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THE

P R E F ACE,
/^ N E reafon for the prefent publica-=

^^ tion has been the favourable recep-

tion of thofeofmy Obfervations on different

kinds of air^ which were pubhfhed in the

Philofophical Tranfadlions for the year

1772, and the demand for them by per-

fons who did not chufe, for the fake of

thofe papers only, to purchafe the whole

volume in which they were contained.

Another motive was the additions to my
obfervations on this fubje6l, in confe-

quence of which my papers grew too large

for fuch a publication as the Philojbphical

'TranfaBions,

Contrary, therefore, to my intention;

exprefled Philofophical Tranfa6lions, vol.

64. p. 90, but with the approbation of

the Prefident, and of my friends in the fo-

a 3 cietyy



vi PREFACE*

ciety, I have determined to fend them no
more papers for the prefent on this fubje6l,

but to make a feparate and immediate

publication of all that I have done with

refpecl to it.

Befides, confidering the attention v^hich,

I am informed, is now given to this fub-

je6l by philofophers in all parts of Eu-
rope, and the rapid progrefs that has al-

ready been made, and may be expelled to

be made in this branch of knowledge, all

imneceffary delays in the publication of

experiments relating to it arc pecuUarly

unjullifiable.

When, for the fake of a little more re-

putation, men can keep brooding over a

new fa<51, in the difcovery of which they

might, poflibly, have very little real merit,

till they think they can aftonifh the world

with a fyftem as complete as it is new,

and give mankind a prodigious idea of

their judgment and penetration ; they are

juftly punifhed for their ingratitude to the

fountain of all knowledge, and for their

want of a genuine love of fcience and of

man-
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mankind, in finding their boafted difco-

veries anticipated, and the field of honcfl

fame pre-occiipied, by men, who, from a

natural ardour of mind, engage in philo-

fophical purfuits, and with an ingenuous

fmiplicity immediately communicate to

others whatever occurs to them in their

inquiries.

As to myfelf, I find it abfolutely impof-

fible to produce a work on this fubjefl

that fhall be any thing like complete. My
firfl publicationJ acknowledged to be very

imperfeft, and the prefent, I am as ready

to acknowledge, is flill more fo. But, pa-

radoxical as it may feem, this will ever be

the cafe in the progrefs of natural fcience,

fo long as the works of God are, like him-

felf, infinite and inexhauflible. In com-
pleting one difcovery we never fail to get

an imperfe6l knowledge of others, of

which we could have no idea before -, fo

that we cannot folve one doubt without

creating feveral nev/ ones.

Travelling on this ground refembles

Pope's defcription of travelling among
a 4 tlie
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the Alps, with this difference, that here'

there is not only difuccejjion^ but an increaje

of new objedls and new difficulties.

So pleas'd at firft the tovv'ring Alps we try.

Mount o'er the vales, and feeni to tread the fky.

Th' eternal fnows appear already pall,

And the firft clouds and mountains feem the laft,

But thofe attain'd, we tremble to furvey

The growing labours of the lengthen'd way.

Th' increafing profpeCl tirrs our wand'ring eyes,

Hills peep o'er hills, and Alps on Alps arife.

Essay on Criticism*

Newton, as he had very little know^^

ledge of air^ fo he had few doubts con-

cerning it. Had Dr. Hales, after his va-

rious and valuable inveftigations, given

a lift of all his defiderata^ I am confident

that he would not have thought of one in '

ten that had occurred to me at the time"

of my laft publication ; and my doubts,

queries, and hints for new experiments

arc very confiderably increafed, after a

feries of inveftigations, which have thrown

great light upon many things of which I

was not able to give any explanation before.

I woulci:
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I would obferve farther, that a perfoii

who means to ferve the caufe of fcience

efFeftually, muft hazard his ov/n reputa-

tion fo far as to rifk even mijlakes in things

of lefs moment. Among a multiphcity

of new objefts, and new relations, fome

will necelTarily pafs without fufficient at-

tention ; but if a man be not miftaken in

the principal obje6ls of his purfuits, he

has no occafion to difbrefs himfelf about

lefler things.

In the progrefs of his inquiries he will

generally be able to re6lify his own mif-

takes j or iflittle and envious fouls fhould

take a malignant pleafure in detefting

them for him, and endeavouring to expofe

him, he is not worthy of the name of a

philofopher, if he has notftrength ofmind
fufficient to enable him not to be difturb-

ed at it. He who does not foolifhly affed:

tabe above the faiUngs of humanity, will

not be mortified when it is proved that he
is but a man.

In this work, as well as in all my other

philofophical writings, I have made it a

ruk
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rule not to conceal the real views with

which I have made experiments ; becaufe

though, by following a contrary maxim,

I might have acquired a character of great-

er fagacity, I think that two very good

ends are anfwered by the m.ethod that I

have adopted. For it both tends to make a

narrative of a courfe of experiments more

interefting, and likewife encourages other

adventurers in experimental philofophy

;

fhewing them that, by purfuing even falfe

lights, real and important truths irray be

difcovered, and that in feeking one thing

we often find another.

In fome refpe6l3, indeed, this method

makes the narrative longer, but it is by

making it lefs tedious ; and in other re-

fpe6ls I have written much more concifely

than is ufual with thofe who publifh ac-

counts of their experiments. In this trea-

tife the reader will often find the refult of

long procefles exprelled in a few lines, and

of many fuch in a fmgle paragraph

;

,each of which, if I had, with the ufual

parade, defcribed it at large (explaining

firfl the preparation, then reciting the ex-

periment
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perimejif itfelf, with the refult of it, and

laftly making fuitable reflcBions) would

have made as niany fe6lions or chapters,

and have fwelled my book to a pompous
and refpeflable fize. But I have the plea-

fure to think that thole phiiofophers who
have but httle time to fpare for readi?2g^

which is always the cafe with thofe who
do much themfeives, will thank me for

not keeping them too long from their

own purfuits ; and that they will find ra-

ther more in the volume, than the appear-

ance of it promifes.

I do not think it at all dec^rading: to

the bulinefs of experimental philofophy,

to compare it, as I often do, to the divcr-

fion of huntings where it fometimes hap-

pens that thofe who have beat the ground

the moft, and are confequently the befl

acquainted with it, weary themfeives

without flarting any game ; when it may

fall in the way of a mere pallenger j fo

that there is but little room for boalling

in the moll fucccfsful termination of the

€hace.

The.
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The beft founded praife is that

which is due to the man, who, from

a fupreme veneration for the God of

nature, takes pleafurc in contemplating

his worhy and from a love of his

fellow-creatures, as the offspring of

the fame ail-wife and benevolent parent,

with a grateful fenfe and perfedt enjoy-

ment of the means of happinefs of which

he is already pofTeffed, feeks, with earnefl-

nefs, but without murmuring or impa-

tience, that greater command of the powers

of nature J
which can only be obtained

by a more extenfive and more accurate

knowledge of them; and which alone

can enable us to avail ourfelves of the

numerous advantages with which we arc

furrounded, and contribute to make our

common fituation more fecure and

happy.

Befides, the man who believes that there

is a governor as well as a maker of the

world (and there is certainly equal reafon

to believe both) will acknowledge his

providence and favour at leaft as much
ill
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in a fuccefsful purfiiit of hio^wlcdge^ as of

wealth J which is a fentiment that enth'ely

(puts off all boafting with refped: to our-

felvcs, and all envy and jealouiy with re-

fpeft to others j and difpofes us mutu-

ally to rejoice in every new light that we
receive, through whofe hands foever it be

conveyed to us.

