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HIS ROYAL HIGHNESS

GEORGE PRINCE OF WALES,

S I R ,

TN dedicating this work to your R O Y A L
•*• HIGHNESS, Iexprefs my own earneftwiih,
and that of many others, that to your other
excellent qualities your R O Y A L H I G H N E S S
may add a difpofition to patronize a branch
of fcience, in the extenfion of which the
natives of Great Britain have ever borne a
diflinguiibed part, and • which has for its
objedl the benefit of all mankind.

It is by increafing our knowledge of
nature^ and by this alone, that we acquire
the great art of commanding it, of availing
ourfelvee of its powers, and applying them
to our own purpofes ; true fcience being the
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only foundation of all thofe aris*of life,
whether relating to peace or war, which dif-
tinguiih civilized nations from thofe which
we term barbarous; a diftinilion not lefs
confpieuous than that between fome nations
of men and forne fpeci'es of brutes. And
that branch of this great fcience to which
the fubject of this work relates, viz. cbemif-
tryt is perhaps of more various and exten-
live ufe, than any other part of natural
knowledge; and by the application that is
now given to it, it is continually growing
in relative magnitude and importance.

In the age of Newton chemiftry was but
little cultivated ; and its value not being
generally known, it was not regularly taught
in places of liberal education, in which na-
iuraf philofophy was always more or lefs at-
tended to ; whereas at. prefent every thing
that is not denominated chemiftry is but a
fmall part of a fyftem of natural knowledge.
It is no lefs remarkable that the dodrine of
airy of which little or nothing was known
in the time of Newton, and which a few

years
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years ago was hardly mentioned in the writ-
ings of chemifts, now makes a very con-
ilderable figure in the mafs of chemical
knowledge, and throws the greateft light
çn the moil important procefles.

It is, therefore, earneftly to be wiihed,
that this branch of natural fcience ihould
be affiduouily cultivated ; and the patronage
of Princes may be eminently ufeful to this
end, by diffufing a tafte for it among thofe
whofe opulence will enable them to pro-
fecute it to the moil advantage,

It is true that we are indebted to the
poverty of many perfons for fome of the
moil fimple and effectual .modes of operat-
ing in chemiílry ; necej/ity having in this,
as well as in many other cafes, been the
happy mother of invention. -But in fome
cafes it is well known that the rrioft pro-
mifing projedls have become abortive for
want of the means that were neceflary to.
carry them into execution. For in this
fcience mere obfervation and refleSiion wiU

A 4 ' net
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not carry a man far. He will frequently
have occafion to put the fubftances which
he examines into various new fituations,
and obferve the refult of circumftances,
which, without expence, as well as labour,
he can have no opportunity of knowing.

Hence it is that the greateft and happieil
effefts may be expedited from the patronage
of fcience by perfons of your ROYAL HIGH-
NESS'S rank and expectations, whofe wiihee
and inclinations are often alone fufficient to
give a turn to the tafte and purfuits of the
rich and great. And hitherto almoil every
country in Europe can boaft of more per-
fons among their nobility, and men of for-»
tune, who are devoted to fcicntifical pur-»
fuits, than Great Britain.

It will perhaps be faid, that men of high
rank and fortune in this country are occu-
pied about the greater objects of civil policy',
and attending to the interefts and liberties of
the nation. But admitting this to be the
cafe of all, which is evidently that of a

5 fmall
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ímall number only, no one objeft wholly
engages the attention of any man. All men
have their pleafurcs as well as their bitfineß ;
nor is it defirable that any one objeft ihould
fo muchingrofa anypcrfon, as that he ihould
give no degree of attention to any other j
and no purfuit can have a jufter claim to
the leifure hours of men of rank and for-
tune than that of natural fcience-t iince,
independently of any views of utility, none
can furniih more rational amufement.

Permit us, then, who are engaged in the
quiet purfuits of philofophy, to flatter our-
felves that they will have the additional re-
commendation of fo effectual a patronage
as that of your ROYAL H I G H N E S S ; and I am
perfuaded that your RPYAL HIGHNESS docs
not need to be reminded, that the greateft
princes have been the protedors of fcience
and of letters, and that they have ever con-
fidered this patronage as refleeling luftre on
their crowns.

In
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In Готе countries the fciences feem to
require the fupport of princes, or of the
community, by penfions and eftabliih-
pients. In ours thefe aids are unneceiTary.
Our Royal Society, which gives none but
honorary rewards, is all that is wanted in
the way of eßablißment ; and it has been,
and is, eminently ufeful. In this country
patronage is not wanted for thofe who cul-
tivate th.e fciences, but rather for the fci-
ences themfelves ; to give them their due
value and confideration, to apply the in-
fluence which the great poflefs over the
minds and opinions of men, in directing
their taftes to ufeful purfuits, and thus to
incite a fufficient number of able inquirers
to explore the hidden powers which the;
Deity has imprefled on matter.

Confidering your 'ROYAL HIGHNES.S as
deftined to be the future fovereign of this
country, I cannot wiih you greater glory or
happinefs, than that you ihould confider it
as confifting, not in the extent, but in the

ßouriß-
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ßourtßmgßate, of your dominions, to which
fcience, manufaSlures, and commerce (each the
true fource of the other) will moft eminent-
ly contribute} and that you fliould not be
dazzled by the flattering^ but often fatal,
idea of extending what is called the royal
prerogative ; but rather ftudy to give your
fubjefts every power which they can exer-
cife for their own advantage. And what-
ever flatterers rriay fuggeft, the people (each
of them giving his whole attention to thofe
things in which he is moft interefted) will
always be able to do more for themfelves
than the moft enlightened and beft difpofed
princes can do for them.

As a perfon whofe deliberate judgment
has led him to diflent from the modepf
religion by law eftabliihed in this .country,
permit me, Sir, to exprefs fomething more
than a wiih, that, as the future fovereign of
Great Britain you will be the equal father
of all your ftibjecls ; and that in your reign
every man will meet with encouragement
qnd favour in proportion to the fervices he

renders
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renders his country, and the credit he is
to it.

There has of late years been a wonderful
concurrence of circumftances tending to ex-
pand the human mind, to ihew the incon-
venience attending all eßablißjmenis, civil or
religious, formed in times of ignorance, and
tp urge the reformation of them. Let thefe
be fuffered to operate without obftrudtion ;
and have the true magnanimity to let no
impediment be thrown in the way of the
efforts of the more enlightened part of the
community to improve the ftate of it in
any refpeét.

A fovereign conducting himfelf by thefe
liberal maxims will rank among the few
truly great and good princes, whofe objeét
has not been themfelves, and their perfonal
glory and power, but the real good of their
country; and not that only, or exclufively,
but the benefit of all the human race. A
character thus fupported will be admired,;
and beloved, when that of other princes,

generally,



D E D I C A T I O N . XÜi

generally, but falfely, called great, will be
configned to what is worfe than oblivion,
the deteilation of all good men.

That your ROYAL H I G H N E S S may prove
a truly patriot king, an ornament to human
nature, and a blcffing to your country, and
to mankind, is the fmcere wiih, and prayer,
of

Your ROYAL HIGH NESS'S,

Moft obedient

And moil humble íèrvant,

J. PRIESTLEY.

B I R M I N G H A M , ?
March 14, 440. i
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TTAVINGj at different times, publifhed fix vo-
JL A lumes of obfcrvations and experiments re-
lating chiefly to the fubjedt of air, and they being
at prefent fo far out of print, that a complete fet
cannot be had new, it feemed more advifable to
new model the whole work, than reprint the former
volumes.

In fuch a multiplicity of obfervations, made at
very'different times, it could not.be but that many
múft now be fuperfluous ; and there muft alfo be a
variety of imperfections, with which it is not worth
while to trouble the reader. It will alfo be more
agreeable to any perfon who is entering upon thcfe
inquiries, to get acquainted with what I have done
in a better'method than that in which the particu-
lars happened to occur to myfelf, and cfpecially to

* Into this Preface I have introduced every thing that I thought
worth preferving in the prefaces to all the fix volumes ; and it is
hoped that the importance of the obfcrvations it contains, will be a
iuflitient apology for the length of it.

fee
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fee all that has been difcovered with refpeét to any
fubjeft of experiment, fuch as any of the different
kinds of air, &c. with as little mixture of other
matter as poffible.

Having had a view to fuch readers, I have en-
deavoured in this new edition to digeft the contents
of all the fix volumes, and alfo of thofe papers
which, fmce the publication of them, have been
inferted in the Philofophical Tranfactions, into Готе-
thing like' zffltem -, fome regard, at the fame time,
being had to the order of time, and of difcovery, the
better to enable the reader to enter into my views,
and trace the actual progrefs of my thoughts in the
feveral inveftigations.

For the fake of conciíenefs, I have not, indeed*
troubled the reader with every conjecture andhypo-
thefis which I formerly adopted; but I have not
failed to mention the moft confiderable of them ;
not being aihamcd of the miftakes I have made,
and being willing to encourage young adventurers, by
ihewirig them that, notwithftanding many errors (to
which even the moft fagacious, and the moft cau-
tious, are fubject) their labours may be crowned
with confiderable fuccefs.

No
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Na perfon, I am confident, will now wiih that,
in order t;o prevent fuch miftakes, I had deferred
the publication of any of my volumes till I had
more nearly completed the courfes;of experiments,
of which they contain an account j 'and I ihall Hill
purfue the fame method ofjpe«dy publication, though
the confequence of it ihould be i the neceffity, in
fome future time, of making another new modelled,
and better purged edition of all my philofophical
writings.

To repeat what I faid in the preface of the very
firft volume of experiments on air; confidering the
attention which is now given to this fubjecl: by phi-
lofophers in all parts of Europe, and the rapid
progrefs that has already been made, and may be
expedted tobe made, in this branch of khowledge,
all unriecefiacy delays in the publication of experi»
ments relating to. it, -are peculiarly ainjuftifiable«

When, for the fake of a little ' more reputation,
men can keep brooding over a new fac"b, in the dif-
covery of which they might,. polfibly, have very

real merit, til! they think they can aítoniíh thií
d with a fyftem ъь complete as it is new, and give

mankind a high-idea of their judgment and penetra-
tion ; they are juftly punilhed for their ingratitude
to the fountain of all knowledge, and for their want

VOL. I. a of
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of a genuine lové of fcicnce and of mankind, in find-
ing their boafted difcoveries anticipated^ and the
fieid\of :honeft;/ame.'pre-occupied, by men, who,
from a naturábirdòur of mind engage in philofophi-
pal purfuits; ;and with an ingenuous fimplicity .'-im-
mediately.corilnuinicate, to I -others ̂ whatever occuts
to them, in their inquiries.

.. As to myfelf, I. find ir abfolutely impoffible to
produce a work on this fubjedt that lhall be any
thing like complete. Every publication I have frankly
acknowledged to be very imperfeél, and the pre-
fent, I am as ready to acknowledge, is fo. But,
paradoxical as it may feem, this will ever be the
cafe in the progrefs of natural fcicnce, fo long as
the works • of,God are, like himfelf, infinite .and
inexhauftible.. -In completing one difcovery, we
never fail to get .an imperfeél knowledge of others, of
which we could have had no idea before; fo that wo
cannot folve one doubt without creating feveral new
ones.

No philofophical inveftigation can be faid to be
completed, which leaves any" thing unknown that
we are prompted by it .to wilh we could know re-
lating to it. But lych is the neceflary connection,
of all things in the.fyftem of nature, that every dif-
covery bring to our view many things of which we

had
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had no intimation before/ the complete difcovery
of which we cannot help wifliing'fori arid When-
ever thefe difçoveries are completed, we may affure
ourfelves they will farther increase this kind of dif-
fatisfadtion.

The greater is the circle of light,the greater is the
boundary of the darknefs by which it is confined.
But, notwithftanding this, the more light we get,
the more thankful we ought to be. For by this
means we have the greater, range for fatisfaftory
contemplation. In time the bounds of light will be
ftill farther extended ; and from the infinity of the
divine nature, and the divine works, we may pro-
mife ouHélves an endlefs progrefs in our inveftiga-
rion of them : a profpeet truly fublime and glorious.
The works of the greateft and moft fuccefsful philo-
fophers are, on this account, open to our com-
plaints of their being imperfedt.

Travelling on this ground refembles Pope's de-
fcription of travelling .among the Alps, with this
difference, that here there is not only a Jucccfftottt
but an increafe ofnewqbjecb and new difficulties.

So pleae'd at firft the tow'ring Alps we try,
Mount o'er the vales» and feem to tread the iky.

a» Tb*
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But thofe attain'd, we tremble to furvey
"fhe growing labour» of the lengthen'd way;
Th' increafing profpeâ tire« our wand'ring cye.3,
Hill» peep o'er hills, and Alps on Alps arife.

ESSAY ON CRITICISM.

fcfcwton, ц he had very little knowledge pf airt

fp. he hacl few dqubts. concerning it. Had Dr,
Iríales, after his various am} valuable inve^igations,
given a lift of all his deßderata, t am confident that
he w,ou)d not have thought pf one in ten that had
occurred to me at the time of my firft publication}
andi,' my doubts, queries, апД hints for new ex$/p-i~
m&ftSy a,re yery conßd^r^bly increa.fedj afœr.a/er^es,
of invreftigatiqns, ^hich have th^pv^n. great light
ирод many things of which I was not able to. give
any explanation before.

A perfon who means to ferve the caufe of fcience
effectually, muft hazard his own reputation fo far as
tp. rifle even mißakes in tilings of lels moment.
Among a multiplicity of new objefts, and new re-
lations, fome will neceflarily pafs without fufficient
attention} but if a man be not miftaken in the prin-
cipal objeft of his purfuits, he has no occafion to
diftrefs himfelf about leflèr things. In the progrefs

of
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of his inquiries He will generally be able to rectify
his own ^miftskes ; or if little and envious minds
ihould take a malignant pleafurc in detecting them
for him, and endeavouring to expofe him, he is
nbt worthy of the rame of a phîlofopher, if he has
not ftrength of mind lufficient to enable him not to
be difturbed at it. He who does not foolhbly afreet
to be above the failings of humanity, will not be
mortified when it is proved that he is bUt a man.

I dó not think it at all degrading to the bufinefs
of experimental philofophy, to compare it, as I of-
ten do, to the diverfiori of bunting, where it fome-
ttrnes happens that thofe who have beat the ground
the moft, and are confequently the beft acquainted
with it, weary themfelves without itarting any
game ; when it may fall in the way of a mere paf-
fenger ; fo that there is but little room for boafting
in the moft fuccefsful termination of the chace.

The beft founded praife is that which is due to
thé man, Who, from a fupreme veneration for the
God of nature, takes pkafure in contemplating his
wohfo, arid from' a love of his fellow creatures, as the
ófivpring of the fame all-wife and benevolent parent,
with a grateful fenfe and perfeft enjoyment of the
means of happiriefs of which he is already pofiefled,
feeks, with earneftnefs, but without murmuring or

a 3 im«
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impatience," 'that greater command of the powerf 9/
nature, ;which can only be obtained by a more ex-
tenfive and more accurate knowledge of them j and
w,hich alone can enable us to avail ourfelves of the
numerous advantages with. which we are furround-
ed, and contribute to make our common fuuation
more fecure and happy.

Befides, the man who believes that there is a go-
vernor as well as a maker of the world (and there is
certainly equal reafon to believe both) will acknow-
ledge his providence and favour at leaft as much in"
afuccefsful purfuitof/^w«!/ft/£<?, as of'wealth j which
is a fen.timent that Entirely cuts qff all boafting with
relpeft to ourfelves, and all envy and jealoufy with
relpecl: to others j and difpofes us mutually to re-
joice in every new light that we receive, through
whofe hands fpeyer it b.e conyeyed to us.

I ihall pafs for an enthufiaft with fome, but I am
perfectly eafy under the imputation, becaufe í am
happy in thoip views which fubject me to it ; ,buc
confidering the amazing improvements in natural
knowledge' which haye been made within the laft
century, and. the many ages» abounding with men,
who had no other pbjeft befldes ftudy, in which, hp\y-
ever, nothing of this kind was done, there appears tp
me to. be a very particular providence in ú\ç concur-

rence
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rence of thofe. circumftances which have produced
Ib great a change ; and Г cannot help flattering my-
felf that this will be inftrumental'in bringing about
other changes in the ftate of the. world, of much
more confequence to the improvement and hap-
pinefs of it*

This rapid procefs of knowledge, which, like
the progrefs of a wave ofthefea, of found, or of
light from the fun, extends itfelf not this way or that
way only, but in all direfiions, will, I doubt not,
be the means, under God, of extirpating all error
and prejudice, and of putting an end to all undue
and ufurped authority in the bufinefsofr^w», as
well as offcience ; and all the efforts of the interefted
friends of corrupt eftablilhments of all kinds, will
be ineffectual for their; fupport in this enlightened
age ; ;thuugh, by retarding their downfal, they may
make the .final ruin of them more complete and
glorious. It was Щ policy jn bep JC. to patro-
nize polite literature, -jrïe was -cheriihing an enemy
in difguife. And the Engliih hierarchy (if there be
any thing unfound in its conftitution) has equal rea*-
fon po tremble eyen at an air pump, or an elecVical
machinç.

This is not now a bufmefs of air only, as it was
at die firft $ but appears to be of much greater mag-

a 4 nitude .
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nltud'e and exteht, fo as to diffüfe light upon the moft
general principles of natural knowledge, and efpeci-
ally thofe about which chemiflry is particularly con-
verfant. And it will not now be thought very af-
fuming to fay, that, by working in a tub of water,
or a bafonofquickfilver, we may perhaps difcover
principles of more extenfive influence than even that
*of gravity. itfelf, the difcovery of which, in its full
extent, contributed fo much to immortalize the
name of Newton.

I would, however, caution my reader not to be
too languine in his expectations from the happy
train which this branch of philofophy feems to be in,
Confidering .the unexampled rapidity with which
djfcoveries have hitherto been made in it, the num-
ber of perfons jn many and diftant countries now en-
gaged in thcfe purfuits, and the emulation that is
neceflarjly excited jn fuch circumftances j and con-
fidering, at the fame time, how nearly this fubjeel
is allied to the moft general and comprehenfive laws
of nature with which we are acquainted j fome may
be apt to imagine, that every year muft produce
difcoveries equal to all that were mude by a New-
?on or a Boyle -, and I am far from faying that this
may not bo tlit cafe, or that it is very, impro-
bable,

But,
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But, though I have little doubt, from the train
that things are vifibly in, that philofophical difco-
veries in general will goon with an accelerated pro*
grefs (as indeed \hey have done ever fince thé re-
vival of letters in Europe) it Would be tob rafli to
infer, from the prefent flattering appearances, that
any particular expedition into the undifcovered fo
gionsoffcience will be crowned with more dlftin-
guilhed fuccefs than another. Nothing is more
common, in the hiftory of all the branches of ex*
perimental philofophy, than the moft unexpected
revolutions of go.od or bad fuccefs. In general, in-'
deed, when numbers of ingenious men apply them-
felves to one fubject, that has been well opened,
the inveftigation proceeds happily and equably.
But, as in the hiftory of ekfiricity,- and now in the
difcoveries relating to air, light lias burft out ffrtm
the moft unexpected quarters, in confluence of
which the greateft matters of fcience have been
obliged to recommence their ftudies, from new and
fimpler elements ; fo it is alfo not uncommon for a
branch of fcience to receive a check, even in the
moft rapid and promifing ftate of its growth,

It is true that the rich and the great in this coun-
try give lefs attention to thefe fubjecb than, I be-
lieve, they were ever known to do, fince the time
of bord Bacon, and much lefs than men of rank

and
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and- fortune in other countries give to: them. But
withius this lofs is made up by men of leifure, fpi-
jit, and ingenuity, in the middle ranks of life,
•which is a circumftance that promifes better for
the continuance of this progrefs in ufeful knowledge
than any noble or royal patronage. With us, alfo,
politics chiefly engage the attention of thofe who
ftan4 foremoft in the community, which, indeed,
arifes from the fretam and peculiar excellence • of
our conftitution, without which even the fpirit of
men of letters in general, and of philofophers in
particular, who never dircftly interfere in matters of
government, would languiih,

Jf is rather to be regretted, however, that, in
fuch a number of nobility and gentry, fo very few
ihould have any tafte for fcientifical purfuits, becaulê,
for many valuable purpo|es of fcience, wealth gives
a deciflve advantage, l f extenfive and lauingfatne
be at all an object, literary, and efpecially fcientifical
purfuits, are preferable to political ones in a. variety
of refpedts. The former are as much more favour-
able to the difplay of the human faculties than the
latter, as the fyßem of nature is fuperior to any foli-
ticdfyflem upon earth.

If extenfive ujefulncjs be the object, fcience has
the fame advantage over politics. The greateft

fuccefs
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lùccefs in the latter feldom extends farther than one
particular country, and one particular 'age ; whereas
a fuccefsful -puriuit of fcience. makes á man the
benefadtor of all marikind, and of every age: How
trifling fs the fame of any ftatefman that this coun-
try has ever produced to that of Lord Bacon, of
Newton, or of Boyle; and how much -greater arc
our obligations to fuch men as thefe, than to any
other in the wnble Biographia Britannica ; and every
country, in which fcience has flouriihed, can furniih
inftances for Jimilarobfervations.

Here my reader will thank me, and the writer
will, I hope, forgive me, if I quote a paflkge from
the poftfcript of a letter which I formerly re-
ceived from that excellent, and in my opinion,
not too enthufiaftical philofopher, father Beccaria,
of Turin.

Mijpiace cbe il mondo politico, cb' è pur tanto paf-
SeS£ero> rubbi il grande Franklin ol mondo delia natura,
ehe non fa ne cambiarc, ne mancare. In Engliíh.
" I am forry that the political world, which is Ib
*f Very tranfitory, Ihould take the great Franklin
if from the world of nature^which can never>,Chaogee
" or fcil."

Scientifical purfuits have fuch an advantage over
moft others, as ought more efpecially to recommend

them
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them to pcrfons of rank and fortune. They never
fail to furniih materials for the moil agreeable and
aébive purfuits, and fuch as are, at the fame time,
in the higheft degree, ufeful and honourable, and
are, by this means, capable of doing unfpeakably
more for them than the lárgeft fortunes cart do
without this refource. Were perfons thus engaged,
there would be lefs temptation to have recourfe to
pleafurè and diffipation, for the employment of their
racant time j and fuch purfuits would be particu-
larly valuable to thole who have no talent for
politics, or any proper call, to occupy themfelves
in public affairs. Befides, the laft is a path in
which, from the nature of things, only a very few
can walk; and the former, viz. a courfe of vicious
pleafure, it is much to be lamented that any human
being fhould tread.

Man is a being endued by lus creator with ex-
cellent faculties, and not to have Jerious objèlís of
furßit is to debafe arid degrade himfelf. It is to
rank himfelf with beings of a lower order, aiming
aí nothing that is much higher than the low plea-
fare's they are capable'of; at the fame time that,
from the remains of nobler powers, of which he
cannot wholly diveft himfelf, he is incapable of that
unallayed enjoyment of fcnfual pleafures that brutes
have.

I am



T II E P R E F A C E .

I am fprry to have oççafion to obferve, that
aatu.ral fcience is very little, if at all, the object of
education in this country, in which many individuals
Juve diftinguilhed themfelves fp much by their ap-
plication to it. And I would obferve that, if wç
wilh to lay a good foundation for a philofophical
tafte, and philofophical purftjits, perfons Ihould; be
accuftomed to the fight of experiments, and pro-r
çe0ès, in early life. They iliould, more efpecially,
be early initiated in the theory and practice of in-,
ve/li%a(iont by which many of the old difcoveries,
may be made to be really their own -, on which
account they will be much more valued by them.
And, in a great variety of articles, very young per-
Ççns, may be made fo far acquainted with every
thing neceflary to be previoufly known, as to engage
(w,hich they will do with, peculiar alacrity) in pur-
Cuits truly original

At all events, however, the curioiky and furprize
of young perfons ihould be excited as foon as pof-
ftblej nor Ihould it be Brauch regarded whether
they properly underftand what they fee, or not. It
is enough, at the firft, if ftriking facts make an.
impreffion on the mind, and be remembered. We
are, at all ages, but too much in hafte to underftan4t

as we think, the appearances that prefent themfelves
to us. If w.e could content ourfdves with the bare

ï knowledge
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knowledge of new faffs, and'fulpehd our judgment
witji rèlpedt to their caufes, till, by their analogy,
we were led to the difcovery of more facts, of a
fimilar nature, we ihould be in a much furer way
to the attainment of real knowledge.

I do not pretend to be perfectly innocent in this
refpect myfelf; but I think I have as little to re-
proach myfelf with on this head as< moil of my
brethren j and whenever I have drawn general con-
clufions too foon, I have been very ready to aban-
don them, as all my publications, and this work in
particular, will evidence. I have álfo repeatedly
cautioned my readers, and I cannot too much in-
culcate the caution, that they are to confider new

faffs only as difcoveries, and mere aeduftims from
thofe-fa'cb, as of noYmd of authority; but to draw
all conclurions, and form all hypothefes, for them-
felves.

I alfo cannot help expreffing a wiflv that during the
eftabliihment of peace in Europe (and happily itis not
in the power of any ftate to be always at war) we
may fee every obftruction to the progrefs of know-
ledge, which is equally friendly ' to all flates, re-
moved. Taxes on the importation of books, and
other articles of literature, are fo impolitic, as well
as illiberal, that it is earneftly wiihed that fomething

may
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may be''ftipulated by contending powers for abo-
lifliing them. "There ' are ftatefmen whofe minds
àíe-fufficiently enlarged to fee that philofophy gives
an ample equivalent for the exemption.

I might enlarge much more than I have;done
in this preface ;on' the dignity, arid utility, of experi-
mental philofophy -, but íhalL "only, obferve .farther,
that it is nothing but a fuperior knowledge of the
laws of nature, that gives Europeans the advantage

'they have over the Hottentots, or the loweft of our
ipecies. Had thefe people never known Europeans,
they could not have formed an idea of any mode
of life fuperior to their own, though.it differs but
'little from that of the brutes. In like manner,
fcience advancing, as it does, with an accelerated
progrefs, it may be taken for granted, that man-
kind fome centuries hence will be as much fuperior
to us in knowledge, and improvements in the arts
of life, as we now are to the Hottentots, though we
cannot • have any conception what that knowledge,
or what thofe improvements, will be. It is enough
for us to fee that nature'is inexhauftible, that-it is
a rich mine, in which we ihall never dig in vain,
and that it is open to infinitely more labourers than
are now employed in exploring its contents, or in
digging for them.

Having
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a pretty fuceeßful adventurer in
this gregf minei my phtJofqphical friends' in general
wosTidef that I do not copfine my attention to it.
Their diflatis/action with me is fo great, and I hear
of it from fo many quarters, that I think it right to
take fome. opportunity (and a better than the pre-
fent will hardly occur) to make an apology for my
conduit, efpecially to thofe of my friends by whofe
afliftance I am enabled to 'give my time to thefe
liberal purfuitsj being pleaied to think that my
attention to them will be of fome advantage to
fcience and the public.

In. the firft place, I would obferve, that Г follow
my Qwn beft judgment in devoting my time to
what I really apprehend to be the moil, important
purfuits, thofe from which myfelf, and mankind ai;
Jarge, wjll finally derive the greateft advantage»
gnd I muft be allowed to fay, that the greater va-^
riety of objefts to which it is evident that I have
given attention, muft qualify me to be a better
judge in this cafe than thofe who cenfure my con-i
duel. Perfons who have only one object of purfuit,
never fail to over-rate it, and of courfe to under-
value other things. I would farther obferve, that
the .attention I have given to theology (which, by
the way, is my original and proper province, and
/or which I may, therefore, be allowed to have a

juftifiable
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juftifiable predile&ion) ' does ш eögrefs' fo much öf
my time as fome perfons may imagiae, 1 am par.
ocularly complained of at prêtent, as having thrown
away fomuch ilme.on the compofuion of my Hif-
tory &f the Corruptions of Cbrißianity, of the (Opinions,
concerning Chrifi, and of the Chriftian Church in gene*,
rat. But I can affure them,- and the nature of the
thing, if they confider it, may fatisfy them, that the
time I muft neceiTarily have beftowed upon the
experiments of which an account is contained in
any one of fix volumes, is much more than I have
given to three or four of thofe of which the Qthec
confift, and to all the controverfial pieces that I
have written in defence of them. In gçnera), during
the compofuion of thofe works, the greateft part of
every day was fpent in my laboratory, and the
evenings and mornings only in reading or writing*
Befides, theíe difièrent ftudies fo relieve one another,
that I believe I do more in each of them, by ap-,
plying to them alternately, than I Jhoulddo, if I
gave my whole attention to one of them only.

But my principal defence refts on the fuperior
dignity and importance of theological fiudiet to any
other whatever, .and with fome obfervátions of
this kind I íhall chufe to conclude this long Pre-
face.

VOL. I. b Every
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Every rational being ought to diftinguiíh, by the
greater attention that he gives to them, thofe ob-
jects which are of the greateft importance to him-
lêlf, and to mankind at large. And certainly, if
there be any juft rule for eftimating the value of/
a problem, or query, that is propofed to us, we
muft think it of infinitely more moment to dif-
cover whether there be a future, and efpecially an
'cndlefs, life after this, and how to fecure a happy
lot in that future life, than to make the beft pro-
vi fion poffible for ourfelves in this life, which ig
the ultimate object of all natural philofophy. Stu-
dies, but remotely connected with that great object,
muft have a dignity and importance infinitely fu-
perior to any other. A man muft never have
thought a moment on the fubject, if he hefitate to
give a decided preference in the cafe. To think or
aft otherwife, would be like a man bufying him-
felf about farthings, who has large eilates, or king-
doms, depending, and who ihould neglect the latter
in order to fecure the former.

All that any «philofophical perfon can pretend to
fay in the cafe, muft be, that the expectation of л
future life is fo manifeftly chimerical, that it can
never be worth a wife man's while to lofe a moment
in thinking about it, or to employ his time in any
ftudy relating to it. This I know to be the opi-

nion
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nion of many who. will read this book, if not this
preface. But in this I muft take the liberty to
differ from them, and for reafons which I ihall fub-
mit to their ferious confideration.

Natural phenomena, I agree with them, are un-
favourable to any expectation of a future life, and
the dotStrine of an immaterial foul, capable of fub-
fiffing and acting when the body is in the grave
(on which the doctrine of a future ftate is generally
foundçd) I am as fully perfuaded as they can be,
is unauthorized by any natural appearances what-
ever. My expectation of a future life refts on an-
other • foundation ; and, improbable as I acknow-
ledge the doctrine to be, according to the light of
nature, it is neverthelefs fuch as I firmly believe,
on the plaineft of all evidence ; the author of nature
having given us an abfolute aflu ranee of it, by per-
fons authorized to fpeak in his name, and whofe
divine miffion was proved by luch works as no
other than the author of nature could have enabled
them to perform.

That fuch works have been performed, and for
this important purpofe, muft, I apprehend, be true,
if there be any truth in hiftory. And there is no
kind of evidence more eafily fubjecbd to a rigorous
examination than that which is ofthehiftorical kind,

b 2 the
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the maxims of which we are every day converfcat
with*

Now it appears to me> that we muft either ad-
mit the truth of the gofpel hiftory, which contains
an account of the doctrine, miracles, death» and
refurrection of Chrift (on, which the belief of a
focure life depends) or believe .-what is infinitely
more incredible, visvthat fevewl thousand people,
preíènt at the tranfaarions, and who had no motive
to, bdieve them without iuiSkient evidence, but
every motive to turn -their .-eyes from them, or di£-
believe diem if they could, ihould yet, withoxit áich
errdmce, have given the firmeft aflènt to them,
and, have entertained fo little doubt of the extraor-
dinary fafts,-as to maintain their faith in them ac
tl>e hazard of every thing dear to them in iife, and
even chearfully lay dowft their lives, rather than
abandon their faith. Let philofophe«, as fuch,
account for diis great faff, without admitting more
real miracles, and thofe of a more extraordinary
kind, than the belief of chriftianity requires of me,
and I will relinquiih my prefent faith, dear as it is
to me, and join them in expofing it.

-As phibfophers, the queftfon between us rs
faith, ftrictly fpeaking, is more agreeable tofyrefimt

Whatever we may think of &u author

of
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ef nature, and pf HU attention ça it, we equally be,
Uev£ in the uniformity of the laws qfneiure, and that
wan, whgfe conftitufjpn js a pa.it of the fyftem pf
nature, was the ftine kind, of being two thoufand
years agp thai h$ is npw j a? much a.s that a hprfe
pf that age, cr ад QftH {гее. of jfhat age, h^ the
fame properties with the hítfíbí «yid pale« of tjie
prefent. Cppfequently, whatever wa? poffibb \yith
refpeft tp щап in pny fprmer peripd, is equally ppf-
fible

But will any man, whp gives a moment's atten-
tion fp the fubjeft, fay that it is even poffible that
fevçral thpvifand perfpns, in London РГ Paris, could
be .made to believe that any man in London or
Paris, died and rpfe from the dead in theirpwn
iife-timej th#t they ihould perfift in this per foafion
thrpugh life, wjthput Ihewing any fign pf infanity,
that they Ibpuld gain numerous profclytes to their
opinion, though it fubjedted all who embraced it to

aU kinds of perfection, and even to death » and
that the belief of it fliou.ld ,efta,bliih itfelf againft all
oppofition, without any perfon being able to deteft
the impofition ?

I apprehend that this might take .place
more eafily in London, or in Paris, at this day,
than it çpuld have done at Jerufalem in the tiipe

b of
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of our Saviour. Human nature could not have
been the fame thing then that we find it to be at
prefent, if mankind could have been fo impoíèd
upon. This I therefore think abfolutely incredible*
and confequently, as the lefs difficulty of the two,
as believing a • thing much left improbable, I admit
the truth of the gofpel hiftory, the admiffion of
which makes the fubfequent account of the pro-
pagation of chriftianity (which all hiftory, and even
the prefent ftate of things, proves to be true) per-
fectly eafy and natural. Admitting thefe leading
fadts, all the reft follows of courfe, and all things
came to. be as they are without any farther miracle.
But real miracles we muft have fomewhere, in or-
der to account for the prefent ftate of things ; -
and if we muft admit miracles, let them be fuch
as have a great ofy'efit, and not fuch as have no
object at all, but only ferve to puzzle and con-
found us.

The hiftory of the Jews, and the books of the
Old Teftament, furnifli mznyfacls, which no hy-
pothefis befidcs that of the divine origin of their
religion can explain. Let the philofopher only
admit as a poßulatum that Jews are, and always
were, men, conftituted as other men are, and let
him not deceive himfclf, by confidering them as be-
ings of another fpecies. All I wiih in this refpeet
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is, that perfons who pretend to the character o
lofopbers, would be fo throughout, and carry the
fame fpirit into the ftudy of hiftory, and of human
nature, that they do into their laboratories; firft ,af-
furing themfelves, with refpeil tofatJs, and then ex-
plaining thofe faftsby reducing them to.general prin-
ciples (which, from the uniformity of nature, muft
be-umverfally true) and then I ihall have no doubt
of their becoming as firm believers in chriftianity as
myfelf! They will find no pther byfotbeftst that
can explain fuch appearances as they caonot deny to
be real. Let philofophers now fay, whether ther«
be reafon in this, or not.

I therefore take the liberty, having been led to
advance thus much, to addrefs my brother philofo-
pliers cn a fubjeft equally interefting to us as pbiiofo-
f her s > and as men. Do not difregard a queftion of
infinite moment. Give it that degree of attention
to which it is naturally intitled ; and efpecially do
not fo far abandon the ferious character of philofo-
pbers, as to laugh where you ought to reafon. At
leaft, do this great fubjeft, and yourfelves, thejufr
tice to confider the faffs, and endeavour to frame
fome hypoibeßs by which to account for them j and
do not decide in half an hour, on an inquiry which
well defcrvcs the ftudy1 of a great part of your
lives.

b 4 if
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If I have a ftronger bias than many other perfons
in favour of chriflaanity» ,itis that which philofophy
.gives ine. I view wkh rapture the glorious face of
nature, and I admire its wonderful confutation, the
laws of which are daily Unfolding themfelves to our
view. It is but little that the life of man permits
us-to fee ät-prefent, and therefore I feel a moft eager
defire to renew my -'acquaintance with it hereafter,
and to refume thofe inquiries with which I amfo
much delighted now, and which muft Ъе interrupt-

ed by death.

Could I imagine that the knowledge of nature
would ever be exhaufted, and that we were ap-
proaching to a termination of our enquiries, I could
more contentedly ihut my eyes on a fcene in which
nothing1 more was to be feen, or done. But to quit
the ftage at preíènt (and I believe the afpect of
things will be exactly fimilar in any future period of
our exiftence) without the hope of re-vifiting it,
would fill me with the deepeft regret. The general
who,. like.Epaminondas, or Wolfe, dies in the arms
of victory, dies with fatis&ction ; but not fo he that
is cut off in the beginning of a doubtful, though
promifing, engagement. Thus I -feel on the idea
'of ceafing to breathe, -when 1 'have but juft begun to

"what it is that I breathe.

ç M. Her-
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M. HerfeheU's late difcoveries in, and beyond,
.the bounds of the folar fyftem, the great views that
he has given us of the arrangement of the ftars,
their revolutions, and thofe of the immenfe fyftems
into which they are formed, are peculiarly calcu-
lated to infpire an ardent defire of feeing fo great a
fcene a litde more unfolded. Such difcoveries as
thefe»give us a higher idea of the value of our being,
by raifing our ideas of tbefyßem of which we are
apart, and, with this, an earned wiíh for the conti-
nuance of it.

Befides, civilfociety is but in its infancy, the world
itfelf is but very imperfectly known to the civilized
inhabitants of it, and we are but little acquainted
with the real value of thofe few of its productions
of which we have fome knowledge, and which we
are only beginning to name, and to arrange. How
muft a citizen of the world wiíh to know the iuture
progrefsofit?

To have no wiíh of this kind certainly argues a
low, an ignoble, and i will fay, an unphtlofophical
mind. I confider all fuch perfons, how fuperior
foever they may be to myfelf in other rcfpefts, with
pity and concern. They would have unfpeakably
more fatisfaction in their philofophical purfuits, if
they carried them on with the views of things that

I have.
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I have. It has been juffly obferved, that great
л-iews indicate, and indeed conftitute, great minds.
What elevation of mind, then, would the pro-
fpefts of the chriftian, add to thofe of the philofo-
pher!*

With men of reflection this apology for my con-
duit will, I doubt not, be admitted as fatisfactory ;
and till I hear better reafons than have yet been of-
fered to me for changing my conduft, I ihall con-
tinue to give my attention to my different purfuits,

according to my own ideas of their refpeftive im-
portance j and my friends have no reafon to fear
that I ihall neglect fkilofophy. It has, perhaps, but
too ftrong charms for me. I ihall endeavour, how-
ever, to keep it in its proper place, and not fo

* If any of my philofophical friends fhould be induced, by what
I have here urged, to look into my theological writing], I would
take the liberty to recommend to them my Letters to a Philofophical
Unbeliever, the Inßitutej of natural and revealed Religion, the Gene-
ral Hi/lory of the Chriftian Church, till the FaII of the Weßcrn Empire,
and the Hi/lory of the Corruptions ofCbrlßiamiy, efpccially the Cott-
f/w/ci«,. Part I. relating to Mr. GIBBON, who has declined engaging
in the difcuffion I there propofed to him. If they wifh to fee more
particularly in what manner chriftianity came to be encumbered
•with the doftrine of the trinity, which has been the foundation of
one of the greateft objeftione to it, I would further refer them to
my fflßory of early Of Моги concerning Chriß, where they will fee it
traced to its proper fourcc in the Platonic philofophy, and where
it is proved that the primitive chriftian church was unqueftionably
Unitarian.

much
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much attach myfelf to the ftudy of the laws which
govern this world, as to lofe fight of the fubferviency
of this world, and of all things in it, to another and
a better ; in which I hope to refume thefe pleafing
philofophical purfuits, and to fee, in a comprehen-
five view, thofe detached difcoveries which we are
now making here.

At prefent all o\\rfyßem$ are in a remarkable man-
ner unhinged by the difcovery of a multiplicity of
fafts, to which it appears difficult, or impoffible, to
adjuft them. We need not, however, give our-
felves much concern on this account. For when a
fufficient number of new fa£ts ihall be difcovered
(towards'which even imperfecl: hypothefes will con-
tribute) a more general theory will foon prefent it-
felf ; and perhaps to the moft incurious and lead
fagacious eye. Thus, when able navigators have,
with great labour and judgment, fleered towards
an undifcovered country, a common failor, placed
at the mail head, may happen to get the firll fight
of the land. Let us not, however, contend about
merit, but let us all be intent on forwarding the
common enterprize, and equally enjoy any progrefs
we may make towards fucceeding in it ; and above
all, let us acknowledge the guidance of that Créât
Being, who has puí afpiritin man, andwbofc injpira-
tiongiveth him underßandhw.

I have
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I have not, in this edition, given bjwmary view
iffaai, fuch as I gave in'the fifth of the preceding
volumes, partly becaufe I found it would have made
the-lafl: volume ofadifproportionate fize, but chiefly
becaufe the arrangement of the prefent work, and
the Jndex to the whole, rendered it lefs heceiTary.
Such a fummary will be found in Mr. Keir's Che-
mical Dictionary, and in Elementary Treatifes,
comprizing what all experimenters on air have dif-
covered.

As I wiih to preferve the memory of my patrons
(though I hope to do in a more .effectual manner
lhan -this) I wouldobferve that the fix original volumes
were infcribed to the following perfonsj viz. the Mar-
quis of Lanfdown, Sir George Savile, the late Earl of
Stanhope, Sir John Pringle, Doftor Heberden, and
William Gonflable, Eíq, of Burton Conftable.

C O N -
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I N T R O D U C T I O N ,

S E C T I O N I.

Л general view ^PRECEDING DISCOVERIES relating.
to air.

TT^OR the better underftanding of die expcri-

«•*• ments and obfervations on different kinds of
air contained in this treatife, it will be ufcful to
thofe who are not acquainted with the hiftory of this
branch of natural .philofophy, to be informed of
diofe facb which had been difcpvered by others,
before I turned my thoughts to the fubjeit -, which
fuggefted, and by the help of which I was enabled
to purfue, my enquiries. Let it be obferved, how-,
ever, that I do not profèfs to recite in this place fljt
that had been difcpvered concerning air, but only
thofe discoveries die knowledge of which is necei-
fary, in order to underftand what I have done my-
felf j fo that any perfon who is only acquainted with
the general principles of natural philofophy, may

VOL. I. B be
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be able to read this treatife, and, with proper at-
tention, to underiland every part of it.

That the air which conffitutes the atmoiphere in
which we live has weight; and that it is ehßic, or
conflits of a compreffible and dilatable fluid, were
fome of the earlieft difcoveries that were made af-
ter the dawning of philofophy in this weitern part
of the world.

Alfo Van Helmont, and other chymifts who fuc-
ceeded him, were acquainted with the property of
fome vapours to fuffocate, and extinguiih flame,
and of others to be ignited ; efft&s, indeed, which
could not but have been known in all ages. But they
had no idea that the fubilances (if, indeed, they
knew that they wzrzßbßances, and not merely pro-
f er ties y and affeftiom of bodies which produced thofe
cffecb) were capable of being feparately exhibited
in the form of a permanently elaßic vapour, not con-
denfable by cold, to which I give the name of airt

any more than the thing that conftitutes ßnelL
In fa£V, they knew nothing at all of any air befides
common air, and therefore they applied the term to
no other fubftance whatever.

That elaftic fluids^ differing eflentially from die
air of the atmofphere, but agreeing with it in the
properties of weight, elafhicity, and tranfparency>
might be generated from folid fubilances, was dif-
covered by Mr. Boyle, through two remarkable

4 kinds
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kinds of factitious air, at leaft the effedb of them,
had been known long before to all miners. One
of thefe is heavier than common air. It lies at the
bottom of pits, extinguilhes candles, and kills ani-
mals that breathe it, on which account it had ob-
tained the name of the choke damp. ' The other is
lighter than common air^ taking its place near the
roofs of fubterraneous places ; and becaufe it is
liable to take fire, and explode, Uke gunpowder, it
had been called the. fire dampt The word damp iig-
nifies vapour or exhalation in the German and Saxon
language.

Mn Boyle was, I believe, the firit who difcover-
ed that what we now csS\. fixed air j and alfo inflam-
mable air, are really elaftic fluids, capable of being
exhibited in a ftate unmixed with common air, a
fe£t which nothing that was known before his time
could have given him the leaft reafon to expeft -,
nor, in faot,- did he make the difcovery by any kind
of reafoning a priori t It was the unexpected refult
of his experiments.

Though the former of thefe kinds of air had been
known to be noxious, the latter, Г believe, had not
been difcovered to be fo j having always been found,
in its natural ftate, fo much diluted with common
air, as to be-breathed with fafety. Air of the for-
mer kind, befides having been difcovered in various
caverns, particularly, the grotta del Cane in Italy,

В a barf.



4 THE I N T R O D U C T I O N . Se£l. L

had alfo been obferved on the furface of fermenting
liquors, and had been called gas (which is die fame
vrithgeifl, orfpiHi") by Van Helmönt, and other
German chymiib ; but afterwards it obtained the
name of fixed air, efpecially after it had been dif-
covered by Dr. Black of Edinburgh to exift, in a
fixed ftate, in alkaline faits, chalk, and other cal-
careous fubftánèes.

This excellent philofopher difcovered that it is tht
prefence of the fixed air in thcfe fubftances that
rende» them mild) and that when they are deprived
of it, by the force of fire, or any other procefs,
they are in that ftate which had been called caußicy

from their corroding, or burning animal and veget-
able fubftances.

Fixed air had been difcovered by Dr. Macbride
of Dublin, after an obfervation of Sir John Frin-
ge's, which led to it, to be in a confiderable de-
gree antifepticj. and fmce it is extracted in great
plenty.frorri fermenting vegetables, he had recom-
mended the ufe of wort (that is an infufion of malt
in water) as what would probably give relief in the
fea-fcurvy, which is faid to be a putrid difeafe.

Dr. Brownrigg had alfo difcovered that the fame
ipecies of air is contained in" grea£ quantities in the
water of the Pyrmont fpring at Spa in Germany,
and in other mineral waters, which have what is
called an. atidukus tafte, and that their peculiar

flavour,
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flavour, briíknefs, and medicinal virtues, are de-
rived from this ingredient.

Dr, Hales, without iteming to imagine that there
was any material difference between thefe kinds of
air and common air, obi'erved that certain fub-
uances and operations generate airy and odiers ab-

Jorb it ^ iiuagining «hat the diminution of air waji
fimply a taking away from the common mafs, with-
out ашу Alteration in the properties of what remained.
His experiments, however, are fo numerous, and
various, that they arc juftly efteemed to he the folid
foundation of all .our knowledge of this fubjeafc.

Mr. Cavendiih had exaftly afcertained the fpecific
gravities of fixed wà inflammable air, Ihewing the
former of thefn *o be ii.heavier than common
air,, and the latter ten times lighter. He alib Ihew-
fd tibftt water would imbibe more than its ;own bulk
of fixed air,

Laftly, Mr. íLaae difcovered that water ilius im-
pregnated wjtth ,-fixed air 'will diflolve a confiderable
•Quantity ^f -iron, and dio.;eby become a itrong cha-
lybeate.

Befides tliofe two kinds of factitious ail', th#
which I call nitrous air obtruded itfelf upon ©r.
Hales j but even he, ^s I obfcrved, had.no idea of
ihere being /more than one Ща tf air, loaded with
•different yapours ; and was far from 'ioaagining ^at
they difFered from one.-wiocher -fo -veiy «í&ntiíilly as

B j they
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they are now known to do. And though Mr.
Boyle, 'Dr. Hales, and others, could not but be ac-
quainted with the effluvium ofjpirit of fait, and alfo
of volatile alkali, they could have no idea that the
iubftance which had thofe powers was capable of
being, feparated from common air, and of being ex-
hibited free from moifture, in the form of a perma-
nently elaftic vapour, to appearance ехаШу Шее that
which conftitutes the common atmofphere. Or if
any perfoni till within thefe very few years, had fuch a
notion' (of which, however, I do not believe that
they have given the leaft- intimation) it muft
have been a mere random conjecture, and what no-
thing but aitual experiment could have afcertained.
; Even Mr. Gavendiíh, whoíe experiments relating
to air immediately preceded my own, appears not
to have had fo much as a fufpicion of this kind.
For he relates an experiment of his, on the folution
of copper in the marine acid, as inexplicable, ex-
cept on. the hypothefis of there being a kind of air
that laß its elaflicity by the contaSl of water, which ad-
mits of the eafieft folution imaginable, on the fup-
pofition of the Ipirit of fait emitting a vapour,
which though capable of being confined by quick-
filver, and of being by that means exhibited in the
form of air, was inftantly abforbed by water, which

"should thereupon become poflèffed of all the proper,-
tics of common fpirit of fait.

In
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In fadt, none of the chymifts appear to have had
the .leaft idea of its being even poffible to feparate
the acid or alkaline principles from the water with
which they are always found combined ; ana there-
fore, though they did fuppofe {hem, capable of far-
ther concentration, they ftill confidered a certain por-
tion of water, as abfolutely effential to -them ; and.
confequently all die experiments that have lutherto
been made on the affinities of the acids, and alkalisj
,are, in facT:, nothing more than the affinities of сom^
foundJubßanceS) coníifting of the acirfs or alkali,
?nd luaíer.

The above-mentioned, I would obferve, are by
no means all the djfcoveries concerning air that
Jhave been made by the gentlemen whofe names I
have mentioned, and ftill lefs are they all that have
been made by others j but they comprize all thç
previous knowledge of this fubjedt that is necefiàry
to the underftanding of this treatife ; except a few
particulars, which will be mentioned in the courfe
of the work, and which it is, therefore, unneeeflànr
'to recjte in thjs place,

В 4 SEC-
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TN writing on the fubjecT: of differ'eht kinds of
Л. air, ï found'myfelf at a lofs for proper terms, by
which to diftinguiiri them, thofe -which have hi-
iherto obtained being by no means fufficiently cha-
racbriftic, or diftincb The only terms in common
ufe were, fixed air, mephitic, and inflammable, Trie
laft, indeed, fufficiently characterizes and diftin-
guiihes that kind of air which takes fire, and ex-
plodes on the approach of flame -, but it might hâve
been termed /,m/ with as much propriety as that to
which Dr. Black, and others before him, had given
that denomination ; fince it is originally part of fomc
folid fubftance) and efcifts in an unelaftic ftáte.

The term 'mephïtic is equally applicable to what
is called/,m/ air, to that which is inflammable, and
to many other kinds 5 fince they are equally noxi-
ous, when breathed by animals. Rather, however,
than either introduce new terms, or change the
lignification of old ones, I have ufed the term fixed
air, in the fenfe in which it is now commonly ufed,
and^have diftinguiihed the other kinds by jiheir pro-
perties, or fome other periphrafis. I have been under
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a neceflîty, however, of giving names to thofe kinds
of air, to which no names had been g'iven by others,
i& nut tilts, acid, alkaline, &c.

No perfon was ever more temperate, or more
cautious, than I have been in,, the-introduction of
new terms, confidering the number of new fails
that I have difcovered. It was with great hefitation,
though compelled by neceffity, that I did it at all ;
-generally with the advice of my moít judiciou«
friends, and always adopting fuch as were analogous
to others in eftabliihed life. Thus when I found
the terms common or atmospherical air, faced агк, «xi
inflammable air, ufed by all philofophers, and no
perfon whatever had öbje&ed to them, it was cer-
tainly natural for me to continue to apply .the term
«V toother elaßic tr an/parent fluids, not condenfabie
by cold, and to diftinguifli them by other, pppellu-
tions, drawn from the peculiar -circurnftances of
their production, as nitrous air, acid, air, aikauftc
tor, fologifticated and depblogifi'icatcd air, &t, tifing
theterin air as expreffive of the raere/ww in which
a 'fubftance is exhibited, without any confideraoon
of the elements of which it 'conftfts. I therefore
think the tdttn £<#, which many ufe, in this jíônfe,
to be tinneoefíkry ; the temvtfir, *s it bad long
been ъ&4 -by ploilofophers, being fufficiem ior the
purpofe.

They
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Th'ey who chufe to apply the term'e/r to
ßance-, and not to a form, are certainly at full li-
berty fo to do, if they pleafe ; and provided we
underftand one another, no inconvenience will re-
fult from our ufe,,of a different language. But
then the fame perfons ihould be uniform in their ob:-
jedtions and practice, and call nothing by the пяте
of air that they do not believe to confift ofthat one
elementary f ubßance to which they profefs to appror
priate the term: The language that I adopt, in
this refpe<5t, implies no attachment to any hypo-
thefis whatever, and may ftill be ufed though I
ihould change my opinion on that fubjeíl j which
is certainly a very great advantage in philofophical
language. In adopting the terms fhlogifiicafed and
•dephlogißicated air, I did not, I own, ufe the fame
judgment ; but as by good fortune, they do not
appear at all improper, I do not fee any fufficient
yeafon to abandon them. The azote in die new no-
menclature is not expreffive of any thing peculiar to
what I have called phlogifticatedair; and the term
vital, does not fiiffiçiently diftinguiíh c}ephlogifti-
çated from1 common» or aiwofyherical air,

Some perfons more particularly objedt to the
£erm air, as applied to acid, qlkatine, and even ni-
Iroys air ; but it is certainly very convenient to have
a common term by which to denote things which

havq
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have fo many common properties, and thofe ib very
ftriking ; all of them agreeing with the • air in which
we breathe, and with fixed air, in elaßicity, and tranf-
farency, and in being alike affedted by heat or cold i
fo that to the eye they appear to have no difference
at all. ' With much more reafon, as it appears to
me, might a perfon objedt tp-the common term
yietal, ae applied to things fo very different; frorn
qne another as gold, quickfilver, and lead.

.Befides, acid and alkaline air do not differ from
common air (in any refpeét that can countenance
an objection to their having a common appellation)
except in fuch properties as are common to it with
fixed air, though in a different degree ; viz. that of
being imbibed by water. But, indeed, all kinds of
air, common air itfelf not excepted, are capable of
being jmbjbed by water in fome degree.

Some may think the terms acid and аЦсаЦпе va-
four more proper than acid and alkaline air. Buq
the term vapour having always been applied to
«laftjc matters capable of being condenfed in the
temperature of the atmofphere, efpecially the va-
pour of water, it feems harih to apply it to any
elaftic fubftance, which at the fame time that it is as
tfanfparent as the air we breathe, is no mpre afièdfc.
$ by cold than it ist

SEC*
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SEC TI O N III.

Jbi account of the APPARATUS with wîyïch the following
were -made.

ï ÄTHER than delcribe ät large the manner •
~iii which every particular experiment that I

ihall have occafioh to recrte was made, which would'
both be vtty tedious, and require an unneceflary
multiplicity of drawings, ï think it more advifeable
to give, at one view, an account of all my appara-
tus and instruments, or at leaft of every thing thai?
can require a defcripcion, and -of all the <uifr
ferent •operations and proceflès in which I employ
them.

It will be-iben that my apparatus for experiments
cm air к, in Fait, nothing more than that of Dr.
Haks,-'Dr. Brownrigg, and Mr. Cavendi'ihj diver-
fified, anfl; made а ;Ettle more fimple.

For experiments', in which air will bear to t>e-con-
fined by water, I firft ufed an -oblong trough ntiade
ofCartíiétn jwatre, -as a Plate I. fig. ï. -tvbowt eight
inches -deep, at one ehfl of which-1 put thin flat
ftones, about !an inch, or half an inda, under
the water, ufing more or fewer of-them according t«
the quantity of water in the trough. I afterwards found
it more convenient to ufe a larger wooden trough,
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of the fame .form, with a íhelf about an inch lower
than the top, inftead of the flat ftones above-men-
tioned. But I now ufe a trough, two feet two
inches long, one foot two inches wide., arid nine
inches deep, for common purpofes, and others of
different dimenfions for particular ufes. In making
them the joints are fixed in frelh paint, which renders
them perfectly-water tight.

In one end of this trough are ledges, on which it
can ilide, fo that I can take it out with pleafure j I
have alfo ußxlf like Fig. ï. Plate III. except that ic
is not fufperided, as that is, by thin pieces of copper,
bended into die form of hooks, which, however,
anfwered very well. The íhelf is about an inch
and an half in thickncfs, for the convenience of ex-
cavating thé under-fide in the form of funnels, the
orifices of which, about a quarter of an inch in
diameter, appear on the upper fide, as the form
and fize of the cavity below is exprefled by the
dots above. This was an ingenious contrivance of
the Duc de Chaulnes.

Thefe funnels Ihouldbe madfe ás capacious аи jxri1

fible } but càre íhouM more efpeCially be takeo> that
no part of them be too flat, left any bubbles of air
ihould be retained, and not раб into the veflHs
placed to receive them. •-•••••-•

When frefh air is generated, k is 'convenient to
introduce the tube of the phial in which it -is pro*
4uced, quite «n«kr tfeeflwif, into the fcoUow of

the
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the funnel. But when it happens that the fweep of
the tube is to ihort for that purpofe, I make ufe of
a fmall production of the upper part of the ihelf,-
with a flit in it< und« which the ihor^er tube may
be brought j and the edge of the jar that receives
the air, may be made to ilide over the place at
which the bubbles iffue.

Fig. 2. Plate III. is a fide view of á glafs funnel
fupported by a wooden pillar, rifing from a bafe,
to which a plate of lead is fattened, in order to
make it fink, and keep its place in the water. At,
the top of the pillar is a piece of wood cut in fronC
(but, for that reafon, not vifible in this figure) in a
eoncave form, for fupporting a glafs tube, that,
refting on the orifice of the funnel, may lean againft
it. Both this piece of wood, and alfo that- which
fupporcs the funnel, are made to flide up and down/
and are fixed by wedges at whatever height is found
to be moil convenient. This apparatus faves the
trouble and inconvenience of keeping one's hand in
the water for the fake of holding die funnel, while
the air is pouring through it.

• Fig. 3* PI. Ill, reprefents art apparatus that
would not deferve a copper-plate, but that there is
often great convenience in Hide things/ It exhibits
a bafon of water, or quickfilver, fo placed, in a fram»
of wood, as to contain feveral gláfs tubes, which
maybe fuppprted with little trouble, and difpofedof
-without materially Interfering with each other. In

tim
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this manner I luve often more than half a dozen
in ufe at the fame time.

After ufmg this bafon for .qirickfilvef, which, on
many accounts, is, in general, more convenient
than any other form of a.refervoir. I found I had-
had occafion to transfer air from one jar to another
in quickfilver, in the fame manner as I had ufed to-
do in water; and then I found it abfolutely necef-
fary for this purpofe, to make ufe of an oblong
trough, PL V. fig. ï. That which -I have com-
monly ufed is made of wood, feven inches long.
three wide, and -three deep, made cylindrical at the
bottom, in order to make the leaft quantity of
of quickfilver necefiary, But I have an upright
piece of wood at one end, contrived to fupporc
tall glafs vefíèls without danger of falling. It is
pnly with fuch an apparatus as this, that given
quantities of alkaline and acid airs can be mixed, as
is defcribed in the courfe of the work.

The fcveral kinds of air I ufually keep in cyKn*
drical jars,, as c> c, PI. I. fig. ï, about ten inches
bng, and two and an half wide, being fuch as I have
generally ufed for eleftrical batteries} but ï have
likewise veflels of very different forms and fizes,
adapted to particular experiments,

When I want to remove veffels of air from the
large trough, I place them in pots or di/hes, of va-
rious fizes, to hold more or lefs writer, according
to the time that I have occafion to keep the air, as

fig.
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fig. a. Thefe I plunge in water, and Hide the jars into
them ; after which they may be taken out together,
and be fet ' wherever it ihaU be moil convenient.
For the purpoíè qf merely removing a jar of air
from one place to another, where it is not to ftand
ionger than a few days, I make ufe of common
tea-äißeS) which will hold water enough for thac
time, unlefs the air be in a ftate of diminution, by
means of any procefs that is going on in it

If I want to try whether an animal will live in
any kind of air, I firft put the air into a fmall vef-.
fel, juft large enough to give it room to ftretch it-
felf ; and as I generally make ufe of mice for this
purpofe, I have found it very convenient to ufe the
hollow part of a tall beer-glafs, d Fig. ï, which
contains between two and three ounce meafures of
air. In this vefiel a moufe will live twenty minutes,
or half an hour.

For die purpofe of thefe experiments it is moil con-
venient to catch the mice in fmall wire traps, out of
which it isreafy to take them, and, holding diem by
the back- of the neck, to pafs diem through the
water into the veflèl which contains the air. If I
expeft that the moufe will live a confiderable time,
I take care to put into the vefíèl fomething on
which it may conveniently fit, out of the reach of
the water. If the air be good, the moufe will
foon be perfeétly at its cafe, having fuflêred no-
thing by its paffing through the water. If the

3 air
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ait-.be fuppofed to be noxious, itwШ,be proper (If

the.operator be defirous of preferving the mice for
farther ufe) to keep hold of their .tails, that they
may be withdrawn as foon as they begin to ihew
figns of uneafinefs j ;but if the air be thoroughly
noxious, and the moufe happens to get a fuU in-

fpiration, it .will be imppifible,to,do:ihis:before it be
abfolucely irrecoverable.

In order to keep the mice, I ,put diem inço re-
ceivers open ,at the top and bottom, ftanding upon
.plates of tin perforated .with ^^ny holes, .andCo-
vered w,ith other plates of the fame kind, held

^№by,fufficient weights, as PU. fig. 3. Ijhefe re-
ceivers ;ftand ,upon ^ßame.of wpo4> .that the .freih
.air щау;-Ьауе .an-opportunity of .getting ttp.die bot-
toms of them, and circulating .thrpugh them, in

'the iniide I;put a quantify ,of .paper or cow,
muft be^changedi .and thV.veflcl ^vafl

levçjy.-Gvp or;^гее ^ау8> Th^^m(?.
i40ne;.by haying apothçr receiver,, ге?ц1у cleaned and
-'Prepared, дар ,whiçh ,фе ,mice .»-вду.Ье rtransferred
^Uíhe other J>aU,be cleaned.

iMiçe irtuft be;ltept]p;ap.retcy «.xaa^rnpcrajfure,
ior either .much heat or much cpldkills the^i pr(?%idy.
•^be ;pjace jn ,which,I have ,gepera|)y.kept,them,
• а̂,8;а;,П1еИ; qyer the jtitcoen йге-р)ясе, .where, as

it.is ufyal.in-jXorkJhiri:, the .fire pev^r goes out j ,jfo
Wt the-he^t (Varies ,very.little, andvl find h to,\$,

VOL. I. c at
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at a medium, about 70 degrees of Fahrenheit's
thermometer. When they had ^been made to pafs
through the water, as they neceflarily muft be in
order to a change of air, they require,-and will bear,
a,very confiderable degree of heat, to warm and
dry them.

N. B. I found, to my great furprize, in the courfe of
thefe experiments, that mice will live intirely with-
out water j for though I have kept them for three
or four months, and have offered them water feveral
times, they would never tafte it ; and yet they con-
tinued in perfect health and vigour. Two or three
of them will live very peaceably together in the fame
veflèl; though I had one inftance of a moufe tearing
another almoft in pieces, and when there was plenty
of provifions for both of them.

In the fame manner in which a moufe is put into
a veflel of any kind of air, a fiant, or any thing
elfe, may be put into it, viz. by paffing it through
the water; and if the plant be of a kind that will
grow in water only, there will be no occafion to fet
it in a pot of earth, which will otherwife be neceflary.

There may appear, at firft fight, fome difficulty
in opening the mouth of a phial, containing any
fubftance, folid or liquid, to which water muft not
be admitted, in a jar of any kind of air, which is
an operation that I have fomctimes had recourfe to ;
but this I-caffly-effeft by means of a cork (Ut tapering,

and-
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und á ftfóng wire thruft through it, as in fig. 4, for
in this (orfn it will fufficiently fit the mouth of any
phial, and by holding the phial in one hand, .and
the wire in tlte other, and plunging both my hands
in the trough of water, I can eafily convey the phial
through the Tvater into the jar, which muft either
be held by an affiftant, or be fattened by firings,
With its mouth projecting over the flielf. When the
phial is thus conveyed into the jar, the cork may
eafily be removed, and may alfo be put into it again
at pleafure, and conveyed the fame way out again^r

When any thing, as a gallipot, &c, is to be fup-
ported at a confiderable height within ajar, it is con-
venient to have fuch wireßands as are reprçfented fig.
5' • They aniwer better than any other, becaufe they
take up but little room, and may be eafily bended to
any ihape or height.

If I have occaiion to pour air from a vefiel with
a wide mouth into another with a very narrow one,
I am obliged to malte ufc of a funnel, fig. 6, but
by this means the operation is exceedingly eafy ; firft
filling the veflel into which the air is to be conveyed
with water, and holding the mouth of it, together
with the runnel, both under water with one hand,
while the other is employed in pouring the air j
which, afcending through the iurinel'up into the vef-
fel, makes die water. :defcend,r and takes its place.
Thefe funnels are beft made of glafs, becaufe the air
being yifible through thern^ the quantity of it may

С 2 be
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be more eafily eftimated by ithe eye. It will be
convenient to have feveralof theTetfunnola.of different
fjzes.

In order to expel. air!from folid iubftances by
.means of heat, : I fbmetimes ,put them intoagwtf-
èarrelyP\. II. fig. 7, and filling it up with dry fand,
thaf has been well burned, Jb that no air ,can .come
from it, I lute to the open end the ftem of a tobacco
pipe, or a fmall glafs tube. Then having put <'the
clofed end of the barrel, which contains ;thé mate-
rials, into the fire, the generated air, ifluing through
the tube, may be received in a yeflel of .quick-
filver, widi its mouth immerfed i in a-bafon of^tlie
lame, rfulpended all together-by wires, in* the manner
described in the figure,-or refting:on,a'folid.f4pport:
anyodier fluid fubftance may be uíèd inítead of
quickfilver.

But the moft accurate .method of procuring air
from feveral fubftances, by means of heat, is' co.put
them, if they will bear it, intorphials,!fuchias^, a,a,
PI. IV. full of quickfilver, with their movrths im-
merfed in the .fame, and then throwing the .focus
of a burning mirror upon: them. ^For this purpofe
the phials ihould be made with their bottoms round,
and very thin, diat they may not be liable, to break
with a pretty fudden application' of heat.

'If I want to expel air from any liquid, 'I nearly
fill a phial -with :it, andJiaving л cork perforated, I
put through ic, -and fecure with ^cement, a glafs

tube
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tube, bendediinthfcmaimer reprefented'auPl.I.fig. ï.
I then putthe phial into a kettle of water, which I fet
upon- the fire- and make to boih The air expelled
by- die heat, from die liquor contained in the phial,
iffúes through the tube, and is. received in a bafon.
of quickfilVör.' Ihíteadí of: this fuípended bafon,
I fometimes content myfelf with tying a flac-,
eidi bladder ro-the end of the tube, in both thefe pro-
ceflfes, that it may receive die newly generated air.

