,

To me itappeared, that the food of ihe plant was the
phlogifton contained in the water. For when by the
growth of the plant the air contained in the water was
perfectly pure, the procefs always cealed. But the fame
plant, removed to water that contained impure air,
would grow again, and give pure air as before, Sce
my Experiments on dir, Vol. 5,p. 25.

Alfo, having put various vegetable and animal f{ub-
ftances into water, which by putrefying became offen-
five in the dark (yielding inflammable air mixed with
fixed air) and when the veffel containing them was
placed in the light, and green vegetable matter was fuf.
fered to grow/in it, the pureft dephlogifticated air wase
produced; the phlogiiton, as I obferved p. 42, which,
in other circumftances, would have been converted in-
to inflammable air, now going to the nourifhment of the
plant, and by the influence of light yielding fuch pure
air. On this fubjeét I then made th’e following re-
mdrks, p.G2.

- a:Itis impoffible mot to ohferve from thefe experi
« ments the admirable provifion there is in nature to
“ prevent, or to leffen, the fatal: effefls of putrefaction,

¢« efpeci-.
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«efpetially in countriés where the raysof the fun are
‘““moft dire&, and the heat the moft intenfe. For where-
¢ as animal and vegetable fubftauces, by fimply patrefy<
“ing would neceffarily “taint great mafles'of air, and
¢ render it wholly unfit for refpirauoh, the fame {ab-
¢ ftances putrefying in water, Tupply 2 moft abundant
¢ pabulum for this wonderful vegetable fubflance, the
¢ feeds of which appear to be ‘in all places, difperfed
¢ invifibly thro’ the atmofphere, and capable, at all fea-
% fons of the year, of taking root, and ‘immediately
‘¢ propagating them(elves to the greatelt” exrent. ~By
«¢ this means, inftead of the air being corrupted; a vaft
« addition of the purelt air 15 continually thrown into
“Crie. . &

¢ By this means alfo ftagnated watersare rendered
¢« much lefs offenfive and unwholefome than they
«would otherwife be, . ‘Lhat froth which we fee on
¢ the furface of fuch waters, and which is apt to create
‘e difguflt, generally confifts of the pureft dephlogifticat-
« ¢d air, fupplied by aquatic plan‘s which alW’éYs grow
« in the greateft abundance, and flourith moft, in water
¢ thdt abounds with putrid matter. . When the fun
#¢ fhines thefe plants may alfo be feento emit great
¢ quantities of pure air.”

« Even where animal and vegetable {ubftances pus
¢« trefy in air, as they have fome moifture in them, vas
« rious other plants, in the form of mold, &c. find a pro-
¢ per nutriment in them ; and by converting a confider-
« able part of the phlogiftic ¢filavium :nto theirown
¢« nourithment, arrefll it 1n its progrels to corrupt the fur-
¢« rounding atmofphere. 8o wonderfully is every part

€ of
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s of the fyltem of nature formed, that good never fails
“ to arife out of all the eévils] to- whichy'in' confequence
‘“ of general laws, moftrbeneficial to. the whole,itis
¢ neceffarily (ubject. " It ishardly poflible-for. a perfon
‘¢ of afpeculative turn not to percéive, and admire, this
¢ moft wonderfal and extellent provifion:”

2. Since charcoal ‘is refolvable by means of water
into fixed and inflammable air; and fixed ‘air confifts of
dephlogifticated air and’ phlogifton, thefe principles
have been united in the ingenious experiments of Mr.
Tenant, diverfified by Dr. Pearfon, fo as to form char-
coal. It was accomplifhed by heating {ubftances -con=
taining fixed air,as marble &c. together with phofpho-
rus, which contains phlogifton. This experiment has
been alleged infavour of the decompofition of water ;
but I only fee in it the ' compofiti on of a {ubftance
from the elements of which it was known to confift.

* 3. The produétion of inflammable air from liver of
fulphur with water, Mr. Gingembre fays; arifes from a
decompofition of this water ; becaufe without the water
no inflammable air is procured. . Butwater, I find, is
neceffary to the conftitution of all kinds of air, and of
inflammable air moft evidently.