I fliall pafs for an enthuliafl with fome,.

but I am perfectly eafy under the imputa-

tion, becaufe I am happy in thole views

which fubjedl me to it j but confidering

the amazing improvements in natural

knowledge which have been made with-

in the laft century, and the many ages,

abounding with men who had no other

objefl but fludy, in which, however, no-

thing of this kind was done, there ap-

pears to me to be a very particular pro-

vidence in the concurrence of thofe cir-"

cumllances which have produced fo great

a change ; and I cannot help flattering

myfelf that this v/ill be inftmmental in

bringing about other changes in the ftate

of
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of the world, of much more confeqiiencc

to the improvement and happinefs of it.

This rapid progrefs of knowledge,

v^7hich, like the progrefs of a wave of

the fea, of found, or of light from the

fun, extends itfelf not this way or that

way only, but in all dire5lions, 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 bufmefs of re-

ligion, as well as of fcience-, and all tlie

efforts of the interefted friends of cor-

rupt eftablifhments of all kinds will be

inefteclual for their fupport in this en-

lightened age : though, by retarding their

downfal, they may make the final ruin

of them more complete and glorious. It

was ill policy in Leo the Xth to patro-

nize polite literature. He was cherifli-

ing an enemy in difguife. And the Eng-

lilh hierarchy (if there be any thing un-

found in its conftitution) has equal

reafon to tremble even at an air-pump,

or an ele6lrical machine.

There
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There certainly never was any period

in which natural knowledge made fuch

a progrefs as it has done of late years,

andefpecially in this country; and they

who afFeft to fpeak with fuperciUous con-

tempt of the publications of the pre-

fent age in general, or of the Royal So-

ciety in particular, are only thofe who

are themfelves engaged in the mofl tri-

fling of all literary purfuits, who are

unacquainted with all real fcience, and

are ignorant of the progrefs and pre-

fentilateof it.*

It is true that the rich and the great

in this country give lefs attention to

thefe fubjects than, I believe, they were

ever known to do, fmce the time of

Lord Bacon, and much lefs than men
of rank and fortune in other countries

give to them. But with us this lofs is

* See Sir John Pringle's Difcourfe en the different kinds

of air, p. 29, which, if it became me to do it, I

would recommend to the reader, as containing a juft

and elegant account of the feveral difcoveries that

have been fucceffively made, relating to the fubjed of
this treatife.

I made
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made up by men of leifure, fpirit, and

ingenuity, in the middle ranks of life,

which is a circumftance that promifes

better for the continuance of this pro-

grefs in ufeful knowledge than any no-

ble or royal patronage. With us, politics

chiefly engage the attention of thofe who
ftand foremoil in the community, which,

indeed, arifes from \h.t-freedom and pecu-

liar excellence of our conftitution, with-

out which even the fpirit of men
of letters in general, and of philofo-

phers in particular, wdio never dire6tly

interfere in matters of government, would

languifh.

It is rather to be regretted, however,

that, in fuch a number of nobility and

gentry, fo very few fhould have any tafte

for fcientifical purfuits, becaufe, for many
valuable purpofes of fcience, wealth gives

a decifive advantage. If extenfive and

\2SfCvi\gjame be at all an object, literary,

and efpecially fcientlhcal purfuits, are

preferable to political ones in a variety

of rcfpecls. The former are as much
more favourable for the difplay of the

2 human
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human faculties than the latter, as the

fyftem of nature is fuperior to 2iXi^ political

fyjiem upon earth.

If extenfive ufeftdnefs be the obje6i:,^

fcience has the fame advantage over poli-

tics. The greateil: fuccefs in the latter

feldom extends farther than one par-

ticular countiy, and one particular age ;

whereas a fuccefsful purfuit of fcience

makes a man the benefa6lor of all man-
kind, and of every age. Hov^ trifling

is the fame of any ftatefman that this

country has ever produced to that of

Lord Bacon, of Newton, or of Boyle ^

and how much greater are our obliga-

^ tions to fuch men as thefe, than to any

other in the whole Biographia Britannica j

and every country, in which fciencr has

flourifhed, can furnilli inftances for liim-

lar obfervations.

Here my reader will thank me, and

the writer will, I hope, forgive me, if I

quote a palTage from the poilicript of a

letter which I happen to have jufl re-

ceived from that excellent, and in my
b opi-
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opinion, not too enthufiaftical philofo-

pher, father Beccaria of Turin.

Mifpiace che iI mondo politico cH e pur
tanto pajpggero, rubbi il grande Franklin

al mondo della natura^ che non fa ne cam-

biare, ite mancare. In Englifli. " I am
" forry that the political worlds which is

" fo very tranfitory, fhould take the

" great Frankhn from the world of na~

" ture^ which can never change, or fail."

I own it is with peeiirlar pleafure that

I quote this paflage, refpetrting this truly

great man, at a time when fome of the

infatuated politicians of this country are

vainly thinking to build their wretched

and deftruclive projects, on the ruins of

his eflabliflied reputation ; a reputation

as extenfive as the fpread of fcience it-

felf, and of which it is faying very lit-

tle indeed, to pronounce that it will laft

and flourifh when the names of all his

enemies fhall be forgotten.

1 think
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I think it proper, upon this occafion,

to inform my friends, and the pubHc,

tliat I have, for the prefent, fufpended

my defign of writing the hijlory and pre-

fent jiate of all the branches of experi-

mental philofophy. This has arifen not

from any diflike of the undertaking, but,

in truth, becaufe I fee no profpe6t of be-

ing reafonably indemnified for fo much
labour and expence, notwithftandin^ the

Ipecimens I have ah'eady given of that

work (in the hijiory of eledlricity, and of

the dfcoveries relating to vifiony lights

and colours) have met with a much
more favourable reception from the

beil judges both at home and abroad,

than I expected. Immortahty, if I

fliould have any- view to it, is not

the proper price of fuch works as

thefe.

I propofe, however, having given fo

much attention to the fubje6l of air^ to

write, at my leifure, the hiftory and

b 2 prefent
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prefent ftateof difcoveries relating to it;

in which cafe I fhall, as a part of it, re-

print this work, with fuch improvements

as fhail have occurred to me at that time ;

and I give this notice of it, that no per*

fon who intends to purchale it may have

reafon (being thus apprifed of my inten-

tion) to complain of buying the fame

thing twice. If any perfon chufe it, he

may fave his five or fix fliillings for the

prefent, and wait five or fix years longer

(if 1 flxouid live fo long) for the op-

portunity of buying tlie lame thing, pro-

bably much enlarged, and at the fame

time a complete account of all that has

been done by others relating to this fub-

jeft.

Though for the plain, and I hope fa-

tisfa-^ory reafon above mentioned, I fhall

probably write no other hificries of this

kind, I fhall, as opportunity ferves, en-

deavour to provide materiah for fuch hi-

ftories, by continuing my experiments,

keeping my eyes open to fuch new appear-

ances as may prefent themfeives, invefti-

gating them as far as I fhall be able, and

never
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never failing to communicate to the pub-

lic, by fome channel or other, the refult

of my oblervations.

In the publication of this work I have

tho Light that it would be agreeable to my
readers to preierve, in fome meafure, the

order of hifioi y, and therefore I have not

thrown together all that I have objerv^d

with refpCiSl to each kind of air, but have

divided the work into two parts ; the for-

mer containing whatwns publiflied before,

in the Philofophical Tranfaclions, with

fuch obfervations and corrections as fub-

fequent experience has fuggefted to me 5

and I have referved for the latter part of

the work an account of the experiments

v/hich I have made fmce that publication,

and after a pretty long interruption in

my philofophical purfuits, in the courfe of

the laft fummer. Befides I am fenfible

that in the latter part of this work a dif-

ferent arrangement of the fubje6ls will be

more convenient, for their mutual il-

luftration.