I would obferve, widi reipefb to diis procefs,
and every other in which veflbls are to. be. filled
witfvquickfilver, and then to be placed inverted ia
baibns of the fame-, that no operation is eafier (un-
lefs die moudi of the veflel be exceedingly wide)
when die mouth of it is covered widi foft leather,
and, if neceflàry, tied on. with a firing, before it be
turned upfidb down ; and the leather may. be drawn
from under it when it is plunged in the quickfilver.
If the rnotidis ofthe'veflels be very narrow, it will
be fufficienc, and moil convenient, to cover, them
Widi difrend- of one's fihgqr..

But if the air, difengaged from any fubftance^
will be attracted by mercury, as is die café with all
thofe which contain- die nitrous acid, diis procefs
eannot be ufed», and' recourfe muft be had to die
vacuum ; and for this purpofe it; is neceflary that
die operator be provided widi receivers made very
thin, on purpofè for diefè experimençs, Such as

Ç 3 are
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are commonly ufedYor-other, experimerits'are much'
too thick for this purpofe', being very-liabki<to break
with the application of the heat'produced by the
burning lens. In this procefs, care ihoujd be taken
to place the materials on glafs, a pjece of crucible,
or fome other ïubftance that is known to' yield no
air by heat.

The figure, b PI. IV. rèpréfents a common glafs phial
with a ground Hopper, with many fmall holes in it,
which was a happy contrivance of my ingenious pupil
and friend Mr. Benjamin Vaughan. It is of excellent
ufe to convey any liquid, ; or .even any kind of air,
contained in it, through- the water, into a jar ftand-r
ing with its mouth inverted in it, without admitting
any mixture of thé common air, or even of the
water ; and yet the air generated within it 'has a
fufficient out-let. Thefe phials will be found ufe-
ful in a great variety of experiments,

The figure c, rèpréfents a phial of the fame form
withe; but the neck is thicker, in order to be fitted
with a ground ftopper,. perforated, and drawn Out
into a tube, to be ufed inftead of the phial <?,
PI. I. Till I hit upon this contrivance, which
was executed for me by the direction of Mr, Parker,
I had a great deal of trouble in perforating common
corks, bending and fitting tubes to them j and, after
all, the corks themfclves, or the. cement, with which
I generally found it copvepjept tp cpver the ends of

the.
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the tubesi were apt to give way, and to be die occa-
fion of very difagreeable accidents. Befides, if any
hot acid was ufed, the vapour would corrode the
cork, and an allowance was to be made for the
effect ofthat circumftance on the air: whereas, with
chis apparatus, which is exceedingly convenient and
elegant, the operator may be fure that nothing but
glafs is contiguous to the materials he works upon,,
as he can perfectly exclude every other foreign in-
fluence; and while it remains unbroken, it is never
cut of .repair, or unfit for ufe.
:.; , For many purpofes, however, the former method,
with, corks and tubes, will be found very fufficient,
ancTjrmch lefs expenfwe; efpecially with the fluor
acid, which corrodes glafs, and which will prefently
eat through one of thefe delicate phials. For this
purppfe, therefore, I would recommend the ufe of
a common and very thick phial, efpecially as no
great degree of heat, and never any fudden applica-
tion : of heat, is wanted.

The phial c, will be found fufficient for any pur-
pofe thatr does not require more heat than die flame
of a candle held clofe to the bottom of it, .can fup-
ply: but if there be occafion to place the phial in a
fand-heat, and confequently if it muft be put into a
crucible placed on the fire, it will be neceflàry to
have the tube, in which the ground ftopper termi.
nates, made as long as may be, as represented by f ;

•C4 otherr



ótherwife die veflèls that receive the air will be töö
near the fire. Nine or twelve inchcs> however, wílí
Ы a fuffident length for any' purpofe.

í have great reafon to congratulate myfelf on this1

apparatus, having found it to be of rnbft admirable
life. For, ín experiments with air, where the great-,
eft polïiblé accuracy is required, lutes are by no1

means to be trufted, fíncc á variety öf vapours,
coming into contact With thehiy ate1 cortfiderabtyv
affected; wfterftís théfe ítoppers befog grouriâ air-
tight, the operator may be perfectly at eafe,- botlf
with refpecÜ to; the quantity artd the quafity of his
produce. To erpreß this procefs aã cotïcîfely aï
poffîbîé, I generally allude to it, by faying that the
phtãís have ground ßupperS ana tubes.

In experiments in whidi it is not worth wHííe tò
bé ät thé expéhce of théfe phials with grooind ftop-
pers and tubes, äftd yet where gun-barreîs canrtot
be trüfted to, on accou'rtt of the materiais corroding
the iron, I have recourfe to a kind of íong phial, or
a tube made' narrower at the open end, nine or
twelve inches in length, and of an equal thicknefs
throughout, répréfented PI. ÍV. fig. d. When ihefe
phials are puí into a crucible With fand, the bottom
may be made f ed-htít, while tíie top is fo co'ol, that a
.common cork (into which á glâfs tube is inferted)
Will hot be affected by the heat. In fact, this vefiëf
is a kibd õf á güh-barfel made of glafs, and is ufed

•} exactly
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«xa&ly like the-gun-barrel, except that it is not ex*
pöfed to fo great a degree of heat.

When the materiais are puc into this veflbl,. it
lafiuft be filled up to the rnoutk with fine fand, that
will: give no air bjr the application of heat, ana ehe
cork muft be thruft down> clofe upon die lancl.
ïhe air muít be r-eeeived as аи place a, fm y.r

Theiè glafs vefièls, however, will not bear a great
degree of heat, and therefore by applying; to Mr.
Wedgwood (who is as great, and generous; a; ftiiiid
of Jciente, as he & diffingwiihed: by tfee wonderful
improvements he has made oft his own beaurifi»! on)
I got éarïben tubes and retorts, which will bear any
degree of heat, and being glazed, ov noc, as the oc-.
eafion requireg, I have fbufid1 them of the moft
extenfive ufe in my experiments.

When- a perfon has a great many trials to make
of the göodneft of air, k is of no ftnall importance
io have contrivances by which he may fave time.
Having, particularly, had frequent occafion «o mea*-
fure the purity of air by means of nitrous air, nt
which k is fbmeomes neceflàry to put fcvetal шеа .̂
fure» of one kind to one meafure of the other; end
being wearied with taking all the meafurcs feparate-^
ty> at length I hit upon the very ufefui exp*dk»c
of having tîie meafures ready mad«* confuting of
veflels, the capacities of whteh- Haâ Á known pro-
portion to each other, as/j/jj^ PI IV. each- vefSa
folding twite аз much as the fiz« next Jefe than it-

J found
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I,found h líkewife convenient to have the veflels in
which the mixture of air is made, fig. g, marked in
al ojanner correfponding to thefe phials, that the
diminution of the air may be perceived at once,
•without the application of any meafure, If one of
theíè phials contain an ounce-meafure,, and the reft
be multiplies and fubdivifions of it, it will be ftill
more convenient.

There is a great variety of methods of mixing
nitrous and common air, in order to afcertain the
purity of the latter. But the manner in which I
have now long been accuftomed to perform that
operation is dill more fimple, though it has nothing
to boaft of with refpecl: to ingenuity. It is necef-
Éuy :to defcribe it, becaufe it is referred to, through
the greater part of. this work.

I firft provide a phial, containing about an ounce
of water, which I call the air meafure. This I fill
with^ir by having.firft filled it with weiter, and placed
hover the opening of the funnel in my ihelf; and
when it is filled I ilide it along the ihelf, always
obferving.that there be a little more air than I want.
The,phial being thus exadtly filled with the air
which I am about to examine, and care being taken
that it be not warmed by. holding in the hand, &c.
1 empty it into a jar about an inch and an half in
diameter, and then introduce to it the fame meafure
of nitrous air, and let them continue together about
two minutes. I chufe to have an overplus of

4 nitroys
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nitrous air, that I may be fure to have phlogiífon
enough to faturate all the common air. If I find
the diminution with thefe meafures, to be very con-
fiderable, I, introduce another meafure of nitrous air -t

but the pureft dephlogifticated air will not, I believe,
require more than two equalirveafures of nitrous air.

Sometimes I: leave the common and nitrous air
in .the jar all night, or a whole day; but always
take care that, whatever kinds of air I be comparing
together, they remain the fame Jpace of time be-
fore I proceed to note the;degree of diminution.
If the two kinds of air be agitated on coming into
'contact;rwith .each other, the diminution will be
muchrgreater; and therefore, this circumftance
Jhould always be exprefíed.

When the preceding part of the proccfs is ovcr>
J transfer the air into a glafs.tube, about two feet
Jong, and one third of an inch wide, carefully gra-
duated according to. the air-meafure, and divided
into tenths and hundred f arts-, fo that one of the
latter will be about a fixtfi or an eighth of an inch.
Then irnmerfing the tube, in a trough of water, fo
that the water in the infide of the tube ihall be on a
level with the water on the outfide, I obferve the
fpace occupied by them both, and exprefs the refult
in meafures, and decimal parts of a meafure, accord-
ing to the graduation of the tube.
. It is fome trouble to graduate a tube in this man-
ner j but when it is once done, the application .of U
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is éxjttentrety eafyí As it will feldom happen taiat
abglaft tube, is of air. equal: diameter throughout, I
generally/filll rfiat part of the cube which contains
СПЕГ mealure,. widi quickfihter, and'then weighing it,
and dmding.-ie into: ten parts', put them, in feparatelyi
in. oiider to mark the primary divifions.. This
opération, is^ performed very readily by having a
gjads tube drawn out to a fine orifke,, ia order to
take1 up a> fiftalli quantity1 of quiclfcfilven at a-, time;
as it may fee wanted;
. Meafiiring the purity of refpirable air, I mix with
if art equal quantity of nitrous air, or if it be
highly dttpUlogifticatTedi two equal quantities of
mcwue* a«V which is always particularly; mentioned
in the courfe of this work: after this. I transfer the
mixture into a graduated tube. Confequently a lefs
uumbermthe refuliis always an-indication of greater
purity^ This number, in order to ber as concife as
poffibib, 1 hav« in this work teamed th& meoflire» of
tbtfftß, QV tibßßandardoftbeear* Thus, if when
I ни» two equal quantities* of common; air and
Uitrou» aitf,. they afterwards, occupy the фасе of one
meafure, arid two tenths of a meaAiré, l fay the
meafitfies ofthg toft were r. a. or the ftafldard of the
air was ï. 2;

If the quantity of ehe air, the goodnefs-of which
ï wanted to afcertaify was exceedingly ftnall, fo as

be aontained in a part of a glafs tube, out of
waiter witt> 0e(t' run %ontan«oufly, ï for-

merly
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merly had recourfe to the following method;; .1
firft meafured with a pair of compaflès die length of
the column of air in .the tube, ,the .remaining ;part
being filled with water, and laid it down upon a
fcalej and then, thruffing a wire of a proper chiok-
nefs, into the tube, I contrived, by means of .*
thin plate of iron, bent to a iharp angle, ,to,draw.it
out again, when the whole of this litde apparatus
.was introduced through the water into a jar of-nitrous
air j and the wire being drawn out,-,tiae air from the
jar imuft fupply its place. ,1 then .'orwauired die
length of this column of nitrous air which I had;gat
•into;the .tubej and laid lit alfo down upon the fcafc,
••fo as to know the exaft length of both.the .columns.
After this, holding the tube under -water, with ,-a
Tmalbwirel-forced the :two feparate columns of air
into contaftj.and-when-they have been, a.-fuffieient
time together, I meafured the Jength ?of ..the whole,
and compared it.with.theilength of both? the-, columas
"taken .before. But J /now .have «tulaes,
^very ifmall for this -purpofe, and -a longer -
graduated: in proportion, ^hieh I ufe as ,"I..do : tue
larger veflels when the quantity of ,air .as ?№-
•ficient.

In experiments ,on -thoie/ kinds o£»»irr whifchiare
imbibed by water, -J «fteati roek^ufejif iquidk-

r, in the manner^pttffented 1?1,Л..% ,
•which a. is,.the ,bafon, Q^quislifUYer,^ ъ$а&-

con-
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containing quickfilver, with it's mouth immerfed iii
it, с a phial containing the ingredients from which
the air is to be produced, and d is a imall recipient
or glafs veflel defigried fo receive and intercept any
liquor that may be difcharged along with the air,
which is to be tranfmitted free from any moifture-
into die veflfel b. If there be no apprehenfion pf
moifture, I make uíê of the glafs tube only, without
any recipient, in the manner reprefented e PI. I.
In order to invert the vefíèl b, I firft fill it with
quickfilver, and then carefully cover the mouth of
it with a piece of foft leather ; after which it may-
be turned upfide down without any danger of ad-
mitting the air, and the leather may be withdrawn
when it is plunged in the quickfilver,

In order to generate air by the folutioh 'of metals,
or any procefs of a fimilar nature, I put the materials
into a phial, prepared in the manner reprefented at e
PI. I. and put the end of the glafs tube under the
jmouth of any veflel into which I want to convey
the air. If heat be neceflary I can eafily apply to
it a candle, or a red hot poker while it hangs in
this pofition.

When I have occafion to transfer air from a jar
ftanding in the trough of water to a veflel (landing
in.quickfilveri or in any other iituation whatever,
I make ufe of the contrivance reprefented PI. I. fig. 9,
which cQnfifts of a bladder, furnifhed at onemi

with
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with a fmall glafs tube bended, and at the other
with a cork, perforated fo as juft to admit the fmafl
end of a funnel. When the common air is care-
fully preflèd out of this bladder, and the funnel is
thruft tightly into the cork, it may be filled with
any kind of air as eafily as a glafs jar j and then a
ftringbeirig tied above the cork in which the funnel
is inferted, and the orifice in the other cork clofed,
'by preffing the bladder againft it, it may be carried
to any place, and if the tube be carefully wiped, the
air may be conveyed quite free from rrioiitiire
through a .body of quickfilver, or any thing elle.
A little practice will make this, very ufeful manoeuvre
perfectly eafy and accurate. But I find it more
convenient to have a fmall braß cock, to thruft into
the cork, through which the air is introduced into
the bladder. .

In order to impregnate fluids with any kind of
air, as water with fixed air, I fill a phial with the
fluid, larger or lefs as I have occafion (asöPl. I. fig. 10)
and then, inverting it, place it with its mouth down-
wards, in a bowl b, containing a quantity of die fame
fluid j and having filled the bladder, fig. 9, .with
the air, I throw as much of it as I think proper
into the phial, in the manner defcribed above. To
accelerate the impregnation, I lay my hand on the
top of the phial, and lhake it as much as I think
proper. .
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-Without having аду air previoufly generated,
convey it into the fluid immediately as it

from the proper .materials, .1 keep the fame
bladder in connexion .with a phial í fig. 10, con-
taining the fame, materials (as chalk, fait of tartar, or
.pearl aíhes in diluted oil of vitriol, for the genera-
tion of fixed a;r) >and taking care (left, in the a6t of
.effervefcenee, any of the materials in the phial с
/ftmild .get JntO'ihe vefiêl a) to place .this phial on
a jftand lower than that on which the bafon was
placed, I -.preis out the newly generated air, and
make it afcend dircftly into the fluid, for this
•purpofe, .-and that I тпау ;more conveniently ihake
the rphial c, which is neceflary in fome proceflès,
tfpecially with chalk and oil of vitriol, I fomotimes
make ufe x)f a flexible kathern tube d} and fome-
times only a glafs tube. For if the bladder be of

л fufficient length, it ,wjjl give room for the agita-
tion, of the phial j or if not, it is eafy to conneft
two bladders together .by means of a perforated
cork, to .which they, may both be faftened.

When 1 want to .try .whether any kind of -air
will admit a candle to burn in it, J make ufe of a
.fylindricalglais veffel, PI. I. fig. 11, and a bit of wax
candle о fig. j 2,'fattened to : the end of a wire bt

and:turned up, in fuch a manner as to be let down
into the vefiel with die flame upwards. The.vefiel
ihould be kept carefully covered till the moment

that
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,$hat the candle-is admitted. In this manner I have
frequently extinguilhed a candle more than twenty
times fucceffively, in a veflèl. of this kind, though
•it .is inqpqffible to dip the candle into it without
giving the external air an opportunity of mixing
with the air in the infide more or lefs. The cari-
dle at the other end of the wire,is very conveni-
,'ept for .holding under a jar Handing in water, in
order to burn as long as the inclofed air can fupply
it; for the moment that it is extinguiflied, it may
be drawn through the .water, before any fmoke can
have mixed with the air.

In order to draw air . out of a veÍTel which has
«s mouth, immerfed in water, and thereby to raife
the water to whatever height may be neceflary, it
is very convenient to make'ufe of a glafs^^e;/,
putting one of the legs up into the. veffel, and
drawing the. air out at the other end by the
mouth. If the air be of a noxious quality, it may
be neceflary to haVe a fyringe fattened to thefyphon,
the manner of which needs no explanation. I have
not thought it fafe to depend upon a valve at the
top of the vefiel, which Dr. Hales fometimes
roade ufe of.

If, however, a very fmall hole be made at ,фе top
°f a glafs veflcJ, it may be filled tq; any .height by
holding it under water, while the air is ifluingcut at the

j which may then be clofcd with wax or cement.
I, D If
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If the generated air will neither be abforded by
water, nor diminiíh common air, it may be con-
yenient to put part of the materials into a cup,
fupported by a itand, and the1 other part into a
fmall glafs veflfel, placed on the edge of it, as at

/PI. I. fig. ï. 1* hen having, by means of a fyphon,
drawn the air to a convenient, height, the fmall
glais veflel may be eafily pufbed into the cup, by
a wire introduced through the water; or it,may
be contrived, in a variety of ways, to dif-
charge the contents of the fmall veiTel into the
larger. The diftance between the boundary, of air
and water, before and after the operation, will ihew
the quantity of the generated air. The effect of
procefles' that diminiß air may alfo be tried by the
fame apparatus.

When I want to âdrriít ,a particular kind of air
to any thing that will not bear wetting, and yet
cahnot be conveniently put into a phial, and eipe-
cially if it be in the form of a powder, and muft
be placed upon ä ttand (as in thofe experiments
in which the focus of a burning mirror is to be
thrown upon it) I firft exhauft a receiver, in which
it is previoufly .placed j and having' a glafs tube,
bended for thé purpofe, as in PL II. fig. 14, I
fcrew it to the ftem of a transfer of the air-pump
oh which the receiver had been exhaufted, and
introducing it through the water into a jar of that

kiad
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kind of air with which I would fill the receiver,
I only turn the cock, and I gain my purpofe. In
this method, however, unlefs the pump be very
good, and feveral contrivances, too minute to be
particularly defcribed, be made ufe of, a. good
deal of common air will get into the receiver. • >

In order to4 take the electric fpark in a quantity
of any kind of air, which muft be very iinall, to
produce a fenfible effect upon it, in a fliort time,
by means of a common machine,. I put a piece of
wire into the end of a fmall tube, and fatten it with
hot cement, as in PI. IL fig. 16 j and having got the
air I want into the tube, I place it inverted in a bafon.
containing either quickfilver, or any other fluid
fubibmce by which I chufe to have the air con-
fined. I then, by the help of the air-pump, drive
out as much of. the air as I think convenient, ad-
mitting the quickfilvfer, &c. to it, as at a, and
putting a brafs ball on the end of the wire, I take
the iparks or ihocks upon it> and thereby tranf-
TOit them through the air to the liquor in the
tube;

To take the electric fparks in any kind of fluid,
as oil, &c; I ufe the fame apparatus defcribed
above, and having poured into the tube as much
of the fluid as I conjecture I Can make'the electric
fpark pafs through, I fill the reft with qiiickfilver -,
and placing it inverted in a bafon of qtiickfiiver,
Í take the fparks as before*

Da If
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If air be generated very faft by this procefs,
I ufe a tube that is narrow at the top, and
grows wider below, as fig. 17, that the quickfilver
may not recede too foon beyond the ftriking dif-
tance.

Sometimes I have ufed a different apparatus for
this purpofe, reprefented fig. 18. Taking a pretty
wide gkfs tube, hermetically fealed at the upper
end, and open below ; at about an inch, or at
what diftance I think convenient from the top, I
get two holes made in it, oppofite to each other.
Through thefe I put two wires,! and fattening them
with warm cement, I fix them at what diftance I
pleafe from each other. Between thefe wires I
take the fparks, and the bubbles of air rife, as
they are formed, to the top of the tube.

I have found it very convenient to have a number
ofglafs vejjels, fuchas reprefented PI. V. fig. a, for
the purpofe of making a quantity of air pafs through
a body of water, or any kind bf fluid, or any fub-
ftance in the form of powder ; the air entering by
the tube which goes-to the bottom of the vefle.1,
and being delivered by that which is inferted only at
the top. I alfo found it neceflary to have thefe vef-
fels of various ßzes, the largeft containing about a
pint, and the fmalleft about half an ounce meafure of
water. The larger end of this veflèl I have generally
clofed with a cork, and cement -, but I fometimes
found itneceflary to have this part alfo of glafs,

wrtlv
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with only two fmall perforations, for the infertionof
glafs tubes.

I have frequently had occafion to make'ufe of a
great number of thefe veflels at the fame time, fo
difpofed, as that the fame air might pafs through
them all in fucceffion, in the manner reprefented,

fig-3-
In fome cafes, however, I found it neceflkry to

exclude all cement, and every kind of luting, from
an apparatus of this kind ; having had all the glais
tubes fitted to their feveral holes by grinding. JBut
this makes the apparatus very expenfive, and eipeci-
ally the repairs of it.

Annexed to the laft-mentioned apparatus, is a
long'phial, a fig. 3, with a tube fitted to it by grind-
ing, and bent, fo as to difcharge the air, or .vapour,
iiTuing from it, downwards. This kind of phial I
have'generally ufed for my experiments with nitrous
vapour. The phial is deep, in order to admit a
fudden and violent effervefcence without the danger
of the liquor being thrown over, and the tube ihould
be long enough, to go to the bottom of any vefîèl
in which the vapour is to be delivered.

In diftilling fpirit of nitre, I have generally made ufe
of the apparatus reprefented PI. V. fig. 4, which was
invented by Mr. Woulfe, confifting of a retort д, an
adopter, ifneceflary, Л and a receiver í, with two
orifices i one, d> for the difcharge of the diftilled acid,

o and
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and the other e, to ferve as an outlet for the fuper-
abundaht vapour j which, paffing through the glafs
tube f , may impregnate the water in the bafon g.

PI. III. fig. 4, reprêfents a cylindrical vejfcl made of
tinj inclofwg another of iron wire. In the outer veflel
a charcoal *fire may be made, funounding the inner
cylinder, which, being open at the bottom, will
admit the upper part'of a glais jar, fupported in
whatever manner the operator may find moil con-,
venient. Thus a jar, wich the 'air, &c. contained
in it, may be heated as much as the glafs will bear,
without giving more heat than is neceflary to the.
lower part of it. In this manner alfo, an eqijal deT

gree of heat may be given to every fide of the upper
part of the glafs. •
' PI. III. fig. 5, explains the manner in. which I make
an elecTrrical explofion pafs through any fubftance iijt
the form of vapour. It reprêfents a glafs fyphon,
in each leg of which is an iron wire, of fuch a lengthj
that there ihall only be about half an inch between
the heads of them. The fyphon muft be filled
with mercury, and each of the legs inferted in fepa-
rate bafons, alfo containing mercury. After this,
the fubftance may be introduced into the fyphon by
means of a glafs .tube, and, being lighter, it will
take ' its. place in the bend of the. fyphon -, which
may then be placed near the opening of a fmall fur-
nace, or in the apparatus defcribed fig. 3, when what-

ever
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ever lodges in the upper -part of the fyphon will be
.converted into vapour, and the explofion will be
made in it by making the fyphon part of an eleciri-
cal circuit. Mercury itfelf may be converted into
vapour in the fame manner.

It may be worth while to give a ihort account of
the earthen jar, in which I made many of the ex-
periments on the growth of plants in different kinds
of air, recited in this volume 5 and a bare infpeftion
of PI. VI. fig. ï, will be almoft fufficient for this
purpofe.

The jar was about eighteen Inches in diameter at
the top, and of the lame depth. It was placed in
an open expofure in the garden, and ilicks were
•thruft into the earth in a perpendicular pofition,
quite round it ; and to thefe fticks glafs jars, filled
with water, with their mouths inverted in the water
of the earthen jar, were fattened-by firings. After
ï had introduced into one of thefe jars any particular
kind of air, I afterwards drew through the water,
and put into it, any plant, die top and leaves of
which I wiihed to expofe to it -, .fupporting the rdpt
or ftalk at a proper height in the. earthen jar, if I
found diat any fuch fupport was necefíary. In fome
cafes it will be found that the top of the plant was in
one jar, and the root or ftalk in another j which it

not at all difficult to do.
D 4 Fig.
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PI. VI. fig. 2, reprefcnts the inftrument by which I
endeavoured to äicertain the conducting power of dif-
ferent kinds of air with reipeft to heat. It confifts
of a ghfs bulb open at both ends, fo that I could ea->
fily faften a thermometer with its bulb in the center
of it, where it would be furrounded by any kind of
air, introduced into it after it had'been previoufly
filled with mercury. The manner in which the ex*
periments were made is fufficiently defcribed in the
accotant of thorn.

PL VII. fig. ï, is a view of the apparatus with
which the principal experiments relating to the feem-
ing converfion of water into air were made. It
confifts of an earthen ve//el, thje bulb of whichj con-
taining moiitened clay, is fixed in the infide of a
glajs veffel, through which the heat of a burning lens
may be thrown upon it ; while the infide has a com-
munication with a bafon of water, or mercury, in
•which veflels may be placed to receive the air that
is forced through the body of the . earthen vefiel ;
while the water, or mercury, in the bajon in which
the glafs vefiel ftands, rifes within it, to fupply the
place of that air.

PL VII.fig. zf Ihews the difpofitionof die apparatus
by which fteam is tranfmitted through a red-hot tube,
containing iron, &c. with a -worm tub to collect the
fuperfluous water, &c. and a veliel to receive the

air
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air that is produced. This veiTel is here drawn
very fmall, that it might not take up much room
in the plate ; but I have generally ufed á large
trough for this purpofe, and jars of confiderablc
fize to receive the air. Inftead of the ßnall furnace
to heat the water, &c. I now ufe one of Mr. Ar~
Band's lamps, which is, on feveral accounts, a very
valuable addition to a chemical apparatus. Fip1. 6,
reprefents the method of receiving the air in this
procefs under a funnel, fixed in a tixmgh of water,
which maybe ufed when large balloons are filled^
and when np account is taken of any water that is
condenfed in the procefs.

Fig. 4, reprefents a large glaft balloon, in which
inflammable air, iiïuing frojn -the orifice of a fmall
tube, burns like a candle, while the water produced
by the procefs is collected'in the infide of it.

^*e'- 5j reprefents a ftrong cylindrical glafs vef-
felj in which inflammable and dcphlogiilicated air
may be fired. It is furniihed with a wooden cap,
firmly cemented to the open end of it, and clofed
'with a fcrew, and two iron wires are inferred at the
t°P of it, between which an electric fpark can be
taken.

A D V E R-
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*~T~H E weights mentioned in the courfe of this írea-

íife are .Troy, end what is called an ounce

meafure of air, is the ff ace occupied ly an ounce weight

of water) which is equal to 480 grains, and is,

therefore, almoß two cubic inches of water -, for one

cubic inch weighs 254 grains. Having fometimes ujed

the penny-weight, it may be neccffary to acquaint Fo-

reigners, that 24 grains are a fenny-weight, that 20

offuch penny-weights make an ounce, .and 12 ounces л

found.

The fame ounce Troy, is, ly Apothecaries, divided

into eight drams, each aram into three fcrupks, and

thefcruple into twenty grains*
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O B S E R V A T I O N S A N D E X P E R I M E N T S R E -

L A T I N O TO FIXED A I R .

P A R T I .

OF THE RELATION OF FIXED AIR TO WATER,

S E C T I O N I .

Of the impregnation of water with fixed air»

was in confequence of living for fome time in
the neighbourhood of a public brewery, a little

after Midfummer in 1767, that I was induced to
toake experiments pn fixed air, of which there is
always a large body, ready formed, on the furface
°f the fermenting liquor, generally about nine inches,
°r a'foot, in depth, within which any kind of fub-
ftance may be veiy conveniently placed i and though,
HI thefe circumftances, the fixed air muft be conti-
nually mixing with the common air, and is there-

fore
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fore far from being perfectly pure, yet there is a
confiant frelh fupply from the fermenting liquor,
and it is pure enough for many purpofes.

A perfon, who is quite a ftranger to the properties of
this kind of air, would be agreeably amufed withextin-
guiihing lighted candles, or chips of wood in it, as
it lies upon the fui face of the fermenting liquor. For
the fmoke readily unites with this kind of air, pro-
bably by means of the water which it contains ; fo
'that very little or none of the fmoke will efcape into
the open air, which is incumbent upon it. It is re-
markable, that the upper furface of this fmoke,
floating in the fixed air, is fmooth, and well defined j
whereas the lower furfa'ce is exceedingly ragged, fe-
veral parts hanging down to a confiderable diftance
within the body of the fixed air, and fometimes in
the form of balls, connected to the upper .ftratum
by flender threads, as if they were fufpended. The
fmoke is alfo apt to form itfelf into broad flakes,
parallel to the furface of the liquor, and at different
dii^ances from it, exactly like clouds. Thefe ap-
'pearances will fometimes continue above an hour,
with very little variation. When this fixed air, is
very ftrong, the fmoke of a fmall quantity of gun-
powder fired in it will be wholly retained by it, no
part efcaping into the common air.

Making an agitation in this air, the furface of it
(which ftiïl continues to be exactly defined) is thrown

into
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into the form of waves, which is very amufmg to
look upon ; and if, by this agitation, any of the
'fixed air be thrown over the fide of the veflel, the
irnoke, which is mixed with it, will fall to the
ground, as if'it was'ib much water, the fixed air
being heavier than common air.

Fixed air does not inftantly mix with common air.
.Indeed if it did, it could not be caught upon the
furface of the fermenting liquor. A candle put'Uhder
a large receiver, and immediately plunged very deep
below the furface of the fixed air, will burn fcime time.
-But veflels with the fmalleft'orifices, hanging with their
mouths downwards in the fixed air, will in time have
the common air, which they contain, perfectly mix-
ed with it. When the fermenting liquor 'is con-
tained in veffds clofe covered up, the fixed air, oh
removing the cover, readily affecb the common air
which is contiguous :.to it j fo that, i candles held at

'•a confiderable diftance above the furface will inftantly
go out. I have been 'told by 'the workmen, that
this will fomethnes be the cafe, when the1 candles
are held two feet above the mouth of the veflèl. .

•Fixed air unites-with the fmoke of rofin, fulphur,
and other eleftiical fubftances, as well as with'die
vapour of water.

I alfo held fome oil of vitriol in a glafs veflèl
Within the fixed air, and by plunging a piece of red-
rhot glafs- into it, raifed a copious and thick fume.

г This



46 OBSERVATIONS ON FIXED AIRj Part L

This floated upon the furface of the .fixed air like
other fames, and continued as long.
; Confidering ' the near affinity between water and
fixed air, I concluded that" if a quantity of water
was placed near the yeaft of the fermenting liquor,
it could not fail to imbibe that air, and thereby ac-
quire the principal properties of Pyrmont, and fome
other medicinal mineral waters. Accordingly, I
found, that when the furface of the water was con-
fiderable, it always acquired the pleafant acidulous
tafte that Pyrmont water has. The reädieft way of
impregnating water with this virtue, in thefe cir-
cumftances, is to 'take two veflels, and to keep
pouring the water from one into the other, when
they are both of them held as near the yeaft as pof-
fible ; for by this means a great quantity of furface
is expofed to the air, and the furface is alfo conti-
nually changing. In this manner, I have fome-
times, in the fpace of two or three minutes, made a
glafs of exceedingly pleafant fparkling water, which
could hardly be diftingniihed from very good Pyjr-
rhont, or rather Seltzer water.

Orte would naturally think, that having actually
impregnated common water with fixed air, pro-
duced in a brewery, I ihould immediately have fee
about doing the fiulie thing with air let loojfè from
.chalk, &c. by fome of the ftronger acids. But,,
eafy ,as the practice proved to be, no method of.

doingj
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doing it at that time occurred to me. I ftill con-
tinued to make my Pyrmont water in the manner
above mentioned till I left that fituation, which was
about the end of the fummer 1768 ; and from that
time, being engaged in other fimilar purfuits, I
made no more of the Pyrmont water till die fpring
of the year 1772.

In the mean time* I had acquainted all my friends
with what I had done, and frequently exprefled my
wiihes that perfons who had the care of large dißil~
leries (where I was told that fermentation was much
ftronger than in common breweries) would contrive
to have ve-flels of water fufpended widiin the fixed air
which they produced, with a farther contrivance for
agitating die furface of the water; as I did not
doubt but that, by this means, they might, with
iitde or no expence, make great quantities of Pyr-
mont water ; by which they might at the fame time
both ferve the public, and benefit themfelves. For

,1 never had the moil diftant thought of making any
advantage of the fcheme myfelf.

In all this time, viz. from 1767 to 1772, I ne-.
ver heard of any method of impregnating water
with fixed air but that above mentioned. My think-
ing at all of reducing to praftice any method of
eflfefting this, by air diflodged from chalk, and other
calcareous íubílances, was occafioned by my hear-
ing; of Dr. I rv ing's method of djftilling fca water

for
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for -the ufe of the navy. For it occurred to me, that
-if feattien could be taught a method of impregnating
,that-or any other water'With fixed air, it might be
•farther ufeful to»,prevent, or -to<cure the iea fcurvy,
going -upon Pr. -Macbride's idea of fixed air being
an afltifeptic.

Mentioning this fcheme to Sir George Savillej
:he introduced'me'to Lord'Sandwich, then at the
•head of the,admiralty, who procured an order for
the college 'of phyficians to examine it. As they
were pleafed to recommend the .trial of.it, 1 drew
tip an account of the method which "I had then de-
vifed, in a fmall pamphlet j the fubftance of which,
as it is no longer publilhed feparately, I infert here.

'Directions for impregnating water with fixed air. '

If water be only incontaft with fixed air, it will-
begin to imbibe it, but the mixture is greatly acce-
lerated by agitation, which is continually bringing
freih particles of air and water into .contact. All
that is neceiTary, therefore, to make this procefs ex-
peditious and effectual, is' firft to procure a fufficient
quantity of this fixed air, and then to contrive a
method by'which:the,air -and water may be ftrongly
agitated in the fame veflèl, without any danger of ad-
mitting the common air to them ; and this is eafilydone
by firftfilling any veflel with water, and introducing

the
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the fixed air to it, while it ftands inverted in another
veflel of water.

Take therefore a glais velîèl, a, PI. VIII. fig. ï.
with a pretty narrow nedk, but fp formed, that ic
Will {bind upright with its mouth downwards (or it
may. be fupported as in PI. Ц1. fig.. 3) and having
filled it with water, lay a flip of clean paper, or thin
pafteboard upon it. Then, if they be preflêd clofe
together* the veflèl may be turned upfide down,
without danger of admitting common air into it ;
•and when it is thus inverted, it muft be placed in
another veflel, in the form of a bowl or bafon, £,
•with a little water in it, fo much as to permit the
flip of paper or pafteboard to be withdrawn, and die
end of the pipe í to be introduced.

This pipe muft be flexible, and air-tight, for which
purpofe it is, I believe, beft made of leather, fewed
with a waxed thread, in the manner u fed by ihoe-
makers. Into each end of this pipe a piece of a
quill, or tube of tinned iron, ihould be thruft, to
keep them open, while one of them is introduced
into the,veflel of water, and the other into a cork,
which muft be perforated, and fitted to a veflel *>
two thirds of which ihould be filled with chalk, or
.pounded marble, well covered with water.

Things being thus prepared, and the veflel con-
taining the chalk and water being detached from
the veflèl of water, pour a little oil of vitriol upon
the chalk and water, and put the cork into the

VOL. I. . E bottle
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bottle a little time after the efFervefcence has be-
gun ; and then introduce the end of the pipe into
die mouth of the veflèl of water, as in the drawing,
and, if necelTary, agitate the chalk and water briflc-
ly. This will prefently produce a confiderablç
quantity of fixed air; which will force its way
through the pipe, and afcend into the veflèl of
water, the water at the fame time defcending, and
coming into the bafon.

When about one'half of the water is forced out,
let the operator lay his hand upon the uppermoft
part of the veiTel* and ihake it as briikly as he can,
and in a few minutes the water will abforb the
air} and talcing-its place, will nearly fill the veflèl
as at the firft. Then ihake the phial containing
the chalk and water again, and force more air in--
to the veflèl, till, upon the whole, about an equal
bulk of air lias been thrown into it. Alfo Ihake
the water as before, till no more of the air can .be
imbibed. As foort as this is perceived to be the
cafe, the water is ready for ufe ; and if it be not
ufed immediately, ihould be put into a bottle as foon
as poflîble, well corked, and cemented. It will
keep, however, very well, if the bottle be only well
corked,' and kept with the mouth downwards.

In general, the whole procefs does not take up
more than about a quarter of an hour} the agitation

•not five minutes; and in nearly the fame time
might a veflfel of water, containing two or three

galbns»
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gallons, or indeed any quantity that a perfon could
well ftiake, be impregnated with fixed air, if the
phial containing die chalk and oil of vitriol, be
larger in the fame proportion.

To give the water as much air as it can receive
in' this way, the procefs may be repeated with the
water thus impregnated. I. generally chufe to do
it two or three times, but very little will be gained
by repeating it oftener ; fmce, after fome time, as
much fixed air will efcape from that part of the
fiirface of the water which is expofed to the com-
mon air} as can be imbibed from within the vefiel.

The preflure of the atmofphere affifts very con-
fiderably in keeping fixed air confined in water;
for in an exhaufted receiver, Pyrmont water will
abfolutely boil, by the copious difcharge of its air.
This is alfo the reafon why beer and ale froth fo
much in -vacua. I do not doubt, therefore, but
that, by the help.of a condenfing engine, water
might be much more highly impregnated with the
virtues of the Pyrmont fpringj and it would not
be difficult to contrive a method of doing it.

,-;• All calcareous fubftances contain fixed air, and
any acids may be ufed in order to fet it loofe from
them ; but pounded lime ftone, or the fawings of
marble, and oil of vitriol are, both of them the
cheapeft, and, upon the whole, the beft for the
pui'pofe.

E 2 ' I f l i o u l d
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I Ihould think that there can be no doubt, but
that water thus impregnated with fixed air muft
have all the medicinal virtues of genuine Pyrmont
or Seltzer water; lince theíè depend upon the
fixed air they contain* If the genuine Pyrmont:
water derives any advantage from its being a na-
tural chalybeate, this may alio be obtained by pro-
viding a common chalybeate water, and ufing it
in thefe procefles, inftead of common air.

If any perfon would chufe to make this medi-
cated water more nearly to refemble genuine Pyr-
mont water, Sir John Pringle informs me, that
from eight to ten drops of finiiura Martis cum

Jpiritu Jalis muft be mixed with every pint of it*
It is agreed, however, on all hands, that the pecu-
liar virtues of Pyrmont, or any other mineral water
which has the fame briik or acidulous tafte, depend
not upon its being a chalybeate, but upon the fixed
air which it contains.

f But water impregnated with fixed air does of h-
felf diflblve iron, as the ingenious Mr. Lane ha*
difcovered ; and iron filings put to this medicated
water make a ftrong and agreeable chalybeate/
fimilar to fome other natural chalybeates, which
hold the iron in folution by means of fixed air
only, and not by means of any acid -, and theíè.
chalybeates, I am informed, are generally the moft.
agreeable to the ftomach.

a By
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By this procefs may fixed air be given to wine,
beer, and almoft any liquor whatever : and when
beer is become flat or dead, it will be revived by
this means ; but the delicate agreeable flavour, or
acidulous tafte communicated by the fixed air, and
which is manifeft in water, will hardly be perceived
in wine, or other liquors which have much tafte
of their own.

I would not interfere with the province of the
phyiicjan, but I cannot intirely fatisfy myíèlf with-
out talcing this opportunity to fuggeft fuch hints
as have occurred to myfelf, or my friends, with re-
Ipe6l to the medicinal ttfes of water impregnated with
fixed air, and alfo of fixed air in other applications.

In general, the difeafes in which water impreg-
nated with fixed air will moft probably be fervice^
able, are thofe of a putrid nature, of which kind
is the Jea-fcurvy. It can hardly be doubted, alfo,
but that this water muft have all the medicinal
virtues of Pyrmont water, and of other mineral
waters fimilar to it, whatever they be; cfpecially
if a few iron filings be put to it, to render it a
chalybeate, like genuine Pyrmont water. It is
poffible, however, that, in fome cafes, it may be
defirable to have the fixed air of Pyrmont water,
without the iron which it contains.

Having this opportunity, I fliall alfo hint thff
application of fixed air in the form of clyfiers,
which occurred to me while I was attending to

E 3 this
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this fubject, as what promifes to be ufeful to cor-
rect putrefaction in the inteftinal canal, and other
parts of the fyftem to which it may, by this chan-
nel, be conveyed. It has been tried cnce by Mr.
Hey, of Leeds, and ehe recovery of the patient
from an alarming putrid fever, when the ftools
were become black, hot, and very fetid, was fo
circumftanced, that it is not improbable but that
it might be owing, in fome meafure, to thofe cly-
fters. The application, however, appeared to be
perfectly eafy and fafe. Alfo Dr. Warren, of
Taunton, adminiftered fixed air in the fame manner,
with the in oft happy effect.

I cannot help thinking that fixed air might be
applied externally to good advantage in other cafes
of a putrid nature, even when the whole fyilem
was affected. There would be no difficulty in
placing the body fo, that the greateft part of its
furface ihould be éxpofed to this kind of air ; and
if a piece of putrid fleih will become firm and
fweet in that fituation, as Dr. Macbride found,
fome advantage, I iliould think, might be expected
from the fame antifeptic application, affifted by the
vis viliC, operating internally, to counteract the
fame putrid tendency. Some Indians, I have been
informed, bury their patients, labouring ijnder pu-
trid difeafes, up to the chin in freih mould, which
is alfo known to take off the fcetor from flefh meat
beginning to putrify. If this practice be of any

ufe,
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ufe, may it not be owing to the fixed air imbibed
by the pores of the ikin in that fituation ?

Being no phyfician, I run no rifque by throw-
ing out thefe random hints and conjectures. I
ihall think myfelf happy, if any of them ihould be
the means of making thofe perfons, whom they
immediately concern, attend more particularly to
the fubjecb

There is another ingenious method of impregnating
water with fixed air, contrived by Dr. Nooch, by
means of three glafs vefièls, as represented in PI. IX.

In the loweft veflel, the chalk or marble, and
the water acidulated with, oil of vitriol, muft be
put, and into the middle veiTel the water to be
impregnated. During the effèrvefcence, the fixed
air rifes into the middle veile!» and refts iipon the
furface of the water in it, while the water that is
difplaced by the air riies through the bent tube
into the uppcrmoft veflèl, the common air going
out through the channel in the ftopper. When
the bent tube is of a proper length, the proccfs
requires no attention ; and if the production of air
be copious, the water will generally be fufficiently
impregnated in five or fix hours. At Icaft, all the
attention that needs be given to it is to ' raife the
uppermoit vefiel once or twice, to let out that part
of the fixed air which is not readily abforbed by
water. If the operator chufe to accelerate the
procefs, by agitating the water, he muft feparate

E 4 the
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the two uppermoft veflèls from the -loweft. For
if he ihould agitate them all together, he will oc-
caifon too copious a production of air; and he
will alfo be in danger of throwing the liqiior con-
tained in the loweft yeiîbl into contact with the
ftópper which feparates it from the middle veflelj
by which means fome of the oil of vitriol might
get into the water.

S E C T I O N I I .

Of the Staff of Air in Water.

A F T ER treating of the impregnation of water
JLJL with fixed air, I fliall recite the obfervations
I have at different times made on the ftate of air
expelled from water by heat, èfpecially as in feve-j
ral cafes this is fixed air.

I have frequently found air expelled from water to
be much better than common air ; but I have not yet
undertaken any regular courfe of experiments on the
fubject; fuch as examining the fame water at different
times of the year, with different impregnations, differ-
ent expofures, &c. which I wiih to have done j be-
caufe I think it poffible, that fomething worth

know-
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knowing relating to the properties of water, or of
air in water, efpecially reipefting phlogifton, and
the general ftate of the atmofphere, may be dif-
covered by .this means. Such obfervations as I
have occasionally made I ihall here put down.

Boiling generally expels more or lefs of fixed
a}r from water. On the 5tH of June, 1779, *
found my pump water to yield air, one fifth of
which was fixed air, and the meafures of the teft
for the refiduum were ï. 5.* The fame pump
water, which had been boiled fome time before,
gave air, one feyenth of which was fixed air, and
the meafures of the teft for the refiduum were ï. 4.
In general I believe a greater difference than thjs
will be found in thefe two cafes. I do not know
fhat water will attract fixed air from the atmofphere,
at leaft in the proportion in which 'it is generally
found in pump water, which is probably acquired
.from calcareous matters firft held in folution, and
then partially decompofed in it.

Water diftilled in a glafs, which had been long
expofed to the open air, yielded air, of which litde
or none was fixed air, and with equal quantities of
nitrous air, the meafures of the teft were i.i.

A quantity of rain water taken from a large tub,
which had long flood expofed to the open air, yield-

* In the experiments mentioned in this book, the two kinds of
air were not agitated when they were mixed.

ed



5& OBSERVATIONS ON FIXED AIR. Part L

ed one fixtieth of its bulk of air> of which no
part was fixed air, and the meafures of the teft
were ï .4. Perhaps the wood of the tub, or fome
other matter cafually falling into it, might have con-
taminated this air. '

A quantity of river water, not very far from the
fpring,. gave one fiftieth of its bulk of air of which
the fmalleft part imaginable was fixed air, and the
meafures of the teil were 1.05. This air was very
pure ; but the paît of the river from which I took
it was nearly ftagnànt, and very full of water
plants.

Lime water is certain not to contain any fixed
air. From a quantity of this water I expelled air fo
pure that the meafures of the teft were i.o. The
quantity of air was one fiftieth of its bulk. Upon
rhe whole I am inclined to infer, from all die obfer-
vations I have hitherto made, that this is about the
ftandard of air contained in water, whicli has no fixed
air, and has been exposed to no influences except
thofe of the common atmofphere, in its ufual
ftate.

From a fpring which was remarkable for its pe-
trefying quality, I expecbd much fixed air, but I
found none ; and the air I extraited from it was a
litde worfe than common air. It is plain that, in
this cafe, a boiling heat had not decompofed the
lime ftone it contained.

lalfo
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I alfo filled a phial with pump water and pound-
ed lime ftone, expofed to the fun from the 20th of
May to the 3d of July, when it yielded air fo pure,
that with two equal quantities of nitrous air, the
meafures of the teil were 1.04. I íhouldhave fuf-
pe&ed fome green vegetable matter in this water,
but I could not perceive any. Perhaps fome latent,
or nafcent vegetation, might be the caufe of this
very pure air.

That water imbibes dephlogifticated air from the
atmofphere, is evident from the following obferT

vation. I took fome of the Briftol water in which
fifties had died, and which then yielded air tho-
roughly phlogifticated ; and having expofed it to
the fun from the a 8th of May to the 3d of July, I
found it to yield a considerable quantity of air ; and
fo pure that, with an equal quantity of nitrous air,
the meafures of the teft were 0.76, arid with two
equal quantities of nitrous air the meafures were
I.i8.

Fixed air abounds fo much in fome mineral w,a-
ters, that their peculiar virtues are certainly owing
to this ingredient in their compofition. This con-
fideration has led fome perfons to afci ibe the virtues
of other mineral waters to this principle, thougli
they contain it in fo very fmall a proportion, as to
make that opinion very improbable.. Some, for in-
ftance, have thought that the virtues of the Batb~

water
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water were owing, in a great meafure, to the fixed
air it contains ; and living at no great djftance from
that celebrated fpring, I thought I ihould incur a
juft cenfure, if I did not endeavour to afcertain what
kind of air is contained in that water, and in what
proportion. Accordingly, I made an excurfion as
far as Bath, chjefly with that view, and made the
following experiments, which, having no apparatus
of my own along with me, I was enabled to perform
by the friendly zeal and ingenuity of Mr. Painter ;

Dr. Gufthart, РГ. Falconer, and Dr. Watfon, fa-
vouring me with their prefence.

In order to alfcertain what proportion of air is con-
tained in the waçer, in the ftate in which it is drank, I
filled a pint-phial with the water hot fr,om the pump,
and expelled the air from it, by boiling it about four
hours, receiving the produce in quickfilver. This
air was about one thirtieth of the bulk of иге water,
and about one half of it was fixed air, precipitating
lime in lime-water, and being readily abforbed by wa-
ter. The refiduum appeared, by the teft of nitrous air,
to be rather better than air in which a candle had
burned out.

The quantity of fixed air that appears, by this
experiment, to be contained in the Bath-waters is fo
very fmall, that I think it very improbable that
their virtues ihould be at all owing to it. Few
Ipring-waters, I believe, contain much lefs fixed air,

and
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and many I know, which have no medicinal virtue
at all, contain more. The pump-water belonging to
the houfe in which I lived at Calne, contains about one
fourteenth of its bulk of fixed air ; ' and my pump-
water at Leeds, contained about one fiftieth of its
bulk of air, of the very fame compofition as the air
of the Bath-waters, viz. half of it fixed air, and
half common air, a little phlogifticated, fo as to be
in about the fame ftate as air in which a candle had
burned outi

Befides, the length of time which the Bath-wa-
ters, and indeed moft other fpring-waters, require
to expel the air by means of heat, íhews that the air
expelled from them, was not contained in them
in that ftate in which it is contained in waters pro-*
perly impregnated with fixed air, out of which
it may always be expelled by the heat of boil-
ing water in lefs than an hour. In fad, the
fixed air is not united to the water, but to fome cal-
careous matter in the water, out of which the air is
expelled with much more difficulty. Accordingly,
Dr. Falconer informs me, that there is a depofit
made by this water, after long boiling. If fo, it may
be prefumed, that thefe waters do not fo properly
contain fixed air, as a calcareous earth j which»
though it contain fixed air, may not part with it in
the ilomach, unlefs it meet with fome acid to de-
compofe it.

Befides
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Befides the air contained in the Bath-water, there
is a confiderable quantity of air continually bubbling
up from almoft every part of the foil, through the
water in the bath. To examine this, I took about a
pint of that air, and found, upon examination, that only
about one twentieth of its built was fixed air, preci-
pitating lime in lime-water, and being readily ab-
forbed by water. The reft extinguiihed a candle,
and was fo far phlogifticated, that two meafures of
it, and one of nitrous air, occupied the fpace of
2 |£ of a meafure ; that is, it was almoft perfectly
noxious.

Being in Germany In the fummer of the year
1774, we happened to pafs by the famous fpring
of Seltzer-water, near Schwallbach, and alfo an-
other very hot fpring near the road from that place
to Mentz. Through'both thefe fprings there was
a bubbling of air, exactly fimilar to that in the
Bath-waters ; but I had not time, or convenience,
for making the fame experiments upon them, and
therefore contented myfelf with finding that the air
of both of them extinguiihed a candle.

P A R T
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OF THE SUBSTANCES WHICH YIELD FIXED AIA

CHIEFLY BY HEAT.

S E C T I O N I .

Of Air extraRed from mineral Subftances.

T TAVING in an early period of my experiments,
A X found that manganefe, and other natural mi-
neral fubftances, yield a very pure air by extreme
heat j it occurred to me that fubterraneous fires
might maintain themfelves by means of the air
which they diflodged from fuch fubftances as they
found in the bowels of the earth. This led me to
try what kindy and what quantity of air, would be
yielded by various mineral fubftances, in great heats,
and it may not be ufelefs to recite the experiments, as
a knowledge of the refults may be ufeful in other
philofophical inquiries j and as many of them yielded
fixed air, I ihall infert die account of them in this
place.

As the original object of my inquiry refpefted
volcanic foes, I gave paiticular attention to the exar

mination
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mînation of1 volcanic fubftances, efpecially with a
view to afcertain whether a iubftance which had
been in a ftate offujîon will yield air by being heated
again or not ; in order to diftinguiih the produits
of vokanos from other ftony matters. Though
charcoal, which has been expofed to the moft in-
tenfe heat, will imbibe air from the atmofphere; and
give it out on being heated a fécond time/ yet this is
not a fubftance that can befufed-, and as this does
not appear to be the property of earthy fubftances,
fome dependence may perhaps be placed on this
teft. If fo, bajaltes can hardly be clafled among vol-
tíanic productions, becaufe they yield more air by
heat than any known lava that I have met wjdi/

But Mr. Keir has obferved to me, that a fub-
ftance from which air has been expelled by fufion,
may yield more air by being melted again in a great-;
er degree of heat, fo that this teft is not decifivteí' i

As the refults of the experiments that I made'Itoth
with lavas and bafaltes were various, I ihall briefly
cite them,

Of lava from Iceland, four ounces and one fifth,
heated in an earthen retort, gave twenty ounce
meafures of air, of which one half, towards the be-
ginning of the procefs, was fixed air, and the re-
mainder of the ftandard of 1.72, extinguilhing a
candle. In the interfaces of this lava, there was a
browniih fand,, which I could not feparate from it.

Of
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Of lava from Vefuvius, five ounces and a half,
yielded thirty ounce meafures of air, of which the
firft portion had a flight appearance of fixed air,
and the reft was phlogifticated, from the ftandard
of 1.64, to 1.38, which came laft. The retort
was broken by the fwelling of the mafs in cooling.

Another ounce of lava, of the confiftence of a hard
ftone, yielded only three ounce and a half meafures
of air, chiefly inflammable, which, I fuppofe, came
from the gun-barrel in which this particular experi-
ment was made.

From thefe experiments it feems probable, that
genuine lavas do not give much air ; but this, will
depend upon the degree of heat to which they have
been fubjected in the fubterraneous fire.

It has been much difputed whether bafaltes be a
volcanic production, or only a cryftalization of a
mafs of matter in a fluid form. The following ex-
periments incline me to the latter opinion.

Seven ounces of bafaltes from Scotland, heated
in an earthen retort, yielded 104 ounce meafures of
air, of which the firft portion had a flight appear-
ance of fixed air, and was fo much phlogifticated
as to extinguiih a candle, being fometimes of the
ftandard of 1.68.

About two ounces of the giants caiifeway in Ire-
land, yielded forty ounce meafures of air, the firft
portion of which had a flight-appearance of fixed air,

VOL. I. F and
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and the reft phlogifticated, of the 'ftandard of 1.65.
It was reduced by fufion to a hard black glafs.

Of bafaltes from Scotland, five ounces one hun-
dred and fixty-two grains, yielded íèventy-eighf
ounce meafures of air, of which no part appeared to
be fixed air -, but was all phlogifticated, fome-
times of the ftandard of 1.7, and towards the laft
1,41.
•" The neighbourhood of Birmingham abounds with
a ftone which, from its being chiefly got from a
village called Rowley, near Dudley, is commonly
called Rowley-rag. When it is broken, it very
miTch refembles bafaltes, though it is not found in
the fame regular form. Dr. WITHERING, of this
place, has given a moil excellent analyfis of this?
fubftance, which may be feen in a late volume of
the Philofophical Tranfaftiorts. All that I did with
refpec"b to'it was, to fubjeft it to a ftrong heat in an
earthen retortr; and from this mode of examination
it fhould feem to-be of the fame nature with the ba-
Tajtes, whatever that be.

Four ounces of the Rowley-rag yielded forty
ounce'meafures of air, containing hardly ariy' ap-
pearance of fixed air, but was phlogifticated, of
the ftandard of 1.6, and 1.5; the laft portion 1.31.
it was reduced to a black gläfly fubftance, which
broke with a polifli, exactly reiembling that which
•remained from the baialtes.

The
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The Derbyíhire toadßone, in its appearance, very
much refembles the Rowley-rag, excepting that it
is full of white fpots, confifting of a calcareous fub-
ftance. Dr. WITHERING has ahalyfed this, as well
as the Rowley-rag, and both from his experiments and
mine, they feem to be nearly a-kin to each other.
Two ounces and 384 grains of this fubftance,
frorri which the calcareous part had been diiTolved
by fpirit of nitre, yielded fixty ounce meafures of
air, the firft portion of which contained a little
fixed aifj perhaps frorh ibme unperceived remains
of the calcareous matter. The reft was phlogifti-
cated, of the ftandard of 1.7.

In another experiment, an ounce and a quarter
of this fubftancej from which the calcareous part
had been extracted firft by oil of vitriol, and then
by fpirit. of nitre, yielded 40 ounce meafures of
air, of the fame quality of that in the former
procefs. There remained from both of'them a
black glafly matter; which feemed to be very
liquid when it was hot, as part of it had boiled
up into the neck of the retort.

Granite, like ba&ltes, has been thought by fome
to be the product of volcanoes, and by others to
be ä cryftalization from a liquid ftate. The latter
is the opinion favoured (but for the reafon given
above not decifively proved) by thefe experiments.
From about an ounce and an half of this fub*

F 2 ftance
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fiance I got twenty ounce meafures of air, the firft
portion of which contained a little fixed air, but
the reft was phlogifticated, from 1,7 to 1,28,
which is nearly the ftandard of cornmon air j but
the heat was very intenfe, as the fubftance was
reduced to a glafs.

Again, five ounces and 252. grains of a blue
granite yielded feventy ounce meafures of air, of
the fame quality, with the preceding. It was alfo
reduced to a firm uniform glafly fubftance, of a
dark-brown colour. Upon the whole, therefore,
it feems probable, that the origin of granite is
fimilar to that of bafaltes.

In Cornwall there is a fubftance called chain,
the natural hiftory of which is very like that of
granite, and the refult of my experiments ' upon
it ihews that they are'of the fame nature. There
is a black and white kind of elvain.

Of the black elvain one ounce and 0,88 grains
yielded twenty-five ounce meafures of air, the firft
portion of which contained a little fixed air, and
the reft was phlogifticated, of the ftandard of 1.54.
It was melted into a browniih black mafs.

Of the white elvain one ounce and '384 grains
yielded thirty ounce meafures of air, of the fame
quality with the preceding. It was converted
into a very porous fubftance, exadtly refembling a
pumice ftone, but much harder.

4. The
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The fubftance called groan clay is faid to be
formed by the dccompofition of granite. Of this
fubftance one ounce and feventy-two grains yielded
thirty-two ounce meafures of air, containing no
fenfible4 quantity of fkdd air, but all phlogifticatf.d,
of the ftandard of 1.62 and 1.33. After the ex-
periment this matter was eafily iliaken out of the
retort, and Was not fenfibly changed in its ap-
pearance.

Such were the experiments that I made with
fubftances that arc, or are fuppofed to be, volcanic.
Of thofe which are certainly not volcanic, but
which may come in the way of volcanic fires, I
found thofe into which the vitriolic acid enters to
yield the greateft quantity of pure air -, but by no
means fufficient to keep alive fxich fires as we
make on the furface of the earth.

From feven ounces of gy^fum, which I kept in
a ffcrong heat twelve hours, I got 230 ounce mea-
fures of air, the greateft part of which would have
extinguiihed a candle j the moft phlogifticated be-
ing of die ftandard of 1.8, but it was afterwards
much purer $ and at the kit confiderably dephlo-
gifticated -, for with two equal meaiures of nitrous
air, the teft was 1.3. The air was very turbid as
It was produced, and the pureft of all came ra-
pidly, at the end of the procefs. It h pofliblc

F 3 that,
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that, with a ftronger heat, more, and purer air
might have been procured. • The fubftance was
reduced to a hard rnajs, yellow next to; the retort,
but in the middle very white.

The ßones which I found to furnilh the greateft
quantity of air, though not the pureft, were thofe
of the Jchiflus kind, which are found in great
quantities in many mountainous countries} and
after being fubjefted to a very great heat, have
the neareft refemblancè to the generality of lavas
of any fubftance on which I have yet made the
experiment.

From four ounces of a blue flat e I got 320
ounce meafures of air, a very fmall portion of
which was fixed air, and the greateft part of the
reft ,(the whole, I believej except about twenty
ounce meafures) fo impure, that the ftandard was
generally 1.8. Towards the laft it was 1.5, and
the laft of all 1.35 ; fo that a candle would juft
have burned in it. The air was very turbid, and
had a very ftrong fmell. The fubftance was perr

feftly vitrified, and 1|uite bkck, exadlly refembling
lava. It Лед: weighed, Щ* nearly as I could guels
(fur in the fufion it had adhered clofely to the re-
tort) three ounces and 288 grains. ''

From eight ounces of another kind of fchiftus,
I got feyenty ounce meafures of air, of the famc

quality
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quality with that in tlic preceding experiment;
and it was melted into a black mafs, harder than
the former, fo as to make a ftill more perfect lava.

Oil of vitriol has been fuppofed to enter into
the compofition of clay. From four ounces of it
I got twenty ounce meaiures of air, in every por-
tion of which one-tenth was fixed air, and the
reft of the ftandard of 1.72, 1.52, and at laft 1.44.

Putting oil of vitriol to this clay, it yielded
much more air, and of a better quality. Two
ounces of the clay, moiftened with this 'acid, gave
210 ounce meafures of air, exceedingly turbid,
containing very little fixed air, and the reft of the
ftandard of 1.5, 1.7, 1.58, in che order in which
they are here put down ; but the laft portion was
ï,08, and was considerably dephlogifticated.

A quantity of fine white clay from the Apalla-
chian mountains gave air of the fame kind at the
beginning of the procefs with common clay, but
the retort being cracked, the experiment was in-
terrupted.

Nothing in die form of a ßone yields fo much-
air as lime ßone, and this -^s by no means all fixed
air, as I believe has generally been fuppofed. For
a very great proportion of it is more or lefs phlo-
gifticated, and the laft portions often tolerably pure,
íb that a candle would nearly burn in it.

F 4 From
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From four ounces of white cry ft als of lime ftone
I got 830 ounce meafures of air, the firft portion
of which had only one-fourth of fixed air, but in
the courfe of the experiment it varied, being once
three-fourths, then one-half, and at the laft one-
third. The ftandard of the refiduum was never
better than 1.56, nor worfe than 1.66.

From five ounces and a half of lime ftone of
an excellent kind, I got in all ибо ounce mea-
fures of air. Of this one-tenth only was phlogif-
ticated, and the reft fixed, but 4the laft portion of
all was half phlogifticated.

. From feven ounces of a tranfparent fubftance,
found in a ftone in the neighbourhood of Oxford,
which is chiefly calcareous, I got 1280 ounce
meafures of air, of which about one-third of the
the whole was fixed air. The ftandard of the
refiduum was at firft 1.55, and afterwards 1,44.'

From fix ounces of a blue ßone, found in the
neighbourhood of Stratford, I got 1030 ounce
meafures of air, of which, till near the end of the
procefs, about one half was fixed air, and at the
laft about one fourth. The ftandard of the remain-
der was about 1.6.

From three ounces of chalk I got 630 ounce
meafures of air, of which at the firft one fourth
was fixed air, then almoft two-thirds, then fome-

thing
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thing more than one half, and again a little more
than a third. The ftandard of the refidmim was
from 1.66 to 1.34.

The pureft calcareous earth is chalk, and the
moft perfedt chalk is that which is called wbifingt

which is therefore ufeful in many experiments, fo
that it is worth while io know what air it con-
tains. From feven ounces of this fubftance, I
got, in an earthen retort, 630 ounce meafures of
air, by which it was reduced to fourjaunces. Every
portion of the air contained about one-third that
was not fixed air, the ftandard of which was
1.36, 1.38. Again, from fix ounces of whiting,
I got 440 ounce meafures of air, about half of
which was fixed air, and the remainder of the
ftandard of 1.4. The whiting was reduced to
three ounces and 312, grains.

In order to try whether any peculiar kind of
air might be procured from whiting faturated with
acids, I moiftened fome, which had been well cal-
cined, with water impregnated with vitriolic acid
air; and then by heat expelled from it ninety
ounce meafures of air, the former part of which
was more than three-fourths fixed air, and the
refiduum of the ftandard of 1.5. The laft portion'
had Icfs fixed air in it, and the ftandard of the
refiduum was 1.44. The fubftance was rendered

black
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black and hard, but in fpirit of fait it became
white and foft.

When quick lime is fuffered to fall in die open
air, it firft attracb' moifture, and then that moifture
gives place to fixed air. From three ounces and
a quarter of this fallen lime I got 375 ounce
meafures of air, of which, about one-fifth was fixed
air, and the ftandard of the refiduum was .1.4. ;

Iron ores may be pretty well diftinguiihed by
the quality of the air that they yield by heat, as
well as by their weight, and external appearance.
The refiduum of the air from other ftony fub-
ftances, after the fixed air is feparated from it, ï
have always found to be phlogifticated, but thaï
from iron ore is inflammable.

Three ounces and one-half of white fpathofe iron
ere yielded 560 ounce meafures of air, of which
at the fiift one-third was fixed air, then only fome-
thing more than one half, and again at the laft a
third. The ftandard of die refiduum was about
1.7, and inflammable. The fubftance was re-
duced to one hard maß, and the bottom of the,
earthen retort was melted along with it.

I tried one iron ore that was of a light colour,
and another of a darker. Six ounces of the lighter
coloured ore yielded 750 ounce meafures of air,
of which at the firft two-thirds were fixed air, then

5 only
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only a little more than a half, and at the laft a
fifth. The refiduum of the middle portions of
this air only was inflammable, that of the reft
phlogifticated ; the ftandard of it about 1.7. It
was reduced to a hard black flag full of cavities.

Four ounces of the dark coloured ore yield-
ed 510 ounce meafures of air, the quality of which
varied very much, like that in the preceding ex-
periment, and the air was not more ftrongly in-
flammable.

There is, I believe, fome iron in the fubftance
that is called Hack lead (molybdena) and therefore
I mention the experiment that I made with it in
this place. From half an ounce of it I got twenty-
five ounce meafures of air, of the ftandard of 1.6,
and 1.42. I have no note of any part of its being
fixed, or inflammable. It had loft only eighteen
grains in weight. From eight ounces and a half
of another kind of black lead, I got fixteen ounce
meafures of air, one fifteenth, or one twentieth of
which was fixed air, and the reft inflammable,
burning with a blue flame.

I did not purfue thefe experiments on ores to
any great extent; but having fome flream tin, I
found1 that no grains of it, gave twenty ounce
meafures of air, a fmall portion of which was fixed
air, and the remainder of the ftandard of 1,44,
and at laft 1.34.

From
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From two ounces and one fifth of ßeatites, I
got forty three ounce meafures of air, which had
the flighteft appearance of containing fixed air.
The remainder was thoroughly ,phlogifticated, ex-
cept that, at the laft, it was of the ftandard of
j.6f. It came out of the retort a yellow ma£s,
but powdery, as it was put into it.

Two ounces of terra potiderofa, gave twenty-fix
ounce meafures of air, without any mixture of
fixed air, die irandard of it 1.62, 1.42, and 1.29.
The fubftance was concreted into one mafs, but
was eafily broken by ihaking the retort, and then
it did not appear to be changed in its external
appearance.

Two ounces of Mack wad from Derbyihire,
yielded eighty ounce meafures of air, no part of
wliich was fixed air, but all better than common
air, die ftandard of it being 1.05. This circum-
ftance may help to account for this fubftance talcing
fire, and burning as it does, when it is mixed with
Imfeed oil. For if by any means it is fb far
heated, as to give out its. pu re air, this muft affift
the combuftipn} and the chemical attraftion between
the phlogifton in the oil, and the dephlogifticated
matter in the wad may, without its afluming the
form of air, be the caufe of the mafs becoming hot.