4, Mrs. Fulhame imagines that {he has prov ed the
decompofition of water from a number of exceedingly
curious cxperiments on the revival of metals by means
of inflammable’ air, phofphoris, fulphur, charcoal, and
various other fubftances of a fimilar nature, becaufe the
effeétis never produced withoutthe prefence of moil
ture. Herexperimentsare fuchas I fhould)not-have

expeded a priori ; and whean fhe wasfo obliging as to
thew
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fhew me the refult of fome of them id Londen, T tw4®
greatly ftruck with them ; btk do not think tha: they
prove the decomposition of water.

She does not pretend to exhibit feparately either‘ of
the parts of which the watet s faid to be compofed}
fince the doesmot produce either inflammable or dephio
gifticated air from this. water ; and. fhe fuppdfes the
very fame quartity of water to be re¢ompofed that. i
decompofed in'the procefés - Nor dogs| fhe pretend to
bé acle to revive any metals withouat fome fubftancé
into which phlogilton ‘has always been fuppofed to
enter.

" All therefore, that can be fmr!y inferréd from hel‘
ingenious experiments is; that water affifts . the feparas
tion of oxygen from the calces of metals, and the en>
trance of phlogifton intothem ; which it may do withs
outany ‘decompofition. Alkchoel, fhe obferses, will
not anfwer the fame purpofe.’ But to 'this it is fuffici-
ent to {ay that alkohol is not watet, and thetefore hay
not the fame propertiess The prelénce of wateris nes
ceflary to the ruftingof iron, and:alfo to the acquifition
of fixed air by lime ; but the manner in which it contris
butes to thefe and other proceffes has not yét been af<
certained. b

Had {he made her cxperiments v'x!h inflammable
air in clofe veflels, fhe would, 1 doubt not, have found
adiminution of the guantity of ity which could not be
accounted forbut onthe fuppofition of its having enter=
ed into the calx, and thereby cobtributed to the révival
ot the metals, A
! ' ane L5 Shw
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8. She fays p. 163, that ¢ the formation of nitrous
#¢ acid in Mr, Cavendifh’ noted experiment, canno! be
¢ explained onany other principle than the decompofi-
¢ tion of water.” But Mr. Cavendifh himfelf draws
no fuch inference from it. Al that I fee in itis that
phlogifticated air contains the fume principle wich in-
flammable air, viz. phlogifton ; and therefore that when
they are decompofed together with dephlogifticated air,
they form the fame thing, viz. nitrous acid. The water
that is produced, and which adheres to the acid, I fup-
pofe tobe that which is effential to the conftitution of all
kinds of air, and to be the greateft part of their weight.

6. Rain, fhe fuppofes, p. 167, to be water formed
at the time from its proper elements in the upper regi-
ons of the atmofphere. From the refpiration of fifhes,
and from every cafe of combuftion, the draws the fame
conclufion. But in every cafe the fays that whenever
one quantity of water is decompofed, another equal
quantity ts compofed inthe fame procefs; fo that, as the
fays, p. 180, ¢ equal quantities are formed and rife re~
¢ generated like the phenix from her athes.” Butthis
appears to me to be as fanciful, and fabulous, as the fto-
ry of the phenix itfelf.

7. From the wonderful experiments that are claffed
under the head of Galvanism, it was at firlt univerfally
inferred that water was decompofed in fome of the pro-
cefles, becaufe both dephlogifticated and inflaminable
#ir were produced in the water that was employed.
Butit was foon obferved that'the dephlogifticated air
was nio other than that which was drawn {rom the in-

cumbent atmofphere ; for if the comununication with it
F was



82 « The Doélrine of

was cut off, the procefs ftopped. Nor were the: twe
kinds of air produced in the proportions that the new
theory required in the compofition of it ; the dephlo-
gifticated air being generally too little for the pure
pole. /

From my own experiments on the fubject, publifh~
ed in Mr. Nieholson’s Fournal, it is evident that the
inflammable air muft come from the decompofition of
‘the zinc, which is calcined in the procefs. For when
the whole pile was covered with a receiver ftanding in
water, about one fourth of the inclofed air difappeared,
and the remainder was wholly phlogifticated, exallly as
it would have been if a pafte made of iron filings and
fulphur had been put in the place of the pile. Had any
dephlogifticated air been producéd, this could not have
been the refult, for that would have kept the inclofed air
in the fame ftate with that of the atmofphere, and the
quantity would have been increafed, and not diminifh-
ed. The dephlogifticated air that “difappeared muft
have gone into calx of the zinc ; but certainly there had
been no decompofition of the water.