Some
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Some perfons objecl to the term air^ as

applied to crdd, alkaline, and even nitrous

air J but it is certainly very convenient

to have a common term by v^hich to de-

note things which have fo many common
properties, and thofe fo very llriking ; all

of them agreeing with the air in which

we breathe, and Withfixed air, in elafiicity,

and tranjparency, and in being alike af-

feefed by heat or cold -, 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 obje6l to the common
term metal, as applied to things fo very

different from one another as gold, quick-^

filver, and lead.

Befides, acid and alkaline, air do not

differ from common air (in any refpe6l that

can countenance an objeftion to their

having a common appellation) except in

fuch properties as are common to it with

fixedair, though in a different degree; viz.

that of being imbibed by water. But, in-

deed, all kinds of air, common air itfelf

not excepted, are capable of being im-

bibed by water in fome degree.

Some
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Some mav think the terms acid and al-

kahne 'vapour more proper than acid and

alkahne air. But the term vapour having

always been applied to claftic matters ca-

pable of being condenfed in the tempera-

ture of the atmofphere, efpecially the va-

pour of water, it feems harfli to apply it

to any elaftic fubftance, which at the fame

time that it is as tranfparent as the air

we breathe, is no more afFe6led by cold

than it is.

As my former papers were immediately

tranflated into feveral foreign languages,

I may prefume that this treatifc, having a

better title to it,- will be tranflated aifo ;

and, upon this prefumption, 1 cannot

help expreffing a wifli, that it maybe done

by perfons who have a competent know-
ledge of the yz^^yV^, as well as of the Eng^

liJJo language. The miftakes made by fome

foreigners, have induced me to give this

caution.

Lonioriy Ftb,

1774-

A D V E R-



ADVERTISEMENT.
np H E 'weights mentioned in the courfe

of this treatife are Troj, and what

is called mi ounce meafure of air, is the

ipace occupied by an ounce weight of

water, which is equal to 480 grains, and

is, therefore, almofl two cubic inches of

water ; for one cubic inch weighs 254

grains.
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THE

INTRODUCTION.

SECTION I.

A general view of preceding discoveries re-

lating to air,

FO R. the better underftanding of the ex-

periments and obfervations on different

kinds of air contained in this treatife, it will be

ufeful to thofe who are not acquainted with the

hiflory of this branch of natural philofophy,

to be informed of thofe fafls which had been

difcovered by others, before I turned my
thoughts to the fubjedl -, which fuggefled,

and by the help of which I was enabled to

purfue, my inquiries. Let it be obferved,

however, that I do not profefs to recite in this

place all that had been difcovered concerning

air, but only thofe difcoveries the knowledge

of which is necelTary, in order to underfland

v^hat I have done myfelf ; fo that any perfoii

who is only acquainted with the general prin-

ciples of natural philofophy, may be able to

B read



2 The introduction.
read this treatife, and, with proper attention,

to underiland every part of it.

That the air which conflitutes the atmo-

fphere m which we live has weighty and that

•it is elajlic, or confills of a comprefllble and

dilatable fluid, were fome of the earliefl dif*

coveries that were made after the dawning of

.philofophy in this wcflern part of the world.

That elallic fluids, differing eflentially

from the air of the atmofphere, but agreeing

with it in the properties of weight, elafticity,

and tranfparency, might be generated from

folid fubftances, was difcovered by Mr. Boyle,

though two remarkable kinds of fadiitious air,

at leaft the effects of them,, had been known

Ions before to all miners. One of thefe is

heavier than common air. It lies at the bottom

of pits, extinguiflies candles, and kills animals

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 be-

caufe it is liable to take fire, and explode, like

gunpowder, it had been called the fire damp.

The word damp fignifies vapour or exhalation

in the German and Saxon language.

Thov>»H
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Though the former of thefe kinds of air

had been known to be noxious, the latter I be-

lieve had not been difcovered to ^e fo, hav-

ing always been found in its natural flate, fo

much diluted with common air, as to be

breathed with fafety. Air of the former kind,

befides having been difcovered in various ca-

verns, particularly the grotta del Cane in Italy,

had alfo been obferved on the furface of fer-

menting liquors, and had been called gas

(which is the fame with geijl, or fpirii) by Van
Helmont, and ether German chymifts ; but

afterwards it obtained the name of fixed air^

efpecially after it had been difcovered by Dr.

Black of Edinburgh to exift, in a fixed (late,

in alkaline falts, chalk, and other calcareous

fubftances.

This excellent philofopher difcovered that It

is the prefence of the fixed air in thefe fub-

ftances that renders 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 caufiic, from their corroding

or burning animal and vegetable fubflances.

Fixed air had been difcovered by Dn
Macbride of Dublin, after an obfcrvation of

Sir John Pringle's, which led to it, to be in a

confidcrable degree antifeptic -, and fince it is

B 2 extracted
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extradled in great plenty from fermenting ve-^

getables, he had recommended the ufe of wart

(that is art infufion of malt in water) as whac

would probably give relief in the fea-fcurvy,

which is faid to be a putrid difeafe.

Dn Brownrigg had alfo difcovered that the

fame fpecies of air is contained in great quanti-

ties in the water of the Pyrmont fpring at Spa

in Germany, and in other mineral waters, which

have what is called an acidulous tafte, and that

their peculiar flavour, briflcnefs, and medicinal

virtues, are derived from this ingredient.

Dr. Hales, without feeming to imagine that

there was any material diiference between

thefe kinds of air and common air, obferved

that certain fubilances and operations generate

air, and others ahforb it ; imagining that the di-

minution of air was fimply a taking away

from the common mafs, without any alteration

in the properties of what remained. His ex-

periments, however, are lb numerous, and va-

rious, that they arejuftly elteemed to be the

folid foundation of all our knowledge of this

fubjed.

Mr. Cavendilh had exadly afcertained the

fpecific gravities of lixed and inflammable air,

fliewing the former of them to be if heavier

than
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than common air, and the latter ten times

lighter. He alfo iliewed that water would im-

bibe more than its own bulk of fixed air.

Laftly, Mr. Lane difcovercd that water thus

impregnated with fixed air will difiblve a con-

fiderable quantity of iron, and thereby become

a ftrong chalybeate.

Thefe, I would obferve, are by no means all

the difcoveries concerning air that have been

made by the gentlemen whofe names I have

mentioned, and flill lefs are they all that have

been made by others •, but they comprife all

the previous knowledge of this fubjett that is

necelTary to the underftanding of this treatife ;

except a few particulars, which will be men-
tioned in the courfe of the work, and which
it is, thereforCj unneceflary to recite in this

place.

S K C T.



The introduction.

SECTION II.

An account of the apparatus with which thefok
lowing experiments zccre made.

RAther than defcribe at large the manner in

which every particular experiment that I

fhall have occafion to recite was made, which

would both be very tedious, and require an un-

neceflary multiplicity of drawings, I think it

more advifeable to give, at one view, an ac-

count of all my apparatus and inftruments,

or at leafl of every thing that can require a

dcfcription, and of all the different Generations

and proceffcs in which I employ them.

It will be {^tn that my apparatus for experi-

ments on air is, in faft, nothing more than the

apparatus of Dr. Hales, Dr. Brownrigg, and

Mr. Cavendifli, diverfified, and made a little

more fimple. Yet notwithflanding the fimph-

city of this apparatus, and the eafe with

which all the operations are conducted, I would

not have any pcrfon, who is altogether without

experience, to imagine that he fhall be able to

feledt any of the following experiments, and

immediately perform it, without difficulty or

blunder-
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blundering. It is known to all perfons who
are converfant in experimental philofophy, that

there are many little attentions and precautions

necelFary to be obfcrved ia the condudling of

experiments, which cannot well be defcribed in

words, but \\ hich it is needlefs to defcribe,

fince pradlice will necefTarily fuggeft them;

though, like all other arts in which the hands

and fingers are made ufe of, it is only much

fraSiice that can enable a perfon to go through

complex experiments, of this or any other kind,

wnth eafe and readincfs.