•Seven ounces of flmr gave eight ounces of air,
a fmall proportion of which was fixed air, and the

reft
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reft of the ftandard of 1.45. It was\ melted into
a hard mafs. Six ounces of white fluor yielded
in all ten оцпсе meafures of air, of which the
flighteft portion imaginable was fixed air, the reft
of the ftandard of 1.34, and 1.3. In this experi-
ment the bottom of the retort was quite diffolved.
N. B. There was no appearance of fluor acid in
the water in which this air was received> and the
•melted mafs gave fluor acid air with oil of vitriol.

From four ounces of a kind of/and-ßotte, I got
feventy five ounce meafures of air, a frnaU por-
tion of which was fixed air, the ftandard of the
reft, for the moft part, 1.75, and at the laft -1.3.5.
When taken out of the retort, it weighed three
ounces and three fourths. That part of it which
was next to the bottom of the retort was whiter
than the reft, but very hard, adhering to it j and,
what was pretty remarkable, the remainder had ac-
quired juft as firm a texture as it had before it was
pounded for the purpofe of the experiment.

Five ounces of a fine white Jand-ßone, yielded
about ten ounce meafures of air, containing a little
fixed air, and the reft of the ftandard of 1.6. This
alfo was again reduced to a ftone quite as coinpad as
it had been before it was pounded.

Six ounces of another fand-ftone yielded 102
ounce meafures of air, of which a very finall por-
tion was fixed air, and the reft of the ftaudard of
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1,57, and 1.35. This alfo 'was reduced to a hard
dark coloured ftone, having feparated itfeif from
the retort about a quartm- of an inch, except at the
bottom where it adhered to it.
. From one ounce and 175 grains of belemnite, I
got 320 ounce meafures of air, of which at the
firft one fixteenth was fixed air, the'reft of the ftan-
dard of 1.75, 1,55- . All the air came while the
heat was very moderate. .

From four ounces of cry fiais of quartz, I got 25
ounce meafures of air, a very fmall portion of which
was fixed air, the reit being of the ftandard of i.8^
and 1.44.

From íèven ounces of a granulated quartz^ I got
about ten ounce meafures of air, containing a little
fixed air, and the reft of the ftandard of 1.42. It
came out. of the retort a loofe friable fubftancey
weighing fix ounces 290 grains. The retort was
cracked, or more air would probably have been
procured.

1 From one ounce and eighty four grains • of mica,
I -got twelve ounce meafures of -air, of which no
part was fixed air, but of the ftandard of 1.4, and*

1.35.
From 120 grains of (ale, I got a quantity of air^

but the retort being cracked at the beginning of the
prcccfs, I took no account of the quantity. Part
of it was evidently fixed air, and the reft of the ftan-

dard
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dard of 1.4, anoUa candle burned: in it. The fub-
ftance was reduced to a dark hard cinder, adhering
to the retort.

• From four ounces 355 grains of cryßalized glafs,
in the form of a whitilh ftone> I got twelve ounce
meafüres of air, which contained no fixed air; and:

of die ftandard of 1.42, 1^36,-and 1.31. -Perhaps
I ufed a greater degree of heat than the glau had
been fubjefted to before. Otherwife this experiment
might help to account'for luva 'giving fome 'quan-
tity of air, though it had been in a ftate of fuiion,
•having afterwards cryftalized, .like this'glafs. -

The laft experiment that.1 iliall mention • vias
made with1/*'/ coal. Threeiounces .of fuch'coal as
we have at Birmingham, gave!t^oo; ouhce meafures
of air, of which I could not.be ferèthat'any.portion;
was fixed air. It was all inflaibmable,! the firft por-
tion of it burning with-à .white lambent Aflame, "and
the laft with a blue one.

: To the fubftances from whifih Г had endeavoured,
at different times,-to extrait .air\by heat, it -may be
juft worth while to mention -crua» antiír.ony. From
one ounce of it, in a'glaia Veflol, and with > a red
fand heat, I got very little air, not more than its
bulk. The laft portion-was in; a great meafure
fixed air, and the. refíduvurb extmguilbed a candle.
The antimony on which: this- experiment was made,
and which had been pounded, formed a concrete
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mafs when taken from the fire, being mixed with
any of the acids.

A degree of heat fufficient to bake day, evi~
dently expels fixed air from it. In order to afcer-
tain this faót, I filled a gun-barrel with tobacco-
pipe clay, and, putting it into the fire} I received
the air that came from it, in feveral portions j but
the whole was not more than about five times the
bulk of the clay. The firft produce was inflamma-
ble j but afterwards the air was fixed, preci-
pitating lime in lime-water, and being readily ab-
forbed by water. I never met with purer fixed air.

No calx of any metal on which I made the ex-
periment yielded inflammable air, but all of them
fixed air, and generally in great plenty. Ruß of iron
gave a great deal of air, two thirds of which was
fixed air, and the reft was not affected by nitrous
air» and extinguiihed a candle -, fo that the whole
produce feemed to be fixed air, only with a larger
refiduum than ufual of that part which is not mif-
cible with water. At another time, however, I got
from the ruft of iron fixed air that was very pure,
there being little of it that was not mifcible with
water.

N. B. That part of the ruft on which the focus
of the lens fell, turned very black.

I obferved that both the grey calx of lead,
And litharge, yielded fixed air, and that a great

quantity
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#f fixe4 air js contajned .w £ft? ^ and
in other preparations of that metaj.

gc-t a little air by me^n? of the .b^rrtfng lens in
fp,jp cipnqbar prfflafeâ with ayíimçjry -r

,to . %fla',.a iuo|grbept of jthe quality4 of
Хр^ цегщиищ I got more air, viz.

;fpr,ty .tinges its ow,n bulk, and it -was all fixed
fir, being j;ea,dily ^bjfcrbe^ ,by ya«r. This fub-
ftajice, lijce the xuft of iron, turned black in the

ofthe lensk

S E C T I O N II.

Atr from falinf Sttlfîançes.

rfaliné fubfljaqpes, J ЬеИеуе,
more or leis fixed air ; and it may be .̂ уосф

to examine what y/unntity of it mav -.be c$-
^traftedJEiom. each of them, and alfo -the .qu^jjity
the refiduum, which I find to differ confide/ably i
different cafés. But this may depend, .in a grejtf

upon фе ftate pf .the water in which the
е.таДе/ .A.jÇewpljfejnratÍQns .that l

Уоь, I, A bare
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have had occafion to. make of this kind may be juft
worth noticing..

Both vttfiolated tartar, and Glauber felt, which I
have often occafion to make in the courfe of my
experiments, I find contain fixed air. Dilïblving a
quantity of vitriolated tartar, which was formed in
making ípírit-of nitre, and collecting the air that
came from it, I found one twelfth of il to be fixed
air and with an equal quantity of nitrous air, the
meWures of the teil for the remainder were" 1.3;
At another time I filled the retort in which the fait
Was contained with boiled pump water, and then I
found no fixed air in, it j haying, I fuppofe, been(

abforbed by the water, and the meafures of the teil
for the remainder were 1.46. Again I diffolved a
quantity of this fait m pump water, and then found
one fourth'of the whole to be fixed air j the pump
water itfelf containing a good deal, and the meafures
for the refiduum were 1.44.

From half an ounce oivitrtolafed tar tart in a gun-
barrel, I ,got about an ounce-rneafure and a. Half
of air, which was chiefly fixed ' air. Thé laftjSrc-
duce diminiihed common air a little; but this I
attribute to the gun-barrel not having beeti'per1-
feftly cleaned from the materials ufed in a former
"experiment.

I alfo diflblved a quantity of Glauber Tait; whidx
feraained from the procefs for making fpifit of fait,

and
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und I found the refiduum of the fixed air to be fen-
fibly. worfe than common air. .

The 'firft experiment that I made upon alum,
was with the fun-beams, in quickfilver; .when I
got fr.om it a litde air, which appeared to be
fixed air, by. extinguiihing a candle, and by being
readily ,;abforbed by water. I repeated the experi-
ment with the fame refult. The quantity of air
cxtra&ed from a piece,of alum, was about one. third
of its -bulkj but I imagined that a little, though' not
much, more might have been extracted, by a longer
Continuance of the operation.

I obferved, uppn this occafion, that I could cal-
cine only a given quantity of alum in a given quan-
tity, ,of air f and that whçn this was faturated, í could
onty keep, the alum in .a fluid ftate by heat. But it
Was eafily calcined in. v'acuo ; and as the receivers in
which the calcination was made became very moift,
it is, pretty evident that this operatioa. is performed
by the mere expulfion of the water which enters into
the compofition of this fait -, fo that when the furr

Bounding air can take no more water, that calcination
can proaeed no farther. I dlfo obifei-ved, upon this
occafion, t that when I had calcined a quantity of alum
ui a given quantity of common air, the air was not
diminiihedi or in the fmalleft degree injured, by the
operation, .

G a, After
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After Ais, Ï endeavoured to get air from talcinea
alumy with a burning lens ; and I did get a little :
but I made no other observation upon it, than that
it was not dimmiihed by nitrous air. But when
ï put a quantity of calcined alum into a gun-barrel,
ï got from it a confiderable quantity of air, part of
which was fixed air, precipitating lime in lime-wa-
ter, and the remainder did not differ from the refi-
duum of fixed air, extinguifhing a candle, and
neither affèftîng common air, nor being afie&ed
by nitrous air.

N. B. The pure air from the alum, and the
inflammable from the iron of the gun-barrel, would
produce the fixed air.

In diflolving alum, in order to get fome earth
of alum, I obierved that air was difcharged from it.
This ï collected, and found it to contain very little
fixed air, and the meafures of the teft for the refidu-
um Were 1.12. At another time I 'had the fame
Tefult,. but the air was not quite ie good, though
purer than common air.

Precipitating a folutiön of alum with pot aflï, Ï
caught the fixed air, Which'was difcharged in great
abundance; and examining tihe refiduum, found '-it
'to be better than common "dr, in the proportion 'bf
"ï .2 to "1.3; 'the diminution "being in mat propor-
tion when mixed with equal quantities of nitrous air.

From
2
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From one ounce of calcvted alum, very white and
clean, I got fixty ounce meafures of air, without
any fixed air, or the leaft imaginable, and fo pure,
that with two equal meaiyres of nitrous air, the
teftwas.i.4. Still the refiduum had an acid tafte;
fo that with more heat, it is probable that more,
and purer -air, would have been produced.

The metallic faits t if they gave any air at all, gave
fixed air, which I find to be contained in moft faíine
lùbftances. I lhall recite a few experiments of this
kind, without any particular regard to die order of
them.

I could get no air whatever from fugar of lead, or
from nitre of lead. The former melted into a liquid
fubftance ; the latter changed from wliite to a dull
grey colour, and broke into powder, with a crack-
ling noife.

All the kinds of copperas gave fixed air. I -fuit
tried common green copperas in quickfilver. It dif-
folved into a great quantity of water, but the air
produced from it was not one twentieth of its bulk.
Half of this air was readily abforbed by .water, and
the remainder was too-fmall tobe examined. "I repeat-
ed the experiment on calcined copperas, both in a gun-
barrel, and likewife in a tall glafs veflèl filled with
fand} but, the produce,"in all the cafes, was fixed
air. Half an ounce of calcined copperas yielded
near a pint of air.

G 3 When
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When I had extracted air from the calx of green
copperas in a glafs-veflèl, I put the fame materials
into a gun-barrel ; but ftill I extracted nothing from
them befides fixed air, mixed with acid air, as appear-
ed by the extremely fmall bubbles to which the large
ones were preiently reduced in paffing through water.

When ' I made the experiment on ' blue viirM,
which confifts of oil of vitriol and copper, in quick-
filver, the refult was the fame as with the green cop-
peras, except that much lefs water was produced.

White vitriol, which confifts of oil of vitriol and
zinc, gave ten times as much air as the other kinds.
Half of it was abforbed by water, and a candle burn-
ed in the remainder.

Mercurial nitre gave a great quantity of air în
quickfilver, and this was pure nitrous air ; but pof-
fibly .the nitrous acid being let loofe from this fub-
ilance, had produced the nitrous air by difiolving
the quickfilver.

White lead yielded air in great plenty, by the
heat of the burning lens, and it was all pure fixed air.

From four ounces of'white lead I expelled, in an
earthen retort, 240 ounce meafures of air, before the
retort was djflblved by it. Of the firft produce there
remained one third, not fixed air, of the ftandard of
1.36 ; and towards the laft, the refiduum was of the
ftandard of 1,28, when1 with the common air it was
1.23.

SEC-
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S E C T I ON III.

Air fr от Subßances of a vegetable Origin.

ART AR is a fubftance concerning which
A there has been a great diverfity of opinions

among chemifts. O,n this account fome of my che-
mical friends requeued that I would examine what
kind of air it yielded in different circumftances.
Accordingly, to fatisfy them, and my own curiofity
•at the lame time, and without any particular ex-
pecbtion (for I had formed no opinion whatever
with rçfpeéfc to it) I began with putting a fmall
quantity of the cream of tartar into fqme oil of vir

..trjqJ, contained in a jphial with a ground ftppper and
.tube (which is the method that I ufually employ to
procure vitriolic acid air) and, wifh fhe flame of a
candle, I made it ЬоД.

The acid prefently became ЫасЦ ajnd the mix-
ture yielded a,, great quantity of air, -till it was quite
vifcid ; when, there being fome danger of choaking
the tube, I withdrew it. The air was at firft half
.fixed air, making lime water turbid, and half in-
.fiammable, burning with a lambent blue flame j
but towards the laft two thirds of it was inflamma-
ble. I did not ufe more tha^ a few penny-weights

G 4 of
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of the tartar, and the quantity of air exceeded two
quarts, and much more might certainly have been
procured. The next day the matter j which I had
poured out of the phial, had the çonfiftency, co-
lour, and fmell'of treack ; except that there were
Ibme fmall concretions in it. Some time after I
took the refidùùm above-mentioned, and putting it;
into a glafs VeOfeli I again extracted from it, in a
fand heat, a large quantity of air, аз much as before,
and exactly of the fame kind. In the middle of
the procels, when the production of air was mofl;
copious, it was 'very turbid -, and When any of the
bubbles burft in the open air, they were perceived
to have a ftrong fmell of treacle.

, After this I ceafed to make ufe of oil of vitriol,
iri order to try what air the tartar would yield of it-
fèlf j and ï preferitly found that the acid had con>-
tributed nothing at all to the air that I had got from
it. From an ounce of cream of tartar, in a glafs
veiTel,.and a fand heat, I got 170 ounce meafures
qf air, the firft portions of which were almoft 'pure
fixed air. The refiduum, however, was inflam-
mable, arid burned with a blue flame. At laft
only about two thirds of the air was fixed air, and
the reft inflammable. In the greateft paît of the
procefs, the air was very turbid ; but it was .fo in the
recipient, and the part of the tube next to it, a con-
,ßderable time before it "was turbid in the reft of the

tube,
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or in the glaß veflèl that contained the ma-
terials; Towards the end of the procefs the etn-
pyreumatic oil came over, which was very òffènfivé,
though, at firft, thé fmell of the air had been rather
jbleafaht, referhblin'g that of burnt fugäf.

I repeated this experiment, and again got about
170 ounce rhëafures of air from an buriee of cream
of tartar, of which thirty eight ounce rneafurcs were
inflammable, and the reft fixed. It burned with a
large white flame, but at laft with a light blue one,
Pw,ing, I fyppofe, to the mixture of fixed air in it.

That cfeam of tartar fiiould yield fixed air wifl
'hot be thought extraordinary ; but its yielding in-
flammable air, feems to fhew that it had acquired à
good deal of the confiftencë of vegetable matter, or
of pit-coal, fince thofe fubftances yield the fame kind
of air.

After "this, neglecting the produce of air, I firrt-
ply calcined a quantity of cream of tartar, in a red
heat, in a glafs veflel filled tip with fand ; and ob-
ferved that h loft about half its weight. Notwith»-
ftariding its calcination in a red heat, this fub'ftance
obftinately retained a great deal of its fixed air, in
which it refembles chalk. For when I put this cal-
cined rream of tartar into fpirit of fait it yielded à
confiderable quantity of air, which' I found to bt
fixed air, with a phlógifticated refiduum. It alfo,
efFervefced ift the fame manner, and no doubt gave

thé
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the fame kind of air« in oil of vitriol, and ipirit of
nitre. But even fpirh of fait did .not diffolve the
whole of it.

To obferve the phenomena of this calcination
more particularly, I made the procefs in an open
crucible, which I kept in a red heat a long time.
But when there was no appearance of any farther
change, and the fiibftance was pretty hard, I took it
from the fire, on which it prefently aflumed ablackr
ifh, or dirty brown colour! Spirit of fait diflolved
this fubftance with as much rapidity, to all appear-
ance, as it had done the mere black coal of tartar
in the former experiment, and expelled as much
air from it. LÎ ftill, however, did not diflblve
the whole ; for a. dirty powder remained undif-
folved,

I threw the focus of the lens upon a piece of fine
whitefugßr; in qujckfilver. , It was readily melted
and converted into a brown fubftance, yielding about
two thirds of its bulk of air,. one third of which was
readily abforbed by water, and the remainder extin-
guiihed a candle. I repeated the experiment with
a browniih powdered fugar, with the fame rcfult,
excepting that more air was generated from this
than from the white fugar, in proportion to their
bulles.

From two ounces and three quarters of wood
a/lies I got, in ̂  very ftrong heat, 430 .ounce me,a-

fures
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fures of air, of the firft portion of which one tenth,
of the fécond one thirds and of the third one half
was fixed air. The refiduum of the fécond por-
tion was of the ftandard of 1.6, and that, of the
third 1.7. It extinguiihed a candle; fo that the
air came properly from the aßes, and not from
any remaining particles of, the charcoal mixed with
them. After the procefs, the ailles weighed 839
grains. Being expofed to the open air one day,
they weighed 842 grains, and, perhaps with more
heat than before, yielded fifty ounce meafures of
*ir, of which about an eighth was fixed air, and the
ftandard of the refiduum was 1.38,'and 1.41. A
candle burned' in itj fo that it is evident fome of
the deplogifficated part of die atmofphere had
been imbibed by thefe afhes. They then weighed
789 grains and a half.

, From three ounces of pit-coal aßes, .1 got air,
the ftandard of which was 1.7, and extinguiihed a
Candle, I took no note of the quantity of fixed
air, and through an accident in the procefs moil
°f the air efcaped..

It is well known that all fermented liquors,
that are not quite flat or vapid, contain fixed air ;
and I had the curiofity to try, what proportion of
this air is contained in different kinds of wine,
and in wines in different ftatcs. For this purpofe,
I took one of the .phials with a ground-ilopper and

tube,
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containing an ounce-meafure and a half,
und filling it accurately with each fpecies of
•wine, I plunged it into a vefiel of Water, which
was. fct tíft the fire to boil, receiving the air in
quick-fiîver. The air that I got from all kinds
of fefffiented liquors was pure fixed airj but,
Except champaigne and cyder, it was in much.
lefs quantity than I expected j the refuks being as
follows.

The quantity of air contained in

Madeira, was - TBS of an ounce-meafure.
Port of fix years old *V — " •• •
Hock of five years old V* w- . . .
Barrelled Claret •- A — ' . • "•"• • •
Tokay of fixteen years 'A — > - . . . . ,
Champaigne of two years a —« • •
Bottled Cyder of ï a years 3$ • '

Some champaigne fparkks much in confequence
of containing much airj. but there is a kind of,
champaigne which does not fparkle, and contains
very little air. The difference, as I was informed,
when ï made enquiry concerning it, in/that /part
of France where the wine is made/ & -owing to
this j that when they wilh to have the wine fparkle,
they check the fermentation as much as poflible
at the time that the wine is made j fo that the
fermentation going on gradually, fhe fixed air pro-

duced
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duced by it is abforbed by the liquor : whereas,
when they do not chufe to have it fparkle, they
let it ferment freely, like any other kind of wine.

In other cafes, therefore, where fermented liquors
contain much air, as in moft kinds of malt-liquor,
cyder, and our tLngliih made-wines, ï take it for
granted, that the fermentation is either purpofely
cheeked, of that the liquor is of fuch a nature,
that the fermentation will neceflarily continue a
long time, after it is put into the caik or bottle,

I once found that a quantity of port-wine con-r
tained its own'bulk of fixed air; but I now ima-
gine that the wine was not genuine, but muft have
been made chiefly of cyder. Perhaps this may
not be a bad method of diffinguilhing genuine
foreign winee from compofitions made of cyder.

SEC-
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SE C T! I. O N: "IV."

'Air from Animal Subßancis,*

T Had obferved, that animal fubftances, in (pf4tre-
X . fying,. difcharge air- that is iri part "~ fixed, and
part inflammable.. Being willing 'to find the $ro.-
portion of each of thefe kinds of air, in the different
ftages of the putre&aiiye procefs,, as well as. the
•whole produce of both kinds, I took a piece of the
kan mufcular part of mutton, weighing ipa grains,
on the ï jth of S.epte^ber, 1776, and put it into
a jar fUled with quickfilver, ftanding .inverted in
a bâfon of the fame, and placed it near the fire,
where the heat was variable, but at a medium of
about IDO degrees of Fahrenheit.

On the ï jth I took from the mutton half an
ounce meafure of air, two thirds of which was
fixed air, making lime-water turbid, and the reft
was ftrongly inflammable. On the i6th it had
vielded one third of ah ounce meafure of air, of
which the fixed air and the inflammable were ex-
affly in the fame proportion to one another as
before} but the inflammable air at this time was
all fired at one explofion, and without that redneis

in
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in thé flà'Aie that I had perceived before. On the
19th I took from it about half an ounce mealttre
of air, three fourths of which was fixed air, and the
reft;inflamrriable.

After-this''1 removed the mutton and quick-
filvér into the 'dommon- temperature of the atmof-
phere; where they continued to the i3th of January
following,1 in-all which time very little was .added
to the4 air that had come from it before its removal.
1 then/-however, took from it half an^unce rriea-
fure-'of air, and it Was all pure fixed air; without
'the mixture of any thing inflammable in it. Then
placing it fiear the fire as before, it prefently yield-
ed another half''ounce meafure of air, which was
alfo wholly fixed air.

Obfcrving that it flood near twenty-four hours
after this without producing any more air, though
•it -was in' the fame degree of heat, I plunged the
whole into a pan of water, and made it boil; by
which means I got from it about one eighth of an
ounce meafure. of air, the whole of which was
fixed air \ at leaft the refiduum was riot "larger
than is ufuai in pure fixed air ; for it was too frtíall
a quantity ' to make an experiment upon with tire
flame of a candle. After this I kept it in a boiU
ing heat a confiderable time, witliout getting from
it any air at all. It appears therefore,-that this
piçce of mutton yielded in all ait meafures of air,

of



of which 2 »Ц
and; jhat аД.,фс inifcmmabie part was/exbaufted a
içppí^lefable fcime beíbíe the fixedла«|

On the ijthof March, 1780, j (took';two dead
mice, 4>f about equal fi?e, ,and put çheçn into two
fe|>,ar t̂e .cups, under different jars .qf common auj
0/ye.ry nearly equa^ capacities^ .one ,of them con*
taining a^5 ounces of .water, landing in q-uiqk-
fiLver^ and íhe othçr 160 ovinçes, ftandjbg in water.

Leaving J:hem in ̂  country to the care jof f
perfqn who ГиррЦе4 çhe veffels in wjiich they.ftqocjl
pcqafionaJUy with w-ajjer .or quicldUver, I weiit £9

ni and ,after jpy. /eturn, ;in фе beginning ,o^
/°.Ч?̂ ) 1>У W^^g №.̂ ?&Ф> and mear

Turing them afterwards, that the ajr in itlie yeflel
jvhich liad ftood in water was reduced to 140
puncp meafu^r.es^ fnd Л|0 the 28:̂ 1 of Augufl: it
,w.as ,redyce.d to 13^ jbu,t after ftanding ,a fortnjigh^
Jqnger, tit was not .fbnfibJy .diminiflied a^iy farther.
The air Дп the vejQTel which had ^opd in flU^*
,fuverwas,not,fenfibly diminiihed at all.

Adrrjitting Д1те water ^otihis veflel, it prefcntly
ibecame turbiçl ; but this bejng a flow .diminution^
I remcved .the vejETd aCter Хоще ^yjs to a troug^i
of water,, and then fpund that the air contained ia
'it rqade^ime .water exceed,ingly,tui!bid.; and^agitating
th^s-air in .jfmall .portions it was prefently redyced
tp f?5 pup.cte щеаСиге?^ fo th,a.t all the.quajpti^r

diminiihed



Seit. Ж OBSERVATIONS ON FIXED AIR. 97

diminiihed feems to have been fixed -air, making
lime water turbid, and being abforbed by water in
the very fame manner.

The air in the veflel which had flood in water,
notwithftanding the opportunity there was for the
fixed air depofited by it being readily abforbed,
made lime water very turbid} and by agitation
in fmall portions this air was reduced to 130 ounce
meafures. Upon the whole it appears, that
the diminution in both of thefe cafes was nearly
equal, viz. a little more than one fifth.

In thefe experiments the two mice were thorough-
ly putrefied, and indeed quite difiolved, and no
doubt had yielded all the air they were capable of
yielding. But if the experiments on the putrefac-
tion of mice in quickfilver recited above be com-
pared with thefe, it will be found that the addition
«f fixed air, or air of any other kind, from the
putrefied mice was quite inconfiderable, .viz. âh
ounce meafure and half of fixed air, and half an
ounce meafure of inflammable from each.

It is true that mice putrefying in water yield
perhaps more fixed air than in this proportion»
but here they putrefied in air only. And that a
Very inconfiderable quantity is produced in theft;
circumflrances, is evident from there being little
or no increalc of the air when it is confined by
$uickfihert which could not imbibe fixed air, if
" VOL. I, H any
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any had beert difcharged from the putrefying
mice. It will be found hereafter, that water is a

neceflary ingredient in the conffitution of both fixed
and inflammable air.

It might be queftioned, whether the fixed air
contained in our aliments, can be tonveyed by
the courfe of circulation into the blood, and by
that means impregnate the urine. I have found,
however, that it may do it -, having more than
once expelled from a quantity of freih-made urine,
by means of heat, about one fifth of its bulk of
pure fixed air, as appeared by its precipitating
lime in lime water, and being almoft wholly ab-
forbed by water; and yet a very good air-pump
did not difcover that it contained any air at all.

It muft be obferved, however, that it required
feveral hours to expel this air by heat ; and after
the procefs, there was a confiderable whitiih fedi-
ment at the bottom of the veflel. This was, pro-
bably, fome calcareous matter with which the
fixed air had been united; and by this fixed air,
the calcareous matter, which would otherwife liave
formed a ftone or gravel, may have been held in
folutionj and therefore, drinking water impreg-
nated with fixed air, may, by impregnating the
urine, enable it to diflblve calcareous matters bet-
ter than it would otherwife have done, and may
b£refbre be a means of preventing or difiblving

the
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the ftone in the bladder, agreeable to the propofal
of my friend Dr. Percival.

From four ounces of dry ox blood I got í 200
ounce meafures of air, and I conjectured that not
lefs than 200 ounce meafures efcaped. It con-
tained no fixed air. The firft portion of it burned
with a large lambent white flame, the middle por-
tion fainter, and die laft was hardly inflammable
at all, but had a flight blue flame. What remain-
ed of the blood weighed 255 grains, and was a
very good conductor of electricity, which is not
ufually the cafe with the charcoal of animal fub-
ftances.

lia PART
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P A R T И Г .

VARíOÚS PROPERTIES OF FIXED AIR.

S.E С Т I O IST I.

Effèiïs of fixed Air on jinjmals and Vegetables.

T N SEC T S and animals which breathe very
A little are ftifled in fixed air, but are not foon
quite killed in it. Butterflies, and flies of other
kinds, will generally become torpid, and feem-
ingly dead, after being held a few minutes over
fermenting liquor j but they revive again after
being brought into the freih air. But there are
very great varieties with refpect to the time in
which different kinds of flies will either become
torpid in the fixed air, or die in it. A large
ftrong frog was much fwelled, and feemed to be
nearly dead, after being held about fix minutes
over the fermenting liquor -, but it recovered upon
being brought into the common air. A fnail
treated in die fame manner died prefently.

While
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While I was making cxpírimehts on the fixed
air produced by the fermentatioh of btér, in à
publie brewery, Which was á töhßderäbte tittle be-
fore I attempted to procure it ih any other märt-
ner, I had the CüHöfity, among other things, to
try what erTeft it Would have oft the vtgitfftton 9f
fiants^ and the colours of fome delicate flowers;
both which I could eafily fufpend Within the region
of fixed air over the Fermenting vats. The refult
of a few experiments, which I made in thefe" cir-
cumftances, was as follows.

Fixed air is prefently Ihtal to vegetable life.
At leaft fprigs of mint growing in water, arid
placed oVer the fermenting liquor, Will oftefi
become quite dead in one dajfj flor do the~y
recover when they are afterwards brought into (tie
common air. I am told, however, that fome
other plants are much more hardy in this refpecb

A red rofe, freih gathered, loft its itdnefs,
and became of a purple colour, aftef being held
over the fermenting liquor abolit twenty four
hours; but the tips of each leaf Were much
more afftcted than the reft of* it. Another red
fofe turned .perfectly white in this fituation: but
various other flowers, of different colours, were
very little affecbd. Théfe experiments Were
not then repeated, as I wifhed they might be done,



OBSERVATIONS ON FIXED AIR. Part III.

in pure fixed air, extracted from, chalk by means
of oil of vitriol.

After this I found a contrary opinion to prevail,
viz. that fixed air is fo far from being deßruftive
jtò vegetation, that it is the proper pabulum of ve-
getables j making them to flouriih much more
than they could do in other circumftances j and
chat, inftead of difchargjng the colour of rofe leaves,
it is a means of preferving them, and all other
moil educate flowers, in the greateft perfection, J
therefore made the following experiments.

On the fth of June, 1776, I put two iprigs
pf mint into two equal jars, filled to the fame
height with pure fixed air, extracted from chalk
by oil of vitriol, the lower parts of each jar con-
taining equal quantities of the fame rain water j
with this difference, that into one of the jars I con-
veyed a little oil, to prevent the too quick abforp-
tion of the fixed air by the water. Alfo in the
fame trough of water, in which flood the jar with-
out oil, I placed another jar, filled to the fame
height with pure fixed air, without any plant. I
prefently obferved that the water rofe in all the
jars exactly alike, except in that which had the oil
on the furface of the water ; and the next morn-
ing both the plants appeared to be quite dead,
their items and leaves having became almofl black

and
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and flaccid. After two days, when there was evi-
dently no probability of the plants recovering them-
felves, I took them out, and found the air to which
they had been expofed not in the leaft changed, be-
ing juft as much abforbed by water as other fixed
air.

Thinking it poffible, that though thefe plants
died in a total change of atmofphere, they might,
notwithftanding, have borne a partial charge, of it, I
took three other plants, and put one of them into a
jar of air of which two thirds, another into one of
which .one half, and a third into one of which one
fourth was fixed air. But, to all appearance, all
thefe-plants died as quickly as the two former had
done, which I believe was, in fuel, almoft inftantly :
for the cefiation of vegetable life muft have con-
fiderably preceded fuch •otfible effeSls of it as the
blacknefs. and flaccid ftate of the leaves and Halts.

To clofe this fet of experiments, I, in the laft place,
put only one eighth part of fixed air to two plants
which had been growing fome time very well in
phials of water, over which I had placed jars full of
common air only, in order to avoid wetting die
plants, or doing them the leaft imaginable injury,
in any refpect. But, notwithftanding this, and
though very little indeed of the fixed air could be
(uppofed to remain a long time, of fo very fmall a
quantity, expofed to fo very large a.furfacç of wa.-

H 4 ter,
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ter, in a few days the tips of the leaves, even to the
tops of the plants, turned black : both of them foon
ihewed evident tnarks of decay : one of them died in
about ten days» and the other did not furvive more
than about three weeks. For in fuch a languifhing
ftate, it is not eafy to fay at what precife time a plant
muft be pronounced to be properly dead.

In the next place I tried the effeft of water im-
pregnatid with fixed air on the roots of plants.

In one cafe, a fprig of mint, in the impregnated'
water, grew better than a fimilar plant in the fame
water not impregnated with fixed air ; but another
plant grew much worie than its companion in
common water. Befides, though it ihould appear
that, for a time, a plant ihould grow better in this
kind of water, it may, perhaps, be attributed to die
effects ofßimulus only, which is not peculiar to fixed
air, but might refult from the action of any other
acid. And when I put a little common fait, or
even a little fpirit of nitre into the water in which
the plants were growing, 1 imagined that, for fome
time, it rather promoted their growth. Alfo, though,
in general, plants die almoft immediately in water
impregnated with nitrous air, yet in one cafe of this
kind, when the fuperfluous nitrous air was carefully
let out under water, fo that no part of it was de-
compofed in conta£t with the water, the plant grew
in it remarkably well.

The
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The few obferyations that I have made on the
growth of plants in water impregnated with fixed
air, but which I do not pretend to be fufficient to
decide the queftion, were the following. On the
aoth of Auguft 1776, I gathered two flips of mint,
and likewife two fmall plants of the fame kind, with
roots; of which I put one of each kind into an eight-
ounce phial of rain-water, and the others into other
fimilar phials, filled with the fame water impreg-
nated with fixed air ; putting at the mouth of each
of them a little foft clay, to prevent the too eafy
efcape of fixed air from thofe that contained it, and
to put the others, as nearly as pofiible, into the fame
circumitances.

For fome time all thefe plants appeared to flouriih
equally well ; but after a week it was evident that
the flip of mint in die impregnated water, grew
bettçr than its companion. On the 4th of Septem-
ber the plant in the fimple water was in a dying
condition, and the other began fenfibly to languiih,
and was dead, I think, about a week after the
other.

The two plants with roots grew very well ; but
that in the fimple water much better than the other ;
and more of the water had been exhaled from the
phial, the reverfe of which had been the cafe with
the flips. On the 24th of September the plant in
the fixed air was abfolutely dead j but the other in

fimple
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fimple water was very flourifhing on the s>8th,
when I put an end to the experiment. Examining
the phials of impregnated water, I found that;nei-
ther of them had intirely loft its fixed air. That
in which the iprig of mint had grown, ftill con-
tained one fixth of its bulk of fixed air, and the wa-
ter ui which the plant with its root had grown,
which was a much longer time, retained, however,
cne twelfth of it.

To try the effeét of different fiimuli on the roots
of plants, I firft put into phials containing an ounce
meafure and a half of common water, fmall
quantities of common fait, from one grain to twelve,
and more, in all thofe which contained more than
twelve grains, the plants died immediately, but in
that phial the plant lived a few days; and the reft
died, in their order, to that which contained three
grains o£falt- which feemed to grow as well as the
plant in fimple water. And it was remarkable that
not only this plant, but alfo thofe which had died
fcemed to flouriih more at the f rß, than thofe which
grew in fimple water: and that which hud three
grains of fait, and alfo that which had one grain-,
continued to live after the plant in fimple water was
dead in the fame room. This was in my laboratory,
a place unfavourable, indeed, to any vegetation, but
equally fo to alj.

Sprigs
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Sprigs of mint in one and a half ounce phials, con-
taining oncj and even two drops of the ftrongeft nitrous^
acid flouriihed very well, better, feemingly, than
thofe in mere water ; but in water containing more
of this acid, they died inftantly.

I am far from pretending that thefe few experi-
ments on the vegetation of plants in water impreg-
nated with fixed air, are decifive ; but I think they
ihew that a very great number of experiments, and
thofe uniform in their refult, are neceiTary to deter-
mine this queftion. When fome plants grow bet-
ler, and fome worfe, it makes it probable that the
Difference in the growth depends upon fome other
circamftance than the water in which they grow.'

While I was attending to the comparifon of the
growth of plants in dephlogifticated and common
air, I at the fame time made, a few farther experi-
ments on the growth of plants with their leaves
expoíèd to fixed air, though I was pretty well £i-
.îisfied, from the experiments recited above, that
this kind of air is undoubtedly injurious to plants
growing in it. I wiihed alfo, once more, to try
the effect of inflammable air, with reípeél to vege-
.tation.

Accordingly, in the month of April 1777, I
introduced a fprig of mint into a phial of air, one
third fixed and the reft common ; and having only
pnce fupplied it with freih fixed air (when the bulk

of



J08 OBSERVATIONS ON FIXED AIR. Part HI.

of the former was abforbed by the water) l òbferv-
ed, that on the jd of May following, there were
black ipecks on feveral of its leaves, and in the
courfe of a week it was almoft wholly black, and
evidently dead. It had not grown at all.

At the fame time I put another fimilar plant
into ajar ofhalffreih made inflammable air and half
common air, but it died prefently. I found, how-
ever, by fubfequent trials, that plants would bear
a greater proportion of inflammable than they would
of fixed air ; fo that from the circumftance of plants
merely living in a proportion of fixed air, it cannot
be inferred that it is ofitjelf, at all favourable to
their growth.

The few experiments that I had an opportunity
of making before, left me altogether undecided
with reípeét to the effecl: of water impregnated with
fixed air on the roots of plants/ But the many ex-
periments that I have made fince, in 1777, and
1778, have not left a ihadow of doubt on my mind,
that fuch water is hurtful, and finally fatal to the
plants growing in it, at leaft to fprigs of mint j for
I did not make the trial with any other plants.

On the a 8th of May I placed, in a green houíê,
pnd not in my laboratory, as in the experiments
mentioned before, three fprigs of mint, "with
their roots in' phials of water impregnated with
fixed air, and three other plants of the fame kind

with
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with their roots in the fame water unimpregnated.
After a week I changed the impregnated water, on
account of the mouths of the phials being left open,
left the plant Ihould have been injured by putting
any thing about them, to prevent the efcape of the
air from the water.

During two or three days at the firft, the plants
in the impregnated water were more vigorous .than
the others -, but on the 8th of June following, they
all looked much worfe than thofe in the common
"water. Alfo thofe in the common water had long
white filaments ihooting from their roots, whereaa
thofe in the impregnated water had none of them.
On the 18th of June, the plants in the impregnated
water were all quite dead, their leaves having all
fallen off one after another, beginning at the bot-
tom. Examining one of the phials, I found that it
contained between one fifth and one fixth of its bulk
of fixed air.

I repeated thefe experiments feveral times in
the courfe of that fummer, generally ufing many
more plants than in thefe laft mentioned, but the
refult was the fame in them all However, as it
generally happened, on what account I cannot tell,
that thç plants in the unimpregnated water died,
though later than the others, I deferred the laft
and decifive trial till the year following, after which
I had no doubt remaining on the fubject

On
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On the 4th of May, 1778, I put fevcn fprigs
of mint into pump water impregnated with1 fixed
air, and ten or twelve in the fame water unimpreg-
nated, the phials being fimilar, and I placed them
all in a fummer houfe, in die fame expofure. I
renewed the impregnated water every week, till
the 2jd of June, when all the plants in the water
impregnated with fixed air were dead, the roots
being black and rotten -, while the other plants were
in as flouriíhing a ílate as poffible, and continued
to fiouriih long after, till I difcharged the ex-
periment,

On this occafion I did not obferve that the
plants in the impregnated water were at any time
more flouriíhing than the others, not even at the
beginning) and after a fortnight the, difference in
appearance, to the difadvantage of thofe in the
impregnated water, was very vifible. Thofe which
grew in the common water threw out many white
filaments from their roots, many of them fo long
as quite to fill the phial, twifting themfelves in all
directions, and, exhibiting a very beautiful appear-
ance ; whereas there was nothing of this kind in
any of the phials of impregnated water. On the
contrary, the roots became prefently black, and at
length rotted 'quite away.

One .of thefe I had overlooked, and had neg-
leoted to change the water j and this plant threw

out.
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out a few white filaments; but, on renewing the
impregnated water, they prefently became black
and periihed.

It was remarkable alfo, that two of the plants
in the impregnated water threw out thick knots
of thofe white filaments in the necks of die phials,
juft above the furface of the water, but not one
of them within the water itfelf, or ever entered
the water. Alfo, when I took one of thefe plants,
the roots of which were quite periíhed, out of the
impregnated water, and put it into a phial of com-
mon water, it threw out new white roots above
the place that was decayed, and afterwards grew
very well.

Mr. Hey, of Leeds, .paffing through Calne,
where I then refided, happened to fee thefe plants
in the laft ftage of the procefs, and thought that
no experiment could bç more fatisfaftory.

S E C -
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S E C T I O N I I .

Of the Change made infixed Air by the eleRric S f ark,

T Obíèrved in a very early period of my experi-
Л ments, that by taking the electric fpark in fixed
air, a part of it is converted into air that is not
abforbed by water. I have fince repeated this
experiment with more care; and though I have
never been able to make the whole of any propor-
tion of fixed air immifcible with water by e}»is
means, yet I have always fo far changed it, that
the refiduum was more confiderable than before,
but in different proportions.

I took the ele&ric fpark about two hours in a
fmall quantity of fixed air confined in a glàfs tube
by mercury. Before the experiment, one thirtieth
.of the air was unabforbed by water, but afterwards
one fourth. The glafs tube in which this experi-
ment was made became very black in the infide ;
and as this change is made in mercury by the
addition of phlogifton, it looks as if fome of the
phlogifton, which had made a part of the fixed
air, had, by this procefs, been feparated from it;
and leaving a greater proportion of dephlogifticated

air
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air in the remainder, would neceflarily make kiefs
mifcible with water. The blacknefs on thfe'infide
of the tubes, in which the elcftric fpark Is - taken
through vitriolic acid air or commoii air,J before
difcovered to be mercury fuperfaturated with phlo-
gifton.

The next time that I repeated this- experiment,
I attended to the quality of the refiduum' before
and after the procefs ; and the reluit - was fuch as*
feems to confirm the above-mentioned conjecUire.
I took the eledtric fpark an hour and ten minutes
in little more than half an ounce meafure of fixed
air, after which one fifth of the whole was unab-
forbed by water, and the ftandard of the refiduum
was 0.9. Of the original fixed air about one
thirtieth was unablbrbed by water, and the ftandard
of the refiduum was т.о. In this experiment I
alfo obferved that the quantity of the air in which
I made the experiment was increafed about a twen-
tieth part, which I do not pretend to explain.

Again, I took the elecbric fpark an hour in half
an ounce meafure of fixed air, after which there
remained as much refiduum unabforbed by water
as had remained in about five times the quantity
of the fame fixed air in which no fpark had been
taken. This refiduum was alfo much purer than
that of the original fixed air, the ftandard of it be-
ing O.8, whereas that of the original fixed air had

VOL. I, I been,
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been, as before, i.o. I repeated the experiment,
and found the refiduum ftill greater, but of the
fame pure quality j and in this cafe I obferved a
good deal of the black matter adhering to the in-
fide of the tube.

In the following experiment I obferved a farther
change in this fubftance. In a fmall tube, con-
taining about one fifteenth of an ounce meafure of
fixed air, I took the elecbic fpark about an hour;
after which there was a good deal of the black
matter clouding all the infide of the tube ; but the
lower part of it was covered with fomething of a
yellow colour, like fulphur. In this cafe the re-
fiduum not abforbed by water was between one
fourth and one fifth of the whole, and lefs pure
than the former refiduums. Had not the dephlo-
gifticated air in the fixed air pafled into the mer-
cury, tending to make it a precipitate fer Je? Was
not this the cauíè of the refiduum being lefs pure
than before ? And does not this experiment alfo
prove, that phlogifticated air may be compofed of
the fame materials with fixed air, viz. dephlogif-
ticated air and phlogifton ?

Again, I took the eleftric fpark three hours in
a fmall quantity of fixed air, and obferved that it
was firft increafed, and then diminilhed about one
eighth of the whole ; the infide of the tube being
very black, and below the mercury very yellow,

about
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about the fpace of a quarter of an inch quite round
the tube. But that fpace, or at leaft part of it, had
been above the mercury at the beginning of the
procefs. There remained one third of the air
unabforbed by water, and fo impure, that the
ftandard of-it was 1.8.

To vary the experiment, I took the electric
fpark in a quantity of fixed air confined by Water,
impregnated with fixed air. The quantity was
much increafed by the air extricated from the
water, and after the procefs by far the greater part
of it was incapable of being abforbed by lime water.
In the courfe of this experiment, I obferved that
water impregnated with fixed air is by no means
fo good a conductor of electricity as water impreg-
nated with any of the mineral acids;

Again I took the eledtric fpark in fixed air,
confined by a little common water, and obferved
that the .blacknefs mentioned above extended more
than a quarter of an inch below the furface of the
mercury, in the fame manner as the yellow colour
bad done before. In this cafe alfo, the refiduum
Was purer than that of the original fixed air.

Again I took the eledtric fpark half an hour in
feven tenths of an ounce meafure of fixed air, after
Which one tenth of it was immifcible with water,
and the refiduum was evidently - better than the
natural refiduum of the fame fixed air. The ftan-

I a dard
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dard of that had been i.o, and of the other
about 0.85.

I took. the electric Ipark three hours in about
three fourths of an ounce meafure of fixed air,
after which it was increaibd in bulk one eighteenth.
Water being admitted to it, there remainedr one
fixth unabforbed. Being examined, the ftandard
was found to be as before, a little better than the
refiduum of the fame fixed air*.

Being defiroüs of afcertaining whether this change
in the conftitution of the fixed air was - owing to
the light, or the heat produced by the electric fpark,
or to fomething peculiar to electricity1. I firft
threw a ftrong light by means of a burning lens,
on fome pounded glafs, confined in fixed air, for
ibme hours. But though the refiduum was by
this means a little increafed, yet being of the fame
quality with the common air, I fufpected that it was
the air which was neceflàrily introduced" through
the quickfilver along with the pounded glals.
There was no change in the dimenfiohs of the air
after the experiment.

I repeated the procefs with fine glafs-houfe fand,
which had been previoufly expofed to a ftrong

* The addition of air in thcfe experiments, Mr. Monge found to
be inflammable, which mult have come from the calcination of the
mercury, and not, as he fuppofcs, from the decompofition of the
water difiufed through the fixed air. Mem. 0c l'Académie dei
Sciences for 178í, p. 430.

3 heat
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heat. But though the refiduum was increafed,
the experiment was not, upon die whole, more
fatisfadlory than the former. I alfo heated bits of
crucibles in the fame manner, and found the re-
fiduum larger than before, in the proportion of
10 to 6.6-, but the quality of it was worfe. To
what this Ihould be owing, I cannot tell.

I once more repeated the experiment ,with bits
of crucibles, and the refult was certainly favourable
to the hypothefis of a real change being made in
the quality of the air by beat, but I do /tot pretend
to fay thatvit was decifively fo. After die procefs
with fifty fix meaiures of the air there was a re-
fiduum of three meafures ; whereas before die ex-
periment, the fame quantity of the fixed air had
left a refiduum of only two meafures. And that
the additional meafure was not the common .air,
introduced into the, veflcl by adhering to the bits
of crucibles, was evident from the quality of the
refiduum, which was the very fame, viz. of the
ftandard of i.i. I alfo aflured myfelf that there
„was no fallacy of diis kind ..in the experiment, by
.introducing die .very fame bits of crucibles into
another equal quantity of fixed air. For J did
ло1 find that any fenfible quantity of common air
had been carried into the veflel along widi them.

However, by heating iron in fixed air, there
can be .no doubt but diat a fenfible quantity of it
is converted into phlogifticated a i r j which agrees

I with
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with the experiments that I formerly made by
putting pots of iron filings and brimftone into fixed
air. The experiments that I made of this kind
were the following, in which it will be obferved,
that, though in fome of them, there was an in-
creafe of the quantity of air after the procefs, yet
that it was by no means equal to the quantity that
remained, unabforbed by the water; and there-;
fore, there muft have been a farther addition made
pf this kind of air in the procefs.

After heating turnings of malleable iron in a quan-,
tity of fixed air for fome time, I examined a part
of it, and found that about one tenth of the whole
was immifcible with water. Having refumed the
procefs with the remainder, I found a refiduum of
one fourth of the whole. There feemed to be a
fmall addition to the quantity of air after the firft
part of the procefs, but I could not perceive that
there was any after die fécond. I refumed the pro-
cefs a third time, but did not find that I had made
more than one fourth of the whole immifcible with
water. At another time I heated the fame kind of
iron in fixed air, till of three ounce meafures and
three quarters of air there was a refiduum of 0.8
of a meafure, which was flightly inflammable, burn-
ing with a blue flame ; and in this cafe there was no
fenflble addition to the quantity of air at all. Laft-
ly, I heated Iron in three ounce meafures of fixed air
till f!v»re was an addition of 0.4 of a meafure io the

quantity
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quantity of it; but there was a refiduum of one
meafure and a half not abforbed by water, which
burned with a flightly exploiive blue flame.

S E C T I O N III.

Mifcellaneous Obfervationsw ike Properties of fixed Air,

ï. the Acidity of fixed Air.

Т7Ч X E D air itfelf may be faid to be of the nature
•*• of an acid, though of a week and peculiar fort.
Mr. Bergman of Upfal, who honoured me with a
letter upon the fubject, calls it the aerial acid, and,
among other experiments to prove it to be an acid,
he fays that it changes the blue juice of tournefole
into red. This Mr, Hey found to be true, and he
moreover difcovered that when water tinged blue
with the juice of tournefole, and then red with fixed
air, has been expofed to the open air, it recovers its
blue colour again. Mr. Bewley proved in-the moft
decifive manner, the acidity of fixed air,, in the Ap-
pendix to the fécond of my former volumes of Ex-
periments, p, 382.

14 2. Fixed
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a. Fixed Air expelled from Water ty boiling.

The heat of boiling water will expel all the fixed
air, if a4 phial containing the impregnated water be
held in it; but it will often require above half an
hour to do it completely.

3, lhe freezing of Water, impregnated -faith fixed dir.

Having fucceeded in making artificial Pyrmont
water, I imagined that it might be poflible to give
ice the fame virtue, efpeciallyas cold is known: to
promote the abforption of fixed air by water; but
in this 1 found myfelf quite miftaken. I put feve-
ral pieces of ice into a quantity of fixed air, con-
fined by quickfilver, but no part of the air was ab-
forbed in two days and two nights ; but upon bring-
ing it into a place where fhe ice melted, the air was
abforbed as ufual.

I then took a quarttity of ftrong artificial Pyrmont
water, and putting it into a thin glafs phial, I fet it
in a pot that ,was filled with fnow and fait. This
mixture inftantly {rcezing the water that was conti-
guous to the fides of the glafs, the air was.'dif-
charged plentifully,, fo that I catched a confidcr-
able quantityy.in a bladder tied to the mouth of the
phial.

lalfo
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I alfo took two quantities of the fame' Pyrmont
water, and placed one of diem where it might freeze,
keeping the other in a cold place, but where it
would not freeze. This retained its acidulous taile,
though the phial which contained it was not corked ;

.whereas the other being brought into the fame place,
where the ice melted very flowly, had at the fame

.time the tafle of common water only. That quan-
tity of water which had been frozen by the mixture
of fnow and fait, was almoft as much like fnow.as
ice, fuch a quantity of airr bubbles 'were contained
in it, by which.it was prodigioufly increafed in
bulk.

4. Fixed Air, bow offered by fron Filings arid Sulphur.

^Having obferved a remarkable change in nitrous
air, by a1 mixture of iron filings and fulphur, í
wiíhed to know whether any alteration would be
made in the conftitution of fixed air, by the fame
means. I therefore put a mixture of this kind into
a quantity of. as pure fixed air as I could make, and
confined the whole in quickfilver, left the water
Ihquld abfofb it before the effecb of the mixture
could take place. The confequence was, that the
fixed air was diminiihed, and the quickfilver rofe in
the vefiel, till about the fifth part was occupied by
it j and, as near as I couldjudge, the procefs /went

on,
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on, in all reipe&s, as if the air in the infide had
been common air.

What is moil remarkable, in the refult of this
experiment, is, that the fixed air, into which this
mixture had been put, and which had been in part
diminilhed by it, was in part alfo rendered infolu-
ble in water by this means. I made this experi-
ment four times, with the greateft care, and ob-
ferved, that in two of them about one fixth, and
in the other two about one fourteenth, of the origi-
nal quantity, was ilich as could, not be abforbed by
water, but continued permanently elaftic. Left I
Ihould have made any miftake with refpeót to the
purity of the fixed air, the laft time that I made the
experiment, I fet part of the fixed air, which I
made ufe of, in a feparate veflêl, and found it to
be exceedingly pure, fo as to be almoft wholly ab-
forbed by water i whereas the other part, to which
I had put the mixture, was far from being fo.

Iron filings and brimftone, I have obferved, fer-
ment with great heat in nitrous air, and I have fince
obferved that this procefs is attended with greater
heat in fixed air than in common air.

5. Iron in fixed Air.

Though fixed air incorporated with water dif-
folves iron, fixed air without water has no fuch

power,
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power, as I obferved before. I Imagined that, if it
could have diflolved iron, the phlogifton would have
united iwith the air, and have made it immifcible
with water j but after being confined in a phial full
of nails from the 15 th of December to the 4th of
Oftober following, neither the iron nor die air ap-
peared to have been affedted by their mutual con-
tait.

6. Fixed Air changed by Incorporation with Water.

Mr. \Cavendiih obferved that a certain portion of
fixed air is no more liable to be abforbed by water
than common air. This, he ftates at about one
fixtieth part of the whole. I had the curiofity to
tiy, whether, if I faturated a quantity of water with
fixed air, and expelled it again by heat, that very
air which had aftually been in the water, would not
be wholly imbibed by freih water -, and whether I
could not, by this means, get a purer kind of fixed
air than that which is immediately procured by
means of chalk and oil of vitriol. This experiment
I made twice, with all the care that I could apply,
and found,- in both the cafes, that even the fixed
air which had been in the water, contained as large
a portion of that which would not be imbibed by-
water again, as the air which had been immediately
diilodged from chalk by oil of vitriol.

In
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In order to be more fure of this fact, I was more
efpecially careful, the fécond time that I made the
experiment, to ufe every precaution that I could
think of, in order to prevent any error in the con-
clufion. For this purpofe, J took rain-water, ' and
boiled it about two hours, in order to get it perfectly
free from air ; and I began to impregnate it with
fixed air a long time before it was cold, and there-
fore before it could have imbibed any common air ;
and, in order to expel the air from it, I put it into
a phial, which I plunged in a vefiel of water fet on
the fire to boil> taking care, that both the phial con-
taining the impregnated water, and the glafs-tube
through which the air was to be tranfmitted, were
completely filled with the water, and no vifible
particle of common air lodged on the furface of it.
I alfo received the expelled air in water, which con-
tained very little air of any kind, left the very fmall
degree of agitation which I made ufe of, in order to
make the water re-imbibe the air, mould difengage
any air from it. Alfo, that lefs agitation, and lefs
time, might be fufficient, I chiefly made ufe of lime-
water for this purpofe. But notwithftanding all
thefe precautions, I found a very confiderable refi-
duum of air, not lefs than Mr. Cavendifh had ftated,
that water would not imbibe.

At a time when this refiduum of fixed air hardly
gave the leaft fenfible whitenels to lime-water,,!

examined
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examined the. ftate of it, and found, by the teil of
nitrous air, that it was very little worfe than com-
mon air j two meafures of this air, and one of ni->
trous air, occupying the Ipace of two meafures
only.

7. Fixed Air expofed to Heat.

I expofed fixed air, as well as all the other kinds
of air, to a continued heat, and in this cafe I made
ufe of a green glaïs tube. I kept it in hot fand a
whole day, fo hot that one end of die tube was
much dilated, but had not burft. Opening it under
•water, one half of the tube was inftantly filled, and
the remainder was the pureft fixed air. I did not
perceive any thing depofited on the glafs, as in the
cáíè of the marine and vitriolic acid air.

8. A Source of Deception front fxed Air, contained
in Water,

\ obferved that, in one produce of air from
a folution of bjfmuth in .die nitrous açid, í found a
fmall quantity of fixed air, but diat when I repcat-
'ed the experiment, I could not find any appearance
of the kind. I afterwards .made an obfervation
that will probably explain this diverfity of appear-
ances, and which aUb ihews that, unlefs care be

taken
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taken that the water in which the experiments are
made contain little or no fixed airj miftakes of
this kind will certainly be made. For I found at
one time that, if any kind of air was made to páfs
through a quantity of water containing much fixed
air, it would attract a portion of it, and would not
eaiily part with it afterwards. At another time,
however (I think it was in colder weather) I found
that air conveyed through the fame kind of water
(which was from a pump) did not attract аду fixed
air. But I have not had leifure to examine the cir-
cumftances that might occafion this difference. Of
both the faffs I am very certain.

9. Of fixed Air in acetous Fermentation,

As many of my oblèrvatíons related to the
•vinous and putrefactive fermentations, I had the
curiofity to endeavour to afcertain in what mari-
ner the air would be affected by the acetous fermen-
tation. For this purpofe I inclofed a phial full of
fmall beer in a jar ftanding in water ; and obferved
that, during the firft two or three days, there was
an increafe of the air in the jar, but from that time
it gradually decreafed, till at length there appeared
to be a diminution of about one tenth of the whole
quantity.

During
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During'this time the whole furface of the liquor was
gradually covered with a fcum, beautifully corrugated.
After this there was an increafe of the air till there
was more than the original quantity ; but this muft
have been fixed air, not incorporated with the reft of
the mais; for, withdrawing die beer, which I
found to be four, after it had flood 18 or 2.0 days
under the jar, and paffing the air feveral times
through cold water, the original quantity was dimi-
niihed about one ninth. In the remainder a can-
dle would not burn, and a moufe would have died
prefently.

The fmell of this air was exceedingly pungent,
but different from that of the putrid effluvium.

ID. Fixed Air from putrefying animal Subftances.

When I made my experiments on air affected by
putrefaffion> I obferved that the water in which the
mice were fuffered to putrefy, muft have tranf-
rnitted fome volatile effluvium from the putrefying
iubftances, into the furrounding air. This I fup-
pofed muft be phlogifton, which putrefying fub-
ftances certainly do emit, loaded with that matter
which affefts the noftrils with the fenfe of fmell,
concerning which I know nothing. But befides
this, I have found that, by this means, water be-
comes thoroughly impregnated with fixed air, dif-'
Charged, no doubt, from the putrefying fubftance.

That
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That this water might have got fome fixed air I fuf-
pectedj but to find that it had got fo very much,'
I own furprized me.

Having put two dead mice into a quantity of wa-
ter, and examining the procefs after a month, I found
that the water was ftrongly impregnated with a pu-
trid effluvium^ which was very ofFenfive, and that
fome air, unabforbed by the water, lodged in the top
of the phial ; it having been filledwith water, and in-,
verted in a bafon of the fame.. With the impreg-
nated water I filled a phial with a ground ftopper
and tube, and making it boil, I expelled from it about
its bulk of air, which, when examined, was found'
to be all pure fixed air. N. B. The water was very
turbid, and during the procefs it depofited a white
matter, refembling a foil mucilage, with fome fmall
Ipecks of black in it.

PART
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P A R T Í V ,

OF ТЙЕ CONSTITUENT PRINCIPLES OF FIXED AIR.'

S E C T I O N I.

Pixeä Air contains Water.

water is an eflential ingredient in the
conftitution of fixed air, as well as probably'

of all kirids of air, is demonftrated by my experiments
on ttrrâ penderòfa aerata, and thefe may ferve to ex-
plain fome of the following more early obfervations
otí gettfng fo little air from cbalki

Heat, I obferved, fometimes is able to expel but
very little air from chalk; I kept a very fmaü
quantity of chalk in the focus of a burning lens»
twelve inches in diameter, and twenty inches focal
diftance, more than half an hour, when the fun was
near its greateft altitude^ on the ajd of July; but
notwithftanding this long expofure to fo intenfe a
degree of heat, it feemed to give as much fixed
air when thrown into a veflcl of water, acidulated
with oil of vitriol, as an equal quantity of chalk
which had not been expofed to any heat at all. Of

VOL. I. K this
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this, however, I only judged by the vifible effervef-
cence, and did not make any attempt to meafure
the produce of air, in or*der to afcertain the effeft
of thefe different circumftances with accuracy. I
have alfo kept chalk more than a quarter of an hour
in the ftrongeft heat of a fmith's forge, in a crucible,
without making anyfenfible alteration in it.

When I put a quantity of chalk into a tall glafs-
vefièl, and kept it in as ftrong a fand-heat as it would
bear, without melting, I extracted from it only
about its own bulk of air 5 and this was fixed air.
• 'Terra ponderofa áérata (a fubftance of which РП
WITHERING has given us an excellent analyfis)
gives no fixed air by mere heat. But I find, that
when fteam is fent over it, in a red heat, in an
earthen tube, fixed air is produced with the greateft
rapidity, and in the fame quantity ás when it is dif-
iolved in fpirit of fait : and, making the experiment
with the greateft care, I find, that fixed air confifts
of about half its weight of water.

From two ounces of the terra ponderofa I got,
by means of fteam, 190 ounce meafures of fixed air,
Ib Rijr.e;that at firft 150 ounce meafures of it were
rediJted by agitation in water to three and a half,
and of the laft produce, 30 ounce meafures were
reduced to one. Examining the refiduum of the
firft portion by means of nitrous air, I found it to
be of the ftandard of 1.5.

After
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,A£ber this, attending' to the water expended in
the procefs, I found that I procured 330 ounce mea-*
fures of fixed air with the lofs of 160 grains of wa«
ter. According to this, as the air weighed 294
grains, the water in the fixed air muft have been 80
parts of 147 of the whole.

In another experiment, having previoufly found
that three ounces of the terra ponderofa yielded about
250 ounce meafures of fixed air, I attended only to
the lofs of water in procuring it, and I found it to

»be about one fifth of an ounce» in two fucceffive
trials. The quantity of fixed air would weigh 225
grains, and the water expended about 100 grains;
fo that, in this experiment alfo, the fixed air muft
have contained about one half of its weight of
water.

That water enters into the compofition of fixed
air, and adds considerably to its weigh, is farther
probable from the folution of terra ponderofa in
fpirit of fait. Becaufe when the folution is evapo-
rated to drynefs, and the refiduum expoíêd to a red
heat, the weight of the air, and of this refiduum;
exceeds that of the fubftance from which it was pro-
cured; and it is probable, that a red heat would

jexpel any marine acid adhering to itk

Forty eight grains of terra ponderofa diflolved in
fpirit of fait, and then evaporated to drynefs, and

К a expofed
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expofed to a red heat, loft four grains, and yielded
eight ounce meafures of fixed air, which would
weigh 7.2 grains; confequently, three fevenths of
the weight of the air was fomething that had been
gained in the proeefs, and therefore probably water.

The near coincidence of the refults of thefe dif-
férent experiments is remarkable> and rriakes it al-
moft certain, that no marine acid is retained in the
terra ponderofa that has been diffolved in it, after
expofure to a red heat ; that the generation of the
fixed air carries off part of the water in the menflru-
um, and that this part of the weight is about one
half of the whole.

SEC-
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S E C T I O N I I .

Fixed Air may be procured by Means of nitrous Acid.

'T1 HAT nitrous acid, а до fixed air, confift of
-•• the fitfne elements, differently combined, will

be demonstrated by my experiments од the fub-
ject of nitrous acid, and [this may throw fome
light on the following more early experiments.

When heat can expel до more fixed air fnom
charcoal, it ihoujd fèem that fpirit of njtre (if this
acid itfelf be pot converted inço fixed air) can ex-
tract more from it. For when I diflblved, in ipiric
of nitre, fome pieces of charcoal, which had been
made with .the ftrongeft heat of a fmith's fire, long
continued, fo that no more air could be expelled
from them by that means ; part of it was evidently
fixed air, as appeared by its precipitating lime in.
lime-water.

One of the moil decifive experiments of this kind!,
was made with fpirit of wine, which nobody, I
believe, fufpecb to contain any fixed air. For
though it makes lime-water turbid, Dr. Black has
juftly obferved, that this is produced by its union
with the water) in confequence of which the lime

К 3 ' i s
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is precipitated in a cauftic ftate. A doubt, how-
ever, might be made, whether the turbid appear-
ance made by the air which I produced from the
fpirit of wine, was really the effect of fixed air.
I endeavoured, therefore, and with fuccefs, to pur-
fue the experiment farther, and I did it in the fol-
lowing manner :

From a mixture of fpirit of wine and fpirit of
ftitre, diluted with water, I produced a very con-
fiderable quantity of air, the greateft part of which,
being received in a large body of lime-water, was
readily abforbed, making the water very turbid.
Waiting about a quarter of an hour, till the preci-
pitated matter fubiided, I poured the water from
it, and putting a very fmall quantity of the preci-
pitate into fome water out of which the air had been
well boiled, I poured a little diluted oil of vitriol upon
it, in a pliial with a ground ftopper and tube, and
found it to yield air in great plenty ; and this air,
being admitted to lime-water, appeared to be, in all
reipecb, genuine and pure fixed air.

By this experiment it appears, that the fubftance
formed by the union of this air and the lime was
really chalk, or lime-Hone, yielding genuine fixed
air with acids, exactly as other calcareous fubftances
do. The air was firft generated from fpirit of ni-
tre, and fome other principle contained in the fpi-
rit of wine : it was then incorporated with lime,

and
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and after that diflodged from the lime by the vitri-
olic acid, and made to appear in the form of air
again.

Fixed air was ajfo generated in the folution of
iron in fpirit of nitre.

Having difiolyed a quantity of iron in fpirit of
nitre, diluted with an equal quantity of water, be-
fore the effervefcence was over I removed the vef-
fel in which it was contained (which was a tall glafs
phial) into a fand-heat, and received the air, which
was tranfmitted through a glafs tube, luted with a
mixture of fand and clay, in phials containing rain
water. The quantity of air produced in theie
circumftahces was very confiderable, and part of
it was unqueftionably fixed air, and what is re-
markably to the purpofe of the experiment, the
proportion of fixed air kept increafing as the pro-
cefs advanced, till at die laft it was more than one
third of the whole. All the reft of the air was
nitrous, and after the procefs fome of the iron
was found uncliflblved.

K 4 S E C -
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S E C T I O N III.

Fixed Air may be formed by Means of fometbing tm-
Filed from the Atmofpbere.

Т is evident, that the folutions of fome of the
metals in the nitrous acid, whifh do not imme-

diately yield any fixed air, will do fo after they
have been expofed to the common atmofphere.
This appears in the following experiment :

Upon 108 grains of quickfilyçr I poured the
lame weight of ftrong fpirit of nitre, hanging
balanced in a pair of fcales ; when I qbferyed that
the mixture loft weight by the efcape of air, till it
.was reduced to 123 grains. After this it gained
weight, till it was confiderably more than the ori-
ginal quantity, but how much this additional weight
was I neglected to take any account pf. The
mixture was made on the 251!! of September, and
when it had flood in an open and lhallow veiTel
till the lath of January following, I diftilled the
whole of it to drynefs, in a glafs phial -, when I
found that ,опе feventh of the air produced from
it was fixed air, and the reft dephlogifticated. I
took in all, feven ounce meafures, but loft a good

deal
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deal that efcaped by the luting, and by the veflel
breaking before the procefs was over.

I then put the fame quantity of quickfilver and
fpirit of nitre into a clean phial, and diftilling it to
drynefs immediately, without giving it any oppor-
tunity of communicating with the external air (but
not beginning the. diftillation till the folution was
•completed) I received in all thirty two ounce mea-
fures of air, of which the firft fourteen were pure
nitrous air, and the remainder pure dephlogiiticated
air, without the leaft mixture of fixed air in either
of them.