Thae’ the doérine of the decompofition of water on
the principle of the new theory is fallacious, my experi-
ments make it exceedingly probable that itis refolva-
ble into phlogifticated air, which I fuppofe to confift
of the union of the two principles of phlogifton and
dephlogifticated air. For whenever water 1s con-
verted into vapour, either by means of heat, or in
the vacuities of ice by freezing, a portion of this be-
comes permanent air, and this is always phlogifticated.
¥or the proof of this I mull here content myfelf with

referring
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reterring to the account of my experiments relating to
‘the conversion “of water into air, begun 1 E.gland,
4nd thofe oa the freezing of water made in this coun-
try.

S AT OCNC X T
Of the Constitution of Fixed Aif.

IFI have proved that inﬂ"lmmablc air comes

{rom the metals, and not from the water in whuh the
‘Tolution of them is made, and that water has not beeh
decompofed, fo that it cannot be proved to confift of
two kinds of air, I have done all that is neceflary to ef-
tablifh the doétrine of phiogiston. There are_ howevet,
two other aflumptions in the new theory which I think
have by no means been proved, viz. that ficed air con-
filts of carbone diffolved in dephlogifticated air, and
that phlogiiticated air, called «azote, is a fimple fub-
ftance, and no compound. Neither of thefe fuppofiti-
ons appear to me to have been proved, and { think
there is much pofitive evidence againft them.

F2 Tho’
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Tho’ the new theory difcards phlogifion, and in
this refpeft is more fimple than the old, it admits ano-
ther new principle, to which its advocates give the
name of carbone, which they define to be the fame thing
with charcoal, free from earth, falts, and all other ex-
traneous fubftances ; and whereas we {ay that fixed air
confifts of inflammable air and dephlogifticated air, ox
oxygen, they fay that it confifts of this carbone diffolv-
ed in dephlogifticated air, See Examination of Mr.
Kirwan, p. 79. Mr. Lavoifier fays, ib. p. 63, that
«wherever fixed air has been obtained there is char:
«coal.” They therefore call it she carbonic ac:d.

But in many of my experiments large quantities of
fixed air have been procured where neither charcoal,
nor any thing containing charcoal, was concerned, or
none in quantity fufficient to account for it.

There is no metal that I have ever heated witha
burning lens over lime water in atmofpherical air with-
out producing a thick fcum on its furface, which was,
no doubt, e, formed by the quicklime in the water,
and the dephlegiiticated air contained in the portion of
atmofpherical air in which the procefs was made. ~For
this purpofe I have tried not only iron and zinc which
are faid to contain plumbago (a kind of carbone from
which fome fixed air may be expclled) and alfo lead,
tin, bifmuth, copper, &c. as obferved before, but even
gold, filver, and platina, and it will haxdly be pretended
that all thefe metals contain carbone.

From a quantity of calx of lead, part grey and part
yellow, in a glafs tube, I got its bulk of almoft pure fix.

ed
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cd air; and the refiduum extinguithed a candle. Where
could be the earbone in this cafe ?

Fixed air is always produced when iron is mélted,
and thereby converted into firery cinder, in atmofphe-
rical or dephlogifticated air, and allo when fome kinds
of inflammable or dephlogifticatcd air are fired toge-
ther. But Mr. Berthollet, Mr. Adet, and all my op-
ponents, fay that this fixed air comes from the plumba-
g0 contained in the iron, and that when it is found af.
ter the union of inflammable and dephlogifticated air,
in an explofion of them, it was from plumbago contain-
ed in the inflammable air. But befides that there is no
evidence of inflammable air containing any plumbago
(ﬁnce when iron is diffolved in any acid the plambago
is left behind) the fixed air contained in this fubflance,
of which the antiphlogiftians make fo much ufe, isve-
ry inconfiderable ; the air into which it may ‘bé refolve
ed being chiefly inflammab'e. ’

From 6 dwts. of the pureft plumbago, procared
from an iron furnace, in the form of a thining bldck
powder, I expelled, in a glazed earthen tube, forty
ounce meafures of air, one twelfth part of which was
fixed air, and the reft inflammable, burning with a blué
flame. Then, {ending fteam through the tube, I got
two hundred and forty ounce meafures more, the wholf:
ot which was inflammable air, of the purcft kind, exalt-
iy refembling that from iron by the vitriolic acid. The
plumbago was converted into one mafs, refembling a
hard cinder, and weighed two dwts and an half.