For experiments in which air will bear to be

confined by water, 1 firft uied an oblong trough

made of earthen ware, as a fig. 1. about eight

inches deep, at one end of which I put thin

fiat ftones, h. h. about an inch, or half an inch,

under the water, ufing more or fewer of them

arcording to the quantity of water in the trough.

But I have fince found it more convenient to

ufe a larger wooden trough, of the fame gene-

ral fliape, eleven inches deep, two feet long,

and i^ wide, with a flielf about an inch lower

than the top, inilead of the flat flones above-

mentioned. This trough being larger than the

former, I have no occafion to make provifion

for the water being higher or lower, the bulk

of a jar or two not making fo great a difference

'*i£ did before.

B 4 The.
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The feveral kinds of air I ufually keep in

cylindricaljars^ as c, c, fig. i, about ten inches

long, and 2 I wide, being fuch as I have ge-

nerally ufed for eledlrical batteries, but I have

likewife velTels of very different forms and

fizes, adapted to particular experiments.

When I v/ant to remove veffels of air from

the large trough, I place them in pets ox dijhes^

of various lizes, to hold more or lefs water,

according to the time that I have occafion to

keep the air, as fig. 2. Thefe 1 plunge in

W'ater, and fiide the jars into them ; after which

they may be taken out together, and be fet

v^hercver it ilia! I be mod convenient. For the

purpofe of merely removing a jar of air from

one place to another, where it is not to (land

longer than a few days, I make ufe of common

iea-dijhes^ v/hich will hold water enough for that

time, unlcfs the air be in a itatc 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 veffel, Juft large enough to give it room
to ftretch icfeli:" ; and as I generally make ufe of

mice for this purpofe, I have found it very

convenient to ui'c the hollow part of a tall beer-

srlafs. d v.^. 1, which contains between two and

three.
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three ounce meafures of air. In this veflel a

moufe will live twenty minutes, or half an

hour.

For the purpofe of thefe experiments it is

moft convenient to catch the mice in fmall wire

traps, out of which it is eafy to take them,

and holding them by the back of the neck, to

pafs them through the water into the veflel

which contains the air. If I expedt that the

moufe will live a confidcrable time, I take care

to put into the veflel Ibmething on which it

may conveniently fit, out of the reach of the

water. If the air be good, the moufe will foon

be perfectly at its eafe, having fuflered nothing

by its pafling through the water. If the air be

fuppofed to be noxious, it will be proper (if the

operator be defirous of preferving the mice for

farther ufe) to keep hold of their tails, that they

maybe withdrawn as foon as they begin to fhew

figns of uneafmefs ; but if the air be thoroughly

noxious, and the moufe happens to get a full in-

fpiration, it will be impoffible to do this before

it be abfolutcly irrecoverable.

In order to keep the mice, I put them into re-

ceivers open at the top and bottom, fl:anding up-

on plates of tin perforated with many holes, and

covered with other plates of the fame kind, held

down by fufHcient weights, as fig. 3. Thefe

receivers
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receivers a^ind upon a frame of wood^ that the

frefh air may have an Oj^portunity of getting to

the bottoms of them, and circulating through

them. In the infide I put a quantity of paper

or tow, which muft be changed, and the vellel

wafhcd and dried, every two or three da)S.

This is mod conveniently done by having ano-

ther receiver, ready cleaned and prepared, into

which the mice may be transferred till the o-

ther Ihall be cleaned.

Mice muft be kept in a pretty exadt tempera-

ture, for either much heat or much cold kills

them jvefently. The place in which I have ge-

nerally kept them is a flielf over the kitchen

fire-place where, as it is ufual in Yorklhire, the

fire never goes out •, fo that the heat varies very

little, and 1 find it to be, at a medium, about

70 degrees of Fahrenheit's thermometer. When
they had been made to pafs through the water,

as they ncceflarily muft be in order to a change

of air, they require, and will bear a very con-

fiderable degree of heat, to warm and dry

them,

I found, to my great furprize, in the courfe

of thcfe experiments, that mice will live intirely

without v/ater ; for though I have kept them
for three or four months, and have offered them
water feveral times, they would never tafte it

;

and
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and yet they continued in perfedt health and vi-

gour. Two or three of thcni will live very

peaceably together in the fame velTel ; though

I had one initance of a moufe tearinor another

almofl: 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 vefl'el of any kind of air, a plant y 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 dif-'

ficulty in opening the mouth of a phial, con-

taining any fubRance, folid or liquid, to which

water mull not be admitted, in a jar "of any

kind of air, which is an operation that I have

fometimes had recourfe to ^ but this I eafily ef-

fect by means of ^ cork cut tapering., and a ftrong

wire thruft through it, as in fig. 4, for in this

form it will fufficiently fit the mouth of any

phial, and by holding the phial in one hand,

and the wire in the other, and plunging bcth,

my hands into the trough of water, I can eafily

convey the phial through the water into the jar;

which mufl either be held by an afTiftant, or be

faftened by firings, with its mouth projedling

ovei*
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over the fhelf. When the phial is thus con-

veyed into the jar, the cork may eafily be re-

moved, and may aifo be put into it again at

pleafure, and conveyed the' fame way out

When any thing, as a gallipot, &c. is to be

fupportcd at a considerable height within ajar,

it is convenient to have fuch wire Jlands as are

reprefented fig. 5. They anfwcr better than

any other^ becaufe they take up but little room,

and may be eafily bended to any Ihape or

height.

If I have occafion to pour air from a veffel

with a wide mouth into another with a very nar-

row one, I am obliged to make ufe oi z funnel,

fig. 6, but by this means the operation is ex-

ceedingly eafy ; iiril filling the veflel into which

the air is to be conveyed with water, and hold-

ing the mouth of it, together v/ith the funnel,

both under water with one hand, while the

other is employed in pouring the air ; which,

afccnding through the funnel up into the veffel,

makes the water defcend, and takes its place.

Thefe funnels are befl made of glafs, becaufe

the air being vifible through them, the quantity

of it may be more cafiiy cftimated by the eye.

It
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It will be convenient to have feveral of thefe

funnels of different fizes.

In order to expel air from folid fubilances by

means of heat, I fomctimes put them into a

giin-barrel^ hg. 7, and filling it up with dry

fand, that has been well burned, fo that no air

can come from it, I lute to the open end the

ftem of a tobacco pipe, or a Imall glafs tube.

1 hen having put the clofed end of the barrel,

which contains the matciials, into the fire, the

generated air, ifTuing through the tube, may
be received in a veifel of quickfilver, with

its mouth immerfed in a bafon of the fame, fuf-

pended all together in wires, in the manner

defcribcd in the figure : or any other fluid

fubftance may be ufed initead of quickfilver.