Wood-aihes have alfo the property of imbibing
one of the elements of fixed air from the common
atmofphere, but they require confiderable time to
do this, in any very fenfible degree j for when
they had been well burned, I have not found that
they yielded any air that I could colleil after being
expofed to the open air a day or twoj but that
they do become faturated with fixed air in a courfe
of time, is evident from the following experi-
ment.

From about three quarters of an ounce meafure
of wood-aihes, from which I had, about three
months before, expelled as much air as I pofljbly
could, by the greateil heat of a common fire, urged
with a pair of bellows, in a gun-barrel of about
half an inch diameter, I got fey the (ame prçceís

fifteen
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fifteen ounce meafures of air, eleven of which were
completely abforbed by water, and the remain-
der burned with a lambent blue flame. The plilo-
gifton requifite for this appearance might come
either from the gun-barrel, or from fome imper-
ceptible bits of charcoal contained in the aihes.

From twice the quantity of wood-alhes, which
had been burned about the fame time with the
others, in a much wider gun-barrel, I got about
twice the quantity of air, the greateft part of which,
as in the former experiment, was fixed air, and
the remainder burned with a lambent blue flame.

Having taken this air in feveraí portions, I ob-
ferved that the firft contained a much greater pro-
portion of fixed air than the lait, though what there
was of it feemed to be equally inflammable.

A more decifive experiment relating to the gene*
ration of fixed air than that which is mentioned
above with wood-aßes, is one that I made with the
ajhes of fit-coal Pit-coal itfelf, diftilled in a glatè
veiïel, yields no fixed air, but only inflammable
air, which, being fired in a wide-mouthed jar, burns
with a bright lambent flame, without explofion.
But the allies of the fame pit-coal yielded much
air, of which one half was fixed, and the reft in-
flammable. When I had expelled all the air that
I could from a quantity of fhefe aihes, I. mixed,
fpirit of nitre with them, and they immediately

yielded
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yielded as much air as before ; and of this one
half was fixed, and the reft nitrous. Mixing more
fpirit of nitre with the fame aihes again, the pro-
duce was the fame as before.

To be more fully fatisfied with refpect to the
above-mentioned experiment with wood-aihes, and
alfo the quantity of fixed air imbibed by, them in
a given time, I kept the fame aihes, and extracted
air from them at certain intervals. I alfo did die
fame thing with feveral other fubftances of a fimilar
nature, and the refiilts were as follows.

On the 18th of April, 1778, I extracted all the
air I could from half an ounce of wood aihes, and
got about eighty ounce meafures, half fixed air, and
half inflammable throughout -, and on the 2ftli of
the fame month I repeated the procefs on the fame
aihes, in a gun-barrel, and got from them twenty
ounce meafures of air, the greateft part of which
was fixed air, and the reft inflammable. The
aihes were become almoft black after the experiment;

June the ad, I extracted, by heat, in a gun-
barrel, from wood aihes from which air had often
been extracted before, in the fame manner, and
the laft time on the 9th of May preceding, all the
air that they would yield. It was twenty one
ounce meafures j the firft portions of which-were
half fixed air, and afterwards one third ; • the re-

mainder
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mainder in both cafes being inflammable, probably
from the iron. A good deal of moifture diftilled
from thefe aihes, though they feemed to be per-
fectly dry. After the procefs, they weighed eigh-
teen penny-weights, and, judging from their colour,
not much more than two thirds -of them had been
affected by the heat.

On the 23d of October following, the fame wood
aihes weighed nineteen penny-weights twelve grains,
and I got from them, in a gun-barrel, about thirty
ounce meafures of air, of which more than twenty
five ounce meafures was pure fixed air, the remain-
der inflammable, burning with a blue flame. They
had not all been equally affected by the heat. Af-
ter the procefs, they weighed eighteen penny-weights
fix grains. That they had attracted fixed air is
evident, efpecially from the laft procefs, in which
the greateft part of it was very pure.

On the 18th of April, 1778, I got, from an
ounce of fit-coal aßes, in a gun-barrel, nineteen
ounce meafures of air, of which at firft two thirds,
and at the laft one third was fixed air, and the
reft inflammable. On the 24th of the fame month,
I extracted from the fame pit-coal aihes (which,
as well as the wood aihes in the preceding expert
iDjsnt, had been expqfed to the open air iq a. dilh,
fo as to lay about half an inch thick) u Q punçç

meafures
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naeafures of air; but with more heat than before.
Of the firft part of this air one third was fixed air,
but of the laft hardly any, the remainder being in-
flammable, burning with a blue flame ; but fo
faintly, that probably the greateft part of it was
phlogifticated air.

Heating the fame afhes over again, in a ihallow
iron veflèl, and letting them cool, I got from them,
by the fame procefs, fifteen ounce meafures of air,
one third of which was fixed air, and the reft in-
flammable.

Common pit-coal, I have obferved, yields no
fixed air, though the ajbes do ; but I have found
that one fpecies of pit-coal, called Bovey coal, yields
fixed air in the firft inftance, which ieems to indi-
cate that there is fomething of a vegetable nature
in that coal. From half an ounce of this coal I
got, in a gun-barrel, about an hundred ounce mea-
fures of air, three fourths of which was fixed air
throughout, and the remainder inflammable; the
firft part of it burning with a bright white flame,
like inflammable air from common pit-coal, the
bft part exploding like inflammable air from
metals, only more faintly. Part of this air had
Probably come from the gun-barrel.

Bone alhes, I found, had not the fame pro-
perty of drawing fixed air from the atmofphere

that
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that the aihes of vegetable and mínerable fubftanccs
havej butthat the addition Of fpirit of nitre gives
them that property.

S E C T I O N I V .

Of the Generation of fixed Air from the vitriolic Acid.

T Had an evident proof of the generation of fixeá
•*• air from the vitriolic acid united with ipirit of
wine, or with ether, which is produced from them
both ; fo that thefe two acids, viz. the vitriolic and
nitrous, agree in being capable of forming' both
dephlogifticated and fixed air.

After going through the procefs for making
ether, from concentrated oil of vitriol and rectified
Ipirit of wine, I had the curiofity to puih the pro-
cefs as far as it would go, in order to examine
whether any kind of air would be yielded in any
ftage of it. Г therefore continued the diftillation
till the whole refiduum was converted into a black
mafs, full of grofs matter; and taking as much
of the black lumps as filled about one fifth of an

ounce
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ounce meafure, I put them into a tall glafs vefiel,
and diftilled them to drynefs in a red hot fand heat.

The firft air-that came over was the common
air a litde. phlogifticated, then the vapour of the
watery part, and aftef that a large quantity of air,
at firft clear, but towards the middle of the pro-
cefs very turbid and white, but clear again at the
iaft. I received in all about a pint and a half, in
four portions, each of which contained about four
fifths of fixed air, and the reft inflammable, burn-
ing with a blue flame ; but the proportion of fixed
air was fomething greater in the middle portions
than either in the firft or the Iaft. I thought it
poffible that the cork, with which, as well as
with clay and fand, the. glafs tube was joined to
the glate veflel that contained the materials, might
fupply the inflammable air in part, as I perceived
it was corroded and become black. It may be
worth while to repeat this procefs in a glafs retort.

Having gone over this procefs with ipirit of
wine, I recollected the black matter that was pro-
duced when J got vitriolic acid air from vitriolic
acid and ether 5 and therefore determined to repeat
-that procefs and carry it farther j to fee whether
I ihould, in any part of it, get fixed air, as in the
preceding experiment with the fpirit of wine.

I therefore put one eighth part of vitriolic ether
to a quantity' of freih diftilied oil of vitriol, and

ï in



OBSERVATIONS ON FÍXÊD AIR. Part

in a glafs phial with a ground-ftopper and tube,
and with the heat of a candle, I got from it a
great quantity of air, part of which was vitriolic
acid air, which was abforbed by the water. But I
obferved, дз the procefs advanced, the part that
was not readily abforbed by water kept increafing,
till at length the greater part of the produce was
of this kind ; and in the middle of the proceis it
was very turbid. Examining this air it appeared
to be fixed air, making lime water turbid, and
being readily abforbed by water -, but there was a
refiduuni of phlogifticated air, about one fixth of
the whole.

I then put the remaining materials, which were
about an ounce meafure, into a glafs vcfièl j and
with a fand heat I collected much more air than
before, about two pints in all, the firft part of
which was the pureft fixed air I had ever feen,
having the fmalleft refiduum. The laft portion
had more refiduum, and this burned with a lam-
bent, blue flame. But this inflammable matter
fnight poffibly come' from the cork with which
the veflel was clofed, as before; though J think
it not fo probable. At laft the procefs was inter-
rupted by an accident; but I concluded, from feve-
ral circumftances, efpecially from the time that
elapfed before the vapour ceafed to iffue from the
.orifice of the veiTel (which continued buried in the

hot
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hot fand) that more 'than twice the quantity of air
might have been :colle£ted; , ,T;he -air; had been
very cloudy before «he. Jaft. portion, which contained
the refiduum.of inflammable air,,

; From-this experiment, efpecially that with the
ether, in the glafs. phial and ground ftopper, Г
think it is pretty evideht, that fixed air is ,a fafii-
tiousßbßance> and that the vitriolic, as well as the
nitrous acid, may be converted into it.

S E С T I O N - Vê

Of ihe Cotepoßtion of ßxed Air from depblogifticateâ
Air ï and Pblogißon, by the Generation of it from

•• beating together Sub/lances containing each of them»

T , Haye lèverai times given it as my opinion,
A that fixed air, is ,a factitious Jubfiancc, and a mo-
dification of the nitrous and vitriolic acids, my
former experiments greatly favouring; that conclu-
fionj but that it was compofed of dephlogifticated
air, and phlogifton, though maintainpd by my
fricnd Mr. Kirwan, I,was far from being fatisfied

till Г was forced to confcnt to his proof of it
VOL, I, L from
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from my own former experiments, and gave him
leave to mention it, as he has done in his laïc-
excellent paper on faits. But I have lately had'
two direct proofs of it by experiment.

The firft experiment which ieemed to prove that
fixed air may be compofed of dephlogifticated àîr
-and phlogifton,. was made with charcoal and red.
precipitate, the charcoal being made with fo great
a degree of heat, that no fixed air could be ex-i
pelled from it,: not even when it was wholly dif-
perfed by the heat of the fun in vacuo. This
experiment is •certainly,, however, not fo conclufive
as the former $ becaufé,, fince dry wood and im-
perfectly made charcoal yield fixed air, it may be
faid that all the elements of this kind of air were
contained in the moft perfect charcoal. And
though this íubílance alone will not,, even with the
Affiftance of Water,, give fixed air,, it might .be faid,
that this might be effected by its treatment with
other fubftances, without their imparting any thing
to it ; tipecially as the inflammable air which is
procured from charcoal by means of water appears
to contain fixed air, when decompoféd with de-i
phlogifticated air. I think,, however, that I'have
proved that this fixed 'air is really a compofmon of
phlogifton contained in charcoal^ and of the de-
phlogifticated air with which it was inflamedj the
charcoal contributing nothing to it befide its phlo^

gifton.
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gifton. Jn this place I íhall only recite the facts
Concerning the produftion of great quantities of
fixed air from perfect charcoal and red precipitate;

In order to expel all fixed, air, I made a quan-
tity of perfect charcoal from dry oak -, and -while
it was hot. 1 pounded it, and immediately mixing
four meafures of it with one of red precipitate,
and putting them into an earthen retort, I prefently
got, щ no greater a degree of heat than was necef-
fary to revive the mercury, a large quantity of
air, half of which was fixed air. Afterwards the
proportion of fixed air was lels, and towards the
conclufron of the experiment there came no fixed
air at all. This refiduum was a little better at the\ ^
firft than at the laft, when it was of the uandard
of 1.5.

As this air contained a greater portion ofphlo-
gifticated air than the common air of the atmofphcre,
and no Ipirit of nitre, or any -thing that could yield
Ipirit of nitre, was concerned in the experiment, it
ihould feem that phlogiflácated air may be com-

s pofed of phlogifton and deplogiffioated air $ though
this сотроГшод, according to the very capital dif-
covery of Mr. Cavendiih, may be reduced to fpirk
of nitre, or rather become one clement in the
compofition of that acid.

In. another experiment I bit upon a better «pro-
portion of the charcoal and red precipitate for

I/ г making
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making pure fixed air. For mixing .one ounce
of red precipitate (which all chemifts^ I believe, are
agreed.to be the fame thing with precipitate per fe)
and one ounce of perfect charcoal, freih from the
retort in .which it wfe made 5 and putting- thenl
into a coated glafs veflcly Г procured :from the
mixture, Ьу'-heat, about thirty ounce meafures of
air, ,the whole of which was the pureft fixed air/
leaving only'about-one fortieth part not abforbed
by water, and this not inflammable, but of the
ftandard of 1.7, or almoft perfectly phlogifticated,
... This experiment made me recollect thofe which
I had formerly made with charcoal heated in nitrous
acid, in which, I had always procured a quantity
of fixed air, . I therefore repeated the .experiment
with fome of the fame charcoal which I had ufed
in,';the preceding experiment,' on thé goodnefs. of
.which I could depend} and I found that, when k
.was heated in the acid, in a glafs phial with a
ground ftopper, it gave air, one fifth of which was
fixed air. At another time I got air in this pro-
cefs,. 'orje half of which was fixed air. To the
formation of this air, I prefume,. that the phlogifton
from. ÛS& charcoal and the dephlogifticated air,
which is known to be produced by heating nitrous,
acid, muft have contributed.

- Being then apprized of the obje&ion that might
be made to ri\e .ufe of cbarceal, as, notwithftanding

the
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Ae great heat with which it was made, containing
at leaft the elements of fixed air, I made ule of

f to which no fuch objection'could be made;
mixing an ounce of the red precipitate with

an ounce of iron filings, and then heating them in
a coated glafs retort, I got; twenty ounce meafures
of air, of which only one feventh remained unabforbed
by water. The refiduum was of the ftandard of
1.52, but (lightly inflammable.

Again, from half an ounce of red precipitate, and
half an ounce of iron filings, I got twenty fix ounce
meafures of air, of which the firft part was pretty,
pu re. fined air; but afterwards one tenth of it re-
mained unabforbed by water. Then, increafmg
the proportion of iron, I mixed one ounce of red
precipitate with two ounces of iron filings, and got
about forty ounce meafures of air, of the: firft por-
iions of which only one twentieth was unabforbed by
water, though towards the coriclufion of fhe proccis
this refiduum was greater. In this procefs I got, in
the whole,; thirty fix ounce meafures of pure fixed
air, completely abforbed by water, befides what
•was abforbed both in the firft reception of the air
(which was in veflels containing water) and after-
wards in transferring this air into thofe veflels in
which the quantity of it was noted, the whole of
which J fuppofe might be about four ounce meafures
more. Examining the firft refiduum of this pro-

L j çelf
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cefs by nkrous air, the ftandard of it was 1.6, and
afterwards 1.7*.

Having heard that it was objefted to this expe-
riment, that iron contains a quantity of plumbago^
gnd that the fixed air which I procured might come
from that ingredient in it (though the quantity was
certainly much too great to be accounted for in that
way) I made ufe of other metals, to which no fuch,
objection could be made, viz. brajs and zinc, and;
with the fame reiûlt.

With two ourices of brafs duft I mixed one ounce
of red precipitate, and in a coated glafs retort I got
from it a quantity of air, two thirds of which was
fixed air. The ftandard of the refiduum was 0.6 -,
fo that there had been too great a proportion of the

* It appeared, in fome of thefe experiments, that three ounce
mcafures of dephlogifticated air go into the competition of two
ounce meafuree of fixed air. For one ounce of this red precipitate
gave fixty ounce meafuree of dephlogifticated air ; and when mixed
with two ounces of iron filings, it gave about forty ounce meafurea
of fixed air that were adtually abforbed by water, be fides a refidu-
um that wag inflammable. I had the fame proportion when I ufed
half an ounce of each pf the materials. But when J ufed one ounce
of each, I got only twenty ounce meafures of fixed air, including
the refiduum. At other times I had different proportions with dif-
ferent quantities of iron filings and charcoal.

ït muft be obferved, however* that part of the fixed air is always
imbibed by the water in which it is firft received» Otherwife, in
this experiment, the fixed air -would have weighed no more than
the dephlogifticated air in the competition of it, fo that nothing
would be left for the inflammable air.

red
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red precipitate. But fixed air was produced m *
quantity abundantly fufficient for my purpofe.

In a coated glafs retort, I put a mixture of ont
ounce of red precipitate aad one ounce of filings of
zinc, and got fome air, part of which was clearly
fixed air} but the retort very foon cracking, put an
find to the experiment, and I did not think it necef»
fary to repeat it. I imagine, however, that it will
only be at the beginning of this procefs that much
fixed air can.be procured, unlefs more precaution
be uled in conducting it. For ihe neck of the re-
tort breaking quite off, there iflued from it a ftrong
flame, which evidently arofe from die burning of
the zinc in the dephlogiiticated air from the preq-
pitate.

As turbeth mineral gives dephlogifticated air, as
well as red precipitate, I mixed this fubftance with
iron filings, and had a fimilar refult, when I heated
them together in an earthen retort. One ounce of
the turbeth mineral with two ounces of iron filings,
yielded about fixteen ounce méaíures of air, of
which about one third was fixed air, and the reft of
the ftandard of 1.5.

Another experiment which feems to prove the
•formation of fixed air from phlogiftion and dephlo-
gifticated air, is the expulfion of it from that black
powder which is formed by the union of lead and
inercury. T his powder, I have obferved, can only

L 4 k?
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fee .'frade in pure air, which is no doubt abforbed by
the metals ; and this being again expelled by heat,
together with the phlogifton which had belonged to
the lead, i's that, I prefume, which forms the fixed
air that is found in this procefs. ''

When I began to make obfervations on this black
powder, I mentioned my. having expelled fome
fixed air from it, Thjs was from fuoh powder "as
I had found rçady made ; and therefore, not know-
ing with certainty what the compofitjon of it was,
I diffojved one oupce of lead in pure mercury, and
then expelled it again in the form of this bla.ck pow-
der, which, when die running mercury was pretty
carefully prefled out of it, weighed about twelve
ounces. Then expofing it to heat, in a coated glals
retort, I got from it about twenty ounce meafures
of air, making allowance for die qyarjtity of fixed
air, which, as I fuppofed, might have been abfprbr
ed by die water, in receiving and transferring die air
before any account was taken of the quantity ,pf it,
Qf this air about one thirtieth, part only was not ab-
forbed by water. The refiduum I did not examine.
I muft however obferve, that in general, befides
the fixed air> I,obtained a confiderable quantity of
the pqreft dephlogifticated air, from this blacjc
powder.

In making the black powder that was ufed in the
preceding experiment, I occafionally changed the

air
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air in the phial,-in which'I Ihookthe mercury, by
blowing into it, fometimes with a pair of „bellows,
and fometimes with my mouth ; and as it was fug-
gefted that, this might have fupplicd the fixed air-
which I afterwards found in the black powder, Г
diflblved two ounces of lead in mercury/ and got
the black powder without blowing into the veflèl at
all, only changing the air fo much oftner as was then
'neceflary. -From fix ounces of the black powder
thus carefully prepared, I expelled four ounce mea-
fures and a half of air, of which one anda half was
pure fixed air. This was fufficierit to fatisfy me
that Jome .fixed air is certainly procured in this pro-
cefs. The refiduum of this fixed air-was of the
ftandard of 1.7, or 1.8. I did not at this time
get from this powder all the air it would havei
yielded.

Being now fatisfied that there was' no occafiön to
prepare this black powder with the precaution
mentioned above, I repeated the experiment with
ten ounces of it prepared in the readier method
which I had ufed before, ' with a view to examine
the refiduum of the air, when die fixed air ihould
be feparated from it. The produce of air was in
all about twenty three ounce meafures, which I re-
ceived in four portions of five ounce meafures each,
and another containing the remainder: All thefe
portions I examined feparately, obferying the pro-

portion
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portion of refiduum in each of them, and the qua-
lity, as meafured by my ufual ftandard, and the re-
fult was as follows. Of the firft portion there re-
mained one fourth, of the ftandard of 1.6 -, of the
iecond one third, of the ftandard of 1.44 г of the
third one half, of the ftandard of 0.8 -, and of the
fourth three fourths, of the fame quality with the
preceding.,

Jn the kft portion the refiduum was one half of
the whole, and that I found to be fo pure, that,
mixing it with two equal quantities of nitrous air,
the ftandard of it was 0.63 ; fo that .the quality of
theíè refiduums was continually purer, till at the
laft it was pretty highly dephlogifticated.

It may be inferred from both thefe courfes of ex-
periments, that fixed air confifts not of inflamma-
ble air (which I fuppofe neceflarily contains water)
but of pure phlogifton, and dephlogifticated air,
In the experiments with the red precipitate and iron,
no water at all is concerned, unlefs either the iron
jtfelf contain fome, or the mercury, or dephlogifti-
cated air : iince when the red precipitate is decom-
pofed by itfelf, nothing is produced befides mercury
and dephlogifticated air, without any water» The
«xperiment with the black powder will equally au-
thorize the fame conclufion, as neither the lead, the
mercury, nor the pure air that combines with, them,
Jias been fuppofed to contain any water. It muft how-

I ever
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ever be obferved, that the greateft part of dephlogif-
ticated air is water.

While I am upon the fubjedb of this black pow-
der, I ihall obferve, that it occurred to me to mix
with it more matter containing phlogifton, in order
to fee what change that would make in the refiduum.
of the produce of air.

From four ounces of the black powder mixed
with two ounces of iron filings, heated in an earthen
retort, I expelled fifty four ounce meafures of air,
of which not more than four ounce meafures were
fixed air, and the refiduum, examined at different
times, was of the ftandards of 1.3, and 1.44} but
the greater part of it was of 1.52, fo that there was
a confiderable production of inflammable air from
the iron. In this experiment, I railed the heat
very gradually, till I had got one third of the pro-
duce of air. This I did from an idea that this mo-
derate heat might increafe the quantity of the fixed
air, but it did not appear to make, any difference in
this refpecb

Then varying the proportion of the ingredients,
Î mixed twenty ounces of the black powder with
only one ounce of iron filings, and receiving the
air in three portions, obferved as follows. The
firft portion, which contained fix ounce meafures,
had a refiduum of 3.5, of the ftandard of 1.6. The
fécond, which was one ounce meafure, had a refi-

duum
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duum\'of.'o.i2, of the ftandard of i-.y.j. and the
third portion, which was only one, ounce meafure,
had. a fefiduum of ó. í a, .of the ftandard of 1.7.'
Whether this was the whole of the produce of air, I
do not rëcolleét.

In order to try more fully the effe£t of different
degrees of heat, I repeated the procefs with the
black- powder, only determining to fufpend the pro-
cefs in the middle of the produce of air, Accord--
ingly I heated two ounces of the black powder in a
porcelain veflèl; when I obferved that fome por-
tions, of the produce conjained about one half fixed
air, and that diis proportion kept growing lefs and
lefs, till the produce confifted of nothing but the
pureft dephlogifticated air, the ftandard of it being,
with two equal meafures of nitrous air, 0.2. I then
let the vefTel cool, and obferved that, on refuming
the experiment, the air came with the feme purity
to the láft.

Examining the .refiduum in the „retort, I found
half an ounce of red powder, the colour of which
could hardly be diftinguiihed from that of percipi-
tate fer Je, So that, no doubt, the mercury had
been converted into it, and this very pure air was
probably that which came from the precipitate as it
was reviving. In this way, therefore, it would be
cafy to . make this precipitate in large quantities,
could a method be found of feparating it frqm the

red
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red /tad",' with whichltis, in this procefs, neceflari-
ly mixed.

In the preceding experiment it will have been
obferved, that, at firft, the refiduum was confider-
ably phlogifticated, but at the laft remarkably pure.
An accident in'a fubfequent experiment I once
thought had difcovered the caufe of this difference.
In the middle of one oftheprocefles, in.which I was
*ifmgtheblackpowderonlyrbeatingitin a:glafs veflel,
ft quantity of water was drawn up through the tube
that communicated with the recipient, and got into
the veflfel that contained the black powder; 'and in
iall the remainder of that procefs, the refiduumiofthe
air was ho better than about the ftandard of 1.7.
-Water came/over along iwith this air to thé very laft,
though:the bottom of the veffelwas red hoc*. 'When
the procefs was over, the'matter taken out of the
veflel was ftill.moift, and of a dark grey colour.

On tliB I made a pafte of the powder with wa-
ter, and drying it a little, immediately repeated the
experiment with it ; but I found no fenfibie differ-
ence between the fubftance. in this^ftate, and that
*vhich had1 not been wetted.: Four ounces-of .it
yielded 120 ounce meãfures of air, of which about
twelve were pure fixed air, completely i abfofbed
by water, and the reft highly dephlogifticated.
However, in one procefs of this kind, from two
ounces and a half of this powdery which had been

moiftened
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moiftened and dried again, I got íèventy ounce
meafures of air, of which only a very fma.ll part
was fixed air, and the refiduum was by no means
pure dcphlogifticated air. For with two equal
meaiures of nitrous air, the ftandard was t.a and
1.3. At other times alfo I have had much lefs
fixed air from this black powder when it had not
been wetted, than in íêveral of the inftancSs above-
mentioned; and I have not as yet been able to
difcover the circumftance on which the produc*
cion of it in a greater or lefs quantity depends.

In the preceding procefles with this black powr
der, I always got from it more or lefs of fixed
air. But thinking to produce more of it by heat*
ing this fiibftance with a burning lens in dephlo-
gifticated air, I was furprifed to find, that I only
increafed the quantity of dephlogifticated air in the
veflel, and produced no fixed air at all. Whence
this remarkable difference could arife, I do not
pretend to fay. It will be feen, that, in this pro-
cefs with inflammable air, I found it to be a matter
of indifference whether I. ufed this bkck powder
or .the red precipitate j both of diem equally im<-
bibing inflammable air,. without producing either
water or fixed air.

SEC.
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S E C T I O N VI .

Of the. Generation of fixed Air by beating 'Su&ftances
containing Phlogiflon m dephlogifticateä' dir*

A NOT HER decifive proof of the generation
•*X of fixed air from phlogifton and dephlogií-
ticated air, is the confiant produdtion of it when
.iron is melted in dephlogiítícated air over mer-
cury, by means of a burning lens. This experi-
ment being a very pleafing one» I repeated it very
often -, and as it is or* too finall a fcale to admit
of great exadlnels, I ihalj mention the refults of
íeveral of them, obíèrving, in the firft place,, that
no water is produced in this procefs.

In fix ounce meafures and a half of dephlogiili-
cated air, I melted turnings of malleable iron all
•there remained only an ounce meafure and one
third, and of .this twenty feven thirtieths of anounoc
ttieafure was fixed air. In fix ounce meafures of
dephlogifticated air, of the ftandard of ол„ I melted
iron till it was reduced to two thirds of an .ounce
ineafure, of which one half was fixed air* and the
remainder completely phlQgifticated, Again^ l

melted
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melted iron in feven ounce itieafures and a half
of dephlogifticated air of the fame purity with that
in the laft experiment, when it,was reduced to an
ounce meafure and. one third, and of this four
fifths was fixed air, and the remainder phlogifti-
cated. ' In this cafe I carefully weighed the finery
cinder that was formed in. the procefs, and found
it to be nine grains -, fo that the iron that had been
melted (being about two thirds of this weight) had
'been -about fix grains.' I repeated the experiment
with :the-fame refult.

When the dephlogifticated air is more impure,
the quantity of fixed air will always be lefs in pro-
portion. Thus having melted iron in feven ounce
meafures of dephlogifticated air of the ftandard of
0.65-, it was reduced to i.6 ounce meafures, and
of ithis only one third of an ounce meafure was
fixed- air.

Pruffian blue is generally faid to be a calx of
iron fuperfaturated with phlogifton, though of late
it iias been faid by fome, that it has acquired fome*
thing that is of the nature of an acid. From my
experiments upon it with a burning lens in de-
phlogifticated air, I Ihould infer that the former
hypothefis is true, except that the' fubftance con-
tains iome fixed air, which is no doubt an acid.
Forl much of the dephlogifticated air difappearSj
jtiifras-«r the-preceding fimilar prbcefs with iron.

I threw
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I threw the focus of the''burning "kns- upon1

fifty three : grains of' Pruffian blue?, in-a vefiel
of dephlogifticated' air of thé ftandard of: 0.53,
till" all'the colour, was"difcharged. .; Being then
weighed, it 'was twenty; two grains. Irt this proceß
feven' ounce meafures'and; -a< quartcK-of ; fixed 'air
had-been produced, and what remained of'the-ah:
was «of the .ftandard of 0.94. Heating the brown
powder to which the Pruffian blue was reduced in
this experiment in inflammable air, it imbibed
eight ounce meafures and a- half of-it, and became
of a black colour; but it tyas neither attracted by
the magnet, nor was it foluble in oil of vitriol and
•water,, as I had expefted it would have been.

Again I heated Pruffian blue in dephlogifticated
air of the ftandard of ол, without producing any
fenfible increafc of its bulk, when I found three
ounce meafures of it to be fixed air, and the re-;
fiduum tolerably pure, for, with two meafures of
.nitrous air, the ftandard ,of it was 1.35. The
fubftance had loft eleven grains, the greateft part
of which was evidently water.

To determine what quantity of fixed..air Pruffiam
blue would yield by mere heat, I put half an ounce
of it into an earthen tube, and got from it fifty
fix ounce mealures of air, of which fixteen ounce
meafures were fixed air, in the proportion of one
third in ' the firft portion, and one fourth in the

VOL'. ;. M laft.
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left. .The remainder was inflammable. There
temained 147-grains of a black powder, with a
veiy little of it, probably the furface, brown.
: Comparing ihefe experiments, it will appear that
the fixed air procured by means of Pruffian blue-
and dephlogifticated air, muft have been formed by
phlogifton from the Pruffian blue and the dephlo,-
gifticated air in the veflel. For if 240 grains of
this fubftance yield fixteen ounce meafures of fixed
air, ten grains of it, which is more than was ufed
in this experiment, would have yielded 0.6 ounce
meafures. Nor is it poffible to account for the
difcppearing of fo much dephlogifticated air, but
upon the fuppofition of its being employed in form-
ing this fixed air.

In all the experiments with iron it cannot be
doubted but that the greater part of the dephlo-
gifticated air (viz. the water in it) incorporates
with the iron, converting it into a. f cale, or finery
cinder, being the very fame fubftance with that
which is produced by tranfmitting fteam over iron
when it is red hot; but at the fame time fome
phlogifton muft be expelled from the iron, and uniti
:with the dephlogifticated air in the veflèl, in order
to form the fixed air that is found in it ; as in other
cafes it unites with water, and makes inflammable air.

Perhaps as.decifive a proof as any of the real
production of fixed air from phlogifton and .dephlo*

gifticated
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gifticated air, may be drawn from the experiments
in which I always found a quantity of it when I
burned fulphur in dephlogifticated air. In one of
thofe experiments to which I gave more particular
attention, fix ounce meafures and an half of de-
phlogifticated air were reduced to about two ounce
meaiures, and one fifth of this was fixed air.
Much vitriolic acid air had been produced in this
procefs : For, before I admitted any water to it,
the fix ounce meafures and a half were only reduced
to fix. When both the vitriolic acid and the fixed
air were abforbed by water, the remainder was very
pure dephlogifticated air, the ftandard of it be-
ing 0.3.

I had always concluded that no fixed air could
be produced by the decompofition of inflammable
air, which had been procured by means of the
mineral acids, becaufe I had not been able to do
it with that which I had got by means of the vitriolic
acid ; but I learned from Mr. Metherie, that this
is peculiar to the vitriolic acid, the remains of which,
diffufed through the inflammable air procured by
it, he conjectures, may decompofe the fixed air
aéhially produced in the procefs. See his Treatife,
p. no. For, as I have hinted before, when the
inflammable air is produced from iron, by means
of fpiritoffalt, there is a very perceivable quan-
tity ef fixed air, when it is united with dephlogif-

M a ticated
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ticated air. When I decompofed thefe two kinds
of air in equal quantities, they were reduced to
about 0.5 of a meafure, and of this not more than
about one fortieth part was fixed air. This ex-
periment, ought, however, to be added to the
other proofs of fixed air being produced by the
union of fhe dephlogifticated air and phlogifton.

The laft inftance of the generation of fixed air
from phlogifton and dephlogifticated air, which I
ihall mention in this fedtion, is of a much more
ftriking nature than any that I have yet recited.
Having made what I call charcoal of coffer, by
making vapour of fpirit of wine pafs over copper
when it was red hot, I took a piece of it, and,
with no very particular view, heated it in different
kinds of air. Among others, I did this in com-
mon air, and not obfervirtg any increafe or decreale
of the quantity of air, concluded, but too haftily,
that nó change was made in it. For when I re-
peated the experiment in dephlogifticated air, the
charcoal burned yery intenfely ; and when a part
of it .was confumed (which, like common charcoal
in. the fame procefs, was done without leaving any
fenfible .refiduum) I found that no heat which I
could apply afterwards had any farther effect: on
ywhat was left of the charcoal. Concluding, there-
fore, that fome change muft be made in the quality
of the air, I examined it, and fpund about nine

tenths
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•tenths'.of. it" to' Ье the pureft .fixed ai,r;, and the re-
fiduum .was fúchias• would'have been made by

'feparating the'absolutely pure part of the dejphlp-
gifticated-airi and (leaving alb the, impurities in what
/remained.

Having afcertained this faót, "I,repeated the ex-
'periment, -weighing the.piece of charcoal 'very
.carefully »before ;and 'after the procefs, and, then
-found that, by the lofs of one grain of the charr
•coal, I reduced; four ounce meafures of dtphlor
'gifticated'air, till one 'ninth qnly remained unab-
•forbe'd by. water ; and again, with the lofs of one
•grain and an? half of the charcoal, I reduced fix
meafures and an half of dçphlogifticated air till
five ounce meafures and a half were pure fixed air.

: In this procefs there was a diminution of die
•bulk of the air after 'the, experiment, as might be
«xpefted from the-change of the air into one of
a heavier kind by means of a fubi^ance; or prin-
ciple, that could not add much 'to the weight o/
at; but I did not accurately meafure this. , In one
of the experiments 4.3 ounce meafures of dephloy

; gifticated air were d^rrunilhed, I obferyed, about
one thirtieth part pf the whole. But being jn, 9
pretty wide veffel, .fuch a meafure cannot.be. ac-
. curate enough for computation, In this cafe, when
;the fixed air was feparated by. water, there was д
••refiduum of 0.75 ofs, a meafure of the ftandar4 ^f

M 3 1,оь
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i.o, whereas the dephlogifticated air before thé ex-
periment had been of the ftandard of o.a.

That dephlogifticated air aitüaUy enters 'into
the compofition of fixed air ini this experiment,
is evident from the weight of the fixed air, which
iar exceeds that oFthe charcoal, which is diiperfed
in the procefs. 'For in this laft experiment the
weight of the fixed air produced was 4.95 grains.
Confequendy, fuppofmg the charcoal to be wholly
phlogifton, as it is very nearly fo, fixed air may
be faid to conflit of 3.45 parts of dephlogifticated
air, and 1.5 phlogifton. So that the dephlogifti-
cated air is more than three times the proportion
'of the phlogifton in it.

I muft not conclude this fedtion widiout ob-
ferving that/1 never failed to produce fixed air, by
heating 'iron in yitriolic acid air. I repeated the
txperiment many times, and always had this very
temarkable refult. In this cafe the acidifying prin-
ciple, which is the chief ingredient in dephlogifti-
•cated air, muft have been fupplied by the acid in
the air.

In one of the experiments, four ounce melTures
•of die vitriolic acid air were reduced to 0.65 of an
"ounce meäfure ; and of this three parts andofte half
'of the whole was fixed air, abforbed by limé water,
'and-the remainder was (lightly inflammable. In
^bother -experiment ï could not perceive any thing

inflam-r
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inflammable in the refiduum. It appeared to be
only phlogifticated air. But thefe refiduums are
always imall, fo that it is not eafy to diftlnguilh
weakly inflammable air from that which i* phlo*
gifticaced.

S E C T I O N V I L

Of the ProUufiim of fixed /Иг by hating Subftances
cimtaimng dephhgftitateâ Air in wflanmablt /Sr.

A S ißitd'is always produced when ironj or any
•**• other fubftance containing phlogifton is
heated in dephlogifficated airj fo tWien precipitate
ftrff> or any other fubftance containing dephlo»
gifticated air is heated in inflammable air, fixed air
never failsfto be procured.

In ten ounce tneafurcs of inflammabk air from
-malleable iron I revived red fredpitate tin there
remained only 1,1 ounce meafùre of air, and of
this 0.0*7 ounce meafures was fixed air, being com-
pletely abforbed by water. The weight of this
air would be 0.063 8r> But, fince 960 grains

M4 of
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of iron will yield 1054-ounce rheafureS of inflam-
mable air,, the Jiroh employed in .procuring;all,-fche
inflammable) air -thatiiwas ,'ufed':in 'th\s? experiment,
viz. • £. 9 ounce,- meafures (.without allowing fot : ;any
that went to the revivification of the .mercury)
would be 8.1 grains; and fmce M. Bergman fup-
pofes, that 100 grains of iron contains 0.12 grains
of plumbago, the quantity of it in this iron would

* • "*., -."# *,*-.- >*-—-. - •- . r» 1

only be 0.01008 gr. which is not quite a fixth
part of the weight of the fixed air.

With fome precipitate per fe,- fent me by M.
Berthollet, IÍ revived méícuryj till eight ounce mea-
furesand'a half of inflammable air was reduced to
twp -ounce^r^afures anck a.-.haif,, and .'of^this/ ,0.04
oz.,m.,at*'.\eaft.was fixed air,--/This;. is...-j^pc, (juite
fo much in proportion as in the ' preceding ex-
perimen^..b^£^bundan4y,,. ГД9ГС1 .thanf,.fh« ^weight
of ihe :plumjbago,;.

. . ^ii* ,.'**tO «г., ï . _ . . . . . . . .

: In.,oghft.,OAjnc,e meafur^s о^пДатдоаЫё.зм;,.!
revived mini fan,(which í '(ound.tQ.h^ye,. exactly .the
fame.. eíFeâ: Jn-, this, procefs;, as red ; precipitate, -or
precipitate per fe) till it was^reduced tO:i-.;2 рцпсе
meafuresj • and .of.-'this o^ß^p?,,,m., was fixed
air, which^w.ouidv'exoee4i(/.the| Yfeight ;.of-,th,e
plumbago rno'te.ihan.duee times,.- Ir> reviving
lead from., rnaííi<fp,t.Çwhíçh t|rpr,e^ared by, ^xpeUing
the pure, w from minium), í..|iad ,no .fixed air in
the.refiduvm,

In



. Vfl. OBSERVATIONS ON FIXED AIR. 169

În. feven-.ouncç-'ïneftsfures'..of inflammable air
from tin by ípiiit of fait;,,! rfevived red precipitate
till-ií was reduced to .'Г-д.^упсе rneafurCj and'in
this the, fixed.-; air- was .fprflething more than in
proportion-to.that in'the laft experiment,

Г do. not know that any.'pbjevtion can be made
to the inflammable'air frorn it», as this metal lias
not been proved to contain plumbago. • I wiihed,
however> to repeat (this .experiment with inflamma-
ble air.'from Juif bur. But. though, when ftearn is
fent over melted fulphur; a fmall .quantity of in-
flammable air is procured 5 yet, as fulphur cannot
part with much phlogifton, except in proportion
as it imbibes pure air, to form oil of .vitriol,.', ï could
jnôfijin this ;mann,er -eafily .prpaire enough for my
.'purppfe*

• :In;prder.,tO;;fupply the fulphur with pure air, I
mixed widi it a quantity of turbitfrmineral} but
tliis-piade^it'yjdd vitriolic acid air,'thoughдпgreat
.abundanoc,-: there, not being,- I imagine, water
^nough to form-inflammable air : , for'when iron
is 'diflblved in concentrated acid of vitriol, vitriolic
acid air is produced ; but in diluted vitriolic acid»
the produce is inflammable air. With a view to
fupply thçfe materials with water, I fent fteam
over them -, but it did not combine with the air,
.yrhich was Ш11 only vitriolic acid air.

Since,
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;' however, vitriôfie add air únqueftionably
contains the fame principle which forms the in-
flammability of inflartimable air, fM5-> experiment
proves- Jthut ' ílilphúr is"not that finiple íubftanCé
which the ántiphlogiftíáns 'fuppofe k to be; but
that it contains' phlogifton. Had it been nothing
more than a iubftance which had a ftfông affinity
to purc'air> it would have united with the pure
air from the turbith mineral, and- have made
vitriolic acid; but no vitriolic acid air Would have
been produced.

That vitriolic acid air contains the fame inflam-
mable principle with inflammable air is evident
from the quantity of vitriolic acid air 'which I
produced by reviving capper from blue vitriol
in inflammable air. Mr. Kirwan alfo produced
this air ffgrn fulphur and red precipitate.' •• See his
Treatife on Phlogifton, p. 29.

When I uíèd a fmall quantity of fulphur in pro^-
portion to the turbith mineral, the firft produce
was vitriolic acid air, and afterwards dephlogifti-
cateclair, from the turbith mineral atone, the effect
of the fulphur having been exhaufted.

According to the antiphlogiftic uxory,fhejfhorus>
as well as fulphur, is a fimple fubftance ; and
when it'is ignited imbibes pure air, and thereby
becomes the phofphoric acid, without parting with
any thing. But I find, that after the accenfion of

it:
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it in-, dephldgifticated air, there is a confiderable
quantity of fixed air irt the refiduum ; and this fixed
air could only be formed by ;the union of the de-
phlogifticated air in the veflèl with the phlqgiftoa
contained .in the phoiphorus. Mr. Kirwan had»
funilar refult from phofphorus confined ift«tmo*
ípheric air. As it is not pretended* that there is
any plumbago in phofphorus; this experiment is
not liable to the obje&ion that has been made to
ith'ofe in which inflammable, air from iron was made
«fe of.
, Comparing this experiment with that in which
iron is ignited in dephlqgifticated air; and, tlwfe
in which nitrous acid is produced,by the accenfioa
of dephlogifticated and inflammable air, dus gene»
irai còftclufion may be drawn, viz. that when either
inflammable or dephlogifticated air is extracted from
'any fubftance' in contaft with the other kind of ai^
fo that one of them is unade to imite with the
other in what may be called its va/cent fiatet the
j-efultwill bejivi//airj but that if both of them be
completely formed before iheir union, the reiuJc
will be nitrous acid.

It has been faid, that the fixed air produced in
•both thefe experiments may come from the fiumèago
in the iron from which the inflammable air is
obtained. -But fince we afcertain the quantity of
plumbago contained in .iron by what remains aáer

3 its
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itsfolution in acida," it is in the highèft degree "im-i
probable, that whatever'plumbago there may be in
iron',1 any part of it ;flwuld enter into the inflamma-
ble" air ' procured -"from "-It. Befidb, • according to
the antiphlogiftie'- hypo'thefis, all inflammable air
<-omes atom wateí* önly.-
; ïn -thé ccrurfe of"thefe . experiméiíts L difcovereíd
more completely' than .before the 'ibur'ce -of my
former 'rfiiftakfei í iiV"ßippo'fing that'"fixed'- air was 'a
•neccïTarypart of the'iproduce'of-fed leadj and alio
of manganefe. Both thefe fubftances, I find, give
«f themfelves only'dephlogifticated air,' and that of
thepureft kind j ahd all the fixed air they yielded
in my formef experiments muft have come from
the gun-barrel I then made ufe of, which would
yield inflammable air, which, with dephlogifticated
air, forms fixed air. - For though the dephlogifti-
cated air from red lead was Ib pure that, mixed
•with two meafures of nitrous air, the1 three mea^-
fures were reduced' to five hundredth parts of: a
meafure, and the fubftance gave no fixediiair at all
when it was heated-.in an earthen tube or retorrï
yet by mixing iron filings with -it, 'or ^with mänga-
:nefe, as I had formerly done' with red precipitate,
I got more or léfs fixed air at pleafure, and^fome-
time no dephlogifticated air at all.

I cannot conclude thefe obfervalions .without
taking'notice, how very Valuable an .inftrument in

philo-»
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philofophy is a good burning lens. This muft
have been perceived in many of my former experi-
ments, but more efpecially in thefe. By no other
means can heat be given to fubftances in vacua, or
in any other kind of air befides atmofpherical -, and
without fome method of doing this, no fuch ex-
periments as thefe can poifibly be made. 'I there-
fore congratulate all the lovers of fcience on the
fuccefsful attempt of Mr. ' Parker to execute fo
capital an inftrument' as he has done of'this kind;
Such fpirited and generous exertions refledl -honour
on himfelf, and on our country. It is qnly to be
wiihed, that we could have lenfes of a fmaller fize
(viz. from twelve to eighteen inches diameter)
made tolerably cheap, fo -that- they might be in
more common Die. All the preceding experiments
were made with one of twelve inches in diameter. '

S E C>
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S E C T I O N VIII.

Of Дг aïïïng through (t Bladdei:

S it dccifively follows from my experiments
on thfi аДюп of diffèrent kinds of air through

a bladder, that fixed air çonfifts of dephlogiftiçated
air and phlpgiftor», I fliall introduce them in this
place.

One of my former 'experiments which I was
leaft able to account for, was the diminution of
nitroua air in a bladder fwimming at liberty in a
trough of water; the confequence pf which had
always been, that in a few days the nitrous air was
diminifhed about one fourth, and this was phlogif-
ticated air. All the progrefs that I had then made
in the inveftigation of this curious faet, was finding-
that it depended, as I then thought, upon the blad-
der being kept alternately dry and moift ; becaufc
when the bladder was kept covered with water,
it remained full, and the air within it was not
changed. This was alfo the cafe when the blad-

was kept dry. But I did not confider that
the bladder was kept under water, there was

no
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no air in contait with it; and I did not then
fufpeft that this change in the air depended on the
aftion of the nitrous air upon the external common
air through a moift bladder ; though! I had found
that coagulated blood has a power of afting upon
air, and is of courfe liable to be a£ted upon by
air, through any bladder.

At length, fufpedling.that this might be the cafe,
I made the following experiment. Taking a
bladder which contained twenty ounce meafures
of nitrous air, and tying it very tight, I introduced
it into a glafs jar, which contained forty .ounce
meafures of common air ; becaufe, in that propor-
tion, they would be able, if they had any mutual
acbon, to faturate one another. Wiihing at the
fame time, to obferve the changes that might
gradually take place in each of the kinds of air,
I examined them both at different periods.

The proceu was begun on the 18th-of May,
and on the 21 ft I found that there were only thirty
four ounce meafures of the common air, and eleven
of the nitrous, the bladder being quite found ; Го
that it was fufficiendy evident, that the two kinds
of air, had afffcfted each other through the fub-
ftance of the bladder. On the afth of the fame
month there were thirty one ounce meafures and
a half of the common air, and four and a half of
the nitrous ; and examining the ftate of both of

them,
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them, I found the ftandard of the common air to'
be 1.8, which was a ftate very near that of extreme-
phlogiftication ; and that of the nitrous 1.7. • That
is, equal meafures of this and of common air, oc-
cupied the fpãce of 1.7 meafures, which ihe'ws that
it had alrnoft loft its power pf affecting common
air, or to exprefs myfelf perhaps more correctly,
there was but a fmáll pnop'ortion of nitrous air
in it.

On the 8di of June I examined them for the
kit time, after having obferved no farther change
for fome days in the quantity of the common air
(as indicated by marks which I had made on the
outfide of the jar) and I found only twenty eight
ounce meafures of the common air, of the fame
quality 'as when I had examined it before, viz. of
the ftandard of 1.8, and only three ounce meafures
of the nitrous air, and it did not affect common
air "at all. Neither of them contained any por-
tion of fixed air, and both of them extinguilhed
a candle.

Nothing now remained to my complete fatisfac-
tion, with refpedt to my former obfervation of the
diminution of nitrous air, contained in a bladder.
But I farther wiihed to fatisfy myfelf with refpeót
to the action of inflammable air, on either com-
mon or dephlogifticated air, in the fame circum-
ftances. Nitrous air affects pure air by fimplc

contact,
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contact, without ignition; whereas, inflammable
air, I had observed, has very little effe<5t upon pure
air when they are fimply mixed together. I was,
•therefcre, furprized to find that inflammable air has
;a very confiderable action upon dephlogifticated air
through a bladder, without, any affiftance from
heatj and moreover, that the union of theíè two
kinds of air, thus produced, forms fixed air. The
experiments which I made for this purpofe, were
as follows.

Into a jar containing 123 ounce meafures of
dephlogifticated air, I introduced a bladder, con-
taining twenty three ounce meafujces of inflamma-
ble air j and after a few days, I obferved that the
bladder in which it was contained was become a
îiçde fla/ecid. After about three .weeks, I examined
boich the kinds of air, and found that the bladder
contained only two ounce meafures, and that this
was no longer inflammable, but extinguiuied a
candle, though it had in it a mixture of pure air.
The air within the jar then contained one twentieth
of its bulk of fixed air. The dephlqgiftjcated air
was diminilhed feven ounce meafures. ;. and from
being of the ftandard of 0.5, with tw9 ^qual -mea-
fures of nkrpus air,, it was now become of 1.4.
The bladder had a flight fmell of putreíà^ion, but
it was perfectly Air tight.

VOL. I, N It



178 OBSERVATIONS ON FIXED AIR. Part IV.

It is'obfervable, that in this experiment part of
the dephlogifticated air had paflèd unchanged into
the bladder of inflammable air, whereas the inflam-
mable air which had paflcd through the bladder
into the dephlogifticated air, had united to it, and
formed fixed air. The tranfmiffion of the dephlo-
gifticated air through the bladder was much more
remarkable in the following experiment.

Having introduced a bladder filled with inflam-
mable air into a large jar of dephlogifticated air,
the bladder, after two days only, had in it a great
mixture of dephlogifticated air, and was as much
diftended as when it was firft put into the jar.
A quantity of it exploded exactly like a mixture of
one third dephlogifticated, and two thirds inflam-
mable air. The bladder was perfectly found and
fweer, and the dephlogifticated air was not fenfibly
altered.

Again, having introduced a bladder containing
ten ounce meafures of inflammable air into a jar
containing one hundred ounce meafures of dephlo-
gifticated air, of the ftandard of 0.3, I found, about
a month; afterwards, that the air in the jar was
diminiflied to ninety ounce meafures, and the in-
flammable air to five ounce meafures and an half.
The quality of the air in the bladder and of that in
the jar was very nearly the Tame, though the blad-
der was perfectly found and fweet. The air in

the
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the bladder, with equal meafures of nitrous air,
was of the ftandard of 0.76, and that in the jar
of 0.74. Both of them alfo contained a fmall por-
tion of fixed air. In this cafe, therefore, both the
kinds of air had not only been tranfmitted through
the bladder, but fome decompofition had alfo taken
place within it, as well as within the jar.

In another experiment of this kind, both thé
bladder of inflammable 'air, and the jar of dcphlo-
gifticated air, after fome time, contained each of
them a portion of fixed air, and likewife both the
kinds of air unaffected by each other. For both
of them exploded when they were examined ftí-
parately.

It feems to'follow from thefe experiments," that
fixed air is really formed wheil inflammable air of
charcoal, &c. is exploded together with dephlogif-
ticated air ; and alfo that the greatnefs of the heat
prevents its formation, when inflammable air from
metals is ufed. For though, in the explofions with
the electric ipark, no fixed air was produced from
the decompofition of the pureft inflammable air,
it was evidently fo with the fame kind of inflam-
mable air in thelè experiments with a bladder in
which no heat is ufed.

The formation of fixed air from phlogifton and
dephlogifticated air, is more evident from the great
quantity of it which is found when an animal fub-

N 2 .ftance
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ftance putrefies in dephlogifticated air, compared
with the fmall quantity that is procured by its
putrefying in inflammable air.

After the preceding experiments on the confe-
quence of having- one kind of air in the bladder,
and the other in the jar in which it was confined,
I filled the bladder with the fame air that was in
the jar, and let them remain till they became
putrid and burft. The jar and the bladder of de-
phlogifticated air contained together one hundred
ounce meafures of the ftandard of .95, but after
the procefs and waihing the air in water there
were only 37.5 ounce meafures, which was phlo-
gifticated.

At another time ninety ounce meafures of de-
phlogifticated air of the ftaridard .of 0.16, were
reduced to forty feven ounce meafures of the ftan-
dard of O.6; whereas a jar of inflammable air of
the fame fize, and treated in the fame manner,
contained, after the procefs, not more than one
thirtieth of its bulk of fixed air. In this it was
obfervable, that the bladder and the air were moil
abominably offenfive, whereas the bladder which
had been in dephlogifticated air was hardly o£-
fënfive at all.

It will appear by computation, that in both
thefe cafes of the formation of fixed air, by 'the
bladders putrefying in dephlogifticated air, phlov

gifticated



SeSÍ. FUI. OBSERVATIONS ON FIXED AIR. l8l

gifticated air was produced, fix ounce meafures
being generated in the former cafe, and ßve in the
latter; 'and though all fixed air contains a pare
not abforbed by water, and this is always more or
lefs phlogifticated, this was much more than in
that proportion, the phlogifticated air being in
the former cafe one fixth of the whole, and in
the latter nearly one half. For in die former cafe
the phlogifticated air before the procefs was 31.7
ounce meafures, and after it '37/ and in the latter
it was 4.86 ounce meafures before, and 9.4 after.

N3 BOOK
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L A T I N G TO I N F L A M M A B L E AIR.

P A R T I .

EXPERIMENTS ^ND OBSERVATIONS RELATING TQ

THE PRODUCTION OF I N F L A M M A B L E AIR,

S E C T I O N I .

Of inflammable Air from Metals, by Means of
Acids, ÖV.

r~P1HE metals from which this fpecies of air
A has been procured are iron, zinc, and tin. I

found it in copper, and lead by fpirit of fait, as may
be feen in the account of die difcovery of marine
and air. I have alfo procured it in various other
ways j and have lately found, that regulas of an-
timony diflolved in marine acid, with the appli-

cation
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cation of heat, yielded a fmall quantity of air,
which was weakly inflammable. Bifmuth and nickel
were diflolved in marine acid with die help of a
confiderable degree of heat, but little or no air
was got from either of them. If there was any
more than the common air which had lodged
within die phial containing the mixture, I could
not perceive that it was inflammable: but theie

-metals treated in dûs manner yielded a ftrong fmell
of liver of Juif bur.

It is, fomething remarkable, that all the acids
that produce any air by the folution of metals give
inflammable air, except fpirit of nitre only, which,
forms a different kind of union with die inflam-.
mable principle -, making nitrous air, more or lels
modified. Befides oil ,of vitriol and fpirit of fait,
I have obferved that the vegetable add alfq pro-
duces inflammable air, by the folution of metals,
though in a much 'lefs quantity. Perhaps die
proportion of the.ftrength of the acids may be af-
certained by this means. The concentrated vinegar
which ï made ufe of in my experiments on the
vegetable acid air, diflolved zinc almoft as rapidly
as fpirit of fait, and produced inflammable air -, and
radical vinegar, which is unqueftionably a pure
vegetable acid, had the fame effeft when applied
both to zinc and iron.
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In order to meafure the- ftrength of this acid, I
put-as much radical vinegar as occupied the ipace
of fifty two grains of water upon a quantity of filings
of zinc diluted with -water, and 'found that it yielded
one fourth of an ounce meaiure of inflammable
air, without heat; and two ounce meafures more
with heatj and a little more might have been
procured, if care had been taken that no part of
the liquor had boiled over. What proportion this
produce of inflammable air bears to a fimilar pro-
duce from fpirit of fait may be found by com-
paring this obfervation with fome that are men-
tioned relating to marine acid air.

In my firft experiments on fixed air, I found
•that, when a mixture of iron filings and brimftone,
moiftened with water, was made to ferment in it,
a paît of it was made immifcible with wateo that
isj that there was in it a greater refiduum of phlo-
gifticated air than ufual, which I fuppofed to come
from the phlogifton fet loofe in this procefs ; though
I could not find that phlogiiton in any other pro-
cefs produced that effecb At that time it could
not but occur to met that, poffibly, this mixture
itfelf might generate air, in which cafe the faft I
have been reciting would not prove that there had
been any alteration in the conftitution of the fixed
air j fmce there would have been a real addition^
it, of another kind of air from the mixture. To

try
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tíy this> ï then made this mixture td ferment under
water, and found that no air whatever was produced
from it.

I have fince tried the fame thing in the beft
vacuum that I could make with Mr. -Smeaton's air
pump ; when, though the fermentation went on as
ufual, yet when water was admitted to it afterwards,.
no air was found in the receiver. I alfo made
this fermentation when the materials were buried
in quiokfilver, and in thefe circumftances alfo no
air was produced in the temperature of the at-
mofphere.

I mention thefe circumftances, becauie I have
found that when this fermentation is made in quick-
filver, and in á warm cime, a true inflammable air
is generated. The experiment was made in as
accurate a mahner as I could contrive, and in thé
courfe of it, it will be feen that probably a quantity
of vitriolic acid air was alfo generated, and ab-
Ibrbed again by the water that was mixed with
the iron and brimftone, and which is necelfary to
enable them to act upon each other.

Having filled a fmall phial with a mixture of
iron filings and brimftone moiftened with water,
I plunged it in a vefiel filled with quickfilver,
Handing inverted in a bafon of the fame, and placed
the whole apparatus near the fire. In about half
an hour the fermentation began, and fo much air

iffued
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ifliied from the mixture, as occupied „the fpace
of four times the bulk of the materials. In a
few minutes the quantity of air diminiihed, being
probably vitriolic acid air, and having been ab-
forbed by the water; but there remained about
one fourth.of the bulk of the mixture that was
permanent air, not imbibed by water -, and this
was inflammable.

Since zinc, as wejl as iron, yields inflammable air
with oil of vitriol, I fufpecbd that poffibly it
might be affècbd as iron is by the oil of vitriol
fet loofe from the fulphur in this procefs, and I
found that when I fubffituted filings of zinc for
the filings of iron, in the circumftances above-
mentioned, they anfwered equally well. In this
experiment a quantity of air was produced equal
to the bulk of the materials, all ftrongly inflam-
mable.

Having once put a pot of iron filings and
brimftone into a jar of nitrous air (the firft effect
of which is to reduce it to one fourth of its bul}c,
and leave it in the ftate of phlogifticated air) and.
having fome time after this found the air much
ihcreafed in quantity, and ftrongly inflammable,
I had fome doubt whether the inflammable iviat-
ter came from fome farther change in the nitrous
air, or from an exhalation of proper inflammable
air from the iron and brimftone. My doubt arofe

from
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from my never having found that thispafte of iron
filings and brimftone, whether kept in water, or
in vacuo, had yielded air at' any time, except in a
confiderable degree of heat. In confequence, how-
ever, of repeated experiments, I am now fatisfied,
that the inflammable air came from this mixtuse.
For though fome pots of it have not yielded in-
flammable air, they have 111, with long keeping,
even in the temperature of the atmofphere, yield-
ed either phlogifticated or inflammable air j the
latter generally when the compofition was freih
made, and the former when it was old.

Thefe experiments have alfo led me to the ob-
fervatijon, that, in this and many other cafes of the
diminution of common air by phlogiftic procefles,
a true inflammable air is firft produced, and in its
nafcent ßate, as it may be called, is immediately
decompofed, previous to the phlogiftication of the
common air. The very fame fubftances which,
in water or quickfilver, yield inflammable air, only
phlogifticate common air: fo that I am almoft
ready to conclude univerfally, that air is never phlo-
gifticated, but by materials which, in certain cir-
curfiftances, would yield inflammable air; though
when inflammable air is previoufly produced, and
then mixed with common air, it will not be de-
compofed in the temperature of the atmofphere,
except in a very fmall degree. Thefe two kinds

of
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of air will, therefore, continue mixed without much
affecting each other, except in a. red heat, by
whkh the inflammable air is fired. It is then well
known to ceale to be inflammable air, the phlo-
gifton being fcparated from it, and uniting with
thn dephlpgifticated air in the common air ï when
nothing is left, but dm-phlogifticated part of the
common air, which iPlbout three fourths of the
whole. I have finee obferved drat nitrous add is
formed in dieíê circumftances.

The experiments which led to thefe conclufions,
and which I ihall now proceed to recite, may ferve
as a caution to myfelf and others, not to be too
hafty in drawing general conclufions 5 fince what
may appear to be the Jame Materials^ and the fame
preparation of them, may have different refaits, in
confequence of there having been fome circum-
ftance, refpeéting eidier the materials or die pro-
cefs, that was unnoticed, but which was the fecret
cauíè of the unexpected refults.

That nitrous air might be changed into inflam-
mable air, was not extremely improbable a priori}
fince I had found that it contained nearly as much
phlogifton as inflammable air, bulk for bulk ; and
fince it is, by feveral procefles, convertible into
what has the appearance of a fpecies of inflamma-
ble air. Befides, in this very cafe, the fame com-
pofition of iron filings and brimftone, which 1 now
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find generally yields inflammable air in the tempe-
rature of the atmofphej-e, docs not do fo at all times.

Thinking that if the if on filings and brimftene
had really yielded the insflamraable air , whjch I
found in the veffej of nitrou? air, it would do übe
fame in common air, I conf|£da large ,pot of this
mixture in a very frnafl цШшгу of common аи-
in die beginning of February, 1779. But though
on the loth of May following it was increafed iri
bulk, it was all mere phlogifticated air, and had
nothing jnflammable in it. Even the air that was
entangled within the cavities of dus pot of iron
filings and brimftone, and which I catched by
breaking it under water, was not inflammable. It
is poffible, however, as I obferved before, that
this phlogifticated air might have been inflammable
air in its origin, or nafcent ßate> and have become
phlogifticated air afterwards. At another time I
put a pot of this mixture under water, as I 'had
done formerly, and now alfo obferved, that though
it fermented very well, and turned black, yet it
did not yield a particle of air in about a fort-
night: and in experiments of this kind few perlons,
I believe, would look for any farther change be-
yond that time.

Soon after, however, I found that a pot of tlm
mixture, freih made, and kept under water three
Weeks, had yielded about its bulk of air; and

this
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this .was ftrongly inflammable. But at the farrie
time another mixture of this kind, kept in the
fame clrcumftanceSj yielded only phlogifticated air ;
and yet I did not knowingly make any difference
in the compofition, always mixing equal bulks of
the two ingredients.

As the phlogifton "which conftituted the inflam-
mable air in the experiments that occafioned thefe
muft probably have come from the iron, and not
from the fulphurj efpecially fince iron alone is
capable of making a very remarkable change in
nitrous air, I confined a quantity of this air, in a
veflel full of iron nails, from the beginnihg of
February to the i8th of May ; but after this long
interval it was only phlogifticated air, • and not in
the leaft inflammable.

Having found, however, that this mixture of iron
filings and brimftone was capable of producing in-
flammable air in water, I made a trial of it in
quickfilver,* and found io to have the fame effefl.
For confining a quantity of this mixture in quick-
filver from the ijth to the 3oth of June, in the
temperature of the atmofphere, it had yielded, in
this time, its own bulk of air, flrongly inflam-
mable.

I found afterwards, in a proper number of trials,
that in a fufficient fpace of time, this mixture in-
ctcrafed all the. kinds of air into which I intro-

ducec^
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duced it, by the addition of a quantity of inflam-
mable air, more or lefs, according to circumftaiïces,
known or unknown. But when the experiment
was made in common air, it firft dimini'ihed it
about one fourth, as I have often noted -, and fome
time after that I perceived an addition made to
the-bulk of the air, and examining it, found it at
firft to be nightly inflammable, but afterwards more
ftrongly fo. This experiment ihews that, in the
firft inftance, the inflammable air yielded by iron
filings and brimftone muft have been decompofed
by uniting with the dephlogifticated air in the com-
mon air.

It appeared upon one occafion, recited above,
that one pot of this mixture, fre/h made, produced
inflammable air, at the fame time that a pot of an
old mixture of this kind yielded only phlogifticated
air. But at what time thefe mixtures will ceaib
to give inflammable air, and begin to yield phlo-
gifticated air, I cannot determine. For I find that
on the 2jd of June a pot of iron filings and brim-
ftone, which muft have been mixed about a year
before, confined in a fmall quantity of common
air, had made an addition to it of three ounce
rneafures on the 26th of July; and this air was
inflammable. At the fame time I found that
another quantity, which had been mixed the ift
of July, had yielded inflammable air, in about the

4 fame
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fame proportion, according to the time. Д1{о
fome old iron filings and brimftone, which had
been taken out of the pot, and mixed with water
the 3d of July, h?d yielded about one tenth of its
bulk of air on the ad of Auguft, ftrongly inflam,-
mable.

That future experimenters may form fome, idea
of the quantity of inflammable air that they may
•generally expecl: from fuch mixtu/es as I have ufually
made of iron filings and brimftone, ufing equal
bulks of each, and therefore be lefs apt to deceive
dbemfelves in the refults, I ihall tecite the iflue of
fome that I made with this and other mixtures,
.and which I was obliged to put an end to when
I removed my habitation on the sift of July»
1780.

À gallipot, containing an ounce meafure and
half of this mixture, haying been confined, in a
fmall quantity of common air in the beginning of
July,- 1779, had at the time above-mentioned
produced fourteen ounce ineafures of air, ftrongly
inflammable, but the production was much more
rapid at the firft than afterwards. The mixture
w.as very hard.

Another gallipot of the fame fize, put into a
veffel of water, without any air, on the ajd of
June, 1779, had three ounce meafüres of inflam-
mable air taken from it on the aoth of July fol-

3 lowing,
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lowing, and at this -time there were eleven ounce
meafures, ftrongly inflammable. The mixture was
very foft.

Another equal quantity had yielded ftrqng in-
flammable air from the 24th of June to the i5th
of July, I779> and had from that time yielded
about three ounce meafures of air, but flightly

'inflammable. The mixture was very foft.
There is the fame uncertainty attending experi-

ments made with liver of Juif hurt which alfo ex-
hales phlogifton, and produces the fame effect both
on common air and nitrous air, as iron filings and
brimftone. On the i9th of May, 1779, I found
a quantity of nitrous air, in which fome liver of
fulphur had been confined from the 12th of Decem-
ber preceding, and wHich was confiderably increafed
in bulk, to be ftrongjy inflammable ; and yet an-
other quantity of this fubilance, and freih made, was
confined in quickfuver feveral months without pro*
ducing any air at all.

I have procured inflammable air, in a confider-
able quantity, by diflolving iron filings in a folution
of galls j and very probably the fame would be
produced by means of any other aftringent fub-
ftance. Indeed moft things that really decompofe
the metal, and do not unite with die whole mafs of
it, .will, I imagine, fet loofe the phlogifton it Con^
tains, in the form of inflammable air j though, in

VOL. I. O íèvcrul
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feveral of the cafés, the phlogifton miglit join;
fome of the principles in the menftruum, and con-
tribute to compofe a different fubftance.

I was led to this obíêrvation of the production
of inflammable air by the folution of galls, in con-
lêquence of being informed by Mr. Délavai, that
ink might be made Jj>y putting iron to the folu-
tion of galls j for that the acid in the vitriol, which
is commonly uíèd for the purpofe of making ink,
is an unneccflary, and frequently an inconvenient
ingredient.