Another experiment on plumbago I fhall juft men-
tion in this place. Melting one dwt, of it with a bu.rn-

F3 ng
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ing lens in the open air, it threw off fparks, Like cait
iron treated in the fame manner, but not quite fo much;
after which it was reduced to a flag like finery cinder,
weighing four graing lefs than it had done. I repeated.
the experimem ‘with the {fame refult.

if plumbago be held in folution in inflammable air,
not cnly muft both he kinds of air contained in it, viz,
fixed and inflimmable, but the slag too, which remaiuns.
after all’ Alr is expelled from it.  But afcer the explofion
whlch n is faid difcovers the fived air that was contain-
ed 1n 1t the ‘Te 1S no apparent addition made to the in«
ﬂammablt air, nor the leaflt appearance of the slag., It
is evxdem thcrefoxc that no fuch fubftance was con-
tained in the inflimmable air from any kind of iron, and
ledﬂ of all from malleable iron.
poindes § the inflammable air had held in folution not the
plumhago itfcif, but only the carbone that was in it, the
refiduum could not be plumbago, fince it would want
the carbone ; and the inflammable air holding the car-
bone in foluuon wauld ofthe heavy, and not of thelight-
er and rurer, kind,

Fxxed air is alfo produced when minium, and feve-
ral other fubflanccs that contain dephlogifticated air,
are heate\l n mflan"mable air.  This produce I had
when [ ofed fome precipitate per {e with which Mr.
Berthollet fupplied me.  On being informed of this, he
faid that he found afterwards, that the precipitate he
had fent me contained fixed air ; and yet he allowed
that when the air expelled from it by heat was received
in lime water, it did not immediately make it turbid,
which it is well known that a hundredth part of the fix-

ed
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ed air that T procured by means of it would have done
inftantly. The tarbulency that came on afterwards muft,
therefore, have had fome other caufe, probably fonie
acid of vitriol in"the wateér in which he made the ex-
periment, and which gradually infinuating’ itfelf into
the lime water in his tube, would form' selenite; a
“thing that has frequently occurred in the courfe of my
own experiments, and which for fome time puzzled me
not a little. : ‘ ’

It is generally thought that the fixed air contained
3n fallca lime has been attrafted from the atlnofphér;ef,
in which it is faid to float in a loofe uncombined ftate.
But from no other experiment that I am acquainted

with can it be proved, that any fixed air neceffarily ex-
ifts in the atmofpheric, and lime, or lime water, will
become faturated with it in all fituations, T am there-
“fore inclined to think that this fixed air is compofed of
phlogifton imparted to the lime from the fire to which
it had been expofed, and the dephlogifticated airin the
atmofphere ; and I have always found that a portion of
atmofpherical air expofed, fome time to lime, or to lime
water, is fenfibly lefs pure than before ; fome part of
the dephlogifticated air of which itis compofed having
been taken from it by the lime; and' it is never found
-again exceptas a component part of the fixed air, which
4s afterwards expelled from it. The refult of the ex-
periment was the fame, whether the lime was confined by
water or by mercury.

The fixed air wnich is expelled from the yellow calx
oflead which has been {ome time-expofed to the atmof-
phere has, I doubt not, the fame fource. For when it

- bl is
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is heated prefently after it is made, little ar no air can
be expelled from it, as it may fome time afterwards.
AndI find that this fubftance alfo expofed toa portion
‘of atmofpherical air makes it lefs pure than it was be«
fore, jult as in the cafe of quick lime.

As pyrophorus imbibes pure air when it is expofed
to atmofpberical air, leaving nothing but phlogifticated
air (in which it refembles a mixture of iron filings and

. fulphur, which alfo makes a pyrophorus) the fixed air
expelled from it afterwards muft have been formed by
the union of the dephlogifticated air imbibed by it, and
the phlogifton contained in itfelf.

Froma quantity of old and {poiled pyrophorus I got
one hundred and eighty ounce meafures of air, of the
firft part of which one half was fixed air, and the reft
phlogifticated. At thelaft, tho’ one half was fixed air,
the reft was inflammable. In another experiment of
this kind 1 found feven tenths of the air fixed, and the
reft inflammable.