But the moft accurate method of procuring

air from feveral fubflances, by means of heat,

is to put them, if they will bear it, into phials

full of quickfilver, with the mouths immerfed

in the fame, and then throw the focus of a.

burning mirror upon them. For this purpofe

the phials fiiould be made with their bottoms

round, and very thin, that they may not be

liable to break with a pretty fudden applica-

tion of heat.
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If I want to expel air from any liquid, I

nearly fill a phial with it, and having a cork

perforated, I put through it, and fecure with

cement, a glafs tube, bended in the manner re-

prefented at e fig. i. I then put the phial into

a kettle of water, which I fet upon the fire and

make to boil. The air fxpelled by the heat,

from the liquor contained in the phial, ifTues

through the tube, and is received in the bafon of

quiikfilver, fig. 7. Inftead of this fufpended

bafon, I fometimes content myfelf with tying

a Ikccid bladder to the end of the tube, in both

thefe procclfes, that it may receive the newly

oenerated air.
«-<

In experiments on thofe kinds of air which

are readily imbibed by water, I always make

life of quickfilver, in the. manner repreiented

fig. 8, in which a is the bafon of quickfilver,

b a glafs vefiTel containing quickfilver, with its

mouth immerfed in it, c a phial contain-

ing the ingredients from which the air is to be

producedi and ^ is a fmall recipient, or glafs

vefTel defigned to receive and intercept any li-

quor that may be difcharged along with the air,

which is to be tranfinitted free from any moifiure

into the veffel h. If there be no apprehenfion

of moifture, I make ule of the glafs rube only,,

without any recipient, in the manner reprefented

€ fig. I. In order to invert the vellcl h, 1 firfi
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fill it with qulckfilver, and then carefully cover

the mouth of it with apiece of foft leather; after-

which it may be turned upiide down without

any danger of admitting the air, and the leather

may be withdrawn when it is plunged in the

quickfilver.

In order to generate air by the folution of

metals, or any procefs of a fimilar nature, I

put the materials into a phial, prepared in the

manner reprefented at e fig. i, and put the

end of the glafs tube under the mouth of any

vefTel into which I want to convey the air. If

heat be neceffary I can eafily apply it to a can-

dle, or a red hot poker while it hangs in this

pofirion.

When I have occafion to transfer air from a,

jar {landing in the trough of water to a vefiel

(landing in quickfilver, or in any other fituation

whatever, I make ufe of the contrivance repre-

fented fig, 9, which confifls of a bladder, fur-

niflied at one end with a fmall glafs tube bended,

and at the other with a cork, perforated fo as

juft to admit the fmall end of a funnel. When
the common air is carefully prelTed 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 ; and then a llring being

tied above the cork in which the funnel is in-

ferted,
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fcrted, and the orifice in the other cork clofcd,

by prcGing the bladder againft: it, it may be car-

ried to any place, and if the tube be carefully

wiped, the air may be conveyed quite free from

moifture through a body of quickfilver, or any

thing elfe. A little pradlice will make this very

ufeful manoeuvre perfedly eafy and accurate.

In order to impregnate fluids wuth any kind

of air, as water with fixed air, I fill a phial with

the fluid larger or Icfs as I have occafion (as a

fig. lo;) and then inverting it, place it w^ith

its mouth downwards, in a bowl h, containing

a quantity of the fame fluid ; and having filled

the bladder, fig. 9, with the air, I throw as

much cf 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 flnake it as much as 1 think pro-

per.

If, without having any air prevloully gene-

rated, I would convey it into the fluid imme-

diately as it arifc^s from the proper materials,

I keep the fame bladder in connection with a

phial ^fig. 10, containing t!ie fame materials

(as chalk, fait of tartar, or pearl afnes in di-

luted oil of vitriol, for the generation of fixed

air) and taking care (left, in the adt of effcr-

Yefcence, any of rKe materials in the phial c

fhould
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lliould get into the veflel ^, to place this phial

on a Hand lower than that on which the bafon

was placed, I prefs out the newly generated air,

and make it afcend direftly into the fluid. For

this purpofe, and that I may more conveniently

fhake the phial c, which is neceflary in fome

proceffes, efpecially with chalk and oil of vi-

triol, I fometimes make ufe of a flexible lea-

thern tube d, and fometimes only a glafs tube.

For if the bladder be of a fufficicnt length,

it will give room for the agitation of the phial;

or if not, it is eafy to connect two bladders

together by means of a perforated cork, to

which they may both be faltcned.

When I want to try vs^hether any kind of air

will admit a candle to burn in it, I make ufe

of a cylindrical glafs vefl!el, fig. 11. and a bit

of wax candle a fig. 12, faftened to the^ end of

a wire l, and turned up, in fuch a manner as

to be let down into the veflfel with the flame

upwards. The veffel fliould be kept carefully

covered till the moment that the candle is ad-

mitted. In this manner I have frequently ex-'

tinguiilied a candle more than twenty times

fuccefllvely, in a vefiTel of this kind, though it

is impofilble to dip the candle into it without

giving the external air an opportunity of mix-

ing with the air in the infide more or lefs.

The candle c, at the other end of the wire is

C very



i8 The I N T R O D U C T I O I*r.

ver»y convenient for holding under a jar fland=-

ing in water, in order to burn as long as the

inclofed air can fupply it; for the moment that

it is extinguifhed, it may be drawn through

the water before any fmoke can have mixed

tv'ith the air.

In order to draw air out of a veflel which

has its mouth immerfed in water, and thereby

to raife the water to whatever height may be

necelTary, it is very convenient to make ufc

of a. gli^s Jyphon, fig. 13, 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 the fyphon, the man-

ner of which needs no explanation. I have-

not thought it fafe to depend upon a valve at

the top of the veffel, which Dr. Hales fome-

times made ufc of.

If, however, a very fmall hole be made at

the top of a glafs veffel, it may be filled to

a;iy height by holding it under water, while

the air is iffuing out at the hole, which may

then be clofed with wax or cement.

If the generated air will neither be abforbed.

by water, nor diminifli common air, it may be

convenient to put part of the materials into a

cup, fupported by a {land, atid the other part

into
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into a fmall glafs veflel, placed on the e^ge of

it, as at/, fig. I. Then having, by means of a

fyphon, drawn the air to a convenient height^

the fmali glafs veffel may be eaflly puflied into

the cup, by a wire introduced through the wa-

ter ; or it may be contrived, in a variety of

ways, only to difcharge the contents of the

fmali velfel into the larger. The dillance be-

tween the boundary of air and water, before and

after the operation, will fhew the quantity of

the generated air. The effe6t of procelles that

efjmini/lj air may alfo be tried by the fame ap-

paratus.

When I want to admit a particular kind

of air to any thing that will not bear wetting,

and yet cannot be conveniently put into 2 phial,

and efpecial ly if it be in the form of a powder,

and muit be placed upon a ftand (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 *

and having a glafs tube, bended for the piir-

pofe, as in fig. 14, I fcrew it to the ftem of a
transfer of the air pump on which the receiver

had been exhaufted, and introducing it through
the water into a jar of that kind of air with
which I would fill the receiver, I only tura

the cock, and I gain my purpofe. In this

method, however, unlefs the pump be very

C 2 good.
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good, and fcveral contrivances, too minute to

be particularly defcribed, be made ufe of a

good deal of common air will get into the rg-

ceiver.

When I want to meafure the goodnefs of

any kind of air, I put two meafures of it into

a jar Handing in water ; and when I have

marked upon the glafs the exadl place of the

boundary of air and water, I put to it one

meafure of nitrous air ; and after waiting a

proper time, note the quantity of its dimi-

nution. If I be comparing two kinds of air

that are nearly alike, after mixing them In a

large jar, I transfer the mixture into a long

f^lafs tube, by which I can lengthen my fcale

Co what degree I pleafe.