Having mixed a quantity of pounded galls, iron
filings, and water, I firft obferved, that, after a day
or two, the whole mafs was very much -fwelkd,
and that it was full of bubbles of air, which at the-'
furface were very large, aufpecting, from the
fmell, and other circumftances, that the air con-
tained in them was inflammable, I burft íèveral of
'diem near.the flame of a candle, and found that
they all made fmall explofions, .ib that rl could have
no dêubt concerning the quality of the air.

I then mixed three ounces of pounded galls
with water and iron filings, the quantity of which
I did not note j and covering them with a large
jar full of water, found that, in about a week, they
had produced fix ounce meafures of a'uv which
•was ftrongly inflammable, exactly like that which
'is produced from iron by the acids. In the fame

,3 .manner
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manner! procured ̂ quantity of this inflammable
air by putting .the Above-mentioned mixture into
a phial with a ground ftoppqr and iube, JJuf this
proceu is (to0;Uow/pr any ,u'fc.

S E C T I O N l l

Of inßwm$k Air from Oil

eleftric Jpank taken in any kind of oil
.produces inflammable air, as I was led to

-in -the following manner, Having found,
be «mentioned .hereafter, that ether doubles

,the quantity jof any jkind of air to which it is a,d-
mittedi ^ndibejng.at that time engaged .in a courfe

^qf experiments to afcerrain the efFeft of the cledtri,c
matter on all the different kinds of air, I had the

^quriofitjrto try -what it would do with common air,
íhus increafed by means of,ether. The very .firft
jlpark, J .obfaryed, .increafed the quantity of this
.air vsiy/confiderably, fo.that ,1 bad very fooft fix
«r .eight tirqes as much as I began with; and
whereas water imbibes all the ,ether that is put to

kifld of air, ,and 4eaves it without any vifiblc
Q a change,
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change, with refpefl" to quantity or quality, this
air, on the contrary, was not imbibed by water. It
was alfo very little diminiihed by the- mixture of
nitrous air. From this it was evident, that it
had received an addition of fome other kind of air,
of which it now principally confifted.

In order to determine whether this effect was
produced by the wire, or the cement by which the
air was confined (as I thought it poflible that phlo-
giftoh might be difcharged from them) I made
the experiment in a glafs fyphon, and by that
means I contrived to make the electric ipark
pafs from quickíílver through the air on which I
'made the experiment, and the effect was the fame
as before. At one time there happened to be a
•bubble,of common air, without any ether, in one
part of the fyphon, and another bubble with ether
in another part of it ; and it was very amufing to
obíèrve how the fame electric fparks diminiihed
the former of thefe bubbles, and increafed the
latte/.

It being evident that the ether occafioned the
difference-that was obfervable in thefe two cafes,
I next proceeded to take the electric 'ipark in a
quantity of ether only, without any air whatever ;
'and obferved that every fpark produced a fmall
bubble; and though, while the fparks were taken
in the ether itfelf, the generation of air was flow,

yet
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yet when fo much air was collected, that the fparks
were obliged to pafs through it, in order to come
to the ether and the quickfilver on which it refted,
the increafe was exceedingly rapid ; fo that, making
the experiment in fmall tubes, as fig. 16, PI. I. .die
quickfilver foon receded beyond the ftriking dif-
tance. This air, by-palling through water, was dimi-
niihed to about one third, and was inflammable.

One quantity of air produced in diis manner
from ether I fuffered to ftand two days in water,
and after that I transferred it feveral times through,
the water, from one veflèl to another, and ftill
found that it was very ftrongly inflammable ; fo
diat I have no doubt of its being genuine inflam-
mable air, like that which is produced from metals
by acids, or by any other chemical procefs.

Concluding that die inflammable matter in diis
air came from the ether, as being of the clafs qf
oils, I tried other kinds of oil, as oil of olives, oil
of turpentine, and ejjenfial oil of mint, taking die
electric ipark in them, widiout any air to begin
widi, and found that inflammable air was produced
in this manner from them all. The generation of
air from oil of turpentine was die quickeft, and
from the oil of olives the floweft in diefe, three
cafes.

By the fame procefs I got inflammable air from
of wine, and about as copioufly as from die

O efiential
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eflèntial oil of mitit. This air continued in water
a Whole night, and Whett It was transferiu into),
another veflel was ftrongly inflammable",

By the fame procefs, I got inflammable air from
the volatile Jpirit of Jd affimumav; and as I have
obferved before, the alkaline air which' is expelled
from the fpirit of fal ammoniac is inflammable.-

Endeavouring to procure air from á cauftie al--
kaline liquor, accurately made for me by Mr. Lane,
and alfo from Ipirit of fait, I found that the electric
fpark could not be made vifible in either of them;
fo that they müft be much more perfect conductors
of electricity than water, or other fluid fubftances:

In all thefe cafes it is probable that the electric
fpark only gave the fubftances the degree of beat
that was neceflary to give the phlogilton, and the
water they contained the form of permanent in-
flammable air ; for this was dbne much more effec-
tually by a direct application of heat in the experi-f
mehta recited in the next fection,.

Inflammable air will fometimes ifiue fpöntane-
oufly from oil; of turpentinet I once opened a
pint pniali half filled with this kind of oit,, and the
cork being- very tight, there ruflied out of it a
great quantity of air; When applying the flame of
a candle to the mouth of the phial, I found the re-
mainder to be ftrongly inflammable. The oil was
then quite full of air bubbles) and by the heat of

boiling
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boiling water I expelled from a quantity of it an
equal bulk of air, all ftrongly inflammable, like
that which is obtained from metals. It was eight
or ten hours in giving this air. When I could
perceive the colour of the flame, I found it to be
blue.-

I then took a quantity of the fame kind of oil,
which had been kept in another phi^l, but I found
the air incumbent upon it, within the phial, to be
only common air ; but making it boil in a retort,
I expelled from it twice its bulk of air, all ftrqngly;
inflammable. I could not diftinguiih the colour of
its flame.

When I had thus expelled all the air which ç
quantity of this oil of turpentine feeme4 to eontaip,
I agitated it very ftpongly, ancl frequently, in the
eoujfe of two days, in order to, make it imbibf
more air, that I might expel it again* but {did
not find that it had imbibed more than a very
ftmlí quantity, and this, when it carne eut again»
Was only common air flightly phlogifticated. Thi?
firft boiling had made it brown, and very vifcid.

04 SEC-
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S E C T I O N TTT.

Of tbe Pfoduffion of inflammablu Air from different
Subßances, by means of Heat and Water.

T T is probable, that every fubftance which con-
J- tains fblogißon may be made to yield inflam-
mable air. But for this purpofe they require dif-
ferent modes of'treatment, according to their reipec-
tive natures. If the fubftances be fluid, heat'ap-
plied to them directly makes no change in their
conftitution ; but when they are made to pafs, in
the form of vapour, through tubes, previoufly made
red hot, in which they are neceflarily expofed to
a red heat themfelves, they are readily decompofed ;
and the quantity of inflammable air that was yield-
ed by fome of them, in this mode of treatment,
appeared to me rather extraordinary.

I began thefe experiments with Jpirit of'wine,
having an apparatus proper to receive any water,
or other fluid, that might be formed, or condenfed,
in the procefs, PI. VII. fig. 2. From two ounce
meafures of fpirit of wine, which was made to pafs in
vapour, through a red hot earthen tube, I got about
ij)oo ounce meafures of air, which was all inflammable,

without
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without any mixture of fixed air in it, and which
burned with a lambent blue flame. Thirty ounce
meafures of this air weighed eight grains lefs than
an equal quantity of common' air. In this procefs
J collected o.3'5 of an ounce meafure of water.

In this experiment the air would have weigh-
ed - - 633 grains

the watery refiduum 168

801
and the fpirit of wine would have weighed 821;
fo that the produce was pretty nearly what might
have been expefted from the materials, the nature
of the procefs confidered.

I then proceeded to fubjeit to the fame procefs
a quantity of vitriolic ether j and making an ounce
meafure of it pafs through the hot earthen tube,
almoft filled with pieces of broken retorts, or cru-
cibles (in order to make a greater quantity of red
hot furface) I collected one tenth of an ounce mea-
fure of water, and 740 ounce meafures of air, all
inflammable, without any mixture of fixed air. It
burned with a large lambent white flame, like that
of wood in a common fire, and would not explode
with any mixture of dephlogifticated air. Twenty-
nine ounce meafures of this air weighed five grains
lefs than an equal bulk of common air.

In the next place, I made fome vapour of fpirit
of turpentine pafs through the hot earthen tube, and

procured
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procured from it a'quantity of inflammable air,
that was very turbid, like' black fmoke, But the
black matter contained in it was foon depofited
on the furface of the water in which, it was received;
This alfo contained no' fixed air, and burned with
a lambent flame, but much lefs luminous than that
in the preceding experiment. The fmell of this>
air was fo exceedingly offenfîve, that» the appara-
tus being a little deranged, I difcontinued the pro-
cefs before I had afeertained the quantity of air,,
and without collecting any water, which I fuppofe
would have been given.' Thirty ounce meafures
of this air weighed eight grains lels than an equal
quantity of common air.

I did not repeat this experiment with olive oil^
being apprehenfive that the procefs would be еуец
more ofFenfive than that with the fpirit of turpen-
tine, and nothing material depending upon it. But,
upon another occafion, I mixed an ounce of olive
oil with 874 grains of calcined whiting ; and iub-
jefting it to a red heat in an earthen retort, I got
from it near 300 erunce meafures of air, and Ihould,
probably have got much more, if there had been
more whiting in proportion to the oil. The firft
portion of this air burned with a large white flame,
and the laft with a flight lambent blue one, ex-
aftly refembling the varieties in the procefs for
extracting air from wood -, fo that there can be no

doubt,
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doubt, buí that it is die oil in the wood that gives
the air. That excellent philoföpher, Mr. Volta»
wafrthe firft who hit upon Éhis method j or a fimilar-
onej of getting; inflammable air from oil; and he
has given ä large account of its peculiar properties.

From other experiments that I made, it appears,
that water is eflèntial to the formation of. inflam-
mable air. In all the liquid fubftances mentioned,
above, the water that enters into their compofitioti
is fufficient for die jjpurpofe j and fpirit of wine,
and ether, арреаЫю contain moto water than is
necefiary. But when, the fubftances arc dry, and
water does not enter as a neceflkry ingredient into-
theitf compofition, water muft be introduced into
theproeefs. ТЫз is the cafe with all the metals*
and it is no lefs fo vàth Jiilpbur, arßntc, and pro-
bably other fubftances of a iimilar nature, which
mere heat only ÍUblimes.

Tranfmitting ftearft over a quantity of fulpbur,
which was melting in a. hot earthen tube, I pro-
cured from it a quantity of inflammable air, with-
out any fixed air ; and by andyfis it appeared to
be of the fame quality whavthat which h procured
from iron by oil of vitriol. This procefs is rather
troublefome, on account of ehe fulphur fubliming,
and filling up the tubes, thpough which the air is
conveyed,

I then
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I then repeated the fame • procefs with arfenic,
and from this fubftance I procured air in great
plenty. One feventh of it was fixed air,'but the
reft ftrongly inflammable, and the fmell of it* could
not be diftinguifhed from that of. phoíphòrus.
Twenty ounce meafures of,this air weighed four
grains and a half lefs than an equal quantity of
common air. This experiment was no lefs trou-
blefome than the preceding, on account of the
arfenic fubliming, and choking оф the tubes.

Having found a very heavyAind of inflamma-
ble air by heating the /cales of. iron mixed with
charcoal, I made the following experiment in or-
der to afpertain the quantity of air that might be
procured from a given quantity of thefe materials.
Mixing two ounces of the fcales, or finery cinder
(which I found to be the fame thing) with one
ounce of perfect charcoal, I got from it, in an
earthen retort, 580 ounce meafures of air, one tenth
of the firft part of which was fixed air ; but after-
wards it was all inflammable. The fubftances
were pretty firmly concreted together, and weighed
1044 grains ; fo that the lofs of weight was 396
grains, which muft have been -very nearly the
weight of the air procured. Forty ounce meafures
of this air, freed from all fixed air, weighed two
grains more than an equal quantity of common air.

Befides
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Befides the water, which feems to be eflential
to the conftitution of inflammable air, this fpecies
of air readily imbibes more water, which adds
greatly to its fpecific gravity. This feems at leaft
to be indicated by the following experiment. Fill-
ing a dry bladder with inflammable air, received
immediately from the veflel containing the iron
and diluted oil of vitriol, from which it was gene*!
rated, I found that thirty ounce meafures of it
weighed more than feventeen grains kfs than an
equal bulk of common airj but when I weighed
that inflammable air of the fame kind which had
been confined by water in the lame bladder, it was
only fourteen - grains lefs than, an equal quantity of
common air. -This I repeated feveral times .with
the. fame refu'lt. This air, therefore» could only
be about three times lighter .than common air i
whereas the other was more than ten times
•lighter,

Having frequently examined die ipecific gravity
of inflammable air which has been long confined
by .water, by weighing "it in a bladder,, and. then
preffing out the air, and weighing it when ieropty
(which has 'the fame effe£t' as weighing At : full of
common air) I have ieldom found fuch air. more
than five times lighter than • an equal .poràbn of
cpmmòn air, ; fo that the .fpecific-gravity of this air is
foon doubled by being kept in thefc circumftances.

S E C -
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Qf .Air ft.oâuced ' ty Mbßances rptetnijying ifi

experiments - oteçited in this and /the £oi-
Jowing ifeétion >wcre Centered upon chiefly to

«life-over the principle :of mutnition ;in -vegetable and
animal filbftanccs^ and .they ifeem to .lead .us to
Jfuppolè, /that :this jprinciple is .phlogifton, or ;the
principle df-dnflamrnabiiity, in fuch a Jftate .as to ;be
jaipabk iof becoming, iby iputrefaftion, я true in-
jfkmmable air, 'but not .generally, ifuch .as to burn
^witli icxplofipns, jbut gather with a iblue and larn-
ibent flaime, ^mixed widj^ a certain proportion of
ifixed air.

In the putrefadbive procefs die phlogifton is
Mnenaly «vjohred, and mot ;again ï combined /.with .any
tthing, .except -what ишу ?be neceflary rto .its jaf-
rfwming the jform of' ioflammable ,-air.j jbut <in
vttutobion'at is imonediately (held m'ibjutipniby'the
.gaflaiic ^liße, and /in лЪ& .chyle iformed ;by it. 'B^t
jifjany .part ofithe i aliment pafe the ftonaach, ;and
«he firft.inffifliines, rwitdaout having all .its phlogifton
.incorporated with ;the ; chyle, that principle .re-

í xcreinsnt, whöfe At is dkn;fet looie
in
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in (the form :of inflammable air, the fame form that
k would have taken if k had gone 'through the
íimple putrefa'&ive 'procefs. T.he /phlogifton of the
aliment, thus entering into the circulation with the
chyle, after answering purpofes in the animal ceco-
nomy which ape yet very imperfectly'knownito us,
is thrown out again fey means .of »the blood in -die
lungs, 'and communicated to the air, which is phlo-
giftioated by it.

AU alimentary fubftances not only contain phlo-
giftoOj but I believe are capable of yielding a
proper 'inflammable air by putrefaction. <B«t an
the following 'experiments on fuch vegetables as
ore generally ufed for food, roots feem to yield it
in a .-greater abundance than other 'parts of .plants;
but'there are fome remarkable differences among
them in this Irefpect. For ïhough potatoes are
exceedingly fayourabk to the growth of shut
green 'vegetable fubftance, which yields :pure air
АЗ cqpioufly, 'o,wing prabably -to the4 phlogifton
(they icontain> onions, jjcfiiaps equally -nutritive
Ipotatoes, are-jewoeedingly .unfriendly to
,but Chen tíiey field 4пйаиипаЬ1е air in an
áng quantity, -»íhen íthey are ieft to;putrefy ,in-w4wr.
Tliis J rather -fufpeat is :a.-proof, that onions •can-
sain more phlogifton, land arc :the iraore nutritiivi;
rfubftance, -of >the yw>.

Ou
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On the' 28th of June I expofed to the fun
eighteen penny-weights of onions, in a jar of an
hundred ounces of river water, inverted in a bafon of
the fame. They prefently began to yield air, but
without ever becoming green; and on the i5th
of July the quantity was fifteen ounce meafures,
a fmall part of which was fixed air, and the reft
ftrongly inflammable. The water was white and
turbid, and the air had a ftrong fmell of onions. :

About the fame time I obferved that it made
no difference, with refpe6t to the quality of this
air, whether the onions were placed in the light or
in the dark, the principle of vegetation not being
concerned in this cafe. And though I obferved
the following differences in the quantities of air
produced in the fun and in the Ihade, they were
not uniform, and therefore muft 'have depended
upon fome unknown accidental circumftances.

On the lyth of July I put two onions, each
weighing an ounce and a quarter, in the ftm, and
two others of the fame fize, in a fimilar jar in
the dark. On the 2 3d I examined them, and
had twenty four ounce meafures of air in the ihade>
and only twelve from thofe in the fun -, but the
ktter was more ftrongly inflammable than the
former, which burned with more of a lambent
flame, though both exploded-.in fome meafure, fo

as
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as to be fomething more inflammable than air from
marihes.

Having kept a quantity of this air, from the
time above-mentioned to the aoth of July, 1780,
I found it then ftrongly inflammable, little inferior
to the inflammable air from metals. Perhaps the
fixed air, which had been mixed with it before,
was now completely expelled from it. It appears,
however, that this kind of inflammable air has an
inflammability of as permanent a nature as any
'whatever. The air from marihes alfo, which, with
Sig. Volta, I doubt not comes from putrefying
vegetable fubftances, I have alfo found to be equally
permanent.

On the ï ft of Auguft I took two halves of the
fame onion (which was an old one, and beginning
to Iprout) each half weighing feventeen penny,
weights- twelve grains, and I placed one of diem
in the fun, and the other in the ihade, borh in
fimilar receivers. On the 24th of the fame month,
that in'the fun had given an ounce meafure and
three quarters of air, of which one fifth was fixed
air, and the reft inflammable. From that in the
dark I took two ounce meafuresand a quarter of air,
one third of which was fixed, and the reft inflam-
mable. From thefe experiments I was ready tp
conclude, that onions (and therefore, probably,
other vegetable fubftances) would always give more

Vol.. I. P air
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air in the dark than in the light ; but the follow-
ing experiments ihewed that this is by no means
the cafe always.

The 3oth of July I placed in the fun, in a vef-
fel containing fifty ounces of water, a part of a freih
gathered onion, weighing nine penny-weights, and
alfo another part of the fame onion, and of die
fame weight, in a velTel of the fame fize in the
dark. On the 24th of Auguft that in the fun had
yielded three ounce meafures of air, all inflam-
mable, and that in die dark had produced as nearly
as poflible the fame quantity, and as inflammable,
when the fixed air that was mixed with- it was
waihed out of it. The fixed air which had been
extricated in the fun had been diflîpated by means
of the free accefs of frefh air.

Upon a former occafion I got only fixed air
from onions confined by quickfilver •> but then they
wanted moifture, or were not kept till they were
properly putrid. For I have fince got inflamma-
ble air, as well as -fixed air, from onions kept in
quickfilver, from the ad of September, 1779, to
the 3ift of March, 1780. The onions weighed
twelve penny-weights twenty grains, and the air
was half an ounce meafure, three fourths of which
was fixed air, and the reft inflammable. It appears
from this, as well as from many other obfervations
which I ihaU have occafion to mefltion hereafter, that

neither
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neither fixed air, inflammable air,' or nitrous air,
can be produced without a confiderable quantity ot
water, part of which we may therefore, withgreatpro-
bability, infer enters into the compofition of thefe kinds
of air j though when they are formed, we may not
know any method of difcovering, and re-producing
that water.

Both carrots and parfnips yield great quantities
of inflammable air, and equally in the fun or in
the ihade. I was at one time much amufed with
obferving the inflammable air ifiuing from one of
the carrots in the fun. It came fometimes in a
confiant ftream, or in large fucceffive bubbles,
from one particular place, neither at the centre,
nor near the outfide of the carrot, but in the place
where the air holes are the largeft.

To aicertain the quantity'of air produced from
a given weight of thefe two roots, I placed as much.
of a parfriip as, by expelling water from a cylindri-
cal veflel, I found to occupy the fpace of two
ounce meafures and a quarter of water, in the fun -,
and the next day I took from it four ounce mea-
fures of air, all fixed air, the refiduum extinguiih-
ing a candle. This was on the ч 9th of July, and
on the 31 ft of the fame month I took from it four
ounce meafures more, of which two thirds of an
ounce meafure was inflammable. On the 2d of

Auguft I again took from it four ounce meafures,
P 2 one
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one fourth of which was inflammable, exploding
with a blue flame. Laftly, on the 24th of Auguft,
perceiving that no more air would be produced,
I took from it one third of an ounce meafure;
one third of which was fixed air, and the reft not
inflammable, but phlogifticated.

From carrots occupying the fpace of an ounce
meafure and a half of water, expofed to the fun in
rain water, from the a6th to the j i f t of July, I
took ten ounce meafvires of air, of which an ounce
meafure and half was ftrongly inflammable, ex-
ploding with a red flame; and on the 4th of
Auguft I took from them near four ounce meafures
of air, of which more than one half was inflam-
mable. The water, which had a large furface,
had probably abforbed much of the fixed air.
This, however, was all th'e air that thefe carrots
would yield.

An equal weight of carrots, expofed the fame
time in the dark, yielded nearly the fame quantity
of air, but only a fmall proportion of it was in-
flammable. This, however, I do not attribute to the
darknefs, but to fome other unknown circ.umftance.

A fliced turnip frelh gathered, weighing near
three ounces, expofed in the fun in rain water,,
yielded twelve ounce meafures of air, one third,
of which was fixed air, and the reft ftrongly in-

flammable.

On



IV. 1 N T L A M M A B L E A I R .

On the 30th of July two ounces of turnip,
frefli gathered, were placed in the dark, in a vef-
fel containing feventy ounce meafures of water;
and on the 2,4th of Auguft I took from it an
ounce meafure and a quarter of air, of which one
ounce meafure was phlogifticated, not inflamma-
ble. The water was exceedingly offeniive. This
phlogifticated air had been, I doubt not, inflam-
mable in its origin, and in much greater quantity.
When a turnip was fliced very thin, and the quan-
tity of water large, I ihall obferve, that dephlogifli-
cated air is produced.

Fruits^ I found by no means favourable to the
production of pure air. Like the preceding roots,
they putrefied, and yielded inflammable air, mixed
with fixed air. From •peaches, both in the fun and
in the ihade, I got air, three fourths of which was
fixed air, and the reft inflammable ; but on this
occaflon the quantity of air produced in the fun
was twice as much as that produced in the Ihade ;
though the quantity of water in which they were
expofed was the fame, and the peaches themíêlves
were, as far as I could perceive, of die fome fize»
and in the fame fltate.

I placed two Morella cherries, one in the fun,
and the other in the ihade, in equal veflèls of
water. From that in the fun I got one third of

P 3 an
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an ounce meafure of air, and. from that in the
ihade- one fifth of an ounce meafure, both inflam-
mable. I had the fame refult with apricots.

Having found the capacity of thefe nutritive
fubftances to yield inflammable air, I next tried
whether they would part with any of it in boiling*
But I found that none of them did, but only in
putrefying afterwards -, fo that this mode of prepara-
tion (and the fame I doubt not would be found
to be the cafe with roafting, Sec.) does not deprive
any of thefe aliments of any part of their nutritive
power.

From nineteen penny-weights eighteen grains of
onions I expelled, by boiling in river water, half
an ounce meafure of air, of which one third
was not abforbed by water, and extinguifhed a
candle.

From one ounce fifteen penny-weights of let-
tuce I got three quarters of an ounce meafure of
air, of which half an ounce meafure was phlo-
gifticated air.

From one ounce fixteen penny-weights twelve
grains of carrots I got three quarters of an ounce
meafure of air> of which about one ounce meafure
was phlogifticated air.

Thefe differences are inconfiderable, and fome
of the air, no doubt, came from the water in

which
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which thefe fubftances were boiled. Afterwards
the potatoes and carrots, putrefying in water,
yielded each more than two ounce meafures of
air, one half of which was fixed air, and the
reft inflammable. The onions yielded only about
half an ounce meafure of air, but it was of the
fame kind, and the lettuce gave only a tenth of
of an ounce meafure, in which nothing could be
perceived to be inflammable. But I did not
begin to colled this air till a day or two af-
ter the procefs of boiling, when I perceived
fome of the fubftances to be in a ftate of yield-
ing air.

P 4 S E.C.
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S E C T I O N V .

Of Air produced by various Subßances putrefying in

TN fome of the firft of my experiments I amuíèd
myfelf with putting different vegetable and ani-

mal fubftances into tall glafs vefíèls, previoufly filled
with mercury, and the following were among the
refaits which I then noted.

If beef or mutton, raw or boiled, be placed fo near
to the fire, that the heat to which it is expofed ihall
equalt or rather exceed, that of the blood, a confider-
able quantity of air will be generated in a day or
two, about one feventh of which I have generally
found to be abforbed by water, while all the reft was
inflammable : but air generated from vegetables, in
the fame circumftances, will be almoft all fixed air,
and no part of it inflammable. This I have re-
peated again and again, the whole procefs being in
quickfilverj fo that neither common air, nor water,
had any accefs to the fubftance on which the experi-
ment was made j and the generation of air, or efflu-
vium of any kind, except what might be abforbed
by quickfilver, or reforbed by the fubftance itfelf,
might be diftinétly noted,

A veget-
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A vegetable fubftance, after ftanding a day or two
in thefe circumftances, will yield nearly all the air
that can be extracted from it, in that degree of heat j
whereas an animal fubftance will continue to give
more air or effluvium, of fome kind or other, with
very little alteration, for many weeks. It is re-
markable, however, that though a piece of beef or
mutton, plunged in quickfilver, and kept in this
degree of heat, yield air, the bulk of which is in-
flammable, and contracts no putrid fmell (at leaft, in
a day or two) a moufe treated in the fame manner,
yields the proper putrid effluvium, as indeed the
fmell fufficiently indicates.

By means of thefe experiments, and thofe in the
preceding fection, it may be poflible to determine
the nutritive powers of different vegetable and ani-
mal fubftances, and alfo other problems in philo-
fophy; though too much muft not be expected
from them.

It might have been imagined, that by this means
we ihould be able to afcertain the quantity of air
that any mafs of putrefcent matter would thoroughly
phlogifticate. For any given quantity of inflam-
mable air will completely phlogifticate twice its
bulk of common air. But it will be found that a
putrefying moufe will phlogifticate much more than
that proportion of air. There muft, therefore,
be much more phlogifton in a moufe than

forms
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forms the inflammable air which comes from it.
Perhaps, therefore, that phlogifton which contributes
to animal nutrition, may alfö be more than that
which enters into the compofition of the inflammable
air that comes from the putrefying fubftance. This
is a fubjeet.that requires and deferves much farther
inveftigation. I only recite the following as leading
experiments, to the folution of greater problems.
They are,, indeed, upon too fmall a fcale to be of
much ufe even for this purpofe; except to ihew
that the fame kind of fubftance, which in a large
quantity yields inflammable air, in a fmall quantity
may yield phlogifticated air.

A fmall fifl), weighing forty four grains, being
confined in quickfllver from die 21 ft of May to the
24th of Auguft, gave fomething more than half an
ounce meafure of air, two. thirds of which was fixed
air, and the remainder extinguiihed a. candle, but
was not fenfibly inflammable.

From two pennyweights of wcîl boiled beef I got
a very fmall quantity of air, the bulk of which was
fixed air, and the reft not inflammable. At another
time, from one pennyweight and nineteen grains of
raw beef) I got 0.22 of an ounce meafure of air, nine
tenths of which was fixed air, and the reft extin-
guilhed a candle.

From fifty-three grains of raw lamb, I got 0.17
of an ounçç meafure of air, the bulk of which was

fixed
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fixed air, and the reft not fenfibly inflammable : but
from two pennyweights áíid two grains of well
roaßed lamb, I got three quarters of an ounce mea-
fure of air, half of which was fixed air, and the reft
highly inflammable; and fome time after I took
from the fame fubftance half an ounce meafure of air
more, of which three fourths was fixed air, and the
reft inflammable.

From thirteen pennyweights and four grains of
the tendon of a roafted neck of veal, I got an ounce
meafure and half of air, of which half was fixed air,
and the reft phlogifticated. Afterwards I took from
it one ounce meafure and three quarters of pure
fixed air, with the fmalleft refiduum poffible. In
the former experiment alfo, as well as on a former
occafion, I found that the inflammable air was
extricated firft, and a long time before all the fixed
air was exhaufted.

• Having had occafion to make many experiments
with putrefying mice, and having more in profpecl,
I was particularly defirous to afcertain the quantity
and quality of the air produced by a moufe of the
middle fize putrefying in quickfilver, and I found as
follows. A moufe weighing fix pennyweights and
three grains, confined by quickfilver, which had pu-
trefied from the 8th of April, had yielded on the
24th of July one ounce meafure and three quarters

3 of
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of air, of which one fourth was weakly inflammable,
and the reft fixed air. .This I found, by other expe-
riments, was nearly as much as a moufe would yield
in thefe circumftances.

Having left another moufe to 'putrefy in quick-
filver, I took the air produced from -it at different
times, in order to fatisfy myfelf more fully with
refpeft to the proportion that the fixed and inflam-
mable air bore to each other, from the beginning to
the end of the procefs. The moufe weighed five
pennyweights and ten grains, and it was put into an
inverted veflel of quickfilver on the ijth of June.
On the a6th of that month, I took from it near an
ounce meafure of air, three fourths of which was
fixed air, and the reft inflammable, burning with a
very blue flame. On the i6th of Auguft I took
from it an ounce meafure and a quarter of air, of
which four fifths was fixed air, and the reft, if it was
inflammable 'at all, was fo in the flighteft degree
imaginable ; and laftly, on the ^d of April follow-
ing, I took from it a fmall quantity of air, perhaps
one tenth of an ounce meafure, the whole of which
was, as far as I could judge, all fixed air.

When a moufe is left to putrefy in. this manner,
there comes from it a great quantity of diflblved
blood, or fome other thin reddiih liquor. This I
carefully feparated from what w&folid in the moufe,

and
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and found that this continued to give air, when the
liquor gave litde or none j fo that perhaps it may be
fomething folia in all bodies that contributes to the
formation of permanent air. By long ftanding,
howeverj I did get a little air from this red liquor,
and it was almoft all fixed air. It was, perhaps,
combined with it, at its reparation from the moufe.

The experiments on fome of the different parts
and Décrétions of animal bodies were made on the
lame fmall fcale with moil of the preceding, and
therefore they can only have the fame injperfeit nfe.

From feven pennyweights of the medullary part
of a Iheep's brain raw, I got four and a half ounce
meafures of air, of which one fifth part of an ounce
meafure was inflammable, and the reft fixed air. I
alio found by fimilar experiments, that the cortical
part of the fame brain gave fomewhat lefs air than
the medullary part ; but the proportion of the in-
flammable to the fixed air'was theíãme. No cer-
tain inference, however, can be drawn from experi-
ments on fo fmall a fcale as thefe.

Two pennyweights of mutton g)-avy yielded 0.02
of an ounce meafure of air, the greateft part of
which was fixed air, and the remainder feemingly
inflammable.

Two pennyweights of the craffameniutn of (beep's
blood gave only a fmall bubble of air, too fmall to
be examined. The/<r«w alfo yielded fomc air, the

bulk
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bulk of which was fixed air, and the reft phlogifti-
cated.

An ounce meafure of milk yielded near half an
ounce meafure of air, almoft pure fixed air, a fmall
remainder being phlogifticated.

An ounce meafure and an half of the bile of a
Iheep yielded half an ounce meafure of air, almoft
all fixed air, the fmall refiduum being phlogifticated.
, I íhould not have made thefe experiments on fo
very fmall a fcale, but that I expected a greater
quantity of air from all the fubftances, and becaufe
lefs quickfilver was wanted for the purpofe ; fo that
I could have more procefíes going on at the fame
time. Had the fame fubftances putrefied in water,
they would have yielded many times more air,
water appearing to be an eflential ingredient in the
conftitution of inflammable air.

P A R T
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P A R T И .

OF THE PROPERTIES OF INFLAMMABLE AIR.

S E C T I O N I .

Various Experiments to change ana decompofe inflam-
mable Air.

r. Inßammabk Air diminißoed by Charcoal.

T N purfuanCe of the Abbé Fontana's experi-
•*- ment on the abforption of air by charcoal,
I dipped pieces of hot charcoal into a phial of in-
flammable air, and immediately inverted it in quick-
filver. "When one third of the whole quantity was
imbibed, I found that both the remainder, and
tiiat which was again expelled from the charcoal,
by plunging it in water, was inflammable; the

er not to be diftinguiihed from what it had
n^ but the latter a little lefs inflammable.

Of
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2. Of Putrefafiion in inflammable Air.

Though air tainted with putrefaftion extin-
guiihes flame, I have, not found that animals or
vegetables putrefying in inflammable air render it
lefs inflammable. But one quantity of inflamma-
ble air, which I had fet by in May, 1771, along
with the others above-mentioned, had had fome
putrid fleih in it ; and this air had loft its inflamma-
bility, when it was examined at the fame time
with the other in the December following. The
bottle in which this air had been, kept, fmelled
exadtly like very ftrong Harrogate -water. I do
.not think that any perfon could have diftinguiihed
them.

j. "Plants growing in inflammable Air.

I have made plants grow for feveral months
in inflammable air made from zinc, and alfo from
oak j but, though they grew pretty well, the air
ftill continued inflammable. The former, indeed,
was not fo highly inflammable as when it was
freih made, but the latter was quite as much fo ;
and the diminution of inflammability in the former
cafe, I attribute to fome other caufe than the growth
of the plant.

Water
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4- Water impregnated with inflammable Air.

Neither does inflammable air undergo any
change by impregnation with water, in which re-
Ipeft, it agrees with what I have obferved of
nitrous air. For having impregnated a quantity
of rain, water (out of which "all its air had been
carefully extracted by the air pump) with inflam-
mable air, of which it imbibed about one thirteenth,
of its bulk; about a month afterwards, by making
it boil in a phial, I expelled from it about the
fame quantity of air, and found it to be as ftrongly
inflammable as it had ever been. .After this pro-
cefs there was a depofit from the water of á filmy
kind of matter, probably the earth of the metal
that had been employed in producing the inflam-
mable air. In both thefe reípeíls inflammable
air refembles nitrous air.

Having had the curiofity, on the 25th of July,
1772, to cxpofe a great variety of different kinds
of air to water out of which the air it contained
had been boiled, without any particular view; the
refult was, in feveral refpecb, altogether unexpect-
ed, and led to a variety of new obfervations on
the properties and affinities of feveral kinds ,of air
with refpeft to water. Among the reft three
fourths of that which was inflammable was ab-

VOL. I. Q_ íprbèd



220 O Ô S B R V A T I O N S ON Part IL

forbed by the water in about two days, and the
remainder was inflammable, but weakly fo.

Upon this, I began to agitate a quantity of
ftrong inflamrhable air in a glafs jar, ftanding in
a pretty large trough of water, the furface of
which was expofed to the common air, and Д
found that when I had continued the operation
about ten minutes, near one fourth of the quantity
of air had difappeared -, and finding that the re-
mainder made an effervefcence with nitrous air,
I concluded that it muft have become fit for re-
fpiration, whereas this kind of air is, at the firft,
«s noxious as any other kind whatever. To afcer-
tain this, I put a moufe into a veflel containing
two ounce meafures and a half of it, and obferved
that it lived in it twenty minutes, which is as long
as a moufe will generally live in the fame quantity
of common air. This moufe was even taken out
alive, and recovered very well. Still alfo the air
in which it had breathed fo long was inflammable,
though very weakly fo. I have even found it to
Ъе fo when a moufe has actually died in it. In-
flammable air thus diminiihed by agitation in
water, makes but one explofion on the approach
of a candle, exactly like a mixture of inflamma-
ble air with common air.

From this experiment I concluded that, by con-
tinuing the fame proceis, I flwuld deprive inflam-

mab.le
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mable air of аД its inflammability, and this I
found to be the cafe $ for, after a longer agitation*
it admitted a candle to burn in it, like common
air> only more, faintly; and indeed by the teil of
nitrous air it did not appear to be near fo good
as common air. Continuing the fame procefs ffill
farther, the air Which had been moft ftrongly in-
flammable a little before, came to extinguilh a
candle, exactly like air in which a candle had burn-
ed out, nor could* they be diftinguilbed by the teft
of nitrous air.

I took fome pains to afcertain the quantity of
diminution, in freih made and very highly inflamma-
ble air from iron, at which it ceafed to be inflamma-
ble, and, upon the whole, I concluded that it was
fo when it was diminifhed a little more than one
half: for a quantity which was diminiíhed exactly
one half had fomething inflammable in it, but in
the flighteft degree imaginable. It is not impro-
bable, however, but diere may be great differences
in the refult of this experiment.

This change in the inflammable air proceeded^
I doubt not, .from its communication with the
external air through the water; fo that I ihould
not expect the fame change from the agitation
of it in clofe veflèls. Phlogifticated air is meli-
orated by agitation in open vefiels, but not in
clofe ones,

Qj2 Finding
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Finding that water would imbibe inflammable
air, I endeavoured to impregnate water with "it/
by the fame procefs by which I had made water
imbibe fixed áir j but though Г found that, diftilled
v/ater would imbibe about one fourteenth of its
bulk of inflammable air, I could not perceive
that the tafte of it was fenfibly altered.

5. Inflammable Air agitated in Oil of Turpentinei

The effect of agitating inflammable air in
oil of turpentine, and alfo in fpirit of wine, is not
a little remarkable. They feem to bring it at
laft to the fame ftate to which it is brought by
agitation in -water, only that, whereas it is dimmifoed
by the procefs in water, it is increqfed in thefe
proceflès. Both thefe fubftances, however, as well
as water, feemxtb deprive this air of part of its
phlogifton. The facts, as I obferved them, were
.as follows.

Having agitated a quantity of inflammable air
in oil of turpentine, I prefently obferved an in-
creafe of its quantity, and I continued the procefe
till it had increafed one half. .Agitation in fpirit
of wine produced the fame effect, but more rime
was requifite for it. Allowing it to continue in
thefe circumftances all night, I found that one half
of the additional quantity of air had difappeared :

but
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but by repeating the agitation'about a quarter of
an hour, it was again increafed as much as before.
I then examined ' it, and found diat it was not in
the leaft abforbed by water, did not affeft lime
water, was but very flightly inflammable, and was
diminiihed by nitrous air almoft as much as com-
mon air ; which is in- all refpects the very ftate
to which agitation in water would have brought
it, except that in water it .would have been conr

fiderably diminiihed, inttead of being increafed.
I agitated another Quantity of inflammable air

in oil of turpentine made pretty warm, but the
effe£t was the very fame as when it was cold. In
this cafe, however, though I hardly ever difcon-
tinued the agitation, after I had begun it, when it
had gained an increafe of about one fourth of its
bulk, it loft it again, and was reduced to its
original dimenfions. I then examined it, and
found it to burn with a lambent blue flame. I
own myfelftobe intirely at a lofs to account for
the increafe and decreafe of the qijantity of. ajr
in thefe experiments.

6. Animals dying in inflammable Air,

. Inflammable air kills animals as -fuddenly аз
fixed, air, and, as far as can be perceived, in
tbe fame manner, throwing diem into convulfions.
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and thereby occafionihg prefent death. I had
imagined that, by animals dying in a quantity of in-
flammable air, it would in time become lefs noxious f
but this did not appear to be the cafe j for I killed
a great number of mice in a fmall quantity of
this air, which I kept íèveral months for this pur-
pofe, without its being at all fenfibly mended;
the laft, as well as the firft moufe, dying the mo-
ment it was put into it.

7. Inflammable Air changed "by keeping in Water.

Inflammable air is not thought to be mif-
cible with water, and when kept many months,
feems, in general, to be as inflammable as ever.
Indeed, when it is extracted from vegetable or
animal fnbftances, a part of it will be imbibed by
the water in which it ftands ; but it may be pre-
fumed, that in this cafe, there was a mixture of
fixed air extracted from the fubftance along with
it. I have indifputable evidence, however, that
inflammable air, ftanding long in water, has actu-
ally loft all its inflammability, and even come to
éxtinguifh flame much more than that air in
which candles have burned out. After this change
jt appears to be greatly diminilhed in quantity,
and it ftill continues to kill animals the' moment
they are put into it.

This
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This very remarkable fail firft occurred to my
obfervation on the 25th of May, 1771, when I
was examining a quantity of inflammable air,
•which had been made from zinc, near three years
before. Upon this, I immediately fet by a com-
mon quart bottle filled with inflammable air from
iron, and another equal quantity from zincj and
examining them in the beginning of December
following, that from the iron was reduced near one
half in quantity, if I be not greatly miftaken -, for
I found the bottle half full of water, and I am
pretty 'clear that it was full of air when it was
let by. That which had been produced from
zinc was not altered, and filled the bottle as
at firft.

I think that, in all, I have had four inftances
of inflammable air lofmg its inflammability, while
it flood in water. It is very poffible, however,
that there might be fome impregnation in this
water, of which I was not aware, fince other perfons,
1 find, have not found any change in inflammable
air by keeping it in pure water.

November 6, 1772, a quantity of inflammable
air, which, .by long keeping, had come to extin-
guiih flame, I obferved to fmell very much like
common air in which a mixture of iron filings and
brimftone had flood. It was not, however, quite
fo itrong, but it was equally noxious.
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8. f he define Spark in Inflammable Air.

No kind of air? on which I have yet made
the experiment, will çondudt eleftricity j but the
colpur of an eleftric fpark is remarkably different
in fome kinds of air, which feems to ihew
that they are %not equally good non-conduftors.
In fixed air, the dedtric fpark is exceedingly
white j but in inflammable air it is of a purple,
or red colour. Now, fmce the moil vigorous
Jparks are always the whiteft, and, in other cafes,
when thp fpark is red, there is reafon to think that
{he eleftrjc, matter pafles'with difficulty, and with
Jefs rapidity : it is poffible that the inflammable air
may contain particles which conduct electricitVj,
Chough very imperfedly ; and that the whitenefs
of the fpark in the fixed air, may be owing to
its meeting with no conducting particles at all.
When an explofion was made . in a quantity of
inflammable air, it was a little white in the center,
but the edges of it were 'ftill tinged, with a beau-
tiful purple. The degree of whitenefs in thjs cale
was probably owing to the electric rrjatter ruihing
with more violence in an explofion than in a com-
mon fpark.

9. Thç Smell of inflammable Air,

Inflammable air, when it is made by 3 quick
procefs, has a very ftrong and offeniive fmell,

from
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from whatever fubftance it be generated ; but this
fmell is of three different kinds, according as the
air is extracted from mineral, vegetable, or animal
fubftances. The laft is exceedingly fetid j and it-
makes no difference, whether it be extracted from
a bone, or even an old and dry tooth, from fofc
mufcular fleih, or any other paît of the animal.
The burning of any fubftance occafions the fame
fmell : for the grofs fume which arifes from them,
before they flame, is the inflammable air they
contain, which is expelled by heat, and then readily
ignited. The fmell of inflammable air is the very
fame, as far as I am able to perceive, from what-
ever fubftance of the fame kingdom it be extract-
ed. Thus it makes no difference whether it be
got from iron, zinc, or tin, from any kind of wood,
pr, as was obferved before, from any part of an
animal.

If a quantity of inflammable air be contained in
a glafs veflel Handing in water, and have been
generated very faft, it will fmell even through the
water, and this water will alfo foon become cover-
ed witfy a thin film, afiuming all the different
colours. If the inflammable air have been gene-
rated from iron, this matter will appear to be a
red ochre, or the earth of iron, as I have found by
collecting a confiderable quantity of it ; and if it

have
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have been generated from zinc, it is a whitifh
fiibftance, which I.fuppofe to be the calx of the
metal. It like wife fettles to the bottom of the
vefleJ, and when the water is ftirred,, ir.has. very
much the appearance of wool. When water is
once impregnated in this manner, it will continue
to yield this fcum for a confiderable time after
the air is removed from it. This I have often
obíèrved widi relpecl: to iron.

S E C T I O N I I .

•Inflammable Air decomposed by Heat, in 'Tubes of
Flint Glafs.

**TPHIS kind of air remains unchanged when
A it is expofed to heat in a tall jar of flint

glafs, in which it had free liberty to expand.
ï made this experiment at the fame time with the
fimilar one that I ihall have occafion to mention on
nitrous air. This air, as well as the nitrous, re-
covered its former dimenfions when it was cold,
and appeared to be unchanged in its quality.

A very
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A very fingular decompofition of inflamma-
ble air I obferved in confequence of expofing a
great variety of fubftances to the influence of a
fand heat, which I kept up for feveral months.
Among other things, I buried in this hot fand
glafs tubes hermetically fealed, and previoufly filled
with all the different kinds of air. I filled them
in the following manner.

Having provided myfelf with glafs tubes about
four feet long, and about one third or one half
of an inch in diameter, and of fuch a thicknefs
as that I could eafily melt them with the flame
of a couple of candles and a common blow pipe,
I firft fealed the tubes at one end, then filled them
with quickfilver, and placed them inverted in a
bafon of the fame. Afcer this, either transferring
the air in a bladder, from the jars in which they
had been ftanding in water, or generating die air
а-freíh, if it was of a kind not to bear the con-
tact of water, I filled the tubes completely with
the kinds of air on which I wiihed to make the
experiment, difplácing the quickfilver. This be-
ing done, I inclined the tube, and applying the
flame of my candles with fome care (holding the
blow pipe in my mouth only, and keeping firm
hold of the tube on each fide of die place to
which I was applying the heat) I melted the glafs,
and -took ofF what lengths of it I pleafed; and

every
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every piece was, of courfe, hermetically fealed,
Thefe pieces I marked with a file, keeping an
Account of the meaning of the marks, that when
I took them out of the fand, I might prefently
know with what kind of air they had been filled.

1 When I was performing this part of the pro-
oefs with inflammable air in flint glafs tubes, I
obferved that the places to which I applied the
heat were generally tinged black ; but I gave lit-
tle attention to this circumftance, thinking it might
be ibmething accidental; and without any parti-
cular expectation, I buried thefe tubes in the fand,
together with the others. This was on the z$ti\
of September, 1777.

On the aoth of January following, I examined
thefe tubes, together with every thing elfe that had,
been expofed to the fame heat. The :tube con-
taining the inflammable air was ten inches long,
and by fome accident was broken -, but it was jet
black throughout. At this I was very much fur-
prized, but I did not then fufpect that it vas at
all owing to the inflammable air with whjch it had
been filled ; thinking it might have been occafion-
ed by fome phlogiílic matter in the fand, or in
fome of the veflels that had burft in its neigh-
bourhood.

Reflecting, however, on this odd circumftance,
and thinking, from the uniformity of the tinge,

that,
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that, pofftbly, it might have been occafioned by the
inflammable air, I filled another fmall glafs tube with
the fame air ; and, fealing it hermetically, buried it
deep in fand, contained in an iron pot, which I fet on
the fire, and made very hot, nearly red; and taking
it out the next day, I fqund the tube quite black,
except a fmall part on one fide of that end which
had been uppermoft, about two inches higher-than
the other, and which, consequently, had not.been
çxpofed to fo great a degree of heat.

Being now fully fatisfied that the blacknefs of, the
tube was certainly occafioned by heating the inflam*
mable air within it, in circumftances in which it could
not expand, I proceeded to examine the ftate of the
air, and frequently found it to be inflammable $ but,
in general, the quantity was tpo fmall to make a fa-
tisfoftory experiment.

Putting two glafs tubes, about four inches in
length, and a quarter of an inch in diameter, into a
fand furnace, I kept them in it two days j when I
took them out, and obferved that the tube which I
had placed at the bottom of the fand, in the greateft
degree of hea^ was nearly melted, and perfectly Uuft

like indigo j while the other tube, which had not
been expofed to fo great a degree of heat, was-of a
beautiful jet black throughout.

At one time I had a fuipicion that this blackneis
communicated to the glafs was fomething precipi-

tated
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ta_ted from the iron, by the folution of which the
inflammable air had been made} but ï was ioon
convinced, of the contrary, by finding that the effect
was îhe veiy fame when the inflammable air was
made from zinc.

I foon found that there'was no occafion for fo long
a procefs to produce this effect, at leaft upon the
glafs. For it begun to be difcoloured the moment
it w.as red hot, or rather when it became foft -, as
was evident by holding one of the tubes in an open
fire, or in the flame of a candle. For wherever
the heat was applied, the blacknefs immediately
took place, without affecting any odier part of the
tube.

When I examined this black tinge narrowly, I
found iiiat it did not penetrate the glafs, but formed
a delicate fuperficial tinge, leaving the glafs as регт
feâly polííhed as before the proceis. But the black-
nefs was indelible; at leaft, it could not be fcraped
off without tearing the furface of the glafs, and it
made no change in it with refpecl; to electricity.
For the tube thus blackened was as perfect a non-
conductor as ever.

The blue colour of the glafs that was moil heated,
Mr. Délavai informed me, was owing to fomething
of iron in the compofmon of the glafs. That it alfo
depended upon the degree of heat, I afcertained by
placing one of thefe tubes in a vertical pofition in the

ï fand
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fand heat. For the lower end of the tube, which
was moit heated, had acquired a deep blue colour,
and it paflèd into the black at the upper end of the
tube without any intermediate colour. There was
alfono other colour higher than the black j fo that
the firft tinge that the glafs receives is a perfecl
black. Yet viewing the firft tinge that it receives
by the' light of a candle placed beyond it, it feemed
to have a ihade of red.

As I was fenfible that the blacknefs was owing to
the precipitation of pblogißon from the inflammable
air, I thought it poffible that fome fubftance which
had a near affinity with phlogifton might difchargc
it j and trying minium, it fucceeded immediately.
Having filled one of thefe black tubes with this
metallic calx, the moment I made it red hot, the
blacknefs intirely difappeared, and left the tube as
tranfparent as ever it had been.

In the firft experiment of this kind I ufed minium,
out of which all its "air had been expelled by heat,
and which is of a yellow colour. In this procefs it
became whiter, and adhered a little to the glafs.
When I fcraped it off, I could not be quite fure that
any part of it was become real lead-, but it evidently
approached towards a metallic ftate, by being-of a
more compact texture than before.

In this ftate of the experiments I communicated
the refult of-my obfervations to my friend Mr.
Bewly, who fuggefted to me, that, prqbably, it was

the
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the lead, in the glafs tubes that had attracted the
phlogifton; ano! I prefendy found this to be the
cafe. ' For when I had filled a green glafs tube with
the inflammable air, and fealed it hermetically, as I
had done the flint glafs tubes, I expofed it to a melt-
ing heat, which is greater than that which flint glaß
will bear, without producing any change of colour
in it. What remained of the air in the tube, that
did not efcape when part of it was melted, was ftill
ftrongly inflammable.
. It appears, therefore, from this1 experiment, that
the calx of lead, in the form of glafs, has a ftrqnger
affinity with phlogifton than any thing in the com-
pofition of inflammable air, in a degree of heat cap-
iible pf.roelting glafs. Or, if there be no proper
conftituent part of inflammable air befides. phlogifton,
the attraction of the calx is fo great, as to reduce the
phlogifton from an elaftic ,дп4 uncombined ftate to
a fixed and combined опел

Having, by'irneansiof thefe glafs tubes, effected a
complete decompofition of inflammable air, the
phlogifton in it having united with the glals of the
lead j I thought that, if there" had been any acid in
its compofition, it would then be difengaged, and be
found in the tube. In order to find whether there
was any acid in it, or not, I poured into one of thefè
tubes a fmall quantity of water made blue with the
juice of turnfole; but it came out as blue as it went

4k
S E C - ,
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S E C T I O N liî.

Of JÜlpburated inflamtitabk Air.

*TiHERE is no kirid of air which admits íucíi
•*• a variety of modification^ as the inflammable;

nor fhall we think this extraordinary, when we con-
fider that phlogifton, which is the diftinguiihing in-
gredient in itj enters into a greater variety of combi-
nations with Jolid fubftànces than perhaps any other
principle in nature, and is the caufe of a Éréater^Va-
riety of properties in them. Spirit of wine^óil,vfúl-
phur, charcoal, and metals,' are fubftances as diffèrent
from each other, both in their external appearance^
their degrees of confluence; and other chemical,
properties j as any things in nature, and yet the
principal ingredient in them all is the fame j>hlo2
gifton, as may be proved, by die actual transferring
of it from any one to any other of them. Inflam-
mable air likewife extracted from each of thefe fub-
ftances, as alfo that from putrid vegetables, and fay
other proceflès, of which an account has been given
in the preceding fections, are all remarkably different,
and appear to be fo, as we íhall prefently fee, when
they are decompofed.. I Ihall now give an account

VOL. I. R of
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of another, fpe,cies of this kind of air, which I
ïzrmfulphuràtëdj from the ftrong fmell that it has
of fulphur, or rather- liver of fulphur, and its be-
ing loaded with a greater quantity of matter -, which,
though at the firft black, yet on expofure to the
air preiéntly affûmes л yellowifh colour. I fliall
recite the experiments -in which I obferved this1

peculiar ipecies of air, in the order in which I
made them» noting the other appearances that ac-
companied them, though they have not any im-
mediate felation to the tir of which I am treating.

When I was engaged ш that courfe of experi-
ments in which, fleam* and the vapour of various
fluid fubftances,. was brought into contadt with
folid fubftauces red hot,, I treated mangane/e. in
ihis manner» ада elpecially à quantity with which
Mr. Woulfe. had formerly rurnilhed me, which
was not in powder, but in a large mafs, juft as
it is dug out of the earth, - A iew ounces of this,
I put into an earthen tube, open' at both ends»
But cbfmg ,one of them .with a cork, while the
middle part of the tube was. red hot, and the;
other orifice was rurnilhed with an apparatus pro-
per for collecting .the air that might be expelled
from it, I received forty ounce meafurcs of air,.
of which one fixth was fixed air, and the reft of
the ftandard of 1.7, lambently inflammable. No
more air coming in this difpofition of the apparatus,:

I opened
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í opened the other éhd of the tube, and with á
proper contrivance for, the purpofe, fent through
it a quantity of fteanrt j in which clrcumftances
air was produced more eopiouity than bçfore. Of
,this I received abptit fifty ounce meafures, ob-
ferving that one feventh of it was fixed air, and
Ehe reft of the ftandard of i;8i not lambently, btiê
explofively, inflammable; The laft pórtiòrts of
this air were very turbid, and the fmell of thä
airj and ефес!а11у that of the laft portion, waa
very fiilphúreous, ahd, I obferved, tinged the watet1

of a very dark colour; by depofiting In it a quan-
tity; of blackilh matter; However1., the air itfelf
became prefenüy tranfparent, and had no oíheí
appearance than that .'of any other .kind of aîr^
"when. I left in my trough' a jar' filled with! it,

• Hatving been intent oá íbme other ''ftcpttSftienfij'
I'.TMB fiàrpriiêd to 'Ma, on louk'ing 'on the jar
about ten rniuutes •dfterwards, f hat'it was quite
black, fo tlhaç lícojald^fte nöcMng'in theinfidéòf
w» : In order »to :dbftrVevfeoW 'it ^amé to be fo, ï
afterwards ' rilled another jar: with- 4h{s kmd of air,'
and obferved that when the Water was weli ftrt>*
fided, bkck ipecks began to -appeaf ,în
places, and, extending themielves^irt
ЭД length joined each oj/het, till the -whole jar was
perfectly black, and the glals quite opake. Wheri

was done, I transferred the air to another
R a clean
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clean jaiy and it foon produced the fame effedt
upon this, though it never became fo black as
the jar in which it had been firft received. .. If
alfo frequendy happened that only the lower part
of the jar would become black, as if this matter,
\yith which it was loaded, had kept fubfiding,
though invifibly, in the mafs of air, and occupied
the .lower .regions of it only, leaving the upper
part'entirely, free from it. When the veflèls thus
tinged black were expofed to the open air, that
colour prefently diíàppeared, and a yellow or brown
incruftation was left upon it.

,. Thinking, from this circumftance, that this black
coating cpnfiftèd .of fome volatile • phlogiftic matter,
!L placed the jars which had this black tinge with
their mouths inverted in vefiels of water, in order
to pbferye, the efFeft which. the :change of colour
might haye on;ibe common air ;.eontained in diem.-.
In the.fe/,cirçunt)ftancès the black tinge prefently
went off, and,: was fucceeded .by. the yellow; colour,
but without prpducing any, fenfible ichange in the
air. In, fome.icafps,. howeyernJ, thought that/it.
was injured $ but, it was by no, means fo much ib
as I had expected. - After depofiting this black
matter, the air ftill retained its fulphureous fmeU,
and as far as I can judge, will never entirely
leave it..

It
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It is by no means the univerfal property of
tínangariefe to yield this fulphurated inflammable
air, but m'uft'ïhave been owing to:fomething pecu--

•liar, to -this fpecimen, : and perhaps to fomething
accidentally mixed with it. For when I repeated
the experiment with • other mangáneíè, which í
had from a glafs houfe, in which it is'ufed, I had
no, fudi' appearance. From four ounce? of this
menganefe, treated as the preceding,- I got without
fteam, 456 ounce meáíures of air, of which about
one tenth was fixed air. •' Then fending fteam over,
it, I got more air, but in no great quantity, about
ten ounce meafures in;aa,hourj though probably
much -: more might Have been procured^ if the
procefs had been continued. This was .láephloii
gifticated; for, mixed with two equal: mèafurás
of nitrous air, the ftandard was o.28, which ihewa
that it was exceedingly pure. But one' tenth bf
this was fixed air, as in,the former portion, which
agrees with the experiments I formerly made with
this/ubftanqe when I fovnd that' heat alone, would
expel, from it à quantity? of very pure air,'

The,next time that'J got this Sulphurated In-
flammable air, was as unexpected as the^preceding ;
and this experiment was the firft thlrtg?*hat gav«
me any infight into the nature of hi,l Having
.occafion to make a .large; quantity, of inflammable
^ir, inftead of frefli turnings of iron, I happened

R to
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to take fome, parts of which had been Heated by
a burning lens in vitriolic acid air, in which, as I:

have obferved» It melts with great readinefs, and
gathers into balls. When this iron was diffolved
in diluted oil of vitriol, though there were only a
ffew pieces in'the quantity that I ufed which had

„been melted in this manner, the water in which
the air was received was very black, and depofited
more fediment than in the experiment with the
manganefe. The jars alfo which contained ic
were preièntly as black as ink, but became yellow
when expofed to the open air. This inflammable
air had alfo the lame ofFenfive fulphureous frneU/
fo that there could be no doubt of its being the
farner-'bind of air which I had got from Mr.
Woulfe's manganefe. There was in it, however,
a mixture of vitriolic acid air, as I perceived
Hrhcn I burned a large quantity of it in a glafs
balloon, In order to collect çhe water that might
be produced, in this proceis. All the infide of the
balloon was filled with adenfe white cloud, all
the time that the air wae burning in it, and the
water produced was very fenfibly acid. In reality,
the fame eflfofts were produced as if fulphur had
been burned in the veflfel.

As I had no doubt, but that the iron which
.had been-melted in vitriolic acid air was the fame
?s what is càUeàJulpbHrated iron, or iron with which

д fulphur
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r' is incorporated, I now completely afcer-
tained It by making a quantity of iulphurated iron,
dipping it when red hot into melted fulphur.
this iron, treated aa the otlier had been, yielded
exaélly fuch air as I have been defcribing, fo
that I could have no doubt with refpedt to the real
origin of it.

When I decompofed this air, by firing it with
an equal quantity of dephlogifticated air, the dimi-
nution of bulk was the fame as when J ufed the
-common inflammable airy fo that it did not appear
to contain either more or lefs phlogiftonj but
there, was a fmaU .quaoyty of fixed dir prqduced,
which is; never thç eafe W)th inflammable air pro-
cured with oil of vitriol, though it is fometimes
when it is procured, ffcom iron with ipirit of falc. "l

, When the (ulphqrated inflarhtpftbk air is received
in veflels containing- rnercury, tliere is very little
black matter depofited from itj but it appearà
when jt js transferred into veffitls containing
-water,,

Though jars thinly coated with'this black mat>
ter become'yellow1 when expofed to the open air,
f his is not the cafe wifh that which is colledted
from the water in whieh the air has been confined.
For whep the water, is evaporated from it, it ad-
heres to the evaporating veflel in die form of a

incruftation. This fubftance, tiiough

R 4 it
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it does, not burn blue on a hot iron, yet Ihews
evident figns of containing fulphur. For when
the nitrous acid.has taken from it its fuperfluous.
phlpgifton, it has both the colour and the fmell
pf fulphúr.

S E C T I O N J V .

and other Subfiances containing P-blogißw,
formed by imbibing inflammable Air»

are few fubjedts,'perhaps none, that
,. Л-. have occafioned more perplexity to chernifts,
than .that of fhlogifton, or, as it is fometimes called,
the principle ,of inflammability,1 It was die great
difcovery of, Stahl, that this principle, whatever
it be, is transferable from one fybftance to another,
how different foeyer in their other properties,
fuch as fulphur, wood, and all the metals, and
therefore is the fame thing in them all. But
what has given an air pf myftery to this fubjedt,
has been that it was imagined, that this principle,
or fubftance, could not be exhibited except in com-
bination with pther fubftanccs, and could not be

made
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made to aflume feparately either a fluid or folid
form. It was alfo aflerted by fome, that phlogiftóa
was fo far from adding to the weight of bodies,
that the addition of it ,made- them really -lighter
than they were before; on which account they
chofe to call it tbe principle of levity. This opinion
had great patrons.
. Of late it has been the opinion of many cele-
brated chemifts, Mr. Lavoifier among others,
that the whole doftrine of phlogifton is found-
ed on miftake, and that in all cafes in which
it was thought that bodies parted with the prin-
ciple of phlogifton, they in' 'fait loft nothing, but
on the contrary acquired fomethingi and in moft
cafes an addition of fome kind of airj that a
metaly&r. inftance, was not a combination of two
things, viz. an earth and pbtogifton, but was pro-
bably a ample .fubftance in its metallic'ftate ; and
that the calx is produced not by the lofs of phlo-
gifton, or of my thing elfe, but by the acqulfitioh
of air.

The arguments in favour of this opinion, efpe-
cially thofe which are drawn from the experiments
that Mn Lavoifier made on mercury, are fo Ipe-
cious, that I own I was myfelf much inclined
to adopt .it. - My friend Mr. Kirwan, indeed,
always held that phlogifton' was the fame thing
yràh inflammable air. I did not, however, accede

to
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to it till I thought I h*d difcovered it by direcl:
experiments, made with general and indeterminate
views, in. .order to afeertaln fometbing concerning
a fubjeft which had given myfelf arid .others Ib
much trouble.

I began with repeating-.the experiments in which
1 had found that inflammable air,-made red hoc
in flint glafs tubes, gave ̂  them a black ange, and
was in a great т'ейГмге:. abforbed, which I dif-
covered to be owing" io,the calx of. lead in the
glafs,; attracting phlogifton rfrom the inflammable
air.

I found, however, gréât difficulty in repeating
thefe experiments; and the quantity of:inflanima-*
ble air operated upon .in them,<is, necefiarily £o
fmall, that the refult is always liable'to ïhuch
cnçer.ta,iiíty., I thought^ therefore/that throwing
th,e, focus, ; of a burning '. lens: upon a- rquantity of
pounded flint glafsi, furrounded with inflammable
афгу:р|-:;гафе.г on.tíic calx of lead: abnc, in the
fame circumftances, would be a much eafier ex»
perinnent, and might bring me- nearer to my
objeitj and on making .tlîe experunènt- it imme-
diately anfwered far beyond my expectation. -,

For tlijs purpofe,; I. .put. upon a piece of a
broken crucible (which, could yield .no air) a
quantity of minium, out of which all air had been
eutra<aed j and placing it upon a convenient ftand,

intro-
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introduced it Into a large receiver^ 'filled with in-
flammable air, confined by water. As foon as
the minium was dryi by means of the heat thrown
Upon it, I obferved that it became black, and
then ran in the form of perfect lead, at the fame
time that the air diminifhed at a great rate, the
water àfcending within the receiver. I viewed
this procefs with the moil eager and pleafing ex-
pectation of the refult, having at that time no
fixed opinion on the fubject -, and therefore I could
not tell, except by actual trial, whether the air
was, decompofing in the procefs, fo that fome
other kind of air would be left, or whether it
would be abforbed in totó. The former I thought
the more probable, as, if there was any fuch
thing as phlogifton, inflammable air, I imagined,
confifted of it, and fomething elfe. However, I
was then fatisfied that it would be in my powel:
to determine, in a very: fatisfactory manner, whe-
ther the phlogifton in inflammable air had any
bafe or not, and if it had, what that bafe was.
For feeing,the metal to be actually revived, and
that in a confiderable quantity, at the fame timfc
that the air was diminiihed, I could, not doubf,
but that the calx was actually imbibing fomething
from the air j and from its effects in making the
calx into metal, it could be no. other than that to

which
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•which chemifts. had unanimoufly, eiven ;thc name
of •pblogfßoK."

Before ,this; firft experiment iwac-cpnpluded,,Д-
perceived, that if the; phlpgi^ton in'--,inflammable
air had any bafe, it muift be -very^inconfiderable:
for the proceis went-on till there " was чк> more
room to operate without endangering the receiver ;
and examining, with much anxiety, the air r that
remained, I found that it could not be^diftinguifh-
ed from that in which Г began the- experiment,
which was air extracted from iron by oil of vitrio},
I was, therefore, pretty well fatisfied that: thjs. in-
flammable air could not contain any ;_ thing Ise?
,fides phlpgifton ; for at that time I reduced about
forty fiye ounce meafures of the; air to f>ve.

In order ttrafcertain-.a iaft of"fuel};^importance
with the greateft, care,-1 afterwards, carefylly expell-
ed from ,a.'quantity of minium all the phlpgifton, and
everything elfe that'could -have aflumed the form
of air, by giving it a red heat when mixed with fpirit
of,nitrej1 and immediately ufing it in the manner
mentioned above, I reduced a hundred and one
ounce meafures of inflammable air to tw$., To judge
of its<degree of inflammability, ,1 prefented the flame
of a fmall candle to the mouth of a phial filled with
it, and obferved, that it made thirteen feparate ex-

plofions, Chough weak ones (flopping the mouth of
the
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the phial With my finger after each explofion)^ when
frêlh made inflammable air, in the- fame circum-
ftances, made only fourteen exploitons, though
ftronger ones.