From 15 dwts. of fallen lime I got forty five ounce
meafures of fixed air, and twenty five of inflammable
from the gun barrel in which the experiment was made:
Whether quicklime has been expofed to the atmofphere
fo as to become what is called fullen lime, or has been
faturated with water, they come in timg to be of the
fame weight, and to have the fame properties; the for«
mer continually gaining weight, and the latter lofing
it. From 15 dwts- of lime faturated with water and
then expofed to the atmofphere, 1 got fifty five ounce.
meafures ol fixed air.

Lhad
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- I had a refult fimilar to this when I expofed fome
@ld plaister of Paris to heat in an earthen retort. In
thefe circumftances 3. 25 ounces yielded two hundred
ounce meafures of air, of which the firft part contain-
ed about one twentieth of its bulk of fixed air, and the
remainder was confiderably phlogifticated, viz. of the
ftandard of L. g, the’ at the laft of 1. 35,

It may be faid that pyrophorus attralls.water from
the atmofphere, and that the water is decompofed by
expofure to heat. But in no other cafe is water fo ate
tralted decompofed by mere expofure to heat, Was
ter is attratted by lime, by vitriolic acid, and various .
other fubftances ; but heat will always expel it again,
and it may be colleéted in the form of water, without
any decompofition. There is, therefore, every reas
fon to conclude that it is the fame with water atiradlcd
by pyrophorus., 2

It is, indeed, an obvious obje&ion to the antiphlo-
gillic theory, that it fuppofes water to be decompofed
in fuch different circumftances. What can be more {o
than when it is applied in the form of fieam to iron
red het, alfo when it is quite cold, and merely prefent
in the fame vefiel in which the iron, alfo ccld, is diffoly-
ed by anacid, and by the adion of light on growing ve.
getables, &c. &c.  But if inflammable air be procured,
the theory abfolutely requires that water be decompo-
fed, and no differeice of circumftances is fo much as
attended to.

To thefe experiments relating to fixed air I fhall
add one that I made on the heating of the diamondin
atmolpherical air, much Qf the produce being fixed air.

That
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That the diamond is a combuftible fubftance has
béen long known, but not having heard of its being
burned in atmofpherical, or any kind of confined air,
Ilong withed to'dolit ; and being {'upplled by a friend
with two fmall-ones; I treated thém in this manner, and
found that'near ninéty “patts in one hundred’of the’ air
in which they were' burned was completely:phlogiftis
cated, and the quantity not being: fenfibly changed, the
remainder was 'fixed air ; whi¢h is an' effect! fimilar to
that of heating charcoal of copper in air. The dia:
monds being very fmall, and the quantity of air in
which they were burned being ‘very fmall in proporti.
on, I will not vouch for much exaétnefs in the refult,
fhg’, the experiment was carefully made over mercury.
Both the diamonds weighed only three tenths of agrain,
?nl they loft in the procefs fifteen hundredths of a
grain. The air in which they were burned was three
tourths of an ounce meafure.

o With diamonds furnifhed me afterwards by Mr.
Jeffries, ajeweller in London, I made the following ex-
periments.

In 4. 5 ounce meaflures of dephlogiiticated air (of
the ftandard of 6. 6, with two equal quantities of ni-
trous air) I heated a diamond that weighed one fes
venth of a grain till it intirely vanifhed, after which the
air was reduced by means of lime water to an ounce
imeafure and an half of the ftandard of 1. 92. A

The weight of the fixed’ air produced greatly ex-
ceeding that of the diamond, it is evident that the fub-
ftance of it mult have united with the dephlogifticated

air
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air to form the fixed air. As the weight of this air
was nealy three grains, and that of the diamond about

a. fourth part of it, the proporion of dephlogifticated
air in fixed air muft be the fame that I found it to be.

inmy former experimenis. | . v

According to this ex; )crlment, Lhe a’mmond and char-
eoal of copper, tho’ {o diiferent in appearance (the one,
{folid and heautifully tranfparznt, and tue other a blac k
and friable fubftance) are both as nearly as poffible Purc

phlogifton. For tho’ fomething, no doubt, remama

X

after their dlfpcrﬁon, it 1s too {mall to be difcovered. e

SECTION XIIL
Of Phlogisticated dir.