If the quantity of the air, the goodnefs of

which I want to afcertain, be exceedingly

fmall, fo as to be contained in a part of a glafs

tube, out of which water will not run fpon-

taneoufiy, as ^ fig. 15; I firft meafure with a

pair of compaffes the length of the column

of air in the tube, the remaining part being

filled with water, and lay it down upon a

fcale ; and then, thrufling a wire of a proper

thicknefs, bj into the tube, I contrive, by

means of a thin plate of iron, bent to a lliarp

angle o to draw it out again, when the whole

of
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of this little apparatus has been introduced

through the water into a jar of nitrous air;

and the wire being drawn out, the air from the

jar muft fupply its place. I then meafure

the length of this column of nitrous air which

I have got into the tube, and lay it alfo down
upon the fcale, fo as to know the cxad: lengtli

of both the columns. After this, holding the

tube under water, with a fmall wire I force the

two feparatc columns of air into contaftj and

when they have been a fufficient tim€ together,

I meafure the length of the whole, and com-

pare it with the length of both the columns

taken before. A little experience will teach

the operator how far to thrud the wire into

the tube, in order to admit as much air as he

wants and no more.

In order to take the eledrlc fpark in a quan-

tity of any kind of air, which mufl be very

fmall, to produce a fenfible effedt upon it, in

a fhort time, by means of a common machine,

I put a piece of wire into the end of a fmall

tube, and faften it with hot cement, as in iig,

16; and having got the air I want into the

tube by means of the apparatus fig. 15, I

place it inverted in a bafon containing either

quickfilver, or any other fluid fubftance by

which I chufe to have the air confined. I then,

by the help of the air pump, drive out as much
of the air as I think convenient, admitting the

C 3 quick-
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quickfilver, &c. to it, as at a, and putting ^
brafs ball on the end of the wire, I take the

fparks or fhocks upon it, and thereb}^ tranfmit

them through the air to the liquor in the tube.

To take the eledlric fparks in any kind of

jfluid, as oil, &c. I ufe the fame apparatus de-

fcribed above, and having poured into the tube

as much of the fluid as I conjefturc I can make

the eledric fpark pafs through, I fill the reft

with quickfilver ; and placing it inverted in ^

bafon of quickfilver, I take the fparks as before.

If air be generated very fall 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 fooa beyond the Itriking

diftance.

Sometimes I have ufed a different apparatus

for this purpofe, reprefented fig. 18. Taking a

pretty wide glafs tube, hermetically fealed at

the upper-end, and open below, at about an

inch, or at what difiance I think convenient

from the top, I get two holes made in it, oppofite

to each other. 1 hrough thcfe I put two wires,

and faftening 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.

P A R X
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? A Pv T I,

Expjsrimnts and Ohfervatlons made in, and be-

fore the ^'ear 1772.

IN writing upon the fubjed o^ different kinds of

airf I find myfelf at a lofs for proper terms,

by which to diftinguifh them, thofe which

have hitherto obtained being by no means fulR*

cientlycharad:eriftic,ordiftin6t. The only terms

in common ufc are, fixed air, mephitic, and in-

fiaramahle. The laft, indeed, fufFiciently chs-

rafterizes and diftinguiihes that kind of air

which takes fire, and explodes on the approach ,

of flame ; but it might have been termed fixed

with as much propriety as that to which Dr.

Black and others have given that denomination,

fince it is originally part offome folid fubftance,

and cxilTis in an unelaftic ftate.

All
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All thefe newly difcovered kinds of air

may alfo be called fa^ilious; and if, with

others, wc ufe the term Jixahle, it is ftill obvious

to remark, that it is applicable to them all;

fmce they are all capable of being imbibed by
fome fubftance or other, and confequently of

hcing fixed in them, after they have been in an

elaftic ftate.

The term mephitic Is equally applicable

to what is cdWzd fixed air, to that which is in-

fammaMe, and to many other kinds; fince they

are equally noxious, when breathed by animals,

Rather, however, than either introduce new
terms, or change the fignification of old ones,

I fhall ufe the term fixed air, in the fenfe in

which it is now commonly ufed, and diftinguifh

the other kinds by their properties, or fome

other pcriphrafis. I Ihall be under a neccllity,

however, of giving names to thofe kinds of

air, to which no names has been given by o-

thers, as nitrousy acid, and alkaline.

SEC T.



Fixed Air, 25

SECTION L

Of Fixed Air.

It was In confequence of living for fome

time in the neighbourhood of a public brewery,

that I was induced to make experiments on

fixed air, ot^ which there is always a large body,

ready formed, upon the furface of the ferment-

ing liquor, generally about nine inches, or a foot

in depth, within which any kind of fubftancc

may be very conveniently placed •, and though,

in thefe circumftances, the fixed air muft be con-

tinually mixing with the common air, and is

therefore far from being perfeiflly pure, yet

there is a conftant frefh fupply from the fer-

menting liquor, and it is pure enough for many

purpofcs.

A perfon, who is quite a ftranger to the pro-

perties of this kind of air, would be agreeably

amufed with extinguifhing lighted candles, or

chips of wood in it, as it lies upon the furface

of the fermenting liquor ; for the fmoke rea-

dily unites with this kind of air, probably by

means of the water which it contains ; fo that

very little ornone of the fmoke will efcapeinto

the open air, which is incumbent upon it. It

is remarkable, that the upper furface of this

fmoke



2,6 Ohfervaiions on

fmoke, floating in the fixed air, is fmooth, and

well defined ; whereas the lower furface is ex-

ceedingly ragged, feveral parts hanging down to

a confiderable diftance within the body of the

fixed air, and fometimes in the form of balls,

conneded to the upper ftratum by flender

threads, as if they were fufpended. The fmoke

is alfo apt to form itfelf into broad flakes, pa-

rallel to the furface of the liquor, and at diffe-

rent diftances from it, exadly like clouds.

Thefe appearances will fometimes continue a-

bove an hour, with very little variation. When
this fixed air is very ftrong, the fmoke of a

fmall quantity of gunpowder 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 Hill continues to be exadly de-

fined) is thrown into the form of waves, which

it is very amufing to look upon ; and if, by

this agitation, any of the fixed air be thrown

over the fide of the vefiTel, the fmoke, which

is mixed with it, will fall to the ground, as if

it was fo much water, the fixed air being

Jieavier than common air.

The red part of burning wood was exiiii-

guifhed in this air, but I could not perceive that

a red-hot poker was fooner cooled in it.

Fixed
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Fixed air does not inflantly mix with com-
nion air. Indeed if it did, it could not be

caught upon the furface of the fermenting li-

quor. A candle put under a large receiver,

and immediately plunged very deep below the

furface of the fixed air, will burn fome time.

But vefTels with the fmalleft orifices, hano-ino:

with their mouths downwards in the fixed air, will

jn time have the common air, which they contain,

perfcdlly mixed with it. When the fermenting

liquor is contained in veflels clofe covered up,

the fixed air, on removing the cover, readily

afFedls the common airwhich is contiguous to it;

fo that, candles held at a confiderable dift:ance

above the furface will initantly go out. I have

been told by the workmen, that this will fomc-

times be the cafe, when the candles are held

two feet above the mouth of the veffel.

Fixed air unites with the fmoke of rofm, ful-

phur, and other elcdricai fubftances, as well

as with the vapour of water; and yet, by hold-

ing the wire of a charged phial among thefe

fumes, I could not make any ele>5lrical atmof-

phcre, which furprized me a good deal, as

there was a large body of this fmoke, and it

was lb confined, that it could not efcape me.

I alfo held fome oil of vitrigl in a glafs vef-

fcl within the fixed air, and by plunging a

piece



2$ Ohfervations on

piece of red-hot glafs into it, raifed a copious

and thick fume. This floated upon the furface

of the fixed air like other fumes, and continued

as long.

Confidering the near affinity between water

and fiXed air, I concluded that if a quantity of

\vater\vas placed near theyeaft of the fermenting

liquor, it could not fail to imbibe that air, and

thereby acquire the principal properties of Pyr-

mont, and fome other medicinal mineral waters.