After this experiment I could not hefitate to "con-
clude*, that this inflammable air went totally, and
without decompofition, into the lead which I form-
ed at that time; and if the neceflary circumftances
of the experiment be confidered, it will be thought
extraordinary that, even admitting this, the refult
íhould be fodecifively clear in favour of it: for, in
the firft place, the' greateft care muft be ufed to ex-
pel all air from the minium, and it muft be ufed
'before it can have attracted any from the atmofphere;
ami in the'next place, the water alfo (a confiderable '
quantity of which muft be ufed, and which wfll'aUo
be heated in'.the'procefs)lhould be made as free
from air aspoflible. In thefe circumftances, had ï
found the fmall refiduum, of'two ounce meaifures
from a hundred and one, to have been phlogifticat-
edor fixed air> I ihould not have been difappöint-
ed j and it would not have prevented my cortdud-

* Inthieconclufion, I overlooked one obvious confiderktion, viz.
that water, or any thing foluble in water, might be the bafis of
inflammable air. All that could be abfolutely inferred from the
experiment was, that this bafis could not be any thing that was
cafcatte of fubfifting in the form of "air. It will be (ben, that I
•fterwards made the experiment with the air confined by mer*'
CUry.

ing
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ing that fhlogißon was the fame thing with,
mableair, contained in a combined ftate in metal«,

J.uft as ßxed air is contained in chalk and other cal-
careous Jubilances -, both being equally capable of
being expelled again in the form of air.

Afterwards, ufing a calx of lead, which had been
prepared in the fame manner with the former, but
which had remained for fome weeks expoíèd to the
air, I found, that when by ufing it I had reduced
1 50 ounce meafures of inflammable air toten, this
refiduum was phlogifticated air. But examining
this calx feparately, I found that it gave, by heat in
aglafs vefiel, a considerable quantity of plilogifticat*
«d air.

I muft obferve, that the minium Aould not be
Deduced' to a perfectly compadt^Af/J of lead-, for ihen
it will be too refractory to be eaflly revived' by
this .procefs. Making ufe of fame of it, I found
that I .could only melt it; but that á. copious black
fume came from it, and coated the inifide of the. re-
ceiver : an experiment which I ihall repeat and, jo
српВДег. -,ï .щиП alfo obferve, that the lead which
I procured in the above mentioned procefs was not
to 'bediftinguifhed from any other lead, and that the
inflammable air was dl procured from iron by oil of
vitriol,

When I ttiade ufe of inflammable air from wood,
I* found, that though I was able to reduce minium

with
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-with it, it was effected with more time and difficulty.
Forty ounce meafures of this kind of inflammable
air I reduced to twenty five}. after which I found chat
the heat of the lens produced only glafs of lead, and
ло metal. The air was'ftill, however, inflammable ;
and there was afmall mixture of fixed air in it. This
kind of inflammable air, which burns with a lam-
bent flame, I have fome reafon to think, confifts
of an intimate union of fixed air with that which is
of the explofive kind extracted from metals, The
refait of thofe,experiments which I made with that
kind of inflammable air which is collected in the
procefs for making phofphorus, and which burns
.̂ith a lambent yellow flame, was fimilar to thofe

which I made with inflammable air from.wood,
which burns with a lambent white flame.

Having had this remarkable refult with in-
flammable air, I immediately tried all the other
kinds-of air in the fame manner j but in none'of
them did I procure any* thing from the minium
befides glafs of lead, except in alkaline air, and
vitriolic acid air. :1л fixed -air, nitrous air, рЫо-
giftieated air, .marine acid: air, ftuor acid air, a»
alib in common and dephlogifticated ab*j I got
По mftalat all. In vitriolic acid air there was
but a fmall quantity of lead produced, and I have
obferved that chis kind -of air. imparts a certain
portion of phlogifton to common air (or rather im-'

bibes
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bibes a part of the dephlogifticated air from it) ren-
dering the remainder in fome meafure phlogiftr-
cated, though by no means in fo great a degree
as nitrous air.

Though nitrous air and phlogifticated air cer-
tainly contain phlogifton," they appear by thefe
experiments to hold it too obftinately to part with
it to minium in this procefs, notwithstanding nitroui
air quits it fo readily to refpirable air. I would ob-
íèrve, that there were fome peculiar appearances in
the experiments I made to revive the calx of lead
in thefe kinds of air in which the attempt did not
fucceed; but I muft repeat die experiments, and
note the appearances more accurately> before I re-i
port them*

In alkaline air lead feems to be formed from thé
minium as readily as in inflammable air, and indeed I
thought rather more foj and this is a remarkable
confirmation and illuftration of thofe experiments,
in which, by taking the' ele&ric fpark in a quan-
tity of alkaline air, I converted it into three times'
as much pure inflammable airj -an experiment1

which, on account of the extraordinary nature of
it, I have repeated many times fince I fifft pub-
liihed the account of it, and always -with the feme
refult.

This experiment alfo throws fome light upon
thoíé in which, by expofing iron to nitrous air,

I pro-
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ï produced, a ftrong fmell of volatile alkali;
an experiment which I have alfo frequently re-
peated with the fame refult. The reviving of
lead in alkaline air may alfo help us to conceive
how all adds ihould have an affinity both to pblo-
gifion and to alkalies, which have hitherto appeared
to be things fo very different from each other;
fince, from thefe experiments, .it is probable that
one of them is fome modification of the other, or
a combination of fomething elfe with the other.
To trace the connexion between the alkaline and
inflammable principles, is a curious fubjecl j anil
from thefe . hints it may, perhaps, not be very
difficult to profecute it to advantage. It is evident,
however, from the following experiments, that,al-
kaline air is the compound, and inflammable air,
or phlogifton, the more fimple fubftance of the
two.

From five .ounce meafures and a half of alka-
line air I got, by means of litharge, feventeen
•grains of lead, befides fome that was difiolved in
the mercury, by which the air was confined.
There remained two ounce meafures and a half,
which appeared to be phlogifticated air, and to
have no fixed air in it. At another time, in eight
ounce meafures of alkaline air I got fifteen grains
'of lead, befides what was diflblved in the mercury,
which feemed to be a good deal in proportion to

VOL. I. S it.
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it. There remained in this procefs three ounce
meafures and a half of phlogiftkated air, without
any mixture of fixed air in it.

Having thus produced lead in inflammable air,
I proceeded in my attempts to revive other metals
from their calces by the fame means ; and I iuc-
ceeded very well with tin, bifmuth,. and filver ;
tolerably well with copper, iron, and regulus of
cobalt; but not at all with regulus of antimony,
regulus of arfenic, zinc,, or the metal of manga-
nefe.

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

After many trials, I think I may venture to
fay, that an ounce of If ad abforbs a hundred ounce
meafures of inflammable air, or perhaps fome-
thing more ; for in one refult it feerned to have
imbibed in the proportion of io& ounce mea-
fures.

An ounce of tin abforbs inflammable air in the
proportion of 377 ounce meafures to the ounce.

An
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An ounce of copper from verditer abforbed 403
ounce meafuresj from a folution of blue vitriol,
precipitated by fait of tartar, and afterwards made
red hot with fpirit of nitre, .640; but from blue
vitrjol itfeif 909 ounce meafures. In this cafe,
however, much of the inflammable air went to
•the formation of the vitriolic acid air, the fmell
of which was very perceivable in the courfe of
tiie experiment. The copper that I made in this
way was brittle, and therefore feemed not to be
perfectly metallized ; but being fufed with borax,
it became perfect copper, and, as I think, with-
out any lofs of weight.

J&ijmuth abforbed inflammable air in the pro-
portion of 185 ounce meafures to the ounce. The
calx I ufed was a precipitate from the folution of
this metal in Jpirit of nitre.

Iron I got from a precipitate of a folution of
®reen vitriol by fait of tartar, moiftened with fpirit
'of nitre, and expofed to a red heat. This calx
abforbed in the proportion of 8 90 ounce meafures
of the inflammable air to an 'ounce of iron, which
was in the form of a black powder j but to аД
appearance as much attracted by the magnet as
iron filings. But it could not be expected, that
perfect iron, containing its full proportion of phlo-
gifton, Ihould be produced in this manner, fin.ce

S 2 »-
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inflammable air may be expelled from perfèft iron
in this veiy procefs *.

Silver I evidently revived from a folution of it
in fpirit of nitre precipitated by fait of tartar, and
alio from luna cornea. A quantity of this laft fub-
flance abforbed twenty three ounce mealures of
inflammable air ; but I could not get any calx of
filver free from fmall grains of the perfecl: metalj
which was eafily difcovered by a magnifier, and
therefore I could not afcertain the quantity of in-
flammable air abforbed by it.

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

A quantity of manganefe abforbed feven ounce
• meafures of inflammable air ; but I could not per-
ceive any thing in it which had the appearance of
metal. But I imagined I had not heat enough
for the purpofe ; and mixing with it fome calcined
borax, I repeated the experiment, when there was
again an evident abforption of air, and in the
courfe of that experiment, I once thought that I
did perceive a fmall globule of metal.

Zinc and arfenic were only fublimed in this pro-
cefs. The fame was the cafe with the glafs of

* I have fince found that inflammable air cannot be expelled
from iron by heat, without fome moifture, which therefore feeras
jieccflary to its conititution.

antimony ;
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; but the experiment was attended with
this peculiar circumftance, that when the glafs was
melted in inflammable air, it formed itfelf into
needle-like cryftals, arranged in a very curious
manner i and I could not produce that appearance

jn other kinds -of air.
Inflammable air being clearly imbibed by the

calces of metals, and thereby reviving them, is a
iufficient proof of its containing what has been
called phlogifton ; and its being abforbed by them
in fofo, without decompofition, is a proof that, ex-
.clufive of water, it is nothing befides pblogißon in
the form of air, unlefs there fliould be iomething
folid depofited from it at the fame time that the
proper phlogiftic part of it is abforbed. With
refpect to this, I can only fay that, in the courfe
of the experiments, I did not perceive any thing
of the kind: for though in fome of the procefles
there was a black fmoke produced, in others I
could perceive nothing but part of the calx fub~
limlng, and clouding the glafs. On this account,
however, I could not pretend to afcertain the
weight of the inflammable air in the calx, fo as to
prove that it had acquired an addition of weight
by being metalized, which I often attempted. But
were it poffible to procure a perfedt calx, no part
Of which fliould be fublimed and difperfcd, by the
heat necefiary to be made ufe of in the'procefs,. I

S fliould
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íhould not doubt but that the quantity of infkrh-
mable air imbibed by it would fufficiently add to
its weight.

Befides the formation of metals from their calces,
I had other proofs, and of a nature fufficiently
curious, of inflammable air containing phlogifton.
Thus, by means of it, I was able to make phof-
'pborus, nitrous air, liver of Juif bur, and Julphur it-
felf, in all of which phlogifton is acknowledged to
be a principal ingredient.

Throwing the focus of the lens upon a quantity
of that glafly matter which is made from calcined
bones by oil of vitriol in inflammable air, fome of
it was abforbed, and all the infide of the receiver
was covered with an orange coloured fubftance,
which had a ftrong fmell of phofphorus. I then
wanted fun-lhine to continue the experiment; but
I was fatisfied that there was fufficient proof of
pbofphorus being actually formed in this' manner.
With alkaline air I fucceeded much better.

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

4 That
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That nitrous air contains phlogifton is fufficiently
«vident, if there be any fuch thing as phlogifton :
^nd J -have farther proved, that it contains very
nearly as much phlogifton, in proportion to its
bulk, as inflammable air itfelf. I had now, how-
?ver, the farther fatisfaftion to be able to make
nitrous air from its two conftituent principles, viz.
Citrous vapour and inflammable air. The moil
£4fy procels for this purppfe is, to throw a ftream
*>f nitrous vapour into a large phial previoufly
.filled with inflammable air. . In this manner nitrous
air js inftantly Formed, and in great quantities ,-
but as this nitrous vapour is produced by the rapid
folutlon of bifmuth in fpirit of nitre, which at the
fame time produces -a quantity of nitrous air, the
«^périment is not quite unexceptionable. I there-
fore attempted the fame thing in the following
Planner,

Taking a quantity of what I have called a
Wrctedcalx of lead, which I firft produced by
uniting nitrous vapour to minium (in confequence
of which, from being a red and powdery fubftance,
»t becomes white, compaft, and brittle) I placed it
«pon a ftand, in a receiver filled with inflammable
air» and throwing the focus of the lens upon it,
there was a diminution of the inflammable air,
which amounted to about two thirds of the whole,

during this time lead was revived from the
S 4 calx.
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calx. After this there was no ' more diminution of
the air,, or revival of the calx : and then examin-'
ing what remained of the. air, I found it to be all
ftrongly nitrous : ana, from, the circumftances in
which it was produced, it mult have been form-
ed from the nitrous vapour contained in the calx,
and the inflammable air in the receiver. In or-
der to afcertain the purity of this nitrous air, I
mixed it with an equal quantity of common air,,
and found that they occupied the fpace of 1.32
meafures. F reih nitrous air made in the ufual
way, and mixed with common air in the fame
proportion, occupied the fpace of 1.26. This
difference arofe not from any impurity in the
nitrous air, but from the mixture of the dephlo-
gifticated air, which is alfo expelled from this calx
by heat.

Liver of fulphur was procured by throwing the
focus of the lens upon vitriolated tartar in in-
flammable air, and it appeared to be perfectly
well formed,

Laftly, to produ.ce Julpbur, I threw the focus
of the lens on a quantity of oil of vitriol, con-
tained in an hollow earthen veiTel, and evaporated
it to drynefs in 'a receiver filled with inflammable
air; in confequence of which the infide of the
receiver acquired a whitilh incruftation, which
when warmed had a ftrong fmell of fulphur -, and

repeating.
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repeating the procefs in the fame receiver, I was
able, this fécond time, to fcrape off enough of
the matter to put on á piece of hot iron, and to
produce the genuine blue flame, ад well as the
peculiar fmell, of fulphur,

P A R T
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P A R T III.

Of THE CONSTITUTION OF INFLAMMABLE AIR.

S E C T I O N I .

Experiments which f r ove that Water is a neceffary /й-.
gréaient in inflammable Air.

A T firft I had no fufpicion that water was any
-tX part of inflammable air, and it may be worth
while to recite the experiments which led to thatcon-
cluiion. Having put a quantity of iron-flings, care-
fully forted with a magnet, into one of the glafs-vef-
fels, fig. a, PI. iv. I filled the reft of the veifel with
quickfilver; and placing it inverted in a bafon of
quickfilver, I threw the focus of the lens upon the
iron-filings, and prefently air was produced j which,
being examined, appeared to be inflammable, though

noc
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not very ftrongly fo. It reicmbled inflammable air
that had been waihed in water till its inflammability
was nearly gone. I alfo could not diftinguiih the
colour of the flame, when I made the explofion in
the ufual manner, by the approach of a candle. Af-
ter the operation, the iron from which the air had
been extracted, had an exceedingly ftrong fmell,
exactly like that of very ftrong inflammable air pro-
cured from metals by acids.

In the fame-manner I got air from the filings of
waîch-Jpringt which are made of the beft of fteel j
and it was not to be diftinguiihed from the inflam-
mable air of the laft experiment. Thefe filings, as
well as thofe of iron, I had carefully forted with a
magnet, ib that I believe there was no foreign mat-
ter mixed with them.

N.B. The fpot on which the focus of the lene
was thrown, was much blacker than any other part
of the filings $ and during the application of the
heat, a quantity of the filings would fometimes be
difperfed, as by an explofion below the furface of
them ; owing, I fuppofe, to the fudden generaaon
of air from fome of the filings that lay under the
reft, but where the heat could reach them.

Having thus got air from iron, I proceeded to
make fimilar experiments on other metals. But as
all the other metals have more or lefs affinity with
quickfilver, I was obliged to have recourfe to a
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vacuum. But being poflefl'ed of Mr. Smeaton's air«,
pump, I could depend upon the vacuum being very
exael ; fo that very little common air could be mixed
with the air produced. That the filings of the
different metals might be perfectly unmixed, I prc-
cured new files, quite clean, and ufed one fide of
each for each of the metals.

With this apparatusj I threw the focus of my lens
upon filings of zinc, and prefently got from them
air which was very ftrongly inflarrimable. Zinc is
faid to contain more phlogifton than the other me-
tals, and the difference between the inflammable air
from zinc, and that which I got from iron, was very
ftriking.

From braß-duß I got inflammable air in confi-
derable plenty, and alfo from tin j but this laft was
very flightly inflammable. I could not have per-
ceived it to be fo at all but by dipping a lighted can-
dle into a veflel full of it; whereas, in other cafes, I
made the trials by prefenting the flame of a candle
to the narrow mouth of a phial filled with the air.
That bfafs Ihould yield inflammable air, I attribute
to the zinc, by the addition of which, copper is con-
verted into brafs.

Thus all the metals that yield inflammable, air,
when diflolved in acids, gave inflammable air alfo by
'heat only. With other metals I had no fuccefs.

Regulus of Antimony, heated in vacuo, fmoked very
much,
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much, and blackened all the infide of my receiver я

but the air that I got from it was very litde indeed,
and extinguiihed a candle.

From bifmuib, and nickel, I got hardly any air at
all; but in thefe experiments the heat was not ad-
vantageoufly applied, and the bifmuth foon melted
into large lumps, on which my lens had no power.

\ got no air from lead or copper. By throwing
the focus of the lens upon the former, the receiver
was filled with fumes j but the heat was by no means
fufficient for the experiment with copper.

It is generally faid, that charcoal is indeftru'ctible,
except by a, red heat in contact with air. But I
found that it is perfectly deftructible, or decompofed,
in vacua, or as will appear hereafter, by means of

water which it attracts when red hot from the moif-
ture in the receiver. For in thefe circumftances,
and by the heat of a burning lens it is almoft wholly

converted into inflammable air; fo that nothing re-
mains befides an exceedingly fmall quantity of
white aihes, whicli are feldom vifible, except when,
in very fmall particles, they happen to crofs the fun-

beam, as they fly about within the receiver. It
would be impoffible to collect or weigh them ; but,
according to appearance, the aihes thus produced
from many pounds of wood, could not be fuppofed
to weigh a grain. The great weight of aihes pro-
duced by burning wood in the open air, arifes from

5 what
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what is amaued by tihem from the air. The air
which ï get in this manner is wholly inflammable,
without the leaft particle of fixed air in it. But, in
order to this, the charcoal muft be perfeótiy well
made, or with fuch a heat as would expel aü ehe
fixed air which the wood contains; and it muft be
continued täl it yield inflammable air only, which,
in an earthen retort, is foon produced.

Wood, or charcoal, is even perfefbly deftruftible,
that is, refolvable into inflammable air, in a good
earthen retort, and a fire that would about rnelt ичаи.
In theie circumftances, .after aîl the fixed air .had
cowie over, I have feveral times continued Hhe pro«-
,cefs during a whole day, in all which time inflam*
unable air has been produced equabîf , and without аюу
•appearance of a termination. 'Nor did I wonder
at this, after feeing it wholly vanifli -into inflanomablt:
4iir»f vácuo, A quantity of • charcoal made ifroj»
oak, and weighing about an ounce, 'generally gave
!me about five ounce meáfures of .inflammable air in
•twelve minutes.

That water in great quantities is fometimes pro-
•duced from burning inflammable and dephlogiftU
cated air feemed to be evident from the experiments
of Mr. Cavendilh and Mr. Lavoifier. I have alfo
frequently colledted confiderable quantities of water
in this way, though never quite fo much as the
weight of the two kinds of air decompofed. My

apparatus,
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apparatus for this purpofe was the Following. Into
the mouth of a large glafs balloon (a) Fig-. 4. Pi. vii.
I introduced a tube from tfie orifice of which there
continually iflued inflammable air, from a veffel
containing iron and oil of vitriol. This being
lighted, continued to burn like a candle. Pre-
fenûy after the lighting of it, the infide of the 'bal-
loon always became cloudy, and the moifture foott
gathered in drops, and fettled in the lower part of the
balloon. To catch what might iffue in the form of
vapour, in the current of air through the balloon^
ï ^placed the glafs tube (£) in which I always found
fome water condenfed. It is very poffible, how-
ever, that in 'both theíè modes of experimenting, the
water may be converted into a kind of vapour,'
which is very different fromßeam, and capable of
being conveyed agréât way through air, or even wa-
ter, without condenfation, along with the air with
which it is mixed; and on this account it 'may not
be poffible, in either of thefe modes of experiment-
ing, to collect all the water which die two kinds
of air will yield. The nature of this kind of
vapour into which water may be changed, and
which is not readily condenfed by cold, is very little
underftood, but well deferves the particular atten-
tion of philofophers*. Even mercury will evapo-

Mr. Sauffurc -has made fome valuable obfervatione on this

rate,
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rate, fo as to lofe weight, in a degree of heat below
that of boiling water.

That the water collected in the balloon came from
the decompofition of the air, and not from the freih
air circulated through it, was evident from placing
balls of .hot iron' in the place of the flame, and find-
ing that, though the balloon was as much heated by.
them as by the flame of the burning of the inflam-
mable air, and «confequently there muft have been
the fame current of the external air through it, no
moifture was found in the balloon.

When, in this manner, I burned inflammable air
from pure iron, the water I collected was as far as
I could perceive free from acid, and the infide of the
balloon was quite clear, but when I ufed Julphorated
iron, there was a denfe white cloud that filled the in-
fide of the balloon. There was allb a ftrong fmell
of vitriolic acid air, and the water collected was fen-
fibly acid to the tafte.

Afterward, feeing much water produced in fomc
experiments in which inflammable air was decom-
pofed, I was particularly led to reflect on the relation
which they bore to each other, and efpecially Mr.
Cavendiih's ideas on the fubject. He had told me1

that notwithftandihg my former experiments, from
which I had concluded that inflammable air was
pure phlogifhon, he was perfuaded that water was ef-
fential to the production of it, and even entered into

it
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4it as a cohftituefit principle. At that time Í did
not perceive the forcfe of the arguments' which he
ftatedtdme, efpecially as; in the experiments with
charcoal; I totally difperfed any quantity of it with á
burning lens in vacuoi and thereby filled my receiver'
with nothing but inflammable air. I had no iufpi-
cion that the wet leather on which my receiver ftood
could have any influence in the cafe, while the piece
of charcoal was íubjeát to the intenfe heat of thé
lens, and placed 'feveral inches above the leather. I
had alfo procured inflamm'able air from charcoal in à
glazed earthen rétort two whole days iù'cceffively, in
which it had given' inflarrírrtablè áir without inter-
rfliffiori; Alfo iron filings in a gun-barrel, and a
gun-barrel- itfelij had always given inflammable air
whenever I tried the experiment.

Thefe circumftancesi however, deceived me, and
perhaps Would have deceived any other perfon;, for
I did not know, and could not have believed, the
powerful attraction that charcoal; or ircn, appear to
have for water when they are intenfely hot. They
will find j and attraft it, in the midft of the hotteft
fire, and through any pores that may be left open
In a retortj and iron filings are fcldom fo dry as not
to have fnoifture enough adhering to them, capable
of enabling them to give a confiderablë quantity of
inflammable ain But my attention being now folly
awake to the fubje<5t> I prefently found that the cir-

VOL. I. T cumílancee
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cumftances above-mentioned had adualty mifled^
I mean with refpeól to tlie ceAeltißen -which I drew
from the experiments, and-not with -refpeA te the
experiments themfelves'} every фе of wtóehi I
doubt not, will Ъе found со ahfwer> whertevef-thetr
ate tried by perfqnBjof-fufficiefttj-lkyi «ïdpro^ebly
attentive to all the circomftances.

Being thus apprized of the influence of iffiper-
ceived moifture in the .production of inflammable
air, and willing to afcertain it to my períéét iãtisfàe-
tion, I began with filling-a gun-barrel with ifon fill-
ings in their common ftate, without takitig any pa'r-
iicular precaution to dry them, and ï found títet
they gave air as they had been -ufed to do, and 'Con-
tinued todo fo many hours. I even got ten t>»aee
meafures of inflammable air from two ounces of
iron filings -in a coated -glafs retort. At length, 'how-

•everi the production of iriflammabk air -from
^un-barrel deafeds tut Wn putting water into it,
air was produced again, end a few repetitions of the
^experiment fully fatisfted me that I 'had been tooprei-
cipitate in 'concluding that inflammable air is pure
phlogifton.

J then repeated the experiment with tht charcoal,
•making the receiver the ftand'on whichï ipiaced'the
charcoal, and the charcoal it-felfi as dry and asliot as.
poffible, and ufing cement inftead of a wet leather to
exclude'the air. In tiitífe circumftancès I wa» not
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able, with the advantage of* a good iiïn, and an ex-
cellent burning lens/to decompofe quite fo much as
two grains of the piece of charcoal, which gave me
•ten ounce meafures of inflammable air.5 and this 1
imagine, was effected .by means of fo much moifture
as was depo'fited from the air in its ftate of rarefac-
tion, and before it could be drawn from the re-«
ceiver. To the production of this kind of inflam-
mable air I was therefore now convinced^ that wa*
tef is as heceflàty às to that from iron.

As inflammable -air was produced in fome expe-
riments, in which I endeavoured to change the na-
tu*e<jf water, by making it red hot in a gun-barrel,
the orifice "of which was welded up, it may not be
improper j uft to mention them in this place, as they
"ihew the Xïfe of water in procuring this kind of air*
They will likewife ferve to fliew the expanfive force
of water in that ftate. The experiments were made
iu Mardi 1783.

flitting fftcteen grains of water into a gun-barrel»
containing four ounce meafures and a half, I got if
welded up; and making it red hot, it burft in the
twiddle after a few minutes, t afcertained the
qUaritity 'of water, by putting it into a fmall glafs
tube, which I fealed hermetically) and put \vithin.
the gun-barrel.

I then put fix grains of water into the thicker
.half of á mulket barrej, and three grains and a half

T a into
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into a thinner barrel. Thefe did not buril when
they were red hot, and being pierced under water,
inflammable air rulhed out. I repeated thefe expe-
riments, and always had the fame refult; inflam-
mable air bejng procured, when the gun-barrels
were opened under water ; and if the water was in
fufficient quantity, part of it atleaft (for I could not
meafure it with exaétnefs) was found in the barrel.

If inflammable air always contains water, water
ihould be found whenever this kind of air is decorri^
pofed j yet in heating red f red-pit ate in inflammable
air, I at one time found little or no water. But haying
uied more precautions, I have firtce found it in fufficient
^quantity in this procefs, even though the inflammable
air was previoufly well dried with fixed ammoniac.
In this experiment I difcontinued the procefs after
three ounce meafures of air were abforbed, leaving
joom in the vefiel^that the moifture might be more
cafily collected. With this precaution, and warming
the veflel, I collected between an half and three-
fourths .of a grain of water.

This. experiment may be thought to be favour-
able to the hypothefis of water being cornpofed of
fixed and inflammable air ; as all water was care-
fully excluded, and yet'a fufficient quantity was
found in the procefs. But befides taking into the
account the water that is neceflary to conftitute the
inflammable air, why may not red precipitate, in itè

drieft
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drieft ftate, be fuppofed to contain water, as well as
the fcales of iron, which will bear any degree of heat
without parting with it. Red precipitate is made by
a liquid procefs, and therefore the water, that may
enter into its compofition as a calx, may quit it
when it becomes a metal.

Having found that water is an eflential ingredient
in the conftitution of inflammable air, at leaft as
produced from iron, it ftill remained to be deter-
mined whether, when a calx is revived, and the
metal formed, the pure phlogifton only entered the
calx, or, together with it, that water which was
neceflary to its form of inflammable air.

In order to afcertain this, I frequently revived
dry calces of lead in dry inflammable air, and exa-
mined the appearances of moifture afterwards. But
notwithftanding all the attention that I gave to the
procefs, I could not be abfolutely certain, whether
more moifture was left in the veflel than might have
exifted extraneoußy in the inflammable air, or whe-
ther, when the phlogifton was abforbed, it left be-
hind it any water that had been eflential to it, as
inflammable air. Appearances were fuch as fome-
times inclined me to think that every thing which
conftitutes inflammable air goes into a calx, in order
to form the metal ; fo that if this, though a com-
pound thing, be called fhlogiflon, it will ftill be
true that phlogifton and inflammable air are the fame
thing ; but, on the whole, I rather think that die

T
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water which was eflèntial to the constitution of in»
flammable air- was left behind.

That water, however, may exift in bodies Ь а
combinedßate, without appearing to be water, we.
know in many cafes j but it is in nothing more evi»
dent than in ûiefcales of iront than which no fubi
ftance can have lefs the appearance of containing water,.

But not to give a mere opinion^ I ihajl recite
the particulars of a few experiments^ which I made
with the view above-mentioned, In fw ounce
meafures and a half of inflammable air from irofy
I revived lead till it was reduced to one ounce mea-»
fure and a half, care having been taken to make
every thing as dry as poffible. Some moifture,
however, did appear, perhaps more than half a
grain ; but as this air had been confined by water,
it was no more than might have Ьеепл contained ir»
it as an extraneous fubftance. It ought; alfo to be
confidered, that it muft be exceedingly difficult k»
expel all moifture by mere heat from fuch a pow-
dery fubftance as the yellow calx of lead, without;
reviving the. metal. All chemifts well know how
firmly moifture adheres to many fubftances, with
which it does not properly un'tte^ and how much
heat is neceflary to feparatç them,

Again, in fix ounce meafures and a half of in-r
Äammable air from iron, I revived lead till there
remained 0,9 ofameafure, and there was hardly

more moiftqre than I had reafon to think might
have
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have been in-the veflèl, independently of what was
contained in the inflammable air; and in order- to'
enable myfelf to judge of this, I melted- an equal
quantity of the fame minium, under a dry glafs vef-
iel with common air, when a little moifture ap-
peared on-the infide of the gWs, about as much, I
thought, (for I could only judge by my eye) as
when I had revived the lead from that minium in
inflammable a^r. The quantity pf lead revived was
only fixteen grains, but a good deal of die minium
had b^cn made blac^ in the procçfs.

Laftly, I expofed fome calx of lead to the heat of
the lens in inflammable air, received immediately
from.the veflel in which itw.as generated froim, iron
and oil of vitriol, becaufe this contains lefs watqr
than that which has. been received in water and con-
fined by 'it > a^d when fix or feven ounce meaftires
of the air were abforbed, I co.uld not ftipppfe, from
the appearance, that the water соцЩ be mc-re than

'a quarter of a grain. However, when, I repeated
фе experiment o.nce more, I thought there migfot
be about half a grain of water, which is more than
I can well account for, without fuppofing that the
water which was. neceflkry to the conftitution o.f in-
flammable air, and which I fuppofe to be aboui
^alf its weight, was left behind when the pure phlo-
gifton revived, the calx. This» therefore, is tfiç

T 4 opirúon
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opinion to which I am inclined; fo that.1 do not think
that any water enters into the conftitution of any of
the metals.

S E C T I O N II.

Inflammable Air from Charcoal and Iron, £Лг. b.y
Means. of Steam*.

'VER fmce the difcovery of the diminution of
reipirable air in thofe procefles which are ge-

nerally called phlogißic, it has been a great objec"^
with philofophers to find what becomes of the air
which difappears in them.

Mr. Cavendilh was of opinion, that when air is
decompofed, water only is produced j and Mr1.
Watt concluded from lome experiments, of which
I gave an account to the Royal Society, and alfo

* This fedtion (which wa» an article in the Philofophical Tranf-
aftions, Vol. 75, p.»79) might have beenintroduced into Parti, .which
treats of the produftion of inflammable air ; but as it likcwife
proves the compofition of it from water and phlogijlon, it will.
ppon the whole, ftand better in this connexion.
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from fome obfervations of his own, that water con-
fifts of dephlogifticated and inflammable air, in,
which Mr. Cavendiih and M. Lavoifier concur
with him; but Mr.. Lavoifier is well known to
maintain, that there is no fuch thing as what has
been called fhlogifion ; affirming inflammable air to
be nothing elfe but one of the elements or conftj-
tuent parts of water.

Such were the hypothefes to which I had a view,
when I began the following courfe of experiments,
which I hope will be an admonition to myfelf,
as well as to others, to adhere as rigorouily as
poffible to aftual obfgrbalions, and to be extremely
careful not to overlook any circumftance that may
poflibly contribute to any particular refult. I ihall
have oceafion to notice my own miftakes with re-
ipect to conclußons, though all the faffs were ftrictly
as I have reprefented them. But whilft philofo-
phers are faithful narrators of what they obíèrve,
no perfon can juftly complain of being miiled by
them j for to reafon from the fafts with which
they are fupplied, is no more the province of the
perfon who difcovers them, than of him to whom
they are difcovered.

I had tranfmitted the vapour of feveral fluid
fubftahces through red hot earthen tubes, and there-
by procured different kinds of air. M. Lavoifier
jidopted, the fame procefs, but ufed an iron tube-,

and



by гасадя of. фа| с}гсцщ{Ыр.с-е roadie a. very-
yaluable $Hfcftvery itfhiçh haé eífeifed щв, I Had

од one occafion rjftade ufç of ^n iron tube,
tnmfmitted fteam through \t; Ьллt nothaving

that time any yiçw to the prpdyftipfl- of й«г, I
not çolloáfc it at allj confetitu^g myfelf with

that wofe*, ajfçeç being т»ф. red hot,
was ftill water, there being no change in its. fenfibb
properties. Being now father inftrufted by the
c*perirrient of M. kavoifier, I w«is determined, to
rqpsat фа proççfs w«h all the attention I couid
givç to it 5 but \ ihoyld not have done this with
fp much advantage, if I had not had die afflftance
çf Mr. Watt, who Always thought that M. Lavoi-?
fier's experirnentfi by no гпедпз. favoured the conT

çlufion that he dr-ew from therrt. As to myfelß
I was a long time of opinion that .his conclufaa
Wfts jufl:, and that the inflammable air was really
iurnÜlied by thç wa.ter being decompofed in the
proqefs, 5yt" though I continued to be of this
çpinion, for fomç time, thç fréquent repetition of
{he experiments, with the light which Mr. Watt's
©biefvatiorii threw upon them, fatisfied me a^
length-that the inflammable air came from the
charcpalj or the iron.

I ihall firft relate the refult of the experiments
tfratwas made with charcoal, and then thofe with
iron and Pther fubftances, ia ccmtaft with which

(when
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(when they were ia à ífote of fouon, OP at leaft-
red hot) I mads fteam, or the vapour of othe>
liquid fubftfinces, to pafs. I fhall only obferve-
thaç, previou* tp th^ I began; to make the experi-
ments with eoajçd glafi tubes, which I found to*
anfwer very well during the procefs, though they
never failed to break in cooling. At kngth I pro,
cured a tube of copper t on which, as M. Lavoificr
difcovered, fteam had no effect} and at laft I made
vfé of earthen tubes, with which Mr, Wedgwood;
that moft geoerous promoter of fcience, liberally
fijpplied me for the purpofe; and thefe, glazed
on the outfide only, I find far preferable M
copper.

The difpofition of the apparatus, with which
thefe experiments were made, was as follows. The
water was made to boil in a glafs retort, which
communicated with the copper or earthen tube
that contained the charcoal or iron, &c. and which,
being placed in an horizontal pofition, was fur-
rounded with hot coals. The end of this tube
oppofite to the retort communicated with the pipe
of a common woí-т tub, fuch as is generally ufed
in diftillations, by means of which all the fuper-
fluous fteam was condenfed, and collected in л
proper receptacle, while the air which had been
produced, and had come along with it through
the worm tub, was tranfmitted into a trough of

water,



O B S E R V A T I O N S ON Part III.

water, where proper veflels were placed to receive
it, and afcertain the quantity of itj after which I
could examine the quality of it at leifurê*.

In the experiment with charcoal, I found un-
expected difficulties, and confiderable variations in
the refultj the proportion between the charcoal
and water expended, and alfo between each of
them and the air produced, not being fo nearly
the fame as Г imagined they would have been.'
Alfo the quantity of fixed air that was mixed with
the inflammable air varied very much. This
lait cirçumftance, however, fome of my experi-
ments: may ferve to explain. Whenever I had
no more water than was fufficierit for the produc-
tion' of the air, there was never any fenfible quan-
tity of uncombined fixed air mixed with the in-
flammable air from charcoal. This was'particu-
larly the cafe when I produced the air by means
of a burning lens in an exhaufted receiver, and
alfo in an earthen retort with the application of
an intenfe heat. I therefore preilime, that when
the fteam tranfmitted through the hot tube con-
taining the charcoal was very copious, the fixed
air in the produce was greater than it would
otherwife have been. The extremes that I have
obferved in the proportion of the fixed to the in->

'* fhe difpofition of this apparatus may be fecn PI. VII. fig. 2.

flammable
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flammable air have been from one twelfth to
one fifth of the whole. As I generally produced
this air, the latter was the ufual proportion; and
this was exclufive of the fixed air that was inti-
mately combined with the inflammable air, and
which could not be feparated from it except by
decompofition with dephlogifticated air; and this
combined fixed air I fometimes found to be one
third of the whole mafs, though at other times not
quite fo much.

To afcertain this, I mixed one meafure of
this inflammable air from charcoal (after the un-
combined fixed air had been feparated from it by
Ume water) with one meafure of dephlogifticated
air, and then /fired them by the elecbic fpark. Af-
ter this I always found that the air which remained
made lime water very turbid, and the proportion
in which it was now diminilhed, by wafhing in
lime water, ihewed the quantity of fixed air that
had been combined with the inflammable. That
the fixed air is not generated in this procefs, is
evident from there being no fixed air, found after
the explofion of dephlogifticated 'air and inflam-
mable air from iron*.

* When I wrote this paper, I imagined that the fixed air,
which was found on the decompofition of this.inflammable air
with dephlogifticated air, had been contajned in the inflammable,
air. But it wil] appear, that it muft have beta .formed by the

union
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Notwhhftahdîhg íhe above-mentioned Variattons,
the lofs of weight hi the charcoal was always «nidi
«xcoeded by the weight of «he water expended ;
-which was generally More than adiible that of the
charcoal; and this water was intimately combined
"With thfe ait ; for when ï deceived a portion of it
in meituty, -no wat&r Washer depofited from it,

Thfe •ttcptfrittterit which, upon èie 'wteÄe, fgavt
Wie thé moÄ fâtiáíaítíon, аШ die pÄftkliiai* öf
which I ihall therefore recite, was thfe following.
Expending ninety foui1 grains of 'perfect charcoal
•(by Whiich I mean thërcoal iflnadè with a Very
ítrohg hetít, fo as to e-xpol all Aktíd air fr<sftn it)
tóid ^40 'grains of 'Water, I ptoctirffd «40 duftete
TneafureS *of ̂ ir, Оие fifth ôf Whïcîi 'was fi««d -air-,
^d t^f'the inflammable part fcetofy xíhe diírd fti'í*b
'•Appeaftd to be fiiced tór 4ьу o^coWfp'öffticei.

ReceiVihg this kind 'or* air 'îh -a variety 'of eK«.
^fcriments, ;but not ih 'the preceding onee in pMN

-Cfor'then ï Could no't have after «fined tihfc
of it) coïiflfting of fliied and inflammable

air together, ï found ibrtte variations in ks
gravity, owing, I imajgine, to the different
tions of fixed air contained in it ; but upon th* ,
whole, I think, that the proportion of fourteen

tffiioh ofphlogifton (or inflammable air) aird dEphlogifticated air,
Ittadt !by the cxplofion; though it h remarkable that no fixed й№
ÍS 'fonnetfwbeh Йи infiammable air from iron is ufed.

grains
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graim to forty oufcte taeafüres h pretty -Wíãr
truth) ïwh«ft H« proportion of feed aiï 4s àb'out
bhe fifth 4>f 'the Wfrolfc. With TOfpeft te ïte weight
of the inflarrWft»ble oit- àfteï- ;thfe fixed air Wte fe-
paràted ifdm «№, I (found nfc ^rtîàt <Jiflfe^nce, and
thirik it'№*y be eftfenaïea at.

Upon -thefe pftwciptes, tbê whole wtight éf
ouWtíe ïftea&Vês «of ̂ aif 'Will fee 4 £4 grain*

that of the charcoal will be
that of the water - -

which, cort*
fidering the nature of ¥he îfttperitoent, will perhaps
tie ttfôiug^t to bè 'tòferably Легйг to that of the air.
• ff die fcir tie 4Mtolyü£ä> Aie 84-0 Шпсе ttieàíuWi
•Will fce Jfertiftid %o -c^htaîh

ïii8 of i^ncombîricd fixed àir=iji grain*.
d '6<гл Impure mfiàftirfMble

Ib. 'th'Ä the whAe 840 will weigli • - 330

It majv however, fee fafely cortclúded from /thii
experiment, and -indeed from every other that I
made with charcoal, that there was no more pure
inflammable air ^produced than 'the charcoal kiclf
«layrbe very well fuppofed -to have fupplied.
. There is, therefore no reafon for deferting tht
Told eftabliihed hycochefis of <pbl6$ißon on account

4 of
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of thefe experiments, fince the fadt is by no means
inconfiftent with it; The'pure inflammable airç
with the water neceiïarily contained in.it, would
weigh no mare than about thirty grains, while the
lofs of weight in the charcoal was ninety four
grains. But to this muft be added the phlogiiton
contained in 392 ounce meafures of fixed air,
which, according to Mn Kirwan's proportion, will
be nearly íixty five grains, and this and the thirty
grains will be ninety five grains.

The bafis to this fixed air, as well as to the in-
flammable, muft have been furniihed by the water i
and I afterwards found that water is about, one
half of the weight of fixed air.

Before I conclude my account of the expert
ments with charcoal, I would obferve, that there
is another on which I place fome dependence, in
which, with the lofs of 178 grains of charcoal,
and 528 grains of water, I procured 1410 ounce
meafures of air, of which the lait portion (for I
did not examine the reit) contained one fixthpart
of uncombined fixed air. This was made in an
earthen tube glazed on the outfide.

The experiments with iron were more fatisfaC-
tory than thofe with charcoal, being fubjeét to left
variation; and they by no means require us to
fuppofe that the inflammable air comes from the
water, but only from the iron, as the quantity of

water
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water expended, deducting the weight of the air
produced, was as nearly as, could be expefted in
experiments of this kind, found in the addition of
weight gained by the iron. And though the in-»
flammable air procured in this procefs is between
one third and one half more than can be procured
from iron by a folütion in acids, the reaion may
be, that much phlogifton is retained in the loku
tiöns, and therefore much more may be expelled
from iron, when .pure water, without any acid>
takes the place of itt I would farther ob ferve,
that the produce of air> and alfo the addition of
weight gained by the iron, are much more eafily
afcertaîned in thefe experiments than the quantity
of water expended in them, on account of the great
length of the vefiels ufed in the procefs, and the
different quantities that may perhaps be retained
in the Worm of the tub -, though 1 did hoi fail to
ufe all the precautions that I could think of, to
guard againft any variation on thefe accounts.

Of the many experiments Which I made With
iron, I ihall content myfelf with reciting the fol-
'lowing refults. With the addition of 267 grains
to a quantity of iron, and the lofs of 336 grains
of water* I procured ^840 ounce meafures' of in-
flammable air ; and with the addition of 140 grains
to another quantity of iron, and the confumption

VOL. I. U of
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of.2j4 grain's of water, I got 420 ounce meafores
of air ̂ .

Tte':inftomtoa'ble'ufr :pïoducect ih this manner
is;-of-; the Hghteft kind, and free from that very
effenßve-fmell which'is generally ocçafioned by-the
tapid folntion of metals m oil of vitriol, and it is
extricated tn as-little time ifl this way as it is pof-
fible to do it by any mode of folution. On this
account it occurred to me^ that it muft be "by
mucK the cheapeft method that has yet been ufed
of filling balloons with the lighteft inflammable air.
For this purpofe it will be proper to make uie of
caft iron cylinders of a confiderable length, and
•about three or four inches, or perhaps more, in
'diameter. Though the iron tube itfelf will con-
tribute to, the production of air, and therefore may

* If the perfecl accuracy of the former of thcfe experiment«
may be- depended on (and it may always be prcfumed, that thofc
5n which little water is expended are preferable to thòfe in which
wore is confumed) the wattr that neceflarjly enters ipto this kind
of inflammable air is about equal in weight to the pbhgißon that
is in it.

The water expended was 3^6 grains; and the iron gained i6f
grains. Suppofing ; It to have loft phlogifton equal to half thç.
weight of the inflammable air, viz. 840 ounce meafuree = ts graine
(the whole weight of that air being $ о graine) the water that really-
entered into the iron muft be cftimated at V)t graine (which i«
«67 -J- is). This deducted tram 336, leavee.a remainder of 34,
which isnot much more tlian-aj, or lialf the weight of the in»

flammable air.
become
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become unfit for the purpofe-in timej yet, for
any thing that I know to the contrary, the fame
tube may ferve for a very great number of pro*
cefles, and perhaps the change made in the infido
furface itíay proteft it from any farther aótion of
the waterj if the tube be of fufficient thicknefs ;
but this can only be determined by experiment. .

Having recommended this procefs as the cheap*
eft and the moft convenient for filling balloons^
eipecially' when tubes of caft iron ihould be made
uíè of} I was willing to make a trial of one,' in
order to form fome judgment how long they
would laft for the purpofe. 1 therefore procured
one of an inch and a quarter in diameter, and not
more than a quarter of an inch in the thicknefs of
the metal j and making the middle part of it red
hot, fent fteam through it ;. and from the refult of
four or five procefles with the lame tube, I have
little doubt, but thati if they were made of the
thickneis of half an inch in the metal, and care
was taken to coat them on.the outfide with clay
find fand» the fame tube might probably ferve
twenty times» That the reader may form fome
judgment ,as well as myfelf, I lhall mention the
refult of my abfervafions.

I beated the. tube : four oi five diffefeM- times,
and irt each proceu tranfmiwed as much witter

k as would have been more than fufficibtfc
U 2 to'
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to dècompofe aU the iron that it could ha^e eon*
tained. At firft four ounce meafures of water
procured: 180 ounce meafures of inflarnmable air,
and then fix ounce meafures procured only 160
ounce meafures. I then examined thé tube, and
found that when both the infide and •outfide were
well fcraped with a iharp iriftrument, it had loft
twenty five grains in weight. The.fcales from
the outfide weighed 282 grains; while all that,I
could get from the infide weighed only thirty fix
grains. Confequently the tube had gained ,in
weight 283 grains. After this I heated it again,
and tranfmitted through it fix more ounces .of
water, which yielded only fixty ounce meafure*
of air.'

From thefe ' experiments it may be inferred,
that the tube would foon have ceafed to give any
air; the infide being changed to fome depth by
the aition of the fteam, and yet it was not much
dilpofed ; to exfoliate. In time it would, no doubt,
have become brittle, and might be in danger of
breaking, from its difpofition to bend in the courf«
of the procefs. This bending was very confider-
abje -, but .did. not feem to arife from any tendency
in the iron to melt. Perhaps by turning it in cool-
ing, this bending, and confequently the danger of
cracking after, much ufe, might be prevented í or
this property of bending might in agréât meafure

oeafe,
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çeaie, when the metallic flate'of'the' tube was de-
ftroycdí and yet with care might continue a firm
arid ÉómpaA tube, 'and as fit for this procefs as
atthefirft. 'If this fhould be the cafe (which ex-
perience alone can determine) it is not to fay how
long a tube of this kind might laft.' It would
then be-* kind of earthen tube, of the moft perfect
nature^ completely air tight, without being fubjecT:
to ruft or decay.

Upon the whole, ihould the fondnefs for bal-
loons-: be refumed, I fee no reafon why far the
greateft part of the expence attending the filling
of them might not be faved by means of this procefs.
A complete .apparatus for it would not coft half fo
,much as the filling of a fingle balloon, that would
carry a -man, in the common way, and would ferve
;at leaft a confiderable number of times, with the
expence of a very few pounds each time j as there
would be hardly any thing to pay for befides fire
and attendance, for a few hours. For fuch iron as
would beft anfwer for this purpofe might, in moft
places, be had for a mere trifle. One apparatus,
conveniently fixed, might ferve for a whole town
or neighbourhood.

Some eftimate of what may be expefted from
this method of procuring inflammable air may be
formed from the following .obfervations. About
twelve inches in length of a copper tube, three

U j fourths
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fowths of ánàncjb. in çliamçteri.ifilled with--iff»
Vtgf (whiph are more i»ijvenient:i for't
than iron filings, as they dp not He fb cjofe, but
admit the fteam to pafs through their interlaces)
nvhen it was heated, and a fufficient quantity of
fteam pafíèd through it, yielded thirty ounce mea,
fures of air. in. fifty .féconds; and eighteen inches
of. cnotfyer copper tube, an inch and _a quarter in
diameter, filled and treated in the fame manner,
gave two hundred ounce meafures in one minute
and twenty five féconds; fo that this larger tube
gave air in. proportion to its foljd contents com-
pared with ; the fmallerj bat to what extent • this
might be depended upon :I -cannot tell. However,
as the heat penetrates io readily to forhe diftance,
the rate of giving air will always be, in' a greater
proportion than that of the fimple diameter of the
tube.

The following experiment was made with a view
fo afcertain the quantity of inflammable air that
fnay be procured in this way from any given quan-
tity of iron. Two ounces of iron, or 960 grains,
when difiblved. in acids, will, yield about 8 op
ounce meafures of air j but treated in this man-,
ner it yielded 1054 ounce meafures, arid then the
iron had gained 329 grains in weight, whicfy
is little ihort. of one third of the weight of the
iron.

Ж Con-
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.' how, little tins inflammable air
, the whole, 1054 ounce meafures not

more than ibtty three grains, and the difficulty of
afcertaining the lofs of water to fo fmajl a quantity
as this, it is;not poffible to- dçtqmn^e,, frpm a pra-
<;efs of ..this.-'kind, how. rnych wafer, enters into the
coimpofiçipn of the inflam/nable air. of petals, It,
would t>£ more eafy to, determine, this circum,-
ftance: with vefpedt to the. inflammable air of char-
coaj, efpecially by means, of the "experimeot made
with a.bvrning lens w wuo, 1д th^ method
two grains- of charcoal, ̂ gaye at a medium thirteen
Qunce meafwes of. inflammable air, which, in the
proportion of thirty сцпсе meafures to «ight grains,,
W.W w«ig^.3-3 grains j;.fo that water in the com-
jpofition; of ; this kind of дпоцттаЬДе, air is in thç
proportioni of 1.3 tc 2, .though there will be fome
difficulty with refpçít to the fixed air intimately
combined with this kind of inflammable_air..

The experiments- above-mentioned relating, to
irorç wçre made widi that kind which is malleable j
but I had the, íàme refult when I made ufe of
fmall nails of caß iron, except that thefe werç
firmly faftened together after the experiment, the
furfaces of them being cryftallized, and the cryfr
tais ffúxed with each other, , fa that ic was with
great difficulty that they could be got out of the tube
pfter the expérimenta and in general the folid parts

U 4 of
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of the nails were broken before they were feparatèd
from each other. Indeed the pieces of malleable
iron" adhered together after the experiment, but by
no means fo firmly.

Caft iron annealed (by being kept red-hot in
charcoal) is remarkably different from the caft iron
which has npt undergone that operation, efpecially
in its being, to an extraordinary degree, more fa-
llible-in acids, With the turnings of annealed caft
iron I made the following experiment. From 960
grains of this iron, and with the lofs of 480. grains
of water,' I got 870 ounce meaiures of inflamma-
ble air, and tranfmitting fteam through them a le-
eond time, 'I got 150 ounce meaiures more. The
iron had then gained 246 grains in weight, and the
pieces adhered firmly together ; but being thin they
were eafily broken and got out of the tube, whereas
it had required a long time, and a lharp fteel inftru-
ment, to clear the tube of the caft-iron nails.

Having made another experiment with iron-, with
às much attention as I could give to it, I ihall in
the firft place mention that. From two ounces of
iron turnings (which is caft iron annealed) I got in
the firft inftance 985 ounce meafures of air, with
the lofs of 528 grains of water } and the iron, I
found, had gained 292 grains in weight. Then
making four ounces of water of this refiduum pafs
cver the fame iron, it gained four grains more, am}
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alltheàirthatl procured was 998 ounce meàfûres.
So that (as extreme accuracy is" not to be obtained
in proceffes of this kind) it may be faid that two
ounces of this, kind of iron will, in this way, yield
iooo ounce meàfures of air; -whereas by-fólution
in vitriolic-acid, it would have-yielded about 8ooi
Confequently more air by two fifths may be fro-
cured by this new mode of treatment, which alone
ihould recommend it to thofe who fill balloons.

Having procured water from the fcales of iron
(by heating them in inflammable air) and having
thereby converted it into perfecY iron agáirt, l -did
hot entertain a doubt but that I ihould be able to
produce the fame effect by heating it with charcoal
in a retort j and I had likewife no doubt but that I
ihould be able to extracV the additional weight
which the iron had gained (viz. one-third of the
whole) 'in 'water. In the former of thefe con-
jectures-1 was right; but with refpeel to the latter^
I was totally miftaken.

Having made the feules of iron, and alfo the
powder of charcoal very hot,-previous to the expe-
riment, fothat I was fatisfied that no air could be
extracted from either of them feparately by.any de-
gree of heat, and having mixed them-together
while they were hot, I put them into an earthen re-
tort, glazed within and without, which was quite
impervious to air. This I placed in a furnace, in

which
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which I could give it,a .very ftçpng.hçat ;:,and
nested with it pr^ppr yefleb tÇjCQruiçn
the wate* which I- exp&£ted ta receive эд thp. courfc
of the prpceis. But, to my great furprife^, not,.one
particle, of moißure came over, but-a .prodigious
quantity of air, and the, rapidity,of its .production.'
aftoniihed me j fo thaç Д had no dpub,t but that the,
weight, of the air would have l?een „equal to the lois,
of weight bpch in the /cales and úvthç, chajcoal ;; an4:
W;h,ep I examiped..the a,ir, whjch I repeatedly did,
I found it to contain'one-tenth of fpçed air i and the
inflanjmable air, which remained when ^e ífrçd air
was fcparated from it, w.as of a ';very remarkable,
kind,; being quite ,as heavy as common air. Thj?f
reafon of this was fufficiently upparcnt when it; was}
decompofed by meaijs. of dephlqgifticated air.j.fpf!
the greateftpart of it was fixed air,
. The theory of this procefs I imaginjs-tq be, -that
фс phlogifton from çhe charcoal reviving th,e ironf

the water with which jt had fbeen faturated, being
now »fetloofe, .ftgçfted the hot charcoa^ as., it would
have done if it had been applied to if: in the &>J[m of
ßeam as in the preceding experimen,ts j ançi therefore
the air produced in thefe two different modes have
я near refemblance to each other, each containing
fixed air» both combined and uncombined, though
in different proportions ; and in both the • cafes I

thefe, proportions fubjeft ;p variations. Iq
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one proceft with charcoal ;and ícâles ofaron; the Jirft
produce contained one - fifth :of uncojdbined^fixcd
ail-, the-middie part one' tenth; and.theiiaft none at
all. But4n;all thefe cafes the proportion "Ofj сеян,
bined fixed air varied 'Veiy^litae.

Why wr'and 'not tf>»«r< ihould.'be produced^
thiscafe,' ás well as irt the; preceding, whkn thb iron
ii equally i-evived in both, ï do not pretend p$rfe<ftly
to underftándv •• There is, ' indeed, - an ôbvioiús dif^
ference in the circumftaheee of the two experiments t
as in that with charcoal the phlogifton is feoijd in a
combined ftate j whereas-;in that of inflammable
air, it, Je-loofe, or only united to water;' and-per-
haps future experiments may difcover the operation
of this circumftánce*.

* This experiment fe<^stt».ber4Eß5ßve againft .fte, hypothefle of
.Mr. Lavoifier, and others, who fay that the inflammable air pro-
cured by mean»'of iron and charcoa), comes from the water, and
Who think tlhat by this meane'they can exclude phloglftbn.' For,
»ccor4ing;tq the^i, neither the fcalefriof iron, nov th* charcoal,
contain,ghlogiftpn, or any Jhing fi-opi which inflammable. a,ir can
be made, but are'merely iuMkncea 'capable of imbibing pure air,
and thereby fetting at liberty tue1-inflammable air ebnfaiijed in the
wateriî fupppfipg, the fçalee ofjepn; tp-have bççn only iron faturated
>vith dephlogi<licated a îr. ВЩ h^d.tUis been % cafe, thçre WRB
nothing in either of the materials made ufe of щ tfyi'a exp.eriment
from which the inflammable air could^poffibly dime, there1 being
no watft containei} in-either pf them, iout fuppoijnJB-tbfi reality of
phlogifton, and its.conftituting apart, qf .щеЦв^.of chai-cpal, and
pf inflammable air, the experiment 1зЧ-сгу intelligible,

After
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After having- tranimitted fteam in contact- with
charcoal ana iron in a copper tube, I propofed to do
the fame with other fubftances-eontaimttg .phlogiftpn,
and 1 began with banesy which were burned .black,
and had been fubjected to an intenfe heat, covered
with fand, in an earthen retort. From three-Dunces
of bones thus prepared, and treated as I had done
the charcoal,' I got 840 ounce meáfure» of air> with
the lofs of a88 grains of water. The hones were
by thjs .means made perfectly white, and had loft
no, grains of their weight. As the air ceafed.to
come:ia.confiderabk time before all the water had
been^ranfmitted through the tube containing them,
í concluded that the air was. formed from the phlo-
gifton contained in the bones, and fo much water as
was neceflary to give it the form of air,

This air differs considerably from any other kind
of inflammable air, being in feveral refpefts a mé-
dium between that from charcoal and chat from
iron.1' It1 contains about'one fourth of its bulk of
uncombiried fixed air, but not quite one tenth in'-
timabcly. combined.with the remainder. The wa-
ter that came over was blue, and pretty ftrongly al-
kaline, which muft have',been occafioned by the
voktile alkali not having been intirely expelled from
the bones in the former procefs, and its having iri
part diflblved the copper of the tube in which the
experiment was made,

I fob.
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I fubjefted cp the fame procels a variety- of fub-
Jtances that are faid not to contain phlogiftpn, ,1>ц(
I was neyer able, to procure inflarppnable air by
means of them j wliich ftrengthens the hypo.thefis of
the principal element in the conftitution of this air
having been derived from the fubftance fuppoied to
contain phlogifton, and therefore that phlogifton-is
areal fubftance, capable of aflumingthe ;fp.im of
air by means of water and heat.

S E C T I O N III.

Of the Aftîim of Sttam on various Subftances In 4
red Heat.

[A VIN G procured inflammable air by fend-
ing fteam over red hot irou, I afterwards ex-

tended the fame procefs tp other fubftances, and as
moil of thofe contained phlogifton, and yielded • in-
flammable air, I ihall recite them in this place.

Having been able to decompofe iron by, con-
verting it into fcales, I alfp-found that in dus way,
I could readily procure^c^irj of zinc, as well as in-
flammable air from that metal The flowers came

over
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over in a very attenuated Jtatëj the air being loaded
*riththem. It might be poffible, however, to con-
trive an apparatus to colleitthern.

Brafs being made with a mixture of zinc and
copper, and zinc being fo eafily decompofed by
fteam, whenever a copper tube is ordered for the
purpofe of thefe experiments, particular care íhould
be taken that'there be no mixture of brafs in it,
though it is difficult to have copper caft fmooth and
folid without a mixture of either brafs or tin, which
is not much better. Even pure copper tubes be-
come brittle, and at length crack in thefe experi-
ments.

Having at one time been perfuaded to have a
little brafs mixed with the copper in one of thefe
tubes, I confented that the fmalleft quantity that
соиЫЪе fuppofed to be necefiary to make the tube
compact, ftiould be put into it. But notwithftand-
ing this, and though the tube had a quarter of an
inch thicknefs of metal, it fell to pieces in the very
firft experiment, in which I fent die fteam of no
more than two or three ounces of water through it.
Inflammable air was produced very copiouily, and
the flowers of zinc were mixed with it -, fo readily
djd the fteam feparate the zinc from the copper,
tihough the heat was only fufficient to make the tube
red hot, and was far from melting it,

Lead
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Lead would probably be far Ids affefted than
per in thefe experiments ; but then it will'hot bear
a red heat without melting. I made the:fteam of
about four'Ounces of water pafs over four ounces of
melted lead/ in an earthen tube, with hardly any
fenfible effeft. The lofs : of water was not more
than 0.2 of an ounce meafure.

After ufing charcoal in the experiments recited in
the preceding feftion, I went through one procefs
with coak, or the cinder of-pit coal, and found that
from 174 grains of coak, and with the lofs of 528
grains of water, I got 1700 ounce meafures of air,
of which one -fifth was fixed air, and thirty ounce
meafures of it weighed ten grains lefs than an equal
bulk of common air. The analyfis of this air will
be found in the fedtion appropriated to that fub-
jeft,

On iron ore this procefs had no efFecl:. The fame
Was the cafe with the trial I made of quick lime, and
fuch would probably be the cafe with dephlogifti-.
cated earths in general.

• With manganefe, however, the refult was differ-
ent. Having0made the fteam of four ounces of
water pafs over 828 grains of this fubftance, which
had be<w expofed to a ftrong heat in an earthen re-
tort fontwiiime before, I got thirty five ounce mea-
fures of'air, almoft the whole of which was pure
fixed air, with a refiduum a little better than com-

mon
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mon air.' The mangancfe had loft 132 grains, andt
from 'being black,.was become very irowti, Againf

I tranfmitted the fteam of eight ounces of water
over two ounces and a half of manganefe, and got
about roo ounce meafures of pure fixed air, with
a refiduum a little phlogifticated. The manganefe
had loft lia grains.

S E C T I O N I V .

Whether inflammable or nitrous Air contain more
Phlogißon.

T T is well known that both nitrous and inflam-
A mable air contain phlogifton, but in very dif-

ferent ßates, becaufe their fpecific gravities, and
other properties, are moft, remarkably different.
Many fchemes have occurred to me to afcertain the
proportion of phlogifton that each of f hçm contains $
and at length I ; thought of attempting the folution
of this problem, by burning inflammable air in a
given quantity of common air. For though, in-
flammable air will not part with its phlogifton to
common air when cold, it will, like other combuf-

tible
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tible fubftances, when heated to a certain degree.
It is-then decompofed, and the phlogifton that en-
tered into its compofition phlogifficates the air in
which it is burned -, and the degree of phlogiftica-
tion may be meafured by the teft of nitrous air. I,
therefore, proceeded as follows.

In an eight ounce phial, containing many nails,
and a quantity of water with oil of vitriol, I pro-
duced inflammable air ; and making it burn with
a fmall flame, at the orifice of a glafs tube through
which the air was tranfmitted (being cemented injto
the cork of the phial) I covered the flame with a
receiver that contained twenty-one ounce meafures
of air, Handing in water. After fix minutes, the
flame went out j when, immediately catching the
air that was produced in the next fix minutes, and
alfo in the fix minutes following, I concluded thac
feven ounce mealures had been produced, and de-
compofed, during the fix minutes in which it had
continued to burn.

Then examining the air in which it had burned,
I found it fo fer phlogifticated, that equal meafures
of it and of nitrous air occupied thefpace of 1.6$
meafures ; and common air mixed with one third
as much nitrous air, being again mixed in equal
proportions with the fame freih nitrous air, occu-
pied the fpace of ï .68 meafures. It appeared, there-
fore, that die twenty one ounce meafures of air, having

VOL. I. X received
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received ffife pm^fton'ofofieihira as Hiti'cH înflsrfi-'
rtiàblë air/ Ш'Ап Òutfce ЛйЙНИНЙ; Was about;
ás nïach phlogiftícãtéd :îs-'ftШМ Havé: bëëii wîth"
affiMuîè of thë faîne prbp'ortion of riftrcJuS aín

í ? * *

Confequerttfy,- éqiíal meafures óf riftrdtfs arid Jrt-
flammablc air contáiii kBfetifc ёд'Ш Quantities ^Jf
phlogiftón/

Uf 'this curious problêiifi, KoWeVèf'i I hiVé 6В-
iaîncd a Йоге äifcuräfe fòkiíidíl froní tfó fHoídé tíf
éxpëHriîenfîHg IfitPoSi/ced b y tíiáfc exceHöftfbhiToïb-
p'her ÍVTr. Volta ; who ares' ihflànfírrtàMe'Sir m-rè'ò'ftU
ftiòn áir> by aie 'eleétrîê jpárk,- and cOhíèqtíé?rítfy
сад determine <Не exãíl p'rop'orSûn 'of tRfe íhffôtfímki
bíé aîr 'decoirip'oiêd in á giveti duáiitíty 'of cònriínôA
air. Tn'c reluit of this prö'ccß agrfe'Sng' WftKïKât
óf thé former, leaves liftîë doubt with réfpféft tô Шё
coriclùfioriï Have drawn from tHehV

Having íjfèjjared a ftrdng glàfsfefbe, 1й ойе end
tif which I had cemented apiece öf wirb,' -I ШёЗ it
with water, .and introduced into it àhoiMei- jJîèféë of
wire, fo äs to come wiEhiri abötitfelf àri:înth of
the former wire^ that ah élèrcuric eftplôflón ÄiigHt
cäfily páfs between them.

Into £hte ttbè, thus ргерагеЗ, I -тпЬвЯШ, in
the firft plate,- one meäföre'of íhflârftmablé änvahd
three of comnion-air ; ahdteefi, ^"пп!еаЙз;'бГйЪ
йеЛпс explofloh between Aeswíféj, m Ее'ФейШ
place of the aîr, I fired all' the ШиШШе lâr,

'ШсЪ.
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-which ..would then be decompofed, and, of courfè,
part with its phlogifton to the common air with
which it was «nixed. After the explofion, I ac-
cordingly found it to be .completely phlogifticated.
Thii alfo would have been the confequence of mix-
ing thefawie proportion of nitrous ay- with the com-
mon air. But to determine the problem with ac-
curacy, it was neceflary to ufe fuch a proportion of
inflammable as would only phlogifticate the common
air in part.

I therefore mixed one meafure of inflammable
air with three meafures of common air, and after the
explofion found, It to be íb far phlogifticated, that
one meafure of this and one of nitrous air occupied
the fpace of ь8 meafures ; and this Л alfo found,
by the fame teft, to be exaftly the ftate to which
a mixture of one meafure of the fame nitrous air
brought three meafures of the fame common air.

In order to obtain a farther confirmation of my
conclufion, I mixed, one meafure of inflammable
air vrahfiur meafures of common air ; and aat<?r
the exploiibn I alfo found, by the teft of nitrous

air, that it .was phlogifticated exactly as much as by
the mixture of an equal quantity of nitrous air. And
fepeating the experiment with the fame proportion
of inflafnmable and common air, I found that after
the explofion the air was dim'mifhed, without

miking with nitrous air, juft as much as one mca-
X 2 hire
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ilire of nitrous, air diminiihed four meafures of com-
mon air, viz. from 7.4 to. 5.2 meafures.

Haying fmce this given more attention to thefe
experiments^ I have feen reafon to conclude that
inflammable air from iron and water, contains more
phlogtfton than nitrous air, in the proportion o£
ten to nine. For nine meafures of inflammable air
will diminilh dephlogifticated air as much as tea of
nitrous air.

S E C T I O N V .

The Analyfii of different Kinds of inflammable Air.

EFORE I proceed to the analyfis of the
different kinds of inflammable air, which is

the fubject of this fection, I ihall obferve, that thç
pureft we can procure (which is that from metals
by folution in the mineral acids, or rather that by
means of fleam from red-hot iron) feems to confift
of phlogifton and water, and that neither acid nor
alkali is a necejCTary ingredient in it; though, when

it
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it is produced by means of either of them, a fmall
portion of either may be retained in it, as an ex-
traneous fubftance. That this, however, is the cafe,
has- been very clearly Ihewn by Mr. Senebier,
though I think that the production of inflammable
air by means of iron and fteam only, without either
acid or alkali, fufficiently proves that his hypothefi»
of inflammable air neceflarily acquiring fome faline
bafis, cannot be well founded.