THE fubje& of phlogifticated air is at-
tended with confiderable difficulty. I am able, howe-
ver, to produce {ufficient evidence that it is not, as the
antiphlogiftians fay, an elementary {ubftance, but that
it derives its origin from phlogifton ; fince it may ‘be

generated
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generated from inflammable air, fometimes alone,* but

in other cafes by means of dephlogifticated air, whe.
ther any portion of this Kind of air be‘united with it or
not. Of this my readers will judge from the experi-

ments that I fhall lay before them,

1. One decifive proof that phlogifticated air may be
- formed, and feemingly by the union of dephlogifticated
air and phlogifton, is the quamity.of phlogifticated air
that remains after any explofion of dephlogifticated or
common air with inflammable air, more than what re«
mains after the mixture of nitrous air with either of
them.

Having procured a quantity of dephlogifticated air
fo pure that one meafure of it mixed with two meafures
of nitrous air was reduced to 0. 04, I could not by any
mixture of the pureft inflammable air fired along with
it reduce it to lefs than 0. 25.

2. The very different proportions in which atmof-
pherical air is diminifhed in different proceffes, is a
proof that in fome of them there mufl be a generation
of phlogifticated ‘air. When air is diminithed by iron
filings and fulphur moiftened with water, the propor-
tion of phlogifticated air is that which Mr. Lavoifier
flates, viz. 73 parts in 100. But when I made the mix-
ture without any water, I found that cne hundred mea-
fures were in fix days reduced only to ninety complete~
Iy phlegifticated, whichis in the proportion of 81, 8,
in {00. Again one hundred and forty ounce meafures

: were

* 1 am now pretty well satisfied that when inflammable air be-
eomes phlogisticated air, it gets dephlogisticated air through the watef
M which it is confined.
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were by the fame dry mixture reduced te one hundred
and thirteen, which is in the proportion of 80. 6, in
100. But fome water getting to the mixture the third
time that it was ufed, one hundred and fifty five ounce
meafures of air were reduced by it to one hundred and
fixteen ; which is in the proportion of 74 to 100.

By the flow burning of phofphorus fixty ounce mea-
{ures of atmofpherical air was reduced to forty eight;
at another time to 48. 5 ; and fifty ounce meafures were
reduced to forty, which is in the proportion of 80 parts
of phlogifticated air in 100. But by repeatedly firing
the pholphorus with aburning lens, one hundred ounce
mealures were reduced to eighty nine completely phlo-
gifticated.

Meflrs. Berthollet and Fourcroy however, fay ¢ 4n«
nales de Chymie, Vol. 26, p. 308) “ We muft abandon
“ the teft of the purity of air by means of nitrous air 3
¢¢ and fubftitute that of phofphorus, by means of which
¢ we get uniform refults. ‘They are different with nis
“trous air, on account of the different proportions in
¢ which this air combines with dephlagifticated air tq
s« form nitrous acid.”

But how can thefe proportions vary when the cire
cumftances in which they are mixed are exally the
fame? 'The nitrous air admitted in the fame manner
to any kind of air, containing in it a portion of dephlo-
gilticated air, muft unite with this, and this only ; leay-
ing the other, with which it cannot combine, as it was ;
and it requires no particular degree of heat to do this.
The refult is, therefore, the fame in all temperatures.,
On this account it is the moft convenient, and perhaps

as
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as accurate'teft as we can apply. It is only neceffaty’
that there be a fufficient quantity of nitrous air to fatu<
rate all the dephlogifticated air that it can meet with,
and that the fame time intervene between the mixturé
and t!e meafuring of the dimunition occafioned by it.
The dimunition' of atmofpherical air by means bf phof-
phoris is both a tedious, and even a lefs certain pro-
cefs, as well as attended with expence ; and I find that
the ufe of inflammable air inftead of nitrous air, which
fome perfoas recommend, ‘is liable to much greater obs
je€tions, the refult of the firing of them by the eleétric
fpark beirg exceedingly various in circumftances as
nearly as we can judge the very fame.*

8 Since

* Mr. Rupp also objects to the use of nitrous air as a test of the
purity of atmospherical air, and quotes a former experiment of mine, in
which it appeared that by only pouring a mixture of nitrous and atmos-
phei'ical air from one vessel to another, and also by letting the mix-
ture stand some days without any a'rltatwn the degrees of dimunition
were very various ; and he says that therefore from the still greater
dimunition of +his mixture which 1 have since observed, it cannot be
concluded that atmospherical air contains more dephlogisticated air thah
has hitherto been supposed. I acknowledge that my conclusion from
that observation was not just, but for a reason that I was not at that
time acquainted with. For I have since found that not only does that
mixture of air continue to diminish still farther by béing longer confi-
ned by water, but that a quantity of any kind of air will in‘time be
whOIIy absorbed in the same circumstasces, and thatsome time before
they dxva.ppear they all become phlogisticated air, inflammable air as
well as the rest.