Accordingly, I found, that when the furface of

the water was confiderable, it always acquired

the pleafant acidulous tafte that Pyrmont water

has. The readied way of impregnating water

with this virtue, in thefe circumftances, is to

take two veflels, and to keep pouring the wa-

ter from one into the other, when they are both

of them held as near the yeaft as poflible ; for

by this means a great quantity of furface is ex-

pofed to the air, and the furface is alfo conti-

nually changing. In this manner, I have fome-

tiraes, in the fpace of two or three minutes,

made a glafs of exceedingly pleafant fparkling

water, which could hardly be diftinguifhed

from very good Pyrmont, or rather Seltzer

water.

But the mojl effecliial way of impregnating

water with fixed air is to put the veflels which

coiitzm the water into glafs jars, filled with the

pure (I
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pureft fixed air made by the Tolutlon of chalk

in diluted oil of vitriol, (landing in quickfilver.

In this manner I have, in about two days, made

a quantity of water to imbibe more than an

equal bulk of fixed air, fo that, according to

Dr. Brownrigg's experiments, it muft have been

much ftronger than the beft imported Pyrmont;

for though he made his experiments at the

fpring-head, he never found that it contained

quite fo much as half its bulk of this air. If a

fufficient quantity of quickfilver cannot be pro-

cured, oil may be ufed with fufficient advantage,

for this purpofe, as it imbibes the fixed air verr

flowly. Fixed air may be kept in vefTels (land-

ing in water for a long time, if they be fepa-

rated by a partition of oil, about half an inch

thick. Pyrmont water made in thefe circum-

ftances, is little or nothing inferior to that

which has flood in quickfilver.

The readiefi method of preparing this water

for ufe is to agitate it flrongly with a large

furfacc expofed to the fixed air. By this means

more than an equal bulk of air may be com-

municated to a large quantity of water in the

fpace of a few minutes. But fince agitation

promotes the diflipation of fixed air from wa-

ter, it cannot be made to imbibe fo great a

quantity in this method as in the former,

where more time is taken,

Eafy
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Eafy dire6tions for impregnating water with

fixed air I have publlflied in a fmall pamphlet,

defigned originally for the life of Teamen in

long voyages, on the prefumption that it might

be of vife for preventing or curing the fea

fcurvy, equally with wort, which was recom-

mended by Dr. Tvlacbride for this purpofe, on

no other account than its property of genera-

ting: fixed air, by its fermentation in the llo-

mach.

Water thus impregnated with fixed air rea-

dily difTolves iron, as Mr. Lane has difcovered-^

fo that if a quantity of iron filings be nut to

it, it prefcntly becomes a ftrong chalybeate,

and of the mildert and mofl agreeable kind.

I have recommended the ufe of chalk and

•oii of vitriol as the cheapeft, and, upon the

whole, the belt materials for this purpofe. But

forne perfons prefer pearl ajhes^ poimded mar-

hie, or other calcareous or alhiUne fuhjlancesi'

and perhaps with reafo'n. My own experience

'has^ not been fyfBcient to enable me to decide

in this cafe.

Whereas fome perfons had fufpe^ted that a'

quantity of the oil of vitriol was rendered vo-

jatile by this procefs, I examined it^ by all the.

cheroical iiiethods that ars h) ufe; but could
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not find that water thus impregnated contained

the leafl perceivable quantity of that acid.

Mr. Hey, indeed, who afTifted me in this

examination, found that diftilled water, im-

pregnated with fixed air, did not mix To readi-

ly with foap as the diftilled water itfelf; but

this was alfo the cafe v/hcn the fixed air had

paffed through a long glafs tube filisd with al-

kaline falts, which, it may be fuppofed, would

have imbibed any of the oil of vitriol tliat

might have been contained in that air *.

Fixed air itfelf may be faid to be of the na-

ture of an acid, though of a weak and pecu-

liar fort. Mr. Bergman of Upfal, who ho-

noured me with a letter upon the fubje{5t,

calls it the atrial acid, and, among other

experiments to prove it to be an acid, he

fays that it changes the blue juice of tournefoie

into red. This Mr. Hey found to be true, and

"he moreover difcovered that when water tinged

blue with the juice of tournefoie, and then red

with fixed air, has been expofed to the open

air, it recovers its blue colour again.

The heat of boiling water will expel all the

"iixed air, if a phial containing the impregnated

* Aq account of Mr. B.Qy''s experiments wilt be found

Ea the Appeadijc to thefe papers.

water
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water be held in it ; but it will often require

above half an hour to do it completely.

Dr. Percival, who is particularly attentive?

to every improvement in the medical art, and

who has thought fo well of this impregnation

as to prefcribe it in feveral cafes, informs me
that it feems to be much ftronger, and fparkles

more, like the true Pyrmont water, after it

has been kept fome time. This circumftance,

however, Ihev/s that, in time, the fixed air is

more eafily dlfengaged from the water -, and

though, in this ftate, it may afFed the tafte

more fenfibly, it cannot be of fo much ufe

in the flomach and bowels, as when the air is

more firmly retained by the water.

By the procefs defcribed in my pamphlet^

fixed air may be readily incorporated with wine*

beer, and almoft any other liquor whatever •

and when beer, wine, or cyder, is become

flat or dead (which is the confequence of the

efcapeofthe fixed air they contained) they

may be revived by this means ; but the deli-

cate and agreeable flavour, or acidulous tafte,

communicated by fixed air, and which is very

manifefl in water, can hardly be perceived in

wine, or any liquors which have much tafte

of their own.

I fbouU
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I iTiould think that there can be no doubt,

but that water thus impregnated with fixed air

mult have all the medicinal virtues of genuine

Pyrmont or Seltzer water; fince thefe depend

upon the fixed air they contain. If the genuine

Pyrmont water derives any advantage from its

being a natural chalybeate, this may alfo be

obtained by providing a common chalybeate

water, and ufing it in thefe proceffes, inflead

of common water.

Having fucceeded fo well with this artificial

Pyrmont water, I imagined that it might be

polTible to give ice the fame virtue, efpccially

as cold is known to promote the abforption of

fixed air by M^ater ; but in this I found myfelf

quite miftaken. I put feveral pieces of ice into

a quantity of fixed air, confined by quickfilver,

but no part of the air wns abforbed in two days

and two nights ; but upon bringing it into a

place where the ice melted, the air was abforb-

ed as ufual.

I then took a quantity 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 inllantly freezing the

water that w^as contiguous to the fides of the

glafs, the air was difcharged plentifully, fo

D that
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that I catched a confiderable quantity, in a

bladder tied to the mouth of the phial.

I alio took two quantities of the fame Pyr-

mont water, and placed one of them where it

might freeze, keeping the other in a cold place,

but where it would not freeze. This retained

its acidulous tafte, 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 tafte of common water only. That quan-

tity of water which had been frozen by the

mixture of fnow and fait, was almoil: as much
like fnov/ as ice, fuch a quantity of air-bub-

bles were contained in it, by which it waspro-

digioully increafed in bulk.

The prefTurc of the ntmofphere afllfVs very

confiderably in keeping fixed air confined in

water j for in an exiiauited receiver, Pyrmont
water will abfolutely boil, by the copious dif-

charge of its air. This is alfo the reafon why
beer and ale froth fo much in vacuo. I do not

doubt, therefore, but that, by the help of a

condcnfing engine, water might be much more
highly impregnated with the virtues of the

Pyrmont fpring ; and it would not be difficult

to contrive a method of doing it.