It was, indeed, my own firft opinion, that in-
flammable air eonfifts of acid and phlogifton. Af-

terwards I adopted the opinion of Mr. Kirwan, viz,
that it is pure phlogifton in the form of air, but
at prefent I am fully fatisfied with the opinion of
Mr. Gavendiih, that water is an eflential ingre-
dient in the conftitution of this kind of air.

That no acid is neceflarily contained, or at leaft
in any fenfibie quantity, either in inflammable air,
though produced by means of acids, or in the de т
phlogifticated air of the atmofphere, feemed to be

evident from the following experiment, which I
made with the greateft care. Taking a bafo«
which contained a fmall quantity of water tinged
blue with the juice of tumfole, I placed in it,a bent
tube of glafs, which came from a veflel containing
iron and diluted oil of vitriol ; and lighting the cur-
rent of inflammable air, as it iflued from this tube,
fo that it burned exaitly like a candle, I placed over

X it
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if an inverted gla&jar y ,fo that ehe moutb'of it wa$
plunged in the liqitor. Under, çhisjaï'tfie ю&одь
mable air burned as k)fjg as it cpuld, and when it
wasextinguiihed, förwant of m'ore pure air, ï fuferecl
the liquor to rife as high as it could within the jar>
that it »ïiight imbibe whatever ihould be depofltecl
from the decompofmon of either of the two kJrida
efai|\ I then took off the jar, changed the air in
it, and lighting the ftream of inflammable air, re~
placed the jar 'as before. Thjsl .did'ctil I had de-
compofed a very great quantity of the two kinds of
air, without perceiving the leaft thange in the со-*
Jpur of the liquor, which ifiuft, I thought, ' have
been the cafe if any acid had eriféred as a niceflary
conft-ituent -part into either of the, two kinds of air.
I alfo found; n<? £cM whatever ' in the water, "wjiich
was ï procured by- keeping a. ftream of inflammable
air conftántly burning in a large glafs balloon,
throiagh which the ait could circulate, fo that the
flame did nor go out.

With refpeét tp inflammable íír itfelf, 1 have 'be-
fore obíèrved, that when fufficient .care is taken to
^ree it from any acid vapour that may be accidentally
contained in it, it is not in the fmalleft degree af-
íèéted by a mixture of alkaline air. On the "whole,
therefore, I have at prefent no doubt but that pure
inflammable air, though it certainly contains ivaifry

does nctf neceffariiy contain any,, acid. Yet an acid
vapour
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,
.Ц «паду cafes, jle ^bi^apely- Teamed by it,,

as.,np, kjnjl ßf H..%Bf.;tö,.;be .-jcagabip . ,of fo great
а.удрегу & nWegnJ!ÖfiP§. ;fs p a j ï } m a e .ar s.

re are. '

^ .çgpprin}ents да ^ir. Thap -.^ich bs
been moil commonly ̂  gb^/yed is, thac .fome qf
th.etfi burn with" what may.-jje called a lambent ßatne,
íbrnçtype;? ,Ыче# Гяг^фг^ез ypllpw, and fometimçg
ly^ií?, ,^ke ^ flamf íf^m^qod cr CQ^ 19 §

e í iWhejf^.^Ojther |фа always burng
ад explsßw, majiii^g rçnpre or Jefs of a report,
.a ligbíe^ .çançl^ is $pPPd jntx> a jar fille^
-it; P/ the. lafter ,kmd. is %tt ,5У|иф is exr

nje^J.̂  j^y iipe^ns ;of ac^ds, - <Scc. and
of -the /ргще^ ).ф4 is íba,c which is expelled from
WQftd, £oaJ> ajiid pj^her ,ful?ftances by heat. It has
^Ifo been ob&rv.ed, фас tfeefe Jci^dc of апДаттаЬДр
^ir Ьдуе ,d№,r,ent fpjeqftc grayiu.es, the purest kind,
.<y: that which is ,e^tr.aj6te4 fron? ir9ní &c«. being
jaj?Qut ten .time? igliter than .common air, bpt

the other kinds ;nof mpre ,than twice й$

The caufp .of.this difFerence I once diought }
íhad 4iífcQyíered tc be the heavier kinds ofinflam-

air ;qqntaining a pfqpqrtion ,of fyed air, ф
cpiTqbined with them, fo as not to jje

X 4 dit
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difcoverábk by lime water, while the lighteít kind
contained no fixed air at all This hypothefis I
formed from decompofing them with common or
dephlogifticated air, by the electric explofion. For,
after the experiment with the heavier kinds of" in-
flammable air, I always found a, quantity of fixed
air in the refiduum, but none at all.after the ex-
periment with the lighteft kind.

In order to decompofe any kind of inflamma-
ble air, I generally mix it with an equal quantity
ofdephlogifticated air, and then confine them in
a ftrong glafs vefiel, previoufly filled either with
water or mercury, arid I make an eleétric fpark m
fome part of the mixture, by means of wires in~
ferted through the fides of the veflel, and nearly
meeting within it. By this procefs, I imagined,
that I was able to afcertain two things relating to
the conftitution of different kinds of inflammable
air, viz. the quantity of combined faced sir (as ï
then thought it to be) and likewife the relative
quantity of phlogifton contained in each of them.
The former appeared by walhing the air with
Hme water after the explofion, and obferving how
much of them was abforbed, and the latter by
examining the refiduum with the teft of nitrous
air, and obferving the purity of it. In molt of
thefe experiments I made ufe of dephlogifticated
air, in preference to common air, becaufe I could

not
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not make fome kinds of inflammable aîr to ex-
plode at all with common air. Otherwife I ihould
have preferred this,: as being the moft nearly "of
the fame1 quality. ' However, I always rioted the
degree of purity of the1 dephlogîfticated air that
I made ufe of before I bejgan any of'thefe arialyfes.

Finding, however, that in 'fome Cafes more fixed
air was found after the explofion of the two kinds
of air, than could poffibly have been contained in
the inflammable air, on account of the weight of
it, I was1 fatisfied that there muft have-been a real
generation of it, by an union of the inflammable
and déphlogifticated air. It is remarkable, how-
ever, -that fome kinds of inflammable air -ihould
To readily unite widi1 dephlogifticate4 air, fo as to
make a confiderable quantity of 4ïxed air} and
that others, treated in the fame manner, ihould not
do this at all j and alfo that thofe which do it
<lhould be the heavier kinds of inflammable air.
This is a new and curious fubjecl of inveftigation.

The pureft and lighteft inflammable air is that
which is extracted from iron, and' other metals,
by a folution in the acids, or by means of fteam.
One meafure of this kind of air, and one of dé-
phlogifticated (fuch as that, when mixed with two
equal quantities of nitrous air, there remained 0.72
of a meafure) exploded togedier in the manner
defcribed above, were reduced to 0.6 of a mea-

fure,



furs,, no fixed qir was Eo~pd ip the reficluym, an4 
when exa~vined with an equal quantity pf nitrous 
air, .was reduced to 0.87 of a meafiire. 

Wiib t$e kme clc~~blogi$icated air I cpa-nined 
ipflamkable +- ,that had beep got # b p ~  miyture 
of fWry cinJer and clq?rco~l, and Sa~~nd, that P R C ~  
zbe yqlofion, die jwo rn;taCyrc.s were reciucecl oply 
p . ~ . 8 6 , . +  but rhqr by ~4Qsiqg in the linle watcr, 
$hey werg py,lyced t;9 1.2. Confiicl~lcntly 0.65 of 

9 ~ y e a f q g ~  of 'figeil gir bac1 bccn ge~crakcd ig  tile 

prace&. Wjien this vyas Scp~pawd fi-0111 it, R Q ~  

dxc r$l~qiq~kr examined 4y nitrow ~ i r ,  it appeased 
20 be of the itqndilrd of 0.9 ; fo that Jie d,ephjogi.i: 
t i c a t d  air hecl -been more jl1jure.d ky  diifi xbarr 
by a11 equP1 quantity of the wmnon iwfl i l t~~~+ble 
ait; though tlw diffcrcnce in, t;hb r:e@et't rwaa IJQL 

~alfiderable, 
dn finother. pr.~cefs wit11 this k i ~ d  of infliltxllnar 

bh air, the dijnjnu~ion after d ~ e  explolion Nas to 
r.56, and that, aka tlre waflliwg ~JJ li~n,c. wr* effir to 
0.65 ,of a meaCuxe; fo that tllece hxl becn a gene- 
ration of 0.9 of a ,meafusc of fixed air. In ariotl~or 
.expeciment tile fi& dirninuriun was to x.G, a~id 
d ~ e  Cecond 0.66, So that 0.94 of a meafi~re of fixed 
air had been prociuced. And la&ly, ill another 
procdk, the fisfi dimillution was to 1.6, and tlrc 
Lecond to 0;6 of a meafure ; fo that dlcre was a 
generation of one co~nplete mcafure of tixed ail; 

and 



and d~is was a. clear proof that it could not have 
been cont(?i~~ed i~ ir col~~bi~wsl Rate, 4s 1 at fire 
imagined, in tile inflam~~l;tl)k air; fince tlwn it 
muit have been much heavier than I b a ~ l  ever 
found it: to be ; for, though I found the fpccific 
gravity of it to be ionlcthing di&rcnc .at diverent 
times (and the preceding experiments mere inade 
with the air of rlifl%rent proceK~s) 1 had, llever 
found that: f'orty ounce meaii~res af this air . w ? ~  
more thxll two grains heavicr .than an equal bulk 
of common air. 

This, indeed, is a remarltable circulnfiqn ce with 
refpe&t to a fpccics of inflammuble sir, as. it does 
not appear by the teit of lime water to contain 
aQp fixed air ; but it: ought to have wciglieci inorc 
dlan one half heavier than cpmmon air, to have 
aoually contained. in combination all the fixed air 
that J found afr.er its explolion wid1 the dcphlo- 
giiticatecl air. Indeed, if any quanriry of intlarn- 
111ah1e air, of about the: L i i ~ ~ c  q~ecifir: grsvicy .with 
colnlnon air (which is the cak wit11 that Species 
of it which I am now coniidcring) yield io much 
:is Scvc~l tcntlls of its bull< of fixed ail; in conk- 
Qucncc of its explofion with drpl~logiflicared air; 

: lr was it is a .proof tlxlt at 1caI.t part of that iixed i 
gt!nwrate~i in the procefs, bec~iufe feven tenths .of 
Such fixed air would weigh inore tllatl the whulr: 
rncafure of thc inliunmable air, 

J Iaflam- 
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Inflammable air from Jpirit f wine (made by 
tranfmitting it in vapour through a red hot earthen 
tube) being 'analized in the manner nbove-men- 
tioned, one meahre of ir, and one of the fame 
dephlogifiicated air that was ufed in the former 
experiment, were reduced to one meaii~re, and by 
wahing in lime water to 0.6 of a meafure; To 
rhat four tenths of its bulk of fixed air had been 
generated in the procefi. The itandard of the re- 
fiduum was 1.7; ib that the dephlogiiticated air 
had been injured much inore than in either of the 
former proceffes, and confequently it muit. have 
contained more phlogifion. 

I found confiderable variations in the experilnenrs 
with this, a well as with Come other lcinds of in- 
flammable air. For, in another procefi, in which 
the earthen tube had been filled with bits of cruci- 
bles (in order to expofe Inore red iiirface to the va- 
pour of the fpirir of wine) the firit ditninution was 
to I .6, the fecond to 1.4 ; and the fiandard of the 
refiduumwas 1.84. In another procefs with this 
kind of air, the firlt diminution was to I -2,  and the 
fecond to 0.9. 

Having yroc~lred a quantity of inflammable air, 
by tranfmitting Ream ovcr r d  hot platim, I ana- 
lized it in the fame manner, and found that the Wo 
meaiures were rcduccd by the explofion to 0.72, I t  
conrained no fixed air, and the refiduum was of tllc 
fi~ndard of 0.9. 

1 1 1 f l i 1 ~  
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Inflammable air, procured by making itearn pail 
over melted brimitone, being examined in the fame 
manner, the firit diminution was to 0.6, and no fixed 
air was found in it. In this r e i p d  it feems to have 
been the fame thing with inflammable air from iron, 
but the itandard of the refiduum was 0.95 j fo that 
it feeins to have containrct more phlogifion. But as 
the quantity of this air was not great, it probably 
contained a mixture of other air. 

Inflammable air procured in the fame manner 
fiom inelted ayei~ic, appeared to be very direrent 
from that which was extra&ted from brimitone. For 
the two mearures were reduced by the explofion to 
I .  I 5, and by warning with lime water, to 0.95 ; fo 
that one fifth ofits bulk of fixed air had been gene- 
rated. T h e  hndard  of the reliduum was 0.8 2. 

A t  the h n e  tiine I examined fome inflammable 
air, that had been made by heating bits of crucibles 
in nlknline air, and found that the two meaiures were 
reduced by the explofion to 0.96 of a meaiure, that 
the refiduum contained no fixed air, and was of the 
fiandard of 0.8. 

'l'he inflammable air tliat is made froin dther, by 
traniinitting the vapour of it through a red hot 
carthen tube, very much refembles that which is got 
fiom ipirit of wine. 'The two nleafures were reduced 
by the explolion to I .36,ajid by waihing in water to 
r .2  ; fo that o. I 6 of a mealuse of fixed air had been 
generated, and tlic refiduu~n was of the ftandard of I. 9. 

Inflam- 



Inflammable air procured by tranffiitting fieam 
over red hdt rbarcouE ,f mrtnls, in the qaine manner 
tas it is got from other tharcoal, pmduces a confi- 
deraMc quantity of fixecl air. For +hen the expe- 
rimefit was made wi-rh this air, the firft dimunition 
was to I. I 2 ,  and the kcond to 0.8 ; 6 that 0.32 of 
a meafiire of f i ~ e d  air was generated, and the 
fiandard of Zhe rcfiduum was r .9. This ahalyGs 
was of the firfc portiot.1 that came in the procefs. 
T h e  fecond *as fijmething differenr. For with 
rhis, the firit dimunition was to 1.0, and the fecond 
to 0.~7 5 ,  the refidtiurn being the Game as before, viz. 
11.9. Thirty ounce mcaiiires of this air weighecl 
eight grainb'lefs'than an equal bullc of common ail.. 

Ahalizing the inflammable air from coak, or the 
charcoal df pitcoal produced by Resin, the f i r i t  
diminution was to  r .  T 5, and the fecond to 0.95; fo 
that one fifth of its bullc of fixed air was generated. 
The  itandarc1 of the refictuum was I .  9. But I muit. 
abfervc, that the dephlogiil-icated air with wllic:lr 
this experiment was made, was fo impure as llardly 
to clefe'ecve the name. I:or two meahres of nitrous 
aik and dne of this, occupied the fpnce df two 
tncafures. ljut this circuinfiance may not affe& 
the quantity of fixed air generated in the procefi. 
'I'hirty ounce rneaf~ires of this air weighed ten 
gtains lefi than an cclual bulk of common air. 

Analizing the inflninmabIe air that vYrns produced 
in rlx i'ame mmher fiom.fiir.it o j  i~tr-pcntjnc, the firfi 

diminu- 



diminution ths to I .C/, anci tfie i'econd to I .6 ; fo 
tl~atonly one tenth of fixed aif was pi-oddccd. T11t 
refiduutn + t s  of the itancl~rd of I .g. Thirry otince 
~neafures of this air weighed cight grains lefs tha~v arr 
eqtt~l bulk of common air. 

When the vapour of fpirit of wine w ~ s  innde to 
pds over melted metals, inflammable air vras pfo4 
duced from itjutl as if no metals had been concerned ; 
but when I kxamined the nip that was procured in 
this nxmncr, it did not appear to be quite tltc C ~ I C  
with that which came from pute fpirit o f  wine. 
Analyzing the air that was produced in a prnccfs 
with copper, the firit diminution was to 1.7, the 
fecond to 1.56, anci the finndard of the rofiduutn 
was i .78. Thirty ounce ~hkafitres of this &if 
weighed feven grains Iefi than an equal bulk oE 
comlnon air. 

In another proccfi with inflammable air, pro- 
cured in this manner, the firit diminution was to 
1.55,  the fecond to 1.48, and the refiduurn was 
of the fiandard of I .86.  Thirty ounce ineafurejl 
k)f this air weighed eight grains and a. Iinlf lei4 thm 
nn equal bulk of colnmon air. This air, it is ob- 
fervable, produced much lei:$ fixed air than the 
otl~er, ,snd it was dfo fpecificrtlly lighter tllsn it. 

When this procefs was made with tllc air prod 
rufecl by franfiniiting vapour of fpirit of wine over 
luclted/ilvcr, the firit diirliliutioll was to I. 9, the 

fecond 
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ficond to I .7 8, and the fiandard of the refidtiurn 
was 1 .F Thirty ounce meafures of this air weighed 
eight grains lefi than an equal bulk of cominon 
air. 

I n  the analyfis of the air procured by this procefi 
from lead, the firit diminution was to 1.78, the fi- 
cond to 1.6, and the it-andard of the refiduurn was 
1.78. 

I examined, at the fame time, inflammable air 
procured from bones, and alfo from charcoal, viz. 
by tranfmitting itearn over them when they were 
red hot in earthen tubes, after all air had been pre- 
vioufly expelled from them by heat. With the 
formel; the firit diminution was to 0.67, and the 
fecond to 0.58 ; fi) that the fixed air produced was 
extremely inconfiderable, viz. only 0.09 of an 
ounce meafure. The  fiandard of the refiduum 
was 1.47. In the experiment with the air from 
charcoal, the firit climinution was to 1.5, and tile 
fecond to 0.74; fa that the fixed air-was 0.76, 
and the itandard of the refiduum was 1.7. From 
this experiment it may be inferred, as mentioned 
before, that inflammable air from bones, is a kind 
of medium between that fi.01-n nzetals, and that from 
chnrcoal. In another procefi with air froin char- 
coal, the f i r i t  diminution was to 0.82, and tlle 
fecond to 0.63, and the fiandard of the refiduum 
W@ 1.37.. 

I made 



; I made the follqwing 'experiment to afcertain 
how much ~hlogifton is.contained in infkarn~nable 
+if f ro ,~ .  charcoal. .In five ounce meafures of this . 

kbd of air, I revived lead fiom maficot till ir 
pvas reduced to three fmrths of an ounce meafure, 
when, the lead revived weighed ten grains, and 
there r$,pained one punce inearire of fixed air. 
g u t  the minium irrclf yielded a little fiued'air. , 

_ It is obfervable, tllat when wood is heated in 
gn earthen retort,. the firfi air that: corns over is, 
confider,&ly different from that. which comes in 
tjle middle, or at the end, of the yrocds, Indeed 
dx, propp$es of it are.continually changing during 
t]~e whole: procefs. T h e  firit: portion burns with 
a lambent white flame, like that from burning 
woo? ,inx ian.open f i ~ e  ; afterwards. thq flame is Wuc; 
4qc-i ,towards the eniJ of t h ~  procefi it is conIiderdbIy 
eq?bfivt;, , almofi like, ajr, @om iron. Alfo the air 
tJ~%t~,~coyles pyer fir& is yery turbid, ow,ing per- 
ljaps,, t * ~  oily, and other mnpttrrs, that are rendered 
y.o!g$q, by. k?t .  

EJayjpg procured air fisoin diy beccll wood, 1, 
examined, in the method defccribed above, the iirit 
portjon sf. it, and alfy QIW of t l~e  *qliSdIe ones. 
l'lle ,focrlner I found to cont;iin fDur rcntlls a 
half o~il;s,bullc of uncombined fixed air, the fccond 
p0KtiqLJi , p 4 ~  fwo , ,tentl.rs. Afterwar 4s it is well 
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known that air procured in this manner- ceafesJ to 
have any uncombined fixed air in it. 

When I. examined the firR portion of air, after 
the uncombined fixed air ha& been +rated' &dm 
it, the firfi diminution was to I .36, and' the kkond 
to 0.9 ; fo that 0.46 of a meafure. 06 fixed' air w ~ s  
generated, and the ftandard"of the refidurtm was 
1.9, When the fecond portion was examined, 
after the uncombined fixed air was likewifi @paw 
fated from it, the firft diminution was to 1.66, 
and the fecond to I -46 ; To that the fixed air gene- 
rated in the procefs, was 0.2 of a meafure, that: 
is, lefi than in the former experiment, andl in nearly 
the fame propbrtion as the uncombined fixed air 
had been. The itandard of the reiiduurn in this. 
lait cafe was I, r 5. At the fame time, repeating 
the experiment with the fame dephlogifiicated a i ~  
ind inflgmmable air from iron, the diminution af- 
ter the exploiion w a ~  to 0.55, and the fiandardl 
of the refiduum was 1.48, which is the ufual ~tful t  
of the clecompoiition of inflammable and dephlo* 
gifiicated air, when both of them are as pure as 
they are generally procured. 

There was a great quantity of fixed air produced 
by the decompoiition of ibme inflammable air ex- 
traaed from Eome rich mould in a p n  barrel, 
which Mr, Young was f~ obliging as to fend me, 

It 
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I t  burned with a lambent blue flame, and had a 
peculiarly offeniive finell, the faille, as he obGrves 
to me, that'is yielded by air procured from putrid 
vegetables. Of this air one twentieth part is un- 
combined fixed air. When chis was fcparated 
from it, and the retnainder deconlpofed with de- 
phlogifiicated air, the firit diminution was to I .4, 
and the fecond to 0.67 ; fo that there was a gene- 
ration of 0.73 of a ineafi~rc of fixed air, The 
refiduum was of the itandard of 0.6. - 

T h e  inflammable air that is procu1.t.d from cap 
iron has a peculiarly offenlive iinell. On  this ac- 
count I had imagined that it might contain more 
phlogifion than colrlinon inflammable air, To as to 
abfosb more dephlogiiticated air than the other. 
But this did not ap'pear to be tile fa&. For w h e ~  
I inixed one meahre of each of the kinds of in- 
flammable air with four meafures of coinmon ail; 
the diminution after the explofion, was the very 
faine with both, viz. to 1.56. 

Though I think it to be unqt~itionable, from 
the preceding experiments, that part at leait of the 
fixed air which is found oe the decoinpofition gf 
lainbent inRainmable air is generated in the procefs ; 
yet, in another experiment that I made, it fllould 
feem that fixed air, or the elements, as we inay 
illy, of fixed air, may cnter into the compdfitiotl 

Y 2 of' 
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of inflammable air, and a&ually remain there, with- 
out being difcoaerable by lime water. 

I took a quantity of JZaked lime, which hact been 
long kept clofe corked in a bottle, and found that 
when it was heatcd in an earthen retort, it gave 
air, of which one fifth was for the inofi part fixed 
air; but in the gun barrel the fid~dme lime yielded 
no fixed air at all, but a great quantity of pure in- 
flammable air, of the explofive kind, like that 
which is gct from iron alone with water. That  
the water in flaked lime will enable the iron of 
the gun barrel to yield inflammable air cannot be 
queitioned, but then what became of the fixed 
air which the fame lime would have yielded in an 
earthen retort ? 

This experiment appearing ratber extraordinary, 
I repeated it with all the attention I could give to 
it, a ~ d  had the following rehlt. I heated three 
orinces of flacked lime (but which had been fome 
time expored to the open air) in an earthcn tube, 
and got from it fourteen ounce meafures of ail; 
of which only two meafures and a half remained 
unabforbed by water, all the reit being fixed air. 
This refiduum was flightly inflammable, bur not 
perfeAiy phlogifiicated. For, examining it wit11 
the teit of rbitrpus air, the fi~indard of it was r .6. 
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I~nmediately after this I heated another three: 
ounces of the i ~ m e  flalted lilne in a gun barrel, 
and got from it about twenty ounce meafures of 
air, of' which no part was fixed air, but all inflam- 
inable. I expeQedi llowever, to have found fixed 
air on the decompofition of this inflammable air 
with dephlogiiticated air; but after this procefs it 
appeared to be exattly iiich infla~n~llable air as iu 
procured from metals by the mineral acids, or 
rather by fieam. For the diminution of the two 
k.inds of air was the h n e ,  and though there was 
ibme appearance of fixed air in the refiduum, it 
was not fo much as is found after the decompofi- 
tion of the inflamtnable air that is procured bp 
means of fpirit of falt. In this cab therefore, 
there are 110 lei5 than eleven ounce ineafures and a half 
of fixed air abfolutely unnccuunted for, uillefs it 
be ii~ppofecl that it was refolverl into its confiituent: 
principles4 phlogifion or dephlogifiicated air, and 
that the latter was decompofed as it was produced. 
This, thereforei I thinla mufi have been the cak. 

Tllinking that the two kinds of air might incor- 
porate when one of them was generated within the 
other, I filled a gun barrel previoufly full of mer- 
cury with fixed air, and put rhe clofed part of it 
into a hot fire. Inflammable air was accordingly 
produced, but when tfle fixed air was feyarated 

Y 3 from 
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from it, it exploded jrrit like inflammabla air from 
iron only. 

I inade an experiinenr fomething fimilar to this, 
by heating iron mrnings in five ounce meafures of 
fixed air, when the quantity of it was increakd 
about one ounce meafure, and there remained one 
ounce meafutre and three fourths unabforbed by 
water. This was inflammable, and burned with 
a lambent blue flame, not like inflammable air 
from iron. It kouid fecm, therefore, that in this 
experiment, three fourths of an ounce meafure of 
inflammable air had been formed by the union of 
the fixed air with the phlogilton from the iron. 
This experiment' I repeated with the fame refult, 
and I farther obferved, that thong11 the inflamma- 
ble air procured in this manner did not appear, by 
the teit of lime water, to contain any fixed air, 
yet when it was decompofed, by being fired toge- 
ther with an equal quantity of deplilogifciatcd air, 
fixed air was found in the refiduum. For the firit 
diminution was to 1.45, and one third of this re- 
fiduurn was fixed air. From this fa& it Ihould 
fee111 that, though in fome caks, fixed air muft be 
generated by the decompofition of inflammable and 
deplllogiiticated air, yet that inflanllnble air, when 
thus produced in contatt with feed air, may cona- 
bine with it, fo as to be properly contained in it, 

and 



and in fuch a manner, as that it cannot be difcover- 
ed by lime water. 

I alfo obferved, after Mr. Metherie, that though 
no fixed ah. be found on the dec~mpolition of de- 
phlogilticatea air with inflammable air procured 
by ineans of.oil of vitriol, a h a l l  quantity is pro- 
duced when the inflammable air procured by mrans 
of fpirit" of falt. I did not find, however, more 
than a fortieth part of the reiiduum to be fixed 
air, when I decompofed equal quantities of tllc 
two ltinds of air. 
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E X P E R I M E N T S  A N D  O B S E R V A T I O N S  RE-* 
L A T I N G  T O  N I T R O U S  A I R .  

P A R T  r; 

OF THE SOURCE OF NITROUS AIR.. 

S E C T I O N  1. 

Of nitrous Air from Metals, 

R iince I firfi read Dr. Hales's mofi excellent EVE Stalicnl E@ys, I was particularly itruck with 
that experiment of his, of which an accouqt is given, 
Vot. I. p. 224, and VOL. 11. p. 280, in which 
common air, and air gemrated from the Walton 
pyrites, by fpirit of nitre, made a turbid red mix- 
ture, and in which part of the common air was ab- 

firbed ; 



forbed ; btlt I never expe&ed to have the Ca6sfac- 
rion of feting this fernarkable appearance, i'ppofing 
it  to be peculiar to that particular mineral. ' Hap-. 
pcning to mention this fubje& to the Hon. Mr. Ca- 
vendifh, when I was in London, in the ipring of 
the year r $7 2, he faid tharhe did not imagine but 
that other kinds of pyrites, or the' metals, might 

, anfwer as well, and that probably the red appear- 
ance of the mixture depended upon the fpirit of 
nitre only. This encouraged me to attend to the 
fiubjetk ; and having no pyrites, I began with the 
blution of the different metals in fpirit of nitre, and 
catching the air which was generated in the fol~ttion, 
I prefently 'found what I wanted, and a good deal 
more. 

Beginning with the folution of brafs, on the 4th 
of June 177 2, 1 fir& found this remarkable fpecies 
of air, only one effeCt of which was cafually obferved 
by Dr. Hales ; and he give fo little attention to it, 
and it has been fo much unnoticed fince his time, 
that, as far as I know, no name has been given ta 
it. I therefore found myfelf, contraiy to my fir& 
reiblution, under an abfolute neceflity of giving a 
name to this kind of air myfelf. When I firfi be- 
gan to fpeak and write of it to my friends, I hap... 
pened to difiinguifh it by the name of nitrous dir, 
becaufe I had procured it by means of fpirit of nitre 
only. 



I hli~c toud that this kind of .air is aeadilp ptoh 
curd from iron, coppei; .bra& tin, fiver, quick- 
aver3 bihutk, t a d  nickd, bythe nitrous acid only, 
and f'm gold and the regulus of antimony by 
qga pegia. The circu~nilances attending the iIblir- 
tion of each of theft: metals are various, but hardly 
worth mantioning, ifi treating of tthe properties of 
the air which they yield a whioh, fiom what metal 
hever it is exwaaed, hm, as *far as Z have been able 
to  obferve, the very fame properties. 

Ni~rous air L procured from all the proper me- 
icals by @kit of hit12, except lead, and from all the 
Emi-metals d~at I have tried, except zinc. For 
.this purpoie I have ukd bifrriuth and nickel, wit11 
$hit of nitre' only, and regulus of antimony and 
platina, with nqgit re@. 

I did not endeavour to afcertain the exaB quan- 
tity of nitrous air produced from given quantities of 
all the metals which yield it ; but the few obfirva- 
tions which I firfi made for this purpoii. 1 hall recite 
in this place : 
date gr' 

6 o of filver yielded I 7: ounce meafures. 
j. 19 of quickGlver 44 
a a; of copper 14: 
sr o of brah 2 I 

Q zo of iron,, 16 
I 5 of bifmuth 6 
o 12 of niclcel 4 

1 laving, 
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Waving, at another time, dirolved filver, copper, 
and iron, in equal quantities of fpirit of nitre diluted 
with water, the quantities of nitrous air produced 
from them were in the following proportion ; from 
iron 8, from copper 6i, corn Glver 6. In a b u t  
the fame proportion alfo it was neceiEBly to $mix wa- 
ter with the fpirit of nitre in each cafe, in ode r  to 
malte it diffolve there met& with equal rapidity, 
filvcr requiring the leaft water, and iron the moll, 

That iron contains more phlogiRon d ~ a n  copper, 
is probable froin the much greater quantity of nitrous 
air that it yields, At one time I fourid that two 
I~en~ly-weight~ of iron diffolved in Eirit of nitre, 
diluted wid1 rain-water, yielded forty five ounce 
meahres of nitrous air, when the fanle quantity of 
pure copper, treated in thc fame manner, yielded 
only fixteen ounce meafures, 

I have obferved that I got little or no air by dif. 
folving lead in Qirit of nitre. I afterwards, how- 
ever, made another attempt of this kind, and with 
a little better fuccefi. I poured iinoking fpirit of 
nitre into a phial with a ground-ltopper and tube, 
conedining one ounce i~eafurr: and a half, filled with 
finall leaden hot ,  Co as to leave no comlno~l air at  
all, either in the phial or in the tube ; and I placcvt it To 
as ro receive the air that might come from it in water. 

After waiting an hour, in which little or no air 
was produced, I applied the flarnc of a c a ~ d l e ~  

x though 



though not very near to ir, ' and in there circum- 
fiances I got about an ounce meafi~re of air ; but 
upon fome water n~flling into the yhinl, while the 
candle was withdrawn, air was produced very plen- 
tifully. I collefied, in all, about a quarter of n 
pint, and might probably have got n~uch  more; 
but that the falt formed by the folr~tion of the lead 
had fo nearly clofed up the tube, that I thought pro- 
per to difcmtinue the procefi. T h e  air, both of 
the firit and of the laR produce, was of the fame 
quality, and fo far nitrous, that two meafires of 
common air, and one of this, occupied the fpace of 
two meafures only ; excepting that the very firit and 
very lait produce, trlixed with common air, took up 
a little more room than tlrat which I got in the mid- 
dle of the procefs. When the air was produced 
vely fait, it was exceedingly turbid, as if it had been 
filled with a, white powder. 

I have generally found it mofi convenient to get 
nitrous air from copper, on account of the pretty 
equable folution of that metal in the nitrous acid. 
If iron be made ufe oof, the procefi is much more 
difficult, the increafe of heat, and other circum- 
fiances, making a very great difference in the ra- 
pidity of the hlurion; fo that very often, when the 
effervefcence is very moderate at the beginning, it 
will be fo violent after a fllort time, that the greateit 
part of the acid will be thrown out of tile phial, 

an4 
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a ~ d  confequently the eRe& of it will be lofi. This 
difficulty, however, only attends the pouring of 9 
diluted fpirit of nitre upon a quantity of niils, or 
other fmall pieces of iron, in order to effe& a com- 
plete faturatian of the acid that is made ufe of at one 
time, which I have found to be the rnoft convenient 
upon the whole. If thicker pieces of iron be pllc 
to the acid, by which ineans the quantity of fur- 
fice expofed to its action is not confiderable, the 
prociuce of air may be made pretty regular ; bur 
1 have not, upon the whoie, found this method fo . 
convenient as the other. 

Having fometimes, howevor, *procured nitrotis 
air from iron by this procefi, I have noted fomk cir- 
cutnitances attending this folution, which, becaufe 
rhey are a little remarkable, I fllall hcre recite. 
When I put a thick piece of iron into a quantity of 
very itrong ijirit of nitre, it was not at all affe~ted 
by it : but by the application of a boiling heat it 
yielded nitrous air, about ten times the bulk of the 
acid. When a quantity of. water was poured upon 
the fpirit of nitre and iron, it became of a beautiful 
green or blue colour, and no motian was perceive4 
in it for about a minute, when it burit: out all at once 
into the mofi violent efkrvefccence imaginable, and 
a prodigious quantity of nitrous air was inftantly 
lx-o~lucecl. I t  will be cvident fro111 fitbfrquent ex- 
primer!ts, that a certain proportion of water is ne- 

? ceirarp 
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c d a q  to the c~fiitution of nitrous air, and therc- 
fore thediluted. acid is more proper for this purpofe. 

Mr. Relaval was fo obliging as to inform me that 
all w n g e n t  vegetable$, as galh, the peruviun h a d ,  
and greeu tert, diffolve with peculiar rapidity in the 
nitrous acid, in a manner not unlike the folution of 
feveral of the metab in the fame acid j and that a 
great quantity of air is gener9ted in the procefs, I 
immediately made the experiment with galls, and 
was really furprized at the effe&. The folution 
was, indeed, aitoniihingly rapid; but the quantity 
of air produced by it was not, feemingly, greater 
than ntould have beewieldid b y  the fame bullc of 
any other vegetable hbhnce ,  diffolved in the fame 
&id, with more heat. The air was all0 of the 61ne 
q~ality wit11 that which is yielded by moil vegetable 
fubhmes. In this cdc, more than half of it 
Mas fixed air, making lime water turbid, and 
the tefiduuin was fo f k  nitrous, that two mca- 
fura-of common air and one of this, occupied thc 
fpep af two meafures and a half, 



Of: niww Air from Pbpow of S'irit Nilre 
Warn. 

W A $ no fooner in pofifion of ni/r.ou~ vapor(,-, 
than I; hw ~penvd to me an entire new field 

hr:experikcsts, by means of a .rapid folution of 
bifinuth in fpirit of nitre, of which a fuller account. 
will b e  give.n k d e r  t$e article of nitrous arid. 

Three m&ds prabelp- occyrsed to me of ap- 
flying this nitrpus vapopr, in order to fnrm corn- 
bin~ions. with other fulRances, by which means 
w l y  its 'pnoper , namye, and, peculiar powers, could, 
be. .dX'wred. One qas, to put the fubhnce into. 
a, clean phial, and then to throw a firealn of the v+ 
pour upon it. .A,nod~er w , ~ , ~  Grit to fill the phial, 
\Ilrith the P~@UI; by which inethoct tlle quantity ~f ie. 
might be, in fome ~eafure, ai'certained, and &en, 
to introduce ~ I C  hbfiancie to it at the nlouth of the1 
phial, Ldkly, ifi t h  fubfipce was fluid, I could* 
plunge the tube, tluoyg11 w.llic11 the vapur*  was, 
rranfinitted, as deep as, I plea$kd: into it, wd there- 
by diffufe the uapour thi'ougli the whole body sf it, 
The Cecond of thefi ine~hods, was the firit: I had 

rccourre 



recourfe to, though foon afterwards I applied tllc 
firit, and not long after'that the third. And as I 
could not well produce this acid vapour at all with- 
out generating ' enough - to fill a great number of 

P hials, I generally placed fix, eight, or ten of them 
m a row, filling them with -the mfi&r:dne aft; 
another, and fometi~nes fupplying them all feveral 
times in the courfe of one procefi. 

T h e  firit experiment that I made \ivli11 .wa!te- 
was to pour a fmall quantity sf: i t into a phtal fill 1 
witli this vapour; [when, ihaking it 'ib'ditt;,'it;''be~' 
earn&, i s  'would eady be hppofed, gehOik-fpiri$ 
of nitre.; btlt it wa$'+veakf~nd boloi~rle~. 

. A k r  this, 1: threw a itkam of thawpbur ufizrt 
a {mall quantity of didilkd water, in a large ,pl<l;lg 
fhaking it now anfd hen, to promote the abfo~ptiok: 
of the y o u r  ; when I' 6bferved:;tliat, thp '%$w 
preently became warm, then bkpa~ , to'. f$a~+kid 
key mbch; air iffuing from all p,&ei;~66 ;it &ry: 
copioufly ; ' and after this it aRun&d a'; light blue; 
eolaur; in' which itage of the pracefi, it was, 6 
doubt 'not, the very fame thing that :Mr. Woulfk 
had fsund by iinpregn~ting water with the fillper: 
abundant niti-ous v'apour, in his method of diftil-* 
ling fpirit of nitre. But whereas he fays his blue: 
liquor continued blue, I found that. mine prefently 
lofi its colour on being expofed .to the open air, 
emitting a copious red fume. 

Finding 
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t7inding that, in this manner of impregnating 
water, I foon gained thc point of il~turation, by as 
~nuch  of the vapour efcaping as I could readily 
tllrow into it, I contrived to impregnate the water 
Inore effe&ually, in tlle following tllanner. I got n 
vefl~l, b, fig. 2, PI. V. in the form of a phial wit11 
a ground fiopper, and two holcs in the bottom ; 
which, however, was to be placed uppermoft wllelz 
it was ufed. T o  one of there llolcs was fittcd, by 
grinding, a glai's fyphon, olie end of which was fitted 
in the falame manner to the long phial in which tlle 
folution of the ,metal for the prorlultion of the va- 
pour was made, wllile the other end of it went to 
the bottom of the ven'el above nicntioned, and 
which contained the water; ii> that whntevcs v a ~  
pour was bsought into the veni.1 by it, ~ n u i t  necef- 
I:dri]y pa6 through the whole body of thc water ; 
and to the other hole in this velf'el tlicso was fitted, 
by grinding alfo, the end of a bent tube, which con- 
veyed the i'uperfluous air, or vapour, into a com- 
mon recipient. *But fott~eti~nes I had fcveral of 
tllei? veffels conne&ed together, as sepreknted, 
fig, 3, fo chat the air and vapour diicharged 
fiom the firfi of t l i rn~ lnuR neceE~l.ily pnfi 
through the water in the next, and that which was 
difcharged in this muft pars through the watel: in 
the following, &c. 

YOL. 1, Z * Making 
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Making the experiment in this more accurate 

manner, fo tlzat the water hacl an opportunity of 
becoming tl~oroughly impregnated, I made the fol- 
lowing obksvations. The  water, after becoming 
warm, began, as before, to $arltlc, and ernit air ; 
after which it became blue, fiill continuing to give 
air in much greater plenty than before. After this 
the water became green, a t ~ o ~ i t  which time the e l ~ ~ i f -  
fion of air ceafcd ; and lailly, afier the green colour- 
l ~ a t l  deepened very much, ii, as to appear alrnofi 
black, when viewed in the lame dire&ion with the 
light that fell upon it, a yellowy~ tiizge was perceived 
to be diKi~fecl. through the green colour ; and this 
was the lail fiate to wllicll I could bring the water 
by this impregnation. 

I alfo obferved that, about the time that the wa- 
ter in the firlt of thck vefils became blue, that in 
the next began to iparltle ; and when thc water in 
the fir& turned green, whic1.r was probably efTe'eCted 
in no other way than by the mixture of the yellou~ 
(which difiinttly appeareci afterwards) with the 
preceding blue, the water in thc next vcfli.1 br- 
came blue, and that in the following to fi~a~.ltlc, 
&c. 

One of the moil cxtraordin:\ry circi~mfiances in  
this whole ~)roceL$, is tlic I,~.ocluCtio~l of nir f i o ~  11 

1 1 1 ~  water in thc two firit itages of it, viz. whilc it 

is tranjkarent, and wllile it ,is blilc, bcfiu-e it be- 
COIYIC'S 
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c o m ~ s  gscen. A t  firit I concluded that this was 
phlogiflic;lced air ; this kinrl of air having bccn t l ~ r  
produce of a filnilnr procefs for the impregnation or 
oil with the n i t 1 . 0 ~ ~  vapour. 13ut having filler1 :I 

phial with this warcr, at the t ime that it was dif- 
charging air lnofi copioufly, and having placrct it 

inverted in a bnion of the fame, I prefently got a 

confitlerable quantity of it, and found it to be all 
pure i~i t ro i~s  air, poffeilcd of tlie peculiar proper- 
ties of that kind of air in ns great a degree as any 
whatever, and that it cnntaincd no portion of fixed 
a1r. 

T h c  quantity of nitrous air produced in this man- 
ner is very extraordinary. Whcn I fillccl a pllial 
wirh the water in the j1;itc of clnitting air, and in- 
verteci it in a bafon of water, it pl.ckntly ;:ln~oit- filled 
it, expelling the water. But wllcn 1 (illcd a phi:~l 
wit11 a ground fioppcr and tube with tl~c. watcr, and 
c;1ught all the air that came from it, with ; ~ n d  with- 
o u t  heat, I got ;.it one time morc than tr'rl t ~ n c s  the 
bulk of the water, all yule nitrous air. 

'rhis will appear the inorc extsaosclinary, if it bc 
confidered, that water cannot be mat-lc to imbibe 
more than about one tent11 of its bulk of nitrous air. 
T h e  produdion of it in this cafe, thcrc-fore, is quite 
another thing, and, l t~u i t  have a different ~ r r l f i ;  

though, had the quantity of it bceil li~lall, it r'c~igl~t 
% 2 hxve 
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have been imagined, that the nitrous air from the 
bifmuth having impregnated the water, as, in ibme 
degree, it neceEdrily muit, this nitrous air might 
have come from that folution. 

So great i s  this difcharge of nitrous air, that if 
the impregnated water be left to itfelf, it .will con- 
tinue to emit air for a day or two; fo that it is nor 
improbable, but that it may, from firit to lait, yield 
fifteen or twenty times its bulk. On this account;, 
if this water be confined in thin phials, it will endan- 
ger the breaking of them ; and the ground itoppers 
of itrong phials have often been thrown out by it 
with great violence, 
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S E C T I O N  111. 

Of the increaJcd Produce if nitrous Air by pr,~vvior+$y 
convcrtiitg the Acid into Yapour. 

H AVING obfirved the remarkable produttion 
of' nitrous air fi-om water iinpregnated with 

nitrous vapour, in thc followirlg cxpcrilnent 5 nlorc 
accurately compareti the of nitrous air pro- 
duced by pouring the impregnated wntcr upon cop- 
p ~ r ,  wit11 the quantity prod~icetl by an equal quantity 
of ii,irit: of nitre and copper, without i~~lpl.cgnatin~ 
water with tllc v;ipour that rllc acid would hi~ve 
yieldcd. 

EInvii~g diKolvcd n of biinnltli in n give11 
of fpirit of nitrc, and having mxde tile 

vapour which was raifcd by the folulion pafs through 
;L of water, I l)oured this water on fo'ome 
c ~ i ~ > ~ i n ~ s o o f  copper, in ;I l>hi;\l with a groulltl Itop- 
per and ti~bc, ant1 fi)und that it yiCklc.d one iixtccnth 
inorc nitrous air than tllc Clmc clu'lntity 01' ~~i t rous  
;icid dilutcd with watch and applied to tllc copper 
in thc fame inanncl-, woulcl yicld ; the heat of a 

candle being appliecl in both thefc ccnfcs till tlo inorc 
;iir could be procured. No allownncc ;\lib was 

z3  rnnde 
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rr~ade for a confiderable quantity of red vapour which 
was loft in decanting the water, or for that which 
remaincd in the large phial in which the hlution 
was madc, or for the acid that was unitecl with thc 
bifiuuth in the folution. Thc  air yieldecl by the 
irnprcgnatt'd water and coppcr was thirteen ounce 
meafiires, and the folution of the bifinuth tlfed in 
this experiinent being clilii~ed with water, and then 
poured upon the copper, yielded fix ounce meafures 
and a halF, which dolie is muse t lun  half as much 
;is the original quantity oftlie acicl yicldcd. Upon 
the whole, therefore, f$it of nitre, uGd in chis 
manner, may bc inade to yieltl, by means of copilet., 
one half more nitrous ail- than can be procured by it 
when applied in the ufual way. 

For my greater htisfaktion, I alfo rel3eated an 
experiment fimilar to the former, with water im- 
pregnated with nitrous vril~oul*, in the proccG fi)~. 
malting dephlo~iiticatecl air fiom fpirit of nitre and 
red leacl, and the rcfult was a9 foll~ws. I-Iaving 
put fix penny weights of I'trong $il.ir of' nitre u p o ~ l  
a quantity of red lead, and lirii~ing tlic mixture in  
a gun barrel, I rnacle 311 the air, t o g ~ t l ~ r  wit11 the 
redundant acid, pafs throug11 a quantity of watcr ; 
and found that the water, poured up011 copper, would 
have yielded fourteen ounce meafures of nitrous air, 
(a part of the watcr 11;lving produced nitrous air in 
that proportion to tllc wllolc-) but the filnle quantity 

of 
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of the acicl, even with the afifiance ofheat, ~ic1dc.d 
O J I ] ~  about eleven ounce ineafi~rcs and n half. 

I alfo mixed with three olinces of red lead as lnucll 
rpirit of nitre as occupied the fpce  of eight pcnny- 
weights of water, when the produce was forty 
ounce meafures of air, of which about five ounce 
meafircs was fixed air. The water dlrougl~ which 
it. llaci yaffccl in thc vcffel No. 2, P1. V. after 
malting all proper :tllowances, and ufing a variety 
of precautions in applying it to the coppery too 

'minute to be mentionrd herc, 1 judgcd to produce 
jn all twenty four ounce mcaibrcs of nitrous air, 
which I founcl to be clearly nlorc than the original 
quantity of this acid would have yicldcd. 

The  above-mentioned cxperi~nents were .111ac]e 
beforc I liad ~nucll fufi,icion of the great direrence 
in the produce of nitrous air occafioned by the ap- 
j~lici~tion of bent, whicll is fo~neciines very con- 
fiderable, and by no means in the Glne proportion 
in all cafes; fome kinds of thc acid yielding 31- 

inoft the wholF produce without cxtcrnnl heat, 
and othcr kinds hardly morc thun one half. I 
'tlierefore thought it ncceiKuy to go over this ~ r o -  
C C ~ S  once more with a view to tliis circuiililancc, 
and thc sefult was fi l l  thc fame as I~cforc, tllc 
water through which thc. generntcd air hat\ paikct 
producing more nitrous ;iir than thc whole clu;~n- 

z 4 ticy 
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tity of the acid employed in the experiment would 
have done. 

The  quantity of acid which I ufed at this time 
occupied the fpace of four pennyweights of water, 
and when applied to copper I could not, with any 
application of heat, make it yield more than twelve 
ounce meafures and a half. But when tlie fitme 
quantity of this acid had been mixed with red lead, 
which was afterwards put into a gun barrel, and had 
been made to yield all the air that could be extra&- 
ed from it, one fcventh part of the water through 
which the air had paffed produced two ounce mea- 
i'ures of nitrous lir ; Eo that the whole quantity 
would have been ' fuur.cecrrstcr ounce illenfuses ; ancl 
this was after the water had been decarltcd firit 
from the verel reprefenred fig. 2 ,  into nnotber 
phial, and fome time afterwards, from that into thc 
finall phial containing the coppcr. At~d it fl~ould 
be confidc.rec1, that after this proceC3 (if it be con- 
tinued till the water begin to elnit air, a circum- 
Bancc of which an account will be given hereafrcr) 
it is fo exceedingly volatile, that it is not pofible 
to pour the water fiam one veffel to another wilh- 
out the difcharge of very copious red fumes, in 
which a good deal of t l~e  acid muft be loit. l'llcre 
mult alfo be fame loKs of that nitrous air which is 
cmitted by tlie water itrclf; and I doubt not that 

the 
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tlle increafe it1 the produce of nitrous air in tliefe 
cxperirncnts is kom this Tource, viz. that wllicl~ 
is iilpplied from the water, ill confcquencc of tlle 
impregnation with nitrous vapour. W l ~ r c a s  when 
the acid is mucll dcphlogiflicated, a great part of 
i t  becomes combined with tlie n~enfiruum, tu~d 
therefore has no effeEt in producing tlitrous air. 

I hardly remember any thing, in the whole 
courfe of my experimenting, that nppcarcd Inore 
extraordinary than this. It fccmcd as if there 
was an increafk, iinfientl or any 101s of acid, nftcr 
p;trt of it ~ n ~ ~ f i  have bccn en~ploycd in forming 
the air, and p a t  alfo had bccn nccc.fi'ul*ily lofl in 
the coilrii of the experiment. 

I confulced feveral of my chemical friends up011 
rhis EubjeCt- ; but tlicy were all of thcm as mucll 
at a lo& to account for rhc LqCt- as ~nlyielf. 

That the giving of nitrous air depends up011 

pl~logifion, is evide~lt fio~ll the phenomena which 
ztttend tlie folution of iron in phlogifiicatcd ancl 
deplilogifiicnted acids. l 'o~ri t~g a iinall clu;t~ltity 
of phlogifiicated nitrous acid into il 1itt.g~ quantity 
of water, which had il-on wire in it, it prefently bc- 
came of a dark colour ; but this was fool1 pxci- 
pitntecl, and the folution affi~med a lighter colour. 
1 tllen poured off the iblution, whicll was of a iligl~t 
brown coloul; and pouring into it more pl~logiiti- 

clteJ 
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cated nitrous acid, it immecliately became of a very 
dark colour, and einitted air coyioufly. 

On examination it appeal*ed to be ft-rong nitrous 
air. ~ f i k r  the enlillion of this air, the dnrlc colour 
difappearcd. Thcfe phenomena, therefore, exa&ly 
refembled thofc of a folution of green vitriol, whicll 
affumes a dark colour by imbibing nitrous air, 
and becomes clear agnin by the expullion of it. 

T h e  dark green fi)irit of nirre ]lad the Curie effeft 
as t11c brown phlogifiicatcd acid, but the dephlo- 
giiticated nitrous acid had no filch eR-i.&. 

It: is eafy to make a pretty fcrong iblution of 
iron in dephlogiflicated nitrous acid that hall  bc 
green and give no air, if it be kcpt very cokl 
during the procefs. But if phlogiiticated nitrous 
acid be poured into the folution, it p1-efcntly be- 
comes very black, and emits air. This blitcknefi 
will fometiines, if the nitrous acid bc very volatile, 
go  off alrnolt immediately ; but in all ca&s it will 
do  fo in time, and leave thc llquor like water, or 
with a flight tinge of yellow; owing probably to 
part of the ochre having irnbibcd pure air, and 
thereby tcncling to become red. 

Nitrous air alfo ad~mitted to n green folution of 
iron in nitrous acid immediately turns it blaclc, 
jufi as it does a folution of green vitriol., 
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Phlogifiicated nitrous acid dropl~cct into a f i~lu-  
tion of green vitriol alfo makes it l)lnck. Tile 
green hl'olution of iron ik li~isit of nitre, y ~cltls very 
little air by heat, and this is not nitrous air. \ ;Vha~ 
charcoal was put into it, and hcated, it u l h  g.we 
little or no air. 

S E C T I O N  IV. 

T HE only method that I have ufed to meahre 
the firength of cliffercnt kinrls of nitrous acid, 

has been to find the quantity of nitrous air that 
n given quantity of rlio ;icid wi)uld yit*kl, w h a l  
diluteci with cqunl quiu1titic.s of w:lter, fi-om thc 
fame c~umtity of copper. I t  is ncccdiry that thcfe 
circuinftnnces be pretty rigoroufly attended to ; for 
otherwife confiderablc ~llifcnkes will, bc m;tdc. For 
in  diffcrcnt circumflances the produc-e of air fi-o1.u 
cqt~;il quantities of the fame acid will be confir1c.1-- 
ably different. I fl1;~ll hcsc fuL<oin n fcw of niy 
obfcrvatio~ls of this Itind, that the :.cncler 111;1y bc. 
apprized of them, nnci nlSo of the iinportnncc of 

atcellding to othcr diffcrer~cc.~ of n iinlilal. naturt-. 
In  
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I n  a iinall phial, and with a brifli effervefcence, 
the quantity of four pcnny-weigllts of watcr of a 
firong G~irit of nitre produced fixteen ounce mea- 
fires of nitrous air; whereas, in a large phial, 
diluted with more water, and confequcntly with a 
Icl's eKervefcence, tlie Cline c11i;intity of the fi~mc 

I 

acic1 yielded only fourtl.cn ounce meafi~res of air. 
Alro the quantity of copper (whicll was ftich cut- 
tings as the braziers commoi:ly m:lIie) in tile fin;~ll 
phial was about half as much as th:lt in the large 
one. With the fi11ne qu:intiry of $kit of nitre in 
the large phial, and ui th  tlie apy~lication of the 
heat of a c;lndlc, I got fifccen ounce tr~eaiirres of 
air. A t  another time the fi~ine qu;inrity of the 
acid without heat 113s not yielded much more than 
twelve ounce meafures. 

I have fi-equently obf~rvccl that, unlefs the qunn- 
tity of acid was filfficicnt to produce a. Ir@ efcr- 
v~ccnce, the prodiice of air has becn greatly de- 
ficient, the brifinefi of tlie cfl'ervefcence occalioning 
a confiderable heal, which i, alw;iys L~vo~ira l~le  to 
the folution of metals. Ent the application of ccjual 
degrees of'lleat will not malte thc produce of air 
equal, unlefi other ci l~u~nitat lces be atrcndect to. 
Whenever I have compared the Ilrcngth of acids 
in this manner I have li-rupulotifly ntrenclcd, as far 
as I could, to all tllefe circumfiances. 
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I-Iaving procured nitrous acid in ' the feveral . 
fiates above-mentionctf, viz. the original pale co- 
lourcd acid, that out of which the colour had been 
expelled by heat that which haci been dinilled 
again from frefll nitrc, ancl that which had bcen 
phlogiiticated by heat in clofe vcffcls, I tried the 
itrengtll of tllem all by the folution of copper, 
meafuring the quantity of nitrous air that equal 
bullts of them (ail other circumtlnnces bcing the 
fame) proclucecl, and obfcrvcd that a quantity of 
each occupying the fpacc of two yennywcights 
eighteen grains of water yielclecl ns follows, viz. 

Outicc Mcnfilrcs. 

T h e  original pale colourcd acid, 1-b 

The  colourlafi, - - - I I 

That  rcdifiilled from nitre, I I 

That  coloured by heat, - - I I 

This higlily plllogifticated acid hiired very lnucll 
when mixed wit11 water. 'l'lle protluce of air wns 
111ose or lcfs accelcratcd during the courfe of the 
folution in all of them, but moil of all \vllcn 1 
ui2i.d the pale colousecl acid. 1 nlufl obfcsve that, 
in malting this colourlcfs xid,  1 ul;d morc hcat 
~h:itl was neceK:llry, ancl tllcrcfose ~enl\cncd it too 
much, thougll it is cert'tinly impnfliblc to expel 
the colouring l,lllogii2on without expelling, at the 
h n e  time, the acid to which it is atlnch~l. It is 
i'oinething ~*cmasltable, that the pl3o,nifion, itz rhis 

far- 
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pnrticrtlar Jnle, fl~ould attach itfilf wholly to onc 
part of the acid only, though mixed with the relt 
of the acid, combined alfo with phlogifion, but in 
a diKerent ftnte. Thefe experiments, llowever, 
Cufficientiy demonfirate this to be the cak. 

It is fometl~ing remarkable, that rbough a great 
quantity of nitrous air is produced by the folution 
of copper in a diluted nitrous acid, no air at all is 
procured by a folution of the fiiime metal in the 
IZrong acid. ?'here is not even any appearance 
of air bcirlg fo~.incd, and afterwards abforbcd by 
the acid, as in the iimilar folution of mercury. 

Waving hiruratccl ,t quantity of itrong Q~irit of 
r~itl-e with c(jpper, of which it diRolves but a finall 
<luahiity, I ctiitillcd it in a gmen glafi retort. l ' he  
firlt p:lrt of thc acid that cnlne ovcr w,ls orange 
coloui-cd, fi-0111 1xi11g of a deep green ; but the 
latt was cjuitc. tri~nikarent ;~nd wcak. No air, that 
I cauhl perceive, w'l:j procluced, but a tubulrtteci - 
receiver being made ufe of, a final1 quantity could 
not be t'iifcovered. Tlicre was not: water enougll 
to form nitrous air. 
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Of Air frovfi Gunpowdtv-. 

7 I N  G clelirous of linowing what kind of air BL was produced hy the cxploiion of gunpowder, 
I, for that purpofi, mixed equal quantities of iiil- 
phur aqd fi~lt-petre, both finely pounded, and put 
them into n tall glds vefli.1. The produ&ion of air 
was very rapid and copious, and ii, highly nitrous, 
that two rneafurcs of common air, and one of this, 
occupied the $ace of two meafures and a quarter. 
Since the produce of air from fi~irit of nitre and chnr- 
coal is the very fitme wich this, viz. nitrous air, it 
c;ulnot be doubted but that nitrous air is alfo pro- 
duced in tile explofion of ginpowder, whicll is 
comi)ofetl of tllofi ingridients; the f i~i r i r  of nitre 
not b'ing dcfiroyed, or So far decoinpofed as that 
its acid nature is lop, but only entering into the com- 
polition of this fpecics of air. 

I-lxving got: nitrous air fi-om n inixturc of Cllt- 
petre and Stilphur, and dh fiom Spirit: of nitre 
and ~hacoiil ,  1 concluded that nitrous air 111uft be 
produced in the firing of gunpowder ; and it fit- 

vours this Cuplofition, that whcn I fil-cd gunpowder 
5 in 



in common air, the air was in part ph10girCicated by 
it. I t  is pofible, however, that when the heat is 
applied very Juddenly, the proper enrth of the chal-- 
coal, and alfo that of the nitre itfelf may, in part, 
unite with the nitrous acid, and thereby compofe a 
better ltind of air than was produced in tllofe expe- 
riments, in whicll the procefi was flow, fo that the 
fpirit of nitre hacl an oppornlnity of Emrating itklf 
with the phlog$on of tlie fi~bftances mixed with it, 
without touching the pure earth, and therefore the 
produce was nitrous air only, 

I have bee11 led to entertain this fufi~icion in con- 
fequence of bcing invited by Mr. Woulfe to examinc 
the air that - is protluced in making cbfis of ailre, 
both with fi~lphur and with charcoal; wllm, in 
both the cafes, I own, thc air that was prociuced ap- 
peared to be confiderably better than, fi+orn the ina- 
terials, and the inanner of ~naking thc experiments, 
I ihould have imagined it could l~avc becn. There 
was, indeed, a conflderable quantity of coinmon air 
in every thing belonging to the apparatus, whicli 
was not conitruEted with any view to tlie produce , 
of air; but the procefi was continued fo long, and 
the quantity of air pi+oduced was ib great, that I 
do not, in my own mind, make inuch allowance 
for that circumitance. 

. I t  appeared that the air produced fi-om the clyfis 
made wit11 Sulphur, contained orle twelfth of fixed 

air, 
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air, rnnliing l i ~ n e  water tu~bid,  and the rc~nainder 
w ~ s  plllogiiticated air, neither affe&ing c o ~ l ~ l l ~ o n  
air, nor bcing affelled by nitrous air, and exrin- 
guiflling a c'inclle. And the air that was produced 
in the procct'S with C~CIYI.O(I / ,  contained no more than 
one twentieth of fixed air, and the remainder, though 
it extinguifed a candle, was ib little phlogiiticated, 
that two ~nearures of it and one of nitrous air occu- 
pied the fix~ce oftwo mcafures and a quartcr. 
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P A R T ,II. 

OF T H E  X'KOPERTIES OF NITROUS AIR. 

S E C T I O N  I, 

Of ni~rofis /lir as the T '  of the Plrrity r,f r@irnr. 
ble Air. 

0 N E of the molt con+icuous properties of 
this kind of air is the great diminution o f  

any quantity of comtnon air with which it is mix- 
ed, attended with a turbid red, or deep orange 
colour, and a confidcrable heat. The JhelZ of it, 
alfo, is very itrong, and remarltable, but very much 
refenlbling that of finolting fjirit of nitre, 

T h e  diiniilution of a mixture of this and common 
air is not an equal tli~ni~lution ofboth the kinds, which 
is all that Dr. Hales iilppofed he ]lad obferved, but of 
about 'one fourth of the cornrnon air, and a5 lnucll 

of 
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of the nitrous air as is neceKary to  produce that 
effe&; which, as I have found by many trials, is 
about one third as much as the original quantity 
of common air. For if one  meafure of nitrous 
air be put to two medures of common air, in a \. 

few minutes (by which time the effervefcence will 
be over, and the mixture will have recovered its 
tranfparency) there will want about one ninth of 
the original two meafures; and if both the kinds 
of air be vely pure, the diminution will ftill go 
on flowly, till in a day or two, there will regain 
only one fifth of the original quantity of cotnmon 
air. This farther diminution, by long itanding, 
1 had not obferved at tire time of my firit publica- 
tion on this fubjeR. 

1 harclly know any experiment that is more 
adapted to ainaze and furprize .than this is, which 
exhibits a quantity of air, which, as it were, devours 
a quantity of another ltind of air half as large as 
itfelF, and yet is Co fir from gaining any addition 
to its bullc, that it is confiderably diminiihect by 
it. If, aft& this full i'aturation of common air with 
nitrous air, Inore nitrous air be put to it, it makes 
an addition equal to its own bulk, without pro- 
ducing the leait rednefi, or any otller viiible ef- 
fe&. 

In  order to judge whether rhe water contributed 
to  the climinution of this ~nixturc of nitrous and 

A n 2  con]- 



coin lil6n l i i;  I 'hatie tlic kllole proceG feveral tihes 
in quickfiltrel; ufihl; dnk tllird of i~itrous, and twb 
tl~i~~cls of c6'mifi'oh air, as bc'fo're. In ?his cafe the 
tdnefs  conti'nt~?A a &r)r lank time, and the din~i- 
Jln'tforl %as not id '&ear as wh'eli 'the Hnixture hi~d 
6een made in hard-, there remiin~ng one fiven'th 
male than the original 'quanriry of dolnl%on air. 

This miktufe %ood all night tpori rhc dp~iclc- 
$her ;  and t h h r l e t  horning 1 .obfirve(l rhat it 
was no farther dirWiniihed upon the adinifion of 

, water to it, nor by pour l~~g  it fetd-a1 rimes tht-ougli 
the Watei; a t ~ h  iettink it Rand in water two days. 

Another rnixtLilre, which had hotoori about fix 
hbiirk on the qilickfil'vkr, 'Ptas ditniniked a IittIe 
inore upon the aclmifion of water, but *Whs hewr 
166 than thc originttl cjuatitiry af comrndn air. In 
another daft, 'hofkver, in which the inixture had 
Rood but i very host  time in q~liclcfilver, the far- 
tEer diminution, fivhich 'rbok place ltpon the acl- 
miifion of water, was much more confiderable; Eb 
rhat the diminution, upon tllc ~ I l h l e ,  was vsy 
ncarly as great ks if the pracds had been intircly 
in water. 

It is evident 'corn thdfc cxpcl-imcnts, rhat tlie 
diminution is in part owing to the abforprion by 
the water; but th;it when the 111ixture is kept a 
long time, in a fituation in whicl~ there is no 
Water to abforb any part of it, it ncquirev a ccnl- 

ititution, 



fiitutionT \.ry whi~l t  iq i s  afFqwjq1~ incapabll: of 
pcj~g abfi~rbcd by wa~q-, p~ fgtllel; there is an 
pl!\iria to tlje qwnt ig  af air by piqaus i ir  pro- 
drlccd by thc f i lpt i9~ of the qvjckQly(rr. . ., 

I[t is ~x~redingly  p~zr [~ab lc :  tllar . tl~is s cffefvef- 
cerlce and diminution, occafioned by the ~nixtpre . - 
of pi~rons qir, i~ pecpliar p ppi~??? air, or air$t 

fPr rejjir~ti~ll i a ~ d ,  ?f 4~ as I .  I cnq judge from a 
gfcar, nqlnhr  of ob[eryations, i s  qt lei+@ very ?ear- 
ly, if no1 c~aLtly, ill Bropar~,oR to its f i t n d  for 
,tltis purpofc . , .  i Co ~ h ~ t  by tbjs ntc+:ls t& gqa?ncfs 
of air m;ly be difiinguinlcil . p u ~ l ?  . inpre accllratgly 
$hap it can be do!+ by puttil?~ . - rnicp, or Gy other 
qpiyals, u, krpatk ip it. 

'This was ;t. xnuif ;rgr~c&k $ifco-yei;.y t;q me, as 
1 hqpr it m ~ y  pe 41 yfrful oqe tq the Ruhliei 
e ~ ; c i a l l ~  ?s, from thk time, 1 l t d  no ocyi jo~l  Tor 
fp +iri2 ; ltock pflqicp p I 11q.i' k e p  gtid fp 

keep for the purpofc of the+ expcripeleets, u f ig  
theyo only in rilofe wj~jcb reguise$ to be very dc- 
cifivr; and in thefe cqes I / ~ a ~ c  fcldorq fajiqd tp 
know beforela,an,d ip wjlat manrler they wo~ild be 
aff~:+d. 

;[ t is alfo ,rciparlt&2e thar? on y,dlqever account 
sir is unfit for rekiration, this k n e  tefi is equally 
applicable. Tjlus tllere i s  not the leafi effervef- 
cence Letyveen r~itrous aqd fixed air, or inflamma- 
-ble ilir, or ,ray wief qf dirni+$ed air. Alfo the 

A 3 3  degree 
f 
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degree of diminution .being from nothing at all 
to more than one fokth of the whole of any quan- 
tity of air, we are, by this means, in poffeiljon of a 
prodigioufly large fcah, by which we may diftini 
guiih very fmall degrees of difference in the good- 
nefi of air. 

1 have not attended inuch to this circumitance, 
having ufed this teft chiefly for greater differences ; 
but, if I did not deceive myfelc I Jlave perceived 
a real difference in the air of my itudy, after a few 
perfons have been with me in it, and the air on 
the out fide of the houfe. 