This is a fact of which I am not able to give any rational account,
any more than of several others that have fallen under my observation.
I have given a detailed account of the factsin an article I lately sent to
the philosophical society at Philadeiphia, together with anbther, on any
two kinds of air, separated by an earthen vessel, or a bladder, changing
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3. Since pure nitrous air wholly vanifhes' when it
unites with pure dephlogifticated air, the phlogifticated
air that is found after heating ‘iron in it cannot be a
fimple element, but muft have been formed from fome-
thing in the nitrous air and phlogifton from the iron.
Heating malleable iron in fixty ounce meafures of ni-
‘trous air, it was reduced to twenty four, all phogilticat-
ed, WhenI continued this procefs beyond the point
‘of greatefl dimunition, the air produced was inflamma-
ble.

4. Since water contains but a {mall quantity of air
in propertion to its bulk, and generally confiderably
purer than that of the atmofphere, the phlogifticated
air that is produced by heating fteam in a copper vef-
fel muft have been formed from phlogifton in the cop-
per and the air contained in the wate ; and whenever
I hdve heated water in this manner, (the upper partofa
clofed copper tube being kept in a red heat, while the
lower and open part was immerfed in water) I have
found a confiderable quantity of air completely phlo-
gifticated, and the longer I kept it in this ftate the
more of this airI found. I had fimilar refults when
I ufed a filver tube.

T hat this phlogifticated air is not that which had
paffed from the centre of the fire thro’ the metal tubes
(tho’ fome of my late experiments prove that fome me-

‘ tals

places, which Thad observed before with respect to steam and air. This

is a fact of great importance in the system of nature, especially with

respect to respiration ; but of the cause of it I have not even a conjec-

ture worth proposing. Both the above mentioned articles are publishe

ed together with others, in the fifth volume of the Transactions.
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tals are permeable to air in thefe circumftances) appears
from the refults of my experiments with glazed ear-
then tubes in the fame circumftinces. For the air
that gets into the infide of thefe is eften little worfe than
atmofpherical air.

5. It is well known that hot charcoal imbibes any
kind of air ; and I bave obferved that when it is after-
wards put into water it gives this air out again. But
if the air be that of the atmofphere, it takes the dephlo-
gifticated part in preference to the other, leaving the
remainder phlogifticated ; and the air that it gives out
after this inwater 1s chiefly phlogilticated. What, then,
becomes of the deplogilticated air that has difappear-
ed? Will it befaid that it remains in the charcoal,
which had imbibed it ?  Whence then came the phlo-
gifticated air which it gave out, when, according to the
new theory, charcoal does not contain any fuch princi-
ple? It isnet found inthe water into which it is put;
for this gives out air lefs pure than it did before the
procefs.

6. A folution of copper in volatile alkali gave phlo-
gifticated air with marine acid, and it will not be eafly
to fay where this azote exifted before the procefs.

7. Moft of the fubftances which have been ufed to
phlogifticate air gain an addition to. their weight in
the procefs, in confequence of which it has been taken
for granted by the antiphlogiftians, that nothing is e-
mitted from them, and that they only imbibe the de-~
phlogifticated air, which is one conflituent purt of the
atmofphere, leaving the other part, which (hey call a«
20te, unaltered. It was, therefore, defirable to find

fome
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fome fubftance which would not gain any weight in the
procefs, and yet have the fame effe® in phlogifticating
the air.  For the dephlogifticated air not uniting with
the fubitance expofed to it muft neceflarily form fome
other combination.

This end was in fome meafure anfwered by steel,
which, according to the common hypothefis, containe
ing more phlogifton than iron, would, I thought, part
with more on the application of heat and receive lefs
addition ; and thisI found to be the cafe. But it was
more completely an{wered by black bones, which with-
out gaining any thing by the application of heat in any
¢ircumftances, became white in the procefs:

If this be done in common air, as the bones do not
imbibe the dephlogifticated air that difappears, this air
is difpofed of in two different ways. For one part of
it contributes to form fixed air, and another part may
form a different union with fomething emitted from the

- bones, and make an addition to the phlogifticated air.
Accordingly, there is more of it found after the pros
cefs with the black bones than with iron, and many o-
ther fubflances which receive an addition of weight in
the procefs.