By means of this teit I was able to determine 
what I was before in doubt about, viz. the kind as 
well as the degree of injury done to air by candles 
burning in it. I could not tell with certainty, by 
means of mice, whether it was at all injured with 
refpelt to refpiration; and yet if nitrous air may 
be depended upon for furnifhing an accurate teit, 
it muit: be rather more than one third worft than . 
common air, and have been di~niniihed by the 
fame general cauii: of the other diminutions of air. 
For when, after many trials, I put one ineafure of 
thoroughly putrid and highly noxious air, into 
the fame veffel with two ineahres of good whole- 
fome air, and into another veEel an equal quanrity, 
viz. three meafiires of air in which a candle hati 
burned- out ; and then put equal quantities of ni- 

trotrs 
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trous airtto each of them, the latter was diminifll- 
cd rather more than the former. 

It agrees with this obfervation, that air in whicI1 
a candle has burned is farther diminiflied both by 
putrefaaion, and a mixture of iron filings and f'ul- 
phur ; and, I therefore take it for granted, by every 
other caufe of the diminution of air. I t  is pro- 
bable, therefore, that this air is air fo far loaded 
with phlogiiton, as to be able to extinguifll a 
candle, whiclx it may do long before it is fully 
fkurated. 

I would obferve, that it is not peculiar to nitrous 
a i ~  to be a teit of the fitnefs of air for rcfpiration. 
Any other procef's by which air is tliminiflled, and 
rnadc noxious, anfwers the Lme pul-pofi. Liver 
of fulphur for infiance, the calcination of ~netals, 
or a mixture of iron filings and brimiione will do 
juik the Glne thing; but the applicatiorl of theln 
is not fo eafy, or elegant, and the eEe& is not ib 
foon perceived. In fix%, it i s  pblogiJlon that is the 
tefi. I f  the air be fi, loaded with this principle 
that it can take no more, which is Seen by its not 
being diminified in any of +the proccil'es above- 
mentioned, it is noxious ; and it is w11oleii)me in 
propol-tion to the quantity of phlogilton that it is 
able to ralic. 

"l'his, I have no doubt, is the true theory of tllc- 
diminutian of common air by nitrous air, tllc ~.cd- 

A a  4 ncfs 
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nefs of the appearance being nothing more than 
the ufual colour of the fumes of fpirit of nitre, 
which is now difengaged from the ii~perabundanr 
phlogilton with which it was combined in the eitrous 
air, and ready ro form another union with any 
thing that is at hand, and capable of it, 

I found, very unexpe&edly, that a confiderable 
difference would be made in the diinenfions of the 
mixture of air by a circumftance in the mqnner of 
mixilig them that one would not readily filfpetl, 
and I was not'at firfi able to account for it. My 
rifual method, as I have obfervcd in the Introduc- 
tion, has been to mix equal meafures of nitrous 
and common air in a low jar, and then to transfer 
the air into a graduated tubr, three or four fcet 
long. What I obferved is, that I cn~iltl make a 
difference of five hundred parts of a meahre  by 
making the air run up the long tube quickiy or 
ilowly. T h e  more flowly it afcended, the Iek 
fpbce it occupied. T o  afcertain whether it depend- 
ed merely upon the two kinds of air being So 
much longer together in the wider veffel, or in 
the fnnnel through which it was pourerl into thc 
tube, I rnade the  mixtures over night, and trmL 
ferrecl them into the graduated tube the next 
moriling ; but I itill founcl the Catne cliffel.encc, 
depending upon the circumttance above-iue~i~ioncd. 
I t  has ,been obkwed by Mr. Cnvendifh, that ngi- 
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tarion brings a mixture of cornmon air and nitrous 
air into much lefi coinpafs than a imixture of 
thein without pgitation. The  difference is indeed 
vcry great, and therefore kould always be inen- 
tioned. But in this cafe there was noproper agitation 

T h e  fit& above mentioned, I now conclude arok 
froin what remained of the nitrous air, not decom- 
pofcd in the mixture, being diini~~iihcd by pafig 
through fo much fpace of water, which is more ex- 
pofed to its influence in a flow than in a quick pa$- 
Eage. But I own I fllould not have fufpc&ed that 
nitrous air would have been dirniniked fo very inucfp 
by being fimply poured from one veffcl of water 
into another, if I had nor oblerved it in the follow- 
ing manner. 

Having mix4 a quantity of air, which I k n e ~  
OJ be thoroughly phlogiiticated by the putrefa@iolr 
af fiihes, with an equal quantity of nitrous air, 4 
transfixed the inixcure into my graduated t ibe  
when, inited of occupying two whole meafurcs, 
as I had expekted, they only occupied 1.95 mea+ 
fures. Sufpe&ing tkat the five hundred parts of a 
meahre which had difappeared had been abforbed 
by the water, I poured.the air back again i n t ~  tllc 
wide jar ; and transferring it once inore into the gra, 
duated tube, found it to be only 1.8 ~neafuses ; 
and pouring it about ten tilnes bacltwards and for- 

wards, 
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wards, without any unneceffary agitation, it was re- 
duced to r .6. Having itood in water all night, I 
meafured it again the next morning, when I found 
it to be 1.5 ; and by ineahring three times more it 
was reduced to I .4. 

1 then poured two meafiures of nitrous air only 
fi-om the wide jar into the graduated tube, and 
found that it was dirninifl~ed even in a greater pro- 
portion than the former mixture. 

In  applying the teit of nitrous air, I have lately 
preferied equal meafures of nitrous and of colnmon 
air, or of any air which may be conjeltured a priori 
to be nearly in the sate of cornlaon air, in order 
,that there might be phlogiiton enough to faturate it 
entirely ; and if the remaining nitrous air was not 
affeCted by water, this method would be perfe&ly 
unexceptionable ; and with due precaution, it is- 
&ot liable to inuclz objettion. But the mbit accu- 
rate method would be to ufe no inore nitrot~s air 
than the air to be examined is able complctely to 
decompoii.. But then it cannot be ltnown befi~re 
hand how I T I I I C ~  this is. Perhaps, in order to guard 
againit: the inconvenience above mentioned, it might 
be moit advifeable, in colnmon cafes, that is, when 
the air to be examined is about the flandarrl of 
common air, to ufe ibmething leis than an equal 
quantity of nitrous air, but .more tl~an one half, 

whidl 
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which was the quantity that I firit confined iny- 
Self to. 

I rather CufpeEt that when nitrous air is nlixcd 
with colnmon air, in a greater proportion than is 
requifite to the con~plete fitturation of the common 
air with pl~logifion, the fi~perHuous nitrous air is 
more difpofed to be abhrbed by water than pure 
nitrous air. It appears, however, th:tt, in no great 
length of time, fuah mixtures are brouglit to the 
fame diinenfions as if only half the quantity of ni- 
trous air had been mixed with the colninon air. 
This, I thin]<, may be infel-red from an experiment 
which I made to try tllc diriereilce between old and 
frej wade nitrous air, both Iiaving been mnctc itr. 
. the bmc  manner, and, I believe, having bccn ori- 
ginally of equal itrength. 

0&bber 25, 1777, 1 i ~ ~ i x e d  equal quantities of 
the Fd:ne collllnon air with equal cluanrities of the 
old and fiaefll made nitrous air. What Glace thcy 
occupied at that till-le, and in fiveral f~~bi'cquent pe- 
riods, is reprei'ented at one view, ns follows : 

With tlic old ~~itrous ;I~I. .  Wit11 t l ~ c  ncvr. 

0t-t. 27, 1777, 1.22 I .05 
Nov. 10, I .07 0.93 

2't9 0. pG 0.86 
'i'eb. 2, 1778, 0.84 0.8 

'l'he lafl is ollc fifth lcfs than the osiginal bulk 
rile cor~~rnon air, and confcquencly very w t r  to 

the 
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by any proper phloginic procefs. An accident wet 
ventJ my obikrving this progrcfs ally fpl-ther, 

S E C T I O N  If. 

Of the Inzpegna/ioa of Water witb nitr0u.r dir. 

H AVING, among other kinds of air, expofg 
a quantity of nitrous air to water, out of 

which. all air had been well boiled, in ,he experi- 
mCnt to which I may more than once refer (gs 
]laving been the occafion of feveral new and i m p r -  
tanr obfervations) I found that nineteen tyventieths 
of the whok was abforbed. Perceiving, to my 
great furprize, that fo very great a proportion of this 
kiod of air was mifcible with water, I immediately 
began to agitate a confiderable quantity of it, % a 
jar Randing in a troflgh of the Time kind of water; 
and, with about four times as much agitation 
Axed air requires, it was fo f ir  abfirbed by the wa- 
ter, that only about one fifth remained. This re- 
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haihdcr extinguifllcrl fl~unc, and was ~loxious ta 
aitilnals. 

Afrerwarcls I  educed a pretty 1i11.fl;e qua11tit~ 
of nitrous air to one eig1:llth of its original bull;, and 
t l ~ e  rem~iclder Rill fc-caified much of its peculiar 
finell, .and dimi~lifl~ed common air a little* A 
rnoufe alfo d i d  in  lit, but not To iiiddenly as it would 
have tlone f l i  pifrre hitrous air. In this operation 
the peculi~u. fibelf - of nitrods air i s  very manifeit, 
the water being fileit. impregnated with the air, 
and rhen tranfinitting it to the colllnlon acmof- 
p h c l ~ .  

'This .expedihehr gave me the hint of imprcgl 
haring water with n i t ~ ~ u s  air, in the mrtnner in 
which P. lid before do~le it with fixed nir; and 1 
p~~cfeiirlp found that diitilled water wot~ld ilthbik 
about one tenth of its bulk of this kind of air, and 
that +it acquired a .ren~arkably aftsingent tafie fro111 
it. The finell of wirer thus impregnated is at firiZ 
pecnliarly plhgcnt. I did not chufe to fwallow any 
of it, though, for ariy thing tImt I know, it map 
be perfeftly innocent, and perhaps, in fo lm cafes 
.Xah~rnry. 

This kind of air is retained very obfiinately bp 
w&r. In  an exhauaed receiver a quantity o f  w e t  
thus fattlmtcd emitted a ~ h i t i h  fuine,~fuch as fome- 
oil'hLCs ifiiies ,from bubbles oftl~is air when it is firk 

generated, 



366 O B S E R V A T I O N S  O N  Part 1% 

generated, and alfo fome air-bubbles ; but though 
it was ftiffered to fiand a long time in this iituaeion, 
.it itill retained its peculiar taite ; but when it had 
fiood all8 night pretty near the fire, the water was 
become quite vapid, and had depofited a fill-y ltind 
of matter, of which I had ohen colleRed a conlicier- 
able quantity froin the trough in which jars con- 
taining this air had fiood. This I fuppofe to be a 
precipitate of the metal, by the iblution of which 
the nitrous air was generated, I have not given fo 

. much. attention to it as ro ltnow, with cert~inty, 
in what circumftances this dcpo/t is made, any more 
than I do the matter depofited from infla~n~nable 
air above-mentioned; for 1 cannot get it, at lcait: 
in any confiderable quantity, when I pleafe ; whereas 
.I have often found abundance of it, when'I did not: 
expelt it at all, 

T h e  nitrous air with which I made the firit im- 
pregnation of water was extralted from copper ; but 
when I made the impregnation with air fioin quick- 
fdver, the water had the vely fi~ine tafcc, tliougll 
the matter depofircd fi-om it feerned to be of' rt 
different kind ; for ir was whitiih, whereas the 
other had a yellowik tinge. Except tlie firfi quan- 
tity of this impregnated water, .I could never, tie- 
prive any more that I l n d e  of its peculiar tafie. 
I have even let f01nc of it fia~ld nlorc than a weck, 
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in phials wlth their mouths open, and fotnetimes 
very near the fire, without producing any alteration 
in it ". 

I n  tlie beginning of May 1776, 1 fiiturated a 
quantity of difiilled water with nitrous air produced 
from IiJt~tutb, and it happened to itand ten days, 
or a fortnight, in the phial in which the impregnation 
was made, the fiperfluous nitrous air lying upo(l 
the Curface of it. .Then, inindfi~l of the caution 
Tuggelled by MI.. Bewly, not to admit the co1111llon 
air to this nitrous air in contalk with the water, I 
vely carefully, and as quiclcly as poiEble, flipped a 
finall funnel into the mouth oftlie phial, in the in- 
itant that I turned it upfide down ; and imn~ediately 
1 filled it up with forne of the water in the brribn in 
which it had been inverted, fo that the nitrous air, 
in its efcape mixed with the comrnon air, and was 
decoinpoi'ed, on the outfide of the phial, and nor 
within it., I have forgotten wit11 wllat  articular 
view I ha$ il~ade this i~npregnation, but I liad no 
exyeEtntion of the refi~lr, till, obkrving it tlie day 
following, 1 found that it had depofite~l a confitler- 
able quantity of very zuhitc mnttcr, and that tllc ws- 
ter r i d  not retain r~le leak fcnliblr rirgrcr of acidity, 
mot ever1 turning the juice of tur~ifole red. 'This 

* 1 llnve firice fi>utld, thnt  nitrous air Iins nci.cl. f.~ilcd to efcape 
froli~ t l ~ c  ~ : ~ t c i ;  wl~icli Iias trccr~ i~npregnatcd with it, by long ex- 
p ~ f ~ ~ r c  to the open air. 

experiment 
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experiment I have endeavoured to repeat, but al- 
ways without fuccefs. 

A t  one time, in order to determine whether d ~ c  
precipitate froin water impregnatid with nitrous air 
was different according to the mctal made t~re of 
promring the air, I imprcgnatecl three quantities ,of 
diltilZed water with n i t i~us  air, of whidl one was 
prcrcured from Bfrnufh, another fiarn copper, a11d n 
rhird from iron, each in ah eight ounce phial. In 
all &ere caks the water iiwb?bcd about: one fixth of 
its bulk .of this air ; ancl when the impregnation was 
completed, I, as quickly as pofible, and in the 
manner defcribed in the lafi mentioned experinlent, 
.filled all the phials with water froin +their rd13ektive 
bafons. But very little depdxr was dbferved for a 
confiderable rime, and @he warer in all the phials 
turned the juice of turnfule red. This impregna- 
tion was made on the 28th of May, and the depofir: 
having been made gradually, and as far as I could 
trbferve equally, the quantity of it was, in the be- 
ginning of ORober, pretty confiderable ; but itill 
not more than half of what was depofited in the 
fire mentioned experiment. In all tlre .phials, alfo, 
the colour of the depofit was the fatne, viz. a, dark 
dbvowtz. T h e  water dlfo in them all was flip 
acid, but not, I think, in fo great n degree as at 
&&. 



Imagining that the difference might depend ltpon 
the time that the hperfluous nitrotis air had re- 
mained upon the furface of the water (during which 
I had never obrerved any depofit to bt made) 
I let feveral of thek iinpregnations reiriain a fort- 
night, and fome more than a month, before I in- 
verted the pl~ials j but fiill the depofit was 'made as 
flowly as before, and was always of a brownifll co- 
lour. In  fome cafes this depofit was very incon- 
iiderable. 

When I heated this water, or when I put it into 
an exhaufied receiver, and thereby expelled from it 
all the air that I could, very little Inore depofit was 
made tlian there would have been if no air had 
been extra&ed from it. Alfo whether rhe phials 
containing the impregnated water were clofely itop- 
ped, or lefi quite open, .there was no diffcrence 
with refpea to the depofit. 

I imagined that I fhould have procured a con- 
iiderable quantity of this depofit by decoinpoiing a 
large quantity of nitrous air, which I did by means 
of common air, in a fmall quantity of water. But 
though I repeated this procefs till the water was be- 
come exceedingly acid, it made no more d e p d t  
in a few days than would have been made from wa- 
ter limply impregnated with nitrous air. One phial 
of this water I put under an exhaufted receiver; 
hut. though, by this means, a confidesable quantity 
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of air was difcharged from it, it made no more de- 
pofit than the reit. 

Imagining that the acid which remained in this 
water might prevent the depofit from being made, 
cfpecially as in the firfi experiment, in which the 
depbfit was fo confiderable, the water did not re- 
tain al-ly fcnfible acitlity, I put a little caufiic alkali 
to the impregnated water ; but no vifible effe& fol- 
lowed, from it. T o  prevent all acidity as lnucll as 
pofible, I did not always depend upon tny addreli 
in applyi~~g the fi~nnel, in the manner defcribed 
above, but I Ict out the fuperfluous nitrous air in a 
trough of the Ckne water that had been. impreg.. 
nated with it, fo that it was impfible  for it to be 
in the leafi: affeEted by the decompofition of it with 
tlle common air. But fiill the reiillt was not at all 
different fro~rl what it had been in the other cafes in 
which this precaution had not been taken. 

Mr. Bewly has very well obferved, that that aci- 
dity of water impregnated with nitrous air which is 
/EJbJc 10 the tnJe, is given. to it by the dccolnyofitian 
of the nitrous air in conta& with the impregnated 
water; but I have ffund, that a flight degree of 
acidity, not indeed ienfible to the taite, but dif- 
coverable by the juice of turnfole, is always com- 
municated to water by its impregn$tion with nitrous 
air. For if a phial be filled with water tinged blue 
with the j+ce of turnrole, and then the nitrous air 

be 



$c&?. IL N I T R O U S  A I R .  37 ' 
be adrnitred to it, and agitated in it, in order to pro- 
mote the impregnation, a change of colour will 
prefently be perceived in the water, But rain-water 
fo impregnated (the filperfluous air being let out un- 
der water) retains fo little acidity, as hardly to be dif- 
covered by mixing it with other water tinged.l~lue. 

I once imagined that nitrous air might poflib)y 
undergo fome change in its confiitution in con,& 
quence of its being in~bibed by water; and for Come 
time I always expelled a proportion ofjxed air along 
with the nitrous, from water ib impregnated ; but 
by ufing the following precaution I difcovered my 
miitake. I carefully pumped all the air out of a 
quantity of rain water, letting it fiand twenty four 
hours in a very govd vacuum, and then impreg- 
nated it with nitrous air; when, immediately cx- 
pelling all that I could of it by the beat of boiling 
water, I found no part ~f it fixed air, but all pure 
nitrous air, tllougli not more thnn one fburth of the 
quantity that had bee0 imbibed by it. 

I w i h  I could have given my reader rnqre fatif- 
fadlion with refpelt to this d@@t made by nitrsus 
air i but though I have given more attention to i c  
&an perhaps to p y  other iiubjee relating ta air, I 
have not hithert~ fuucceeded to my wifll, Perl~aps 
I may be more fortunate henafter. I have little 
doubt however, but rhat this precipitate confiikj g f  
a l e  calx of dae metal, by the dilr~lubon of which 

Bb 2 the 



372 O B S E R V A T I O R S  O N  Part IT. 
the nitrous alr is procured, and the white colour of 
the firft depofit from bifmuth may arife fiom a lefs 
portion of phlogifton adhering to it than to the 
firown precipitates. But what I want is a method 
of making t l ~  precipitate at plea/ure, that a qtlan- 
tity might be procured for a careful examination, 
and that the proportion of it8 in a given quantity of 
air, might be afcertained, 

S E C T I O N  111. 

Of the AbJoorption bf nitrous Air by Oih, Spirit t$ K m  
and cat$k Alkali, 

T HAT water would hnbibe a certain portion 
of nitrous air, I difcovered pretty early ; but 

that oils would do it, and e@echlly in fuch a prodigi- 
bus quantity, and To very rapidly, as I afterwards found 
they do, I did not ib much as fufpecst at: the rime of 
my lait publication ; and the experiments will hew 
that the decompofition is effe&ed by means of the 
aftinity which oils, and efpecially the eirential oils, 
are known to have with the nitrous acid, or its bafa 

For 
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For it is evidently this part of the nitrous alr that 
they imbibe. 

Having feen fome reafon to filf'ekt what would 
be the confequence of admitting nitrous air to oil 
of turpentine, from what I llad obferved in tny im- 
pregnation of oils with the nitrour wlpour, as will be 
feen hereafter, I filled a fmall glafi jar wit11 oil of 
turpentine, inverted in a baron of the fame ; and 
on expelling tl~at 'fluid by filling it with nitrous 
air, I obferved that, without any agitarion, the ni- 
trous air was diminiihed fo fall, that in about fix 
hours three fourths of it quite dihppeared. What 
remained exting~iiihed a candle, being, in all re- 
fpeEts, the fa~ne with pldog$ica~ed air, or that to 
which nitrous air is reduced by iron filings and. 
brimitone, long ag i~r ion  in water, and other pro- 
ceKes, 

When I agitated nitrous air in oil of turpentine, 
it was abforbect quite as. rcadily as fixed air is ab- 
ibrbed by water; but the quantity of nitrous air 
that oil of turpentine will imbibe is vaitly greater 
than the quantity of fixed air tllat water can be m ~ d e  
to I-eceive. 

What is the linzir in this cafe I cannot tell; but 
throwing away the refiduum, which could not be 
imbibed by oil of turpentine (which was generally 
about one fourth of the whole, the fi:sme as in tlic 
yrocefs with iron filings and L~imltone), I n l d r  n 
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quantity of this oil imbibe, at different times, eleven 
rirrles its bulk of nitrous air, and with very great 
eaG, even at the lag; but not quite fo readily as at 
the firit. 
- During this proceis, the oil, From being tranfb 
parent, prefently became of a light orange colour, 
and then had a yellowiffl cnit, and was a little glu- 
tinous ; but towards tlie end of the procecs part of 
the oil became of a very deep orange, and, fepa- 
rating from the reit, iiinlc to the bottom of the vef- 
Eel. I t  muft have been the nitrous acid formed by the 
nitrous air, and the acidifying principle of pure air, 
contained perhaps in the oil of turpentine ; and it 
wot~ld probably have decoinpofed Inore nitrous air, 
till the whole of it had been converted into this 
thick orange coloured mafi ; which is the Came 
thing, as will be feen in its proper place, with 
$his oil a f ~ r  it has been fully impregnated with ni- 
IroHs vapozlr. 

I endeavoured to expel air from the oil of turpen- 
tine which had imbibed fuch a quantity of nitrous 
air, but though I applied a confiderable degree of 
heat, no' air came from it. 

willing to know the i@ Jtnte to which the irn- 
pregnation with nitrous air would bring oil of tur- 
pentine, I put a fmall quantity of it into p thin 
phial, ballancing it ii> that it would fwim upright 
in water, and then introduced it into a large jar of 

nitrous 
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nitrous air itanding in water. I t  abUorbed, in all, 
two thirds of i t ;  at firit very flowly, but afterwards 
more rapidly; the water rifing more in one day 
than it had done in fcveral days before, and the 
whole procefs lafted a week ; afier which part of 
the oil of turpentine was bxomc orange coloured 
and thick, finlting to the bottom of. the phial, but 
the change of colour was lnacle at the furface. Af- 
ter about ten days F took it out o f  this jar, and put 
it into another jar of frefl~ nitrous air, wllerl it began 
to abforb the air very filt, having in~bibcd about 
one fourth of it in one night. 

Seeing no other nppc.a~.nnce ttliul the ohal~ge of 
the oil of' turpentine into this dark orange coloured 
mafi, I at length dilcontinued the ~>rocefs, and cx- 
pofed the ftibitance 1 had procured to the open 
air, when it became grndu~lly thiclces, till, in a 
month or Gx wccks, it bccanie iil1110fi as hard a s  
glue. T h e  infide of the jar in which this expe- 
riment was ~llade was nearly coverai with findl 
Q~eclcs of the 6ame glutinous orange colourecl mat- 
ter; the impregnated oil having, no doubt, beer1 
exlialetl, and having kttlecl on the iides of the 
glnfi, where, the more iilnpid part bcing evaporated, 
the refi bcca~ne of thc conGitence above men- 
tioned. 

I alfo rnadc a quantity of oil of turpentine i113- 

bibe nitrous acid fiurn ~itroiis air, by Ctturati~~y. 
tirb 4 with 
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with it the common air in the phial in which it 
was contained. I t  preiently became very hot; 
was firft green, and then of an orange colour, and 
parts of it becoming very thick and glutinous, 
funk to the bottom, exaaly as the oil of turpentine 
which had imbibed the nitrous air in the preceding 
procefi, or the nitrous vapour. N. B. After I 
had made fome progrefi in this operation, it went 
on very rapidly. For immediately afier I had ap- 
plied the bladder of nitrous air to the phial, it 
rufhed into it, and all the nitrous air was decom- 
pofed in a few Gconds. In this circumfiance, aifo, 
there is a remarltable relemblance between the 
two proceires; the decornpofition of the nitrous 
air in both cafes not having been effeeed ib rapidly 
at the firit, as fome time afterwards. 

Ether has the Came power of abforbing nitrous 
air that oil of turpentine poffeffes. Having filled 
a phial with ether, and inverted it in a bafon of the 
fame, I introduced a quantity of nitrous air into it, 
in the fame manner as I had done to the oil of 
turpentine ; and prefently found that, with a very 
little agitation, three fourths of it difappeared, and 
the remainder poireired no nitrous property. 

Willing to fce the whole effeCt of nitrous air 
upon ether, I introduced a fmall quantity of it into 
a large jar of nitrous air, in the fame manner as 
J haicl done with oil of turpentine in the above- 

mentioned 
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mentioned experiment. For ieverzl days air kept 
bubbling out at the bottom of the jar (the effeR 
of ether on all kinds of air, as I have ob- 
i'erved, being to increafe, and altnofi double the 
whole quantity of it) but after this time the air in 
the jar began to be diminiihed, and the water to 
rife in it, the phial containing the ether always 
fwimming on its furface. But at the end of the 
procefi, which continued about three weelis, one . 
third of the air in the jar remained. After this I 
perceived no alteration in its quantity: but, letting 
it remain a fortnight longer, I examined it, and 
found the ether very much diininiflled in quantity, 
though not changed in its appearance; but it did 
not evaporate on being expofeci to the open air 
as ether does. What was inoil remarkable was, 
that the nitrous air had lofi hardly any thing of 
its peculiar property of diminillling colnmon air. 
But it inay be fuppofed that there was not a quantity 
of ether fufficient to produce any confiderable 
change in fo large a quantity of nitrous air; and 
the reafon why what remained of the ether, after 
this experiment, did not evaporate, might be, that 
the exhalation of the water within the jar had mix? 
ed with it, and diluted it very much. 

Olive oil, likewiii., i~llbibes nitrous air, but not 
rapidly, perllaps about half as f i f k  as water in~bibes 
fixed air without agitation; which makes very 

little ' 
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little difference in the cafe of oil, on accoilnt of its 
vifcidity, and confequently its not being mudl 
divided by that operation. By long fianding, a 
quantity of olive oil imbibed allnoit the whole of a 
h a l l  quantity of nitrous air. 

Olive oil, by which a quantity of nitrous air had 
been confiried in a yhial iiveral months, had ab- 
forbed almofi the whole of it, and that part of the 
oil which was contigt~oris to the air was coagulated 
in'lurnp, as if it had been fmzen, and remained 
a long time at the top of the oil, But afierwal-ds, 
being loofened, I fi~ppofe, by the warintli of the 
weather, it all filnk to tlie bottom, as the ice of oil 
always does. - 

This property of diminiflling nitrous air, is not 
peculiar to oils. I t  is liftewife found in ca&$Ie't 
alkali, though not in the fane degree. Ima9ining 
that the preceding oils feizecl upon the acid of 
nitrous air, and tl~creby decompofed it, I thought 
that alkalies, having the firongefi affinity with acids, 
caufiic alkaline liquors, fixed and volatile, muff 
have tlie fame effelk ; and. the experiments fccnled 
to verify my cc~njefiuse. Having put a qui~ntiry 
of nitroxilfi air to a ~ ) h i a l  of ca~~fi ic  fixed alkali, im- 
merfed in n h,ifon of die fiiine, I obfcivcd tllilr, 

In the ipacc of thrce tiays, and without agitation, 
lo much of it had t>ecn ahforbed, that not rnorc 
thgn one Gxth of the clunntity I-umainect, and cifter 

fix 
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fix days about one twelfth part of it; only was 
lei?. 

An eqtial quantity of volntilc alknli, in firnilat 
circumfiances, imbibed, at the $ h e  time, but little 
of the nitrous air. But at another time, after 
hrairing about a week, I obferved that a quantity 
of it had abforbed about one third of a fmall 
quantity of nitrous air that had reited upon its 
furfice. 

A t  anotiier time I obf5rvrd that a quantity of 
fixed alltali abforbed almofi the whole of about 
one fourth of its bull: of nitrous air; for the re- 
mainder could not be more than one twentieth 
part. But when a phial was quite filled with ni- 
trous air, and placed with its mouth in a bafon 
of the fame fluid; the abforption went on very 
flowly. 

When, by means of agitation, I llad made a 
quantity of fixed caufiic alkali imbibe its bulk of 
pitrous air, I obferved that the colour of it was 
not in tlle lcait fenfibly changcd; a l h  it h d  no 
more effe61 upon iron than it had before this procefi. 

Caufiic allcali had tlo iinfible efle& either on 
common or inflainn~able air, tl~ougll only a iinali 
cluantity of thefe liirids of air was kept in con- 
ts& with a large q u a n t i t v f  this liquor about a 
week. 

A t  the finme time that I f i ; . ~  crpoicd nitrout 
air to oil of turpentine, I, in clic iuine manners 

brought 
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brought it into cont& with Jprit fwinc; and at-- 
that time the abforprion, without agitation, feemed 
to be almofl as coniiderable as that wit11 the oil of 
turpentine. But though this fluid imbibed the ni- 
trous air very fail at the firit, it was foon faturated, 
which is not the cafe with oil of turpentine. By 
repeating the procefi feveral times, I made a 
quantity of fpirit of wine imbibe its bulk of ni- 
trous air. But after this it received Inore air 
with great difficulty; and though I did not urge 
it to the utmofi, I do not think that it would 
have taken much more. No change was produced 
in the appearance of the fpirit of wine, it. being as 
tranfparent as at firft; and, what I thought a little 
remarkable, it did not afi& the juice of turnfole 
in any other manner than fpirit of wine always 
does. The application of heat to the fpirit of wine 
thus impregnated did not expel any air from ir, 
any more than it had done fi-om the o i l  of turpen- 
tine impregnated in the fame manaer. 

In order to compare the abforption of nitrous 
air by fpirit of wine and by oil of turpentine, I 
filled two cylindrical glak veffels, nine inches in 
length, one with oil cf turpentine, ar~d the other 
with fpirit of wine, inverting them in barons of the 
lame. Then, expelling tlie liquors, I filled tllc~n 
both completely with rlitrous air, and obfcrved that 
In  lefi than a day the oil of turpentine hati ab- 
fbibcd three fourths of its air, while the $irit of 

wine 
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wine had not rifen in the. jar more than three 
quarters of an inch, and it never advanced any 
higher. 

S E C T I O N  IV. 

Of the Pbenomeirn attending the A(?/orption cfnitrous 
Air by acid Liquors. 

A S nitrous air is liable to be decompofed by 
any fibfiance that has a near affinity. either 

with its phlogiRon, or with any other of its con- 
dlituent parts, it was natural to think of trying the 
effett: of the feveral acid& which are known to 
have a confiderable affinity with phrogifion. Ac- 
cordingly, about the fame time that I made the 
experiments defcribed in the lafi fe&on, I con- 
veyed a quantity of nirrous air into phials previoufly 
filled with the vitriolic, nitrous and marine acids ; and 
it prekntly appeared that all of them got phlo- 
gifton from this air; but the quantity of it which 
the nitrous acid decompofed, the quicknefi of the 
procefs, and the effeR of it upon the nitrous acid 

i&& 
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itfelelf, were appearances that I viewed with aitonifll- 
ment, having had no expcltatian of any fuch refult ; 
and feveral good cl~einifis of my acquaintance have 
expreffed no lefi ii~rprize at them than myielf, 
rhough thcfe fa&s will appear lefi extraordinary, 
when it is cor~fidered how very firong is the affinity 
between this acid and phlogiiton. This, how- 
ever, is perhaps a more evident proof of the pecu- 
liar itrength of this affinity than any other fa& 
that chemifiry has hitherto furnifhed, 

Having, in all the other cafes, had occafion to 
agitate this fpecies of air in the fluids which I 
expelted to a b f ~ r b  it j the moment that I intro- 
duced this air to the nitrous acid, I was, as uhal, 
beginning to agitate it; but with the lcafi motion 
the abforption was almoit infiantaneous, being nearly 
as quick as the abforption of acid or alkaline air 
by water; and the quantity of nitrous air that a 
very finall propsrtion sf this acid is abtc to del 
cornpore, and to appearance abforb, altpoit cxcecdg 
belief. 

Finding this abforption To very rapid, I had ng 
pccafion to introduce the air into phials previouflg 
filled with nitrous acid, in the manner in which i 
had done with refpel2 to other fluids, but orlly 
filled the phials with rlitrous air, and covering the 
m~uths of them wit11 my finger, placed thev  io7 
verted in a bafon ~f the acid, when t l ~  abforptiw 

would 
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would inilnntly commence, and the fluid, without 
any agitation, would rife gradually and vifibly, tilithe 
greatefi part of the air dirappearcd. Making rhe 
experiments in this manner, I obfirvcd that the 
upper part of the acicl, on which the nitrous air 
reltcd, became fir& of s deep orange, and then of 
a green colour. 
, In order to obfcrve the full effeEt of nitrous air 
on a given quantity. of ftrong ni t ro~s acid, I filled 
a final1 phial wit11 it, and then introduced it through 
the water into n large jar previoufly filled with 
nitrous air, and iiyported the phial in fucll a man- 
ner, as that the water could ncver rifc fo high is 
to  get into ir. In thek circu~nfiances, the furface 
of the liqour, which was at firfi of a pale ycllow, 
prefently afli~ined a deep orange COIOLIT, and the 
quantity of air abforbed was indeed very great. 
I was fi) much ftruclc with this experiment, that 
I repeated it very ofien; and the following is a 

, diitinB recitJ of all the rc~aarlcable appearnnces 
attending one of them, which I fekB from the 
reilr, as I noted them inore iminutcly than in ally 
uther proccfi of the liind. 

I-Iauing fllrd a phial, containing exaQly the 
quantity of four pennyweights of water, with a 
Ilrong pde ycllow Fpirir of aitre, with it; mouth 
q~i i te  clofe to r;he toy of a pretty large receiver, 
itandb~g in water, 1 carefully drew out almofi d 

L the 
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' the common air, and then filled it with nitrous 

air; and as this was abforbed, I kept putting in 
more, till, in less than two days, it had completely 
abforbed I 30 otlnce meafures. 

Prefently after this procefs began, the fi~rflace 
of the acid affumed a deep orange colour, and 
when twenty or thirty ounce meaiilres of air were 
abforbed, it began to be kniibly green at the top ; 
and this green kept defcending lower and lower, 
till it reached the bottom of the phial. Towards 
the end of the procefi, the evaporation of the acid 
was perceived to be very great; and when I took 
it out, the quantity was found to have been dimi- 
niihed exattly one half: for there remained no 
more than the quantity of two pennyweights of 
water. Alfo it had become, by means of this 
procefi and the evaporation together, exceedingly 
weak, and was rather blue than green. 

T h e  phial of ipirit of nitre in this experiment 
was fupported by an iron wire, rifing from a flat 
piece of brati; and having at one time filled the 
receiver quite full of nitrous air, To as to leave 
the whole itand quite bare, I obferved that great 
quantities of air iflued from them, the moiiture 
on their furface rendering this eEe& very apparenr. 
This muff have been an additional quantity of ni- 
trous air, produced by the nitrous vapour which 
bad been exhaled from the phial, or depoiited in 

tl1c 
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the decompofition of the nitrous air, and mufi be 
confidered as having becn abforbed by thc acid in 
the phial, befides that which I threw into it. How 

. much was the amount of this additional quantity 
of nitrous air, decompofed by the acid in the phial, 
I cannot certainly tell ; but ihould guefs, from the 
circumitances, that it could not be lefi than twent)? 
ounce meafures ; which, added to the 130 above; 
mentioned, malces the whole quantity abforbed .to 
have been 1 50 ounce medures. Befides, ' I with- 
drew the phial before the abibrption :had 1 quick 
ceafed. 

At another tii~le I was determined that the ni- 
trous acid fhould continue in nitrous air till it could 
not poflibly abforb any inore of it, in order to 
obfeerve what the acid i@If would become afier 
being fully iaturated with phlogiitqn in this man- 
ner, and when it had at the fame time exhaled 
as much as it could of its own acid in thofi cir- 
cuinfiances, T h e  confequence was, that, in four 
or five days, when the procefi terminated, the acid 
was become of a very light blue colour, and, as in rhe 
former cafe, was rcduced to half its dimenfions; 
ib chat the evaporation of the acid in this confined , 
Gtuation ceafes before it becomes quite tran$arent, 
as it does by long expofure to the open air, thoogh 
it is very poflible, that a much longer continuance, 

VOL. I. C c  everl 
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even in theie circtnnfiances, would have the fame 
cffee. 

The abve-mentioned experiments were made 
wit11 d~ firongeR yellow fpirit of nitre. When I 

'expofed to the nitrous air a quantity of blwe fpirit 
of nine, tihe air was abrorbed, but by no means iq 
fo great a quantity as by the other acid; and the 
furface of this acid became of a deeper blue in 
theE cirmmitances, Had it been continued longer, 
,it would, I fppofe, have mwned to a lighter 
blue by the evaporation of its acid ; in which Ram 
it would have loit its power of attraaing phlogiil 
ton from the nitrots air, as in the lait-mentioned 
txperiment. .The nitrous air which had been ex- 
poied to this blue fpirit of nitre was diminiked a 
fittle by frelh nitrous air. 
Waving obferved the change that took place in 

nitrous air by means of fyirit of nitre, I was de- 
firous of knowing whether tlu: fpirit of nitre in 
which it was agitated acquird or loj itrength; 
when I foon found that, in cofifequence of gcgting 
more phlogifion, its power of diiolving metals 
was diminiihed, though it will be feen that the 
acid muit have been weakened a little in the cour,fe 
of the experiment. 

I n  order to effedk my purpofe, X firft filled a 

phial with the nitrous acid, which was very itrong, 
and 
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and of a pale yellow colour ; and placing it invert- 
ed in a bafon of the fame, I introduced to it, bv 
mems of a bladder, a quantity of nitrous air; and 
when the acid had abf~rbed as much as it coujd 
ofthis, I threw out the refiduum of phlogiiticated 
air, and filling it up again with fpirit of nitre f i ~ m  
the fame bafon, I Cupplied it with more nitrous 
air. 

This I continued to do for a confiderable time, 
and obferved that by the procefs the acid became very 
brown, and finoking; in confeqvence, no doubt, 
of having acquired phlogifton from the nitrous air. 
In diKolving copper with this acid, iinmediatdy 
after the yrocefs, il found thar it was become weaker 
in the proportion of five and a half to feven. It 
muit be obferved, however, rhat the evaporatiorl 
during the proce& (though I made it as evpedi- 
tioufly as I po@bly could) mufi have weakened 
the acid a little, and alfo the end of a wet gl&~ 
tube cthougl~ I never failed to wipe it &i well ac 
I could) being dipped into it cvery tiine that I 
ibpplied it with more air, muit have diluted it a 
little more. 

Obferving the readinefs with which nitrous acid 
decompofed nitrous air, by depriving it of its ghlo- 
gihn, I had the curiofiy to try how far the agi- 
tation of a quantity of this air in itropg fpiqit of 
nitre would depurate it ; and it was not without 

C c  2 fi,~rprize 
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furprize that I found that, when this procefs had 
continued but a very fhort time, the air had be- 
come io far pure by the lofi of its phlogifton, 
that two meafures of it  and one of frefh nitrous 
air occupied the fpace of two meafures and two 
thirds. I then. tried the effe& of this procefi 
on air phlogifticared by nitrous air, and found 
that this alfo was confiderabIy improved by this 
means. 

In both thefe cafes the air was far from being 
io pure as to be fit for refpiration; but that 
any kind 6f air fhould be reduced by this procei's 
to a fiate that is at all better than perfe&ly phlo- 
gifiicated, will 'appear extraordinary, when it is 
confidered, that, notwithitanding the affinity there 
is between this acid and phlogiiton, yet that the 
vapour of it never fails to impart phlogifion to 
common'air, fo as to deprave it confiderably. In 
feveral cafes I have obferved that coininon air 
thus expokd to the influence of nirrous vapour 
has become perfeltly phlogifiicated in a very horn 
fpace of time. I t  fhould ieem that: the nitrous 
acid, when combined with water, has a fironger 
affinity with phlogifton than it retains in the form 
of vapour, free from water. 

The effe& of 'oil of vitlaiol, and fpirit of falr, 
on nitrous air is by no means fo remarkable as 
the eEe& 'of the nitrous acid upon it; but it is 

fufficiently 
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fufficiendy evident that both thei'e inineral acids 
do really decompofe this air in part; and the im- 
pregnation they receive from the phlogifion they 
take from it is worth notice. 

Oit of vitriol imbibes allnoit as lnucl~ nitrous 
air as water can do, and requires about the 6ine 
degree of agitation, or rather more, to e@e& it. 
T w o  thirds of the quantity of the air adunitred 
to about four times as much of the acid was iln- 
bibed, and the oil of vitriol, which was before 
quite colourlei's, affulncd a beautiful purple hue. 

Spirit of Salt imbibes nitrous air very flowly, 
and in a finall quantity ; but by this finall impreg- 
nation, fi-om being of a light ftmw colotur, it be- 
came of a beautiful flcy blue, very vifible when 
held up to.  the light. ?'he quantity abforbed was 
about one twentieth of its own bulk, and one 
third of the nitrous air employed in the experii~ent. 
In  order to obfcrve wlut proportion of nitxous air 
a quantity of lpirit of falt would ribforb with long 
jt.atzdi~zg, I fuffercd them to continue in contatt 
in one cafe about two mouths ; and after that time 
about two thirds of the air, which was originally 
about one fourth of the bulk of acid, was i~nbibed; 
and I imagine that with inore time, Ail1 more of 
the air will diFdppenr. 

Nitrous air was recldily nbforbed witliour agita- 
tion by watcr i~npregnntcd both with vi!~ialic orid 

C'C 3 rrir 
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air and fItlor acid air. Each tdok more than its 
bulk, and not more than one twentieth part of the ni- 
trous air remained unabforbed. How much more 
would have been abforbed I did nor try. No 
change of colour was produced by the procefi. 
N. B. Agitation only fet loofe the vapour of thefc 
acid liqugrs, and thereby increafed the apparent 
bulk of the air. Thefe two kinds of acid air im- 
bibing nitrous air in the fame manner is an argu- 
mint fop their being ultimately the fame thing. 

Both radical vinegar, and cbncmtynted vegetcltle acid, 
abforbed. nitrous air confiderably faiter than water. 
Of thefe acid liquors the former retained its tranf- 
parency ; for though, during the agitation it fud- 
denly became of a turbid white, that change took 
place on the accidental admiffion of a bubble or 
two of common air, thqugh I do not underitand 
how this oircumitance could produce that e&&. 
T h e  concentrated vegetable acid afimed a dark pur: 
ple in confequence of this impregnation, very much 
refembling the oil of vitriol after the fame procefi. 
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S E C T I O N  V, 

Of the aantpptic Power tf rrtitrom Air. 

I T wilI perhaps be thought, that the mofi ujfil, 
if not the mait remarkable, of all the yr~perties 

of rhis extraordinary kind of air, i s  irs power of 
preferviog animal fu bitances fiwn putref$€tioo, and 
of refloring thofe dzat are already putrici, which it 
poirefres in a far greater degree than fired air. My 
firfi obfervntion of this W ~ S  dtogetker caiiraL 
Having found nitrous air to fuffer fo great a di- 
minution by a mixture of  irori filings and brim- 
Ron% I was willing to tty whethr it. would be 
equally diminiihed by other caufes of the dimiqu- 
tion of colninon air, efpecially by putret i ion ; 
and for this purpafe I put a dead lnoufe into a 
quantity of it, and placed it near the fire, where 
the tendency to putrefaaion was very great. In 
this tafe there was a confiderable diminution, viz. 
fiom five and a quarter to three and a quarter; 
bur. not To great as I had expetted, the antireptic 
power of the nitrous air having checked the ten- 
dency to putrefdRion; for when, afier e week, I 

C c  4 took 
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toolc the moufe out, I perceived, to my very great 
furprize, that it had no offenfive iinell. 

Upon this I took two other mice, one of them 
jult killed, and the other fofi and putrid, and put 
them both into the fame jar of nitrous air, itand- 
jng in the uhal temperature of the weather, in the 
months of July and Auguit of 1772 ; and after 
twenty five days, having obferved that there was 
little or no change in the quantity of the air, I 
took the mice out; and, examining them, found 
them both perfealy iiveet, even when cut through 
in feveral dlaces. That .which had been put into 
the air when jult dead was quite firm ; and the 
flea of 'the other, which had been putrid and foft; 
was itill fofr, but perfe&ly fweet. 

In order to compare the antifeptic power, of 
this kind of air with that of fixed air, I examined 
a moufe which I had inclofed in a phial full of fixed 
air, as pure as I could make it, and which I had 
corked very clofe. But upon opening this phial 
in water about a inonth after, I perceived that n 

.large quantity of putrid effluvium had been gene- 
rated 5 for it rufied with violence out of the phial; 
and the finell that came from it, the moment the 
cork was taken out, was inf~ifferably ofKenfive. In- 
deed Dr. Macbride fays, that he could only refio1.e 
very thin pieces of putrid flcfh by means of fixed 
air. 

1 once 
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I once thought that if a little pains were taken 

with this fubjett, this remarltable antifeptic power 
of nitrous air might pofibly he applied to various 
ufes, perhaps to the prefervation of the more deli- 
cate birds, fifhes, fruits, &c. mixing it in different 
proportions wit11 common or fixed air, and efpeci- 
ally that anatomifis might perhaps avail themfelves 
of it; but Mr. Hey, who made the trial, found 
that, after ibme months, various animal fubfiances 
were hriveled, and did not preferve their natural 
forms in this kind of air. 

I have made a k w  experiments, in order to afcer- 
tain whether it be pofible to derive any advantage 
from this property of nitrous air for culinary pur- 
p0~k.s. But I: cannot fiy that my obfervations have 
been very favourable to it in this reG)e&. Nitrous 
air will, indeed, preferve fleih meat froin putre- 
faeion ; but after long keeping in this inanner it 
becomes very offenfive, both to the nofirils, and the 
palate, though the iinell is not altogether that of 
ptitrefaBion ; and indeed the fubltancc continuing 
quite firm, it could not be properly putrid. Though 
tlzefc experiments were not quite fair, bccnufe the 
nitrous air had not: b.een renewcd fu often as it ougllc 
to have been, f'veral of tlle phenomena rnay be 
wol-th mentioning. 

On the 28th of April 1777, I put two pigeons 
it~ca two jars of nitrous air, jut1 wide cnougil to 

contrtin 



contain them, with about as much nitrous air in 
the jars, as the bulk of the pigeons. Prom this 
time till the 4th of June following, I had renewed 
the nitrous air but once, and then, taking them out, 
I found them both free from all fmell -of putre- 
faEkion. One of them was broiled, when the flefi 
was found to be fweet, but it had not the natural 
M e  of tbe pigeon, and was, on the wllole, unplea- 
fant. The flefh was quite red througl~out, and a 
little harder than that of a pigeon gcserally is. 'i'bo 
water contained in the cups, in which the jars with 
the pigeons had flood, had generally been very of- 
fcnfive, fo tha!: it fhould feem that the putrid efflu- 
vium (containing, probably, much phlogiiton, and 
perhaps the moil nutritive part of the Aefh) haci 
paf id through the nitrous air, and the water, into 
the furrounding atmofphere: 

1 replaced the pigeon that was not ufed, and let 
it remain, along with two others which had been 
kept tlie fame time, till the I 3th of September fol- 
lowing, in all, near fix months, or the whole fum- 
rncr feafon ; but I had not been careful to change 
the air very often, though 1 did it two days before 
I took them out the lait time. The pigeons had 
now certainly a very bad fmell, though their flefh 
was firm, and io were even the bowels of one of 
them which had not been drawn. When they were 
drcKed, they were nluch more offenfive, ant1 had a 

it rong 
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firong iinell of putrefatlion, or fomething very much 
refembling it. T h e  flefh was red throughout, itill 
firm, and exclufive of the f i~~cl l ,  had little or no 
tafte. My friend, Mr. Magellan, who was with me 
;~r the of them, had not fo bad an opi- 
nion ofthis piece of cookery as I Iiad. 
On the 10th of May 1 put into a ja r  of nitrous 

air a large wood pigeon ; and taking it out on the 
r 8th of June following, obferved that it had a itrong 
and offenfive fmell, but the Aeih was perfehly film. 
Though a very great part of the air had been ab- 
forbed, and during the hrtnight preceding the exa- 
mination it had not been Cupplied with frefh air, 
as it had been occafionally before, the air to which 
it had been expofed a11 that time diminifhed com- 
mon air quire as much as fi-cffl made nitrous air. 
It  was this obrervation tllat gave me the fi& fi$. 
picion of the manner in which nitrous air is dimi- 
nihed in this and in other procclfcs. Having R- 

placed the pigeon in the jar, I found on the 7th of 
Auguit following, that the air was but flightly ni- 
trous, and on the 22d of the fame month it was 
rnere phlogifiicated air. After this I negleded to 
attend to it, and at laft: dlnw it away. Wiicther, 
in this pronfi, the nitrous air ever coines into a itate 
in which a candle will burn in it, or not, I cannot: 
tc.11. The  experiment is a \Try unpieafant one, and. 
I ihall hardly repeat it, 

I In 
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I n  all thefe cdes the flefh was kept a long time, 
viz. through the fix iummer months ; and though 
nitioLs air failed to preferve meat in a itate fit f q  
eating ii, very long, it may pofibly anfwer the yur- 
gofe for a few days tolerably well, as it will certainly 
reflore meat that has begun to turn putrid. One 
trial of this Itind I did malte. 

On the 14th of June 1777, I took a fowl whicll 
tiad been killed a week, and which had been pur- 
pofily kept till it was offenfive j and putting it into 
a jar of nitrous air, obfcrved that the air began inl- 
mediately to be abfol bed, and on the I 6th I took 
the fowl out, when it hat1 no fn~ell of putreL2tion 
at all; but blren it war boiled, tlw11g11 lnyfelf and 
frveral oiher yerfons tailed of it, and perceived no- 
thing difagreeable in the tafte itfelf, we wcre dif- 
gufted with a faint imell that came from the body 
of the fowl, when we held it to our noitrils. Per- 
haps it had . .  not been expofed to the nitrous air quite 
dong enough. 

Though part of this air had been abforbed, the 
remainder diininiihed common air quite as much as 
any fieih made nitrous air. 

On the fubjeo of this fe&ion I illall obfirve that 
Dr. ~ i l l r n a n  having been fo obliging as to inforrn 
me that he had found that bile js prevented fiorn 
becorning 'putrid much longer by being impregnated 
wit11 fixed air, than it could otherwife be; 1 was 

deGrou~ 
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defirous of trying what effe& the impregnation with 
nitrous air \vould have upon it. Accordingly, on 
the I 9th of February 1777, I impregnated a quan- 
tity of ox bile, with which he Cupplied me with 
nitrous air; when, froin being vifcid, it yrekntly 
became limpid like water, and afl'umed a browniih 
hue, without depofiting any thing that I could per- 
ceive. This bile continued perfealy fweet till the 
the 20th of March following, when it was packed 
up, along with other things, and removed from 
London into the country. Examining it Come time 
afterwards, I found it had contlxlted a finell of pu- 
trefa&ion, and on the 2nd of April, it was quite 
putrid. The  fame brown colour continued, but 
it had depolited ro~nething of a wflitifh colour. 
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S E C T I O N  Vf .  

Of #be Formation of &ow Ammoniac t3y tritrour 4 i v .  

I N the mixture of this kind of air with common 
air, in a trough of water which had been putrid, 

but which at that time ;Teemed to have recovered its 
former fweetnefs (for it was not in the leait degree 
offenfive to the fmell) a phenomenon fometirnes 
occurred, which far a long sime exceedingly de- 
lighted and puzzled me. 

When the diminution of the air was nearly com- 
pleted, the veirel in which the mixture was made 
began to be filled with the mofi beautiful wbite 

fum:~, exa&tly refembling the precipitation of iome 
white fubltance in a tranryarent menfiruum, or the 
falling of very fir?e fnow ; except that it was muclr 
thicker below than above, as indeed is the cafe in 
all chemical precipitations. This appearance conti- 
nued two or three minutes. 

Aftelwards, having (with a view to obkrve whe- 
ther any cryfials would be formed by the union of 
volatile alkali, and nitrous air, ii~nilar to thofe form- 
ed by it and fixed air, as defcsibed by Mr. Smeth 
in his Dgertation o t z j x d  Air) opened the mouth 

of 
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of a phial which wits half filled with a volatile alka- 
line liquor, in a jar of nitrous air, I had an appear- 
ance which perfe&ly explained the preceding. 4 
that part of the phial which was above the liqupr, 
and which containect 'commnon air, was filled 'with 
bea~~tiful white clouds, as if folne fine white powder 
had been infiantly thrown into it, and fome of there 

mie within the jar of nitrous air.  hi^ ap. 
pearance continued about a minute, and then inti* 
difappeared, the air becoming tran$arent. 

Withdrawing the phial, and expofing it to & 
common air, it there alfo became turbid, and foon 
after tile tranfjarency returned. Introducing it 
again into the nitrous air, the clouds appeared 
before. I n  this manner the white fulncs and tranf- 
parency fucceeded each other akernatel~, ar den. 
as I chofe to repeat the experiment, and would, no 
doubt, have continued till the air in the jar had beem 
tfloroughly diluted kit11 common air. Thefe ap-. 
penrilrlces were t l ~  fame with any fuubfiance that 
contained volntilc nlknli, fluid or folid, 

When, infiead of the finall phial, I ufed a large 
and tall glafs jar, this appearance was truly fine and 
iirilting, efpecially when the water in the trough w s  
very tranfparent. For I had only to put the finall- 
eft drop of a volatile alkaline liquor, or the fmallek 
bit of the iblid falt, into tile jar, and the Inoment 
Jlat the muucf~ of it was opcned i? a jar of nitrous 

air, 
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air, the white clouds above mentioned began to be 
formed at the mouth, and prefently defceded to 
the bottom, fo as to fill the whole, were it ever fo 
large, 'as with fine fnow. 

In  confidering this experiment, I foon perceived 
that this curious appearance mufi have been occa- 
coned by the mixture of the nitrous and cominon 
air, and therefore that the white clouds mufi be 
nitrous a~moniac, formed by the acid of the nitrous 
air, k t  lode in the decompofition of it by common 
air, while the phlogiiton, which ~nuf i  be anotller 
confiituent part of nitrous air, entering the comlnon 
air, is t11e qaufe of the diminution it fuffcrs in this 
proceh ; a$ it is the caufr of a fimilar diminution, 
in a variety of other proceGs. 

In  diverfifying this expcrimenr, 1 found that it 
appeared to very great advantage when I fi$ended 
a piece of volatile falt in the common air, previous 
to the adrnifion of nitrous air to it, inclofing it in 
a bit of gauze, muflin, or a fnlall net of wire. For, 
prefently after the rednefs of the mixture begins to 
go off; the white cloud, like fnow, begins to de- 
fcend from the falt, as if a white powder was fl~alten 
out of the bag that contains it. This white cloud 
prefently fills the whole, veffel, and the appearance 

, will lafi about five minutes. 
If the falt be not put to the mixture of the& two 

kinds of air till it has perfeAly recovered its tranil 
parcncy, 
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parency, the effervefcence being coinplctcly over, 
no white cloud will be forinecl ; and, what is rather 
more remarkable, there is nothing of this appear- 
ance when the falt is put into the nitrous air itklf. 
The  reafon of this mufi be, that till cornillon air 
be admitted to the nitrdus, no acid is fofM~(j, to 
unite with the alkali, and inrlke the nitrous am- 
monia~.  

Having gerierally fi~fiened the iinall bag which 
contained the volatile Gilt to a piece of brag wire in 
the experiment, 1 comrnonIy found the 
end of it corroded, and covered with a blue fub- 
fiance. Alfo the itit itfelf, and fometirnes the bag 
was dyed blue. But finding that this was not the 
cafe when I ufed an iron wire in the h m e  circurn- 
fiances, but that it became red, I was fi~tisfied that 
both the inetals had been difilved by the volatile 
alkali, or the acid. A t  firfl I had a fufpicion that the 
blue rnight have come from t k  coppw,out ofwhich 
the nitrous air had been ~nade. But when the ni- 
trous air was made from iron, the appearances were, 
in all refpe&s the fame. 
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S E C T I O N  VII. 

Explanation of Jome Phenomenn attending the Solutio~ 
$.Mesols iq nilvor~s Acid. 

A S the difcovery of fixed air in calcareous iub- 
fiances threw ncw light upon many pheno- 

mena in chemiftry, in like manner the difcovery of 
every other kind of ail-, and indeed of every proper- 
ty of any of them, mufi throw light upon thofe 
proceires in which they arc concerned. Not being 
a profeifed chemifi, and attending only to i~ich ar- 
ticles in that branch of ltnowledge as my own pur- 
hits are particularly conneaed with (though thefe 
neceirarily v o w  more various and extenfive conti- 
nually) fuch illuitrations of chemical proceires are 
not h likely to occur to me, as they are to others, 
who by their profefion give a general attention to 
every thing within the whole compafs of chemiftry. 
Such, however, as I have had occafion to attend to, 
and which I imagine I call throw any light upon, J 
ihall not fail to mention. 

There 
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Tllere are mqny faEt-s relntillg to the folution of 
~netals in fpirit of nitre, whicll cot~lcl not have been 
underflood without the Itnowledge of nitrous air ; 
and ycr, though kveral of thein are very rcmark- 
able, I do not find that even the phenomena thel11- 
felves, and much lei's the difficulties attending the 
folution of them, llav-vc been fo inucll as noticed. 
I atn perf~iaded, howevrr, that an attention to tile 
nature of this rcinarlrible liinct of air will contribute 
nreatly to the invefiigntion of the confiitution of D 

the ieveral metals, and the explanation of many 
phenomena attending their decompoficion, and con- 
fequently their cornpoiition. 

Having had frequent occafion to diKolve mer- 
cury in itrong f ~ ~ i r i t  of nitre, in orcler to  procure 
fi.orn it nitrous and dephlogilticatcd air, nncl to note 
the quantity of the ~rletal revivified afterwards, ' I  
could not lielp bring very pnrticulal-ly firuck wit11 

fi)me pllenomena in the folution, which arcs as fol- 
lows. 

'Shc moment that itsong of nitrc is poured 
upon quiciifilvc.r, the So1u:ion is initantly very rapid. 
But though it is 1;nown that one inutllod of pro&r- 
ing nitrous air is by the folution of this metal in the 
nitrous ncict, 11ot a iinzlc bubble of any ltind of air 
is kcn to br foi.lned ; at le:dt none rifts througll the 
i~cicl. Prcfc!l!iy, ho\vcvc.r, one 1ll;ly pcrccivc, rliat 

s 1 2 vcry 
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very large bubbles of air ore formed, but they in- 
itantly difiappear, and nothing remains of them bur 
the fmalleit: fpecks imaginable, to rife to the top of 
the acid. By degrees, the acid near the mercury 
becomes of a deep orange colour, and then through 
this part ofthe acid the bubbles of air afcend freely; 
but the moment they come to the fuperincumbent 
pale coloured acid, they collapie into thofi: finall 
and barely perceivable points, yielding no air that 
can be collefied in any fenfible quantity. And it is 
not till the whole quantity of the acid is changed 
from a pale to an orange colour, that any nitrous 
air can be colleRcd. Then, however, the bubbles 
rife fieely to the top of thc acid, and, mixing with 
the incumbent common air, exhibit an orange co- 
lour by thcir decompofition on mixing with it. 
 hen, alfo, a Rrong fie11 of fpirit of nitye is per- 
ceived, as it always happens when nitrous air is let 
loofe to mix with the air of the room in which we 
are breatliing. Whereas, irnrnediately before, no 
finell was perceived, and the common air incum- 
bent on the mixture was quite colourlefi. 

Had  there fingular phenomena been noticed by 
any chemifi before the difcovery of nitrous air, I 
cannot imagine what hypothefis he would have 
formed for the explanation of them. Whatever it 
had been, it myiE have been very wide of the truth ; 

whereas 
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whereas the whole proccts adrnits of the eafiefi ex- 
planation iinaginable by the hclp of my obfervations 
on the decoinpofition of nitrous air by the nitrous 
acid. 

Nitrous air is aQually formed the moment that 
the folution begins, but it is ifiantly dt.compoii.d 
by the firong fpirit of nitre in contaa wit11 it. By 
the addition of the, phlogiiton contained in the ni, 
trous air, the pale fpirit of nitre afiines an orange 
colour, and it is then much lcfs able to decompoik 
the nitrous air ; which, therefore, rifes in bubbles 
tlirough it, anti is not drcompokd till it coines to 
the region of the pale acid lying upon it. BIIF 
when the whole body of the acid is iqturatcrt with 
phlogiiton, tlien, and not before, the bubbles of ni- 
trous air pafi freely through it, aarld rnay be colle&ed, 

On this account, it is not eafy to afcertain the 
ex%& quantity of nitrous air yielded by the folution 
of mercury, and, for the faine reafon, of other me- 
taIs too, in itrong filirit of nirre ; becaufe allow- 
ance inuit bc matie for the quantity tlrat will be 
imbibed by the acid itfelf, which inuR be Fdturated 
before any can be colleRcd ; whereas, when the acid 
is much diluted with water, it is not fo capable of 
deco~~lpofing this air, and tlicrcforc, in general, it 
may be colleficd fian the molnellt tlxtt tlic folution 
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I t  is very remarltable, that when copper is dif- 
folved in pale fpirit of nitre, even diluted with much 
water, though the folution is evidently the moit ra- 
pid at the firit, the produce of air is very trifling for 
a confiderable time, and the quantity collelted in- 
creaks very gradually; whereas when the orange co- 
loured acid is employed, in the fame diluted fiate, 
the nitrous air is colletted immediately, and the 
produ&ion is the moil copious at tlie firft. 

When I difilved a quantity of copper in itrong 
fpirit of nitre half diluted with water, no air what- 
ever was produced, though the metal was complete- 
ly diffolved. - 

When, in the iblution of mercury, I ufed the 
green fpirit of nitre, inftcad of tlie pale coloured 
and firongeit acid, the phenomena were not rna- 
terially different from thore defcribed above. The 
lower part of the acid next to the mercury ;lfli~med 
a deeper gteen, but it never Lccanle orange co- 
loured. 

S E C -  
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S F. C T I 0 N VIII. 

1 .  ~ / r  th~'  @CCZ~P;~S OJ1 CVater impregnated with ?zitrorrj 
Air. 

I 11 A V E obferved, that water difcharges all the 
iixed air it had imbibed the moment that it is 

, converted into ice. 'She fkne is the cafe feiith wa- 
ter impregnated with nitrous air, as appears by tlte 
following experiment, made with a view both ro this 
circumfiance, 2nd alfo to the earthy precipitate depo- 
iited by watcr thus iinprcgnnted. 

Having impregnated a quantity ofwater with ni- 
trous air, I expofeci it to the fiofi, and obferved that 
it did nut fiaeeze y i t c  fo Coon as a quantity of the 
fame water which had not becn i;) impregnated, ex- 
pored in the 1:,~me manner. 'l'he ice of the impreg- 
nated water was full of vcry fnlall bubbles, and 
when it was tl~awrd did not turll tllejuice ofturnfole 
red in the iin~allcit: degree. It also made a confider- 

x able 
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able precipitate of a very white matter, exa&ly like 
that which I procurcd from the water impregnated 
with' nitrous air from bifmuth. This nitrous air, 
however, had been procured from copper. 

Having expofed to the froR a quantity of water 
which had been a long time before imprrgnmed 
with nitrous air, and which had fpontaneoufly de- 
poiited a brownik fedimenr, it now depofited more 
of the fame colour. 

2. Of the burning of a Mixture of nitrous atzd in. 
jarnfrtable Air. 

fnflammable air with a mixture of nitrous air 
burns with a green flame. This makes a very 
pleafing experiment when it is properly condu&- 
ed. As, for fome time, I chiefly made ufe of 
topper for the generation of nitrous air, I firit afcribcd 
this circwmitance to that property of this metal, 
by which it burns with a green Rainc; but I was 
prefently f~tisfkd that it mu& ariie froin the fpiria 
of nirre, for tlx effi.R is the very fame from which 
ever of the metals the nitrous air is extra&ed, ill 
06 which I tried for this purpofe, even [her and 
gold. When d candle is extinguiked, as it never 
fa& to be, in nitr~us air, the flame feems to be a 

little 
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little enlarged at its edges, by another bluifll fiarne 
addecl to it juit before its extinf3ion. 

3. Of Planls nvd A~~imals i ~ i  tritrou~ Air. 

Plants die very foon, both in nitrous air, and dfo 
in common air i'aturatecl with nitrous air, but efje- 
cially in the former. 

This kind of air is as noxious as any whatever, a 
moufc dyingthe moment it is put,into it; but frogs and 
fnails (and therefore, probably, other animals whofe re-. 
fpiration is not frequent) will bear being expoiid to 
it a confidcrable time, though they die at length. 
A frog put into nitrous air itriiggled 1n11ch for two 
or tliree minutes, and moved now and then for a 
quarter of an hour, after which it was taken out, 
but did not recover, 

There is i'omething remarkable in the e f i &  of 
nitrous air on inJe8~ that are put into it. TYIZJps 
always dicd the moment they were put into tile ni- 
trous air. I could never obferve that they made 
the leait motion in it, nor could they be recovered 
to life afterwards. 'I'llis was alfo the cafe in general 
wi thJidt'i-5, j ies, and butterflies. Sometimes, how- 
ever, fpidcrs would recover after being expokd 
about a ~ninute to this kind of air. 

, 



4. Of the UJe $nitrous Air in Cb9er.r. 

Confidering how fatal nitrous air is to infclls, 
and liltewife its great antifeptic power, I conceived 
that codderable ufe might be made of it in me- 
dicine, e$ecially in the form of clyJters, in which 
fixed air had been applied with fome fuccefi; and 
in order to try whether the bowels of an aniinal 
would bear the injeltion of it, I contrived, with 
the help of Mr. Hey, to convey a quantity of it 
up  the anus of a dog. But he gave manifeit figns 
of uneaiinefi as long as he retained it, which was 
a coniiderable time, though in a few hours after- 
wards he was as lively as ever, and feemed to have 
fuffered nothing from the operation. 

Perllaps if nitrous air was diluted either with 
common air, dr fixed air, the bowels might bear 
it better, and fil l  it might be definl&ive to wmurr 
of all kinds, and be of u k  to check, or corre&, pu- 
trefaaion in the intefiinal canal, or other parts o f  
the iyfiem. 1 repeat it once more, that  being no 
phyfician, I run no rilk by fuch P r ~ P ~ f i d l ~  as tllrfr ; 
and I cannot help flattering myfelf that, in time, 
very great medicinal ufe will be made of the ap- 
plication of thefe different kinds of air to the animal 
i 

Cyl'tetn.. 
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fyllern. Let  ingenious phyficinns attcud to this 
fi~bjea, and endeavour to lay hold of the new ban- 
dlc which is now prefentcd them, befosc it be feized 
by rafll e~nperics ; who, by an indifcrin~inate and 
injudicious application, often ruin the credit of 
things and proceires, which lnigIlt otherwife malie 
;m yfefyl addition to tlle fi~ntct.in a ~ d  arJ n?cdic~. 

BND OF THE FIRST YOLUM&( 
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