‘Whence, then; I afk, can come this addition of
phlogifticated air, but from an union of phlogifton, c-
mitted from the bones, with the dephlogifticated airin
the atmofpherical air to which they are expofed ? Con-
fequently phlogifticated air,or azote, is not a fimple fub-
ftance, as the antiphlogiftians maintain, but a com-
pound. Alfo whence can come the fixed air thatis
procured in the fame procefs, but from a different com-

G bination
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bination of the fame elements, and not as they fay from
carbone, which is a fubftance of vegetable origin, and
has no place here? Mr. Rupp is of opinion that the
fixed air is formed from the carbone in the bone, and
the dephlogiftieated air that difappears. But when the
heat is applied with care, there is no lofs of weight in
the bone ; fo that nothing is driven from it befides the
phlogiston, which appears to bave no weight at all, or
none that we can afcertain.

That the thing which conftitutes the blacknefs of
the bones is the fame with that which has always been
called phlogifton, is evident from its forming inflamma-
ble air if there be water to fupply it with a bafis. For
I find that if they be heated in phlogifticated air, which
cannot by parting with any thing contribute to this’
whitenefs, they neverthelefs become white ; the air in
which they are heated is increafed in quantity, and this
increafe is inflammable air.

For thefe experiments. I find ivory black, which is
the coal of ivory ufed by painters, more convenient than
common bones. To prepare this fubftance for the ex-
periment, I fill an earthen tube with it, and clofing it
with clay, expofe it for a confiderable time, at lealt a
quarter of an hour, to the greateft heat of a fmith’s fire,
which will expel from it every thing that is volatile ;
fo thatno heatto whicn 1 can exvofe it afterwards will
affed it, except by means of fome other fubftance with
which that which conftitutes its blacknefs has an affini-
ty, and with which it can combine.

Heating a quantity of ivery black prepared in this
manner in 6. 5 ounce meafures of atmofpherical air,

there
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there was no fenfible change in the quantity; but on
examining it, I found in it an ounce meafure of fixed
air, and the remainder was completely phlogifticated,
which is in the proportion of 84 parts in 100 ; whereas
the antiphlogiftians {ay that any proportion of atmof-
pherical air contains only 73 parts,in 100 of phlogiftica-
ted air. It is evident, alfo, that both thefe fubftances
confilt of the fame elements, viz. dephlogifticated air
and phlogifton.

A writer in the Medical and Physical journal, p. 30,
finds no produttion of phlogifticated air, but only of
fixed air,by heating a black bone in dephlogifticated
air, and therefore he concludes that my experiment
with atmolfpherical air was inaccurate. But he thould
have ufed the fame kind of air that I did. What I have
obferved is that fometimes fixed air, and fometimes
phlogifticated air is produced from the fame elements,
tho’ I have not been able to difcriminate all the cir-
cumftances in which one or the other is the refult of
their combination, :

7. Having made much ufe of a mixture of /ron fi-
lings and sulphur, for the purpofe of phlogifticating '
air, I have always had a large quantity which had been
long expofed to the atmofphere, from which it is al
lowed that it attrals nothing befides dephlogifticated
air. - Of this mixture, become quite dry and brown,
three and an half ounces expofed to heai in an earthen
tube gave out one hundred and twenty ounce meafures
of air, of which about one tenth was fixed air, and the
reft almoft who!ly phlogifticated. Both thefe kinds of
air, therefore, muft confitt of dephlogifticated 2ir from

G 3 the
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the atmofphere, and fomething contained ‘in ‘the iron,
or the fulphur, both of which are maintained to be fim-
ple fubftances. There remained a black powder, firong-
ly attraéted by the magnet.

8. In general iron filings and fulplur immerfed in
mercury or water, or placed in a vacuum, yield ine
flammable air ; but in fome cafes {tho’ I do not know
the reafon of the difference) this mixture has yielded
phlogifticated air.

Having placed a pot containing fome of this mixe
ture in a vacuum, I found after fome days that it had
yielded two and an half ounce meafures of air;
and examining it, 1 found it to be completely phlogifti«
cated. Ithen put the fame mixture under water, and
placing it near the fire, it gave an ounce meafure more,
all phlogifticated.

“Atanother time two ounce meafures of air were
yielded by a mixture of this kind ; and being examin-
ed, tho” not till long<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>