The
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The manner in which I made fevefal expe-

riments to afcertain the abforption of fixed aii'

by different fluid fubflances, was to put the li-

<]uid into a difh, and holding it within the

body of the fixed air at the brewery, to fet a

glafs vefTcl into it, with its mouth inverted.

This glafs being neceflarily filled with the fixed

air, the liquor would rife into it when they

were both taken into the common air, if the

fixed air was abforbed at all.

Making ufe of ether in this manner, there

was a conftant bubbling from under the glafs,

occafioned by this fluid eafily rifing in vapour,

io that I could not, in this method, determine

whether it imbibed the air or not. I concluded

however, that they did incorporate, from a

very difagreeable circumflance, which made me
defifl from making any more experiments of

the kind. For all the beer, over which this

experiment was made, contradled a peculiar

tafte i the fixed air impregnated with the ether

being, I fujipofe, again abforbed by the beer.

J have alfo obferved ^ that water which remain-

ed a Ions: time within this air has fometimes

acquired a very difagreeable tafle. At one

time it was like tar-water. How this was ac-

quired, I was very dcfirous of making fome

experiments to afcertain, but I was difcouraged

D a by
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by the fear of injuring the fermenting liquor.

It could not come from the fixed air only.

Infedls and animals which breathe very 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

the fermenting liquor ; but they revive again

after being brought into the freili air. But

there are very great varieties with refpe<fl to

the tin^e in vrhich diflferent kinds of flies will

either become torpid in the fixed air, or die

in it. A large flrong 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 the fame man-

ner died prefently.

Fixed air is prefently fatal to vegetable life.

At lead fprigs of mint growing in water, and

placed over the fermenting liquor, will often

become quite dead in one day, or even in a

lefs fpace of time ; nor do they recover when

they are afterwards brought into the common
air. I am told, however, that fome other

plants are much more hardy in this refpeft.

A red
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A red rofe, frefli gathered, loft its rednefs,

and became of a purple colour, after being

held over the fermenting liquor about twenty-

four hours ; but the tips of each leaf were

much more affedled than the reft of it. Ano-

ther red rofe turned perfectly white in this

fituation ; but various other flowers of diffe-

rent colours were very little aftedled. Thefe

experiments vvere not repeated, as I wiih they

might be done, in pure fixed air, extraded

from chalk by means of oil of vitriol.

For every purpofe, in which it was necefTary

that the fixed air Ihould be as unmixed as pof-

fible, I generally made it by pouring oil of vi-

triol upon chalk and water, catching it in a

bladder faftened to the neck of the phial in

which they were contained, taking care to prefs

out all the common air, and alfo the firft, and

fometimes the fecond, produce of fixed air

;

and alfo, by agitation, making it as quickly as

I polTibly could. At other times, I made it

pafs from the phial in which it was generated

through a glafs tube, without the intervention

of any bladder, which, as I found by experi-

ence, will not long make a fiifHcient feparation

]xtween feveral kinds of air and common air.

I had once thought that the readieft method

pf prociu'ing fixed air, and in fufficient purity,

D 3 would
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would be by the fimple procels of burning

chalk, or pounded lime-ftone in a gun-barrel,

making it pafs through the ftem of a tobacco-

pipe, or a glafs tube carefully luted to the

orifice of it. In this manner L found that air

is produced in great plenty -, but, upon exam-

inino- it, I found, to my very great furprife,

that little more than one half of it was fixed

air, capable of being abforbed by water ; and

that the reft was inflammable, fometimes very

weakly, but fometimes pretty highly fo.

Whence this inflammability proceeds, I am
not able to determine, the linie or chalk not

being fuppofed to contain any other than fixed

air. I conjecture, however, that it mud pro-

ceed from the iron, and the feparation of it

from the calx may be promoted by that fmall

quantity of oil of vitriol, which I am inform.ed

,is contained in chalk, if not in lime-ftone alio.

But it is an objection to this hypothefis, that

the inflammable air produced in this manner

burns blue, and not at all like that which is pro-

duced from iron, or any other metal, by means

of an acid. It alfo has not the fmell of that kind

ofinflammable air which is produced from mi-

neral fubitances. Bcfides, oil of vitriol with-

out water, will not difTolve iron •, nor can in-

fiammable air be got from it, unlefs the acid be

con«
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confiderably diluted ; and when I mixed brim-

(tone with the chalk, neither the quality nor

the quantity of the air was changed by it. In-

deed no air, or permanently elaftic vapour, can

begot from brimftone, or any oil.

Perhaps this inflammable principle may
come from lome remains of the animals, from

which it is thought that all calcareous matter

proceeds.

In the method in which I generally made the

fixed air (and indeed always, unlefs the con-

trary be particularly mentioned, viz. by diluted

oil of vitriol and chalk) I found by experiment

that it was as pure as Mr. Cavcndiili made it.

For after it had pafTed through a large body of

water in fmall bubbles, flill -/o or ?V part only

was not abforbed by water. In order to try

this as expeditioufl)' as poffible, I kept pouring

the air from one glais veflel into another, im-

merfed in a quantity of cold water, in which

manner 1 found by experience, that almoft any

quantity may be reduced as far as poffible in a

very fliort time. But the mofb expeditious me-

thod of making water imbibe any kind of a-r,

is to confine it in ajar; and agitate it llrongly, in

the manner defcribed in my pamphlet on the

impregnation of water with fixed air, and re-

prefented fig. 10.

D4 At
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At the fame time that I was trying the purity

of my fixed air, I had the curiolity to endeavour

to afcertain whether that part of It which is not

mifcible in water, be equally dlffufed through

the whole mafs •, and, for this purpofe, I di-

vided a quantity of about a gallon into three

parts, the firfl confiding of that which was up-

permoll, and the laft of that which was the

lowefl, contiguous to the water ; but all thefe

parts were reduced in about an equal propor-

tion, by paffing through the water, fo that the

whole mafs had been of an uniform compo-

fition. This I have alfo found to be the cafe

with feveral kinds of air, which will not pro-

perly incorporate.

A moufe will live very well, though a can-

dle will not burn In the refiduum of the pureft

fixed air that I can make ; and I once made a

very large quantity for the fole purpofe of this

experiment. This, therefore, feems to be one

inftancc of the generation of genuine common

air, though vitiated in feme degree. It is alfo

another proof of the refiduum of fixed air being,

in part at leaft, common air, that it becomes

turbid, and is diminifhed b}'- the mixture of ni-

trous air, as v;ill be explained hereafter.

That fixed air only wants fome addition to

make it permanent, and iminifcible with water

\
if
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If not in all refpefts, common air, 1 have been

led to conclude, from feveral attepmts which I

once made to mix it with air in which a quan-

tity of iron filings and brimftone, made into a

pafte with water, had Hood ; for, in feveral

mixtures of this kind, I imagined that not

much more than half of the fixed air could be

imbibed by water ; but, not being able to re-

peat the experiment, I conclude that I either

deceived myfelf in it, or that I overlooked

fome circumftance on which the fuccefs of it

depended.

Thefe experiments, however, whether they

were fallacious or otherwife, induced me to try

whether any alteration would be made in the

cenftitution of fixed air, by this mixture of

iron filings and brimftone. I therefore put a

mixture cf this kind into a quantity of as pure

fixed air as I could make, and confined the

whole in quickfilver, left the water Ihould ab-

forb it before the effedls of the mixture could

take place. The confequence was, that the

fixed air was dimmifhed, and the quickfilver

lofe in the veflel, till about the fifth part was

occupied by it ; and, as near as I could judge,

the procefs went on, in all refpedts, as if the

air in the infidc had been common air.

What
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What is moft remarkable, in the rcfult of
this experiment, is, that the fixed air, into

which this mixture had been put, and which

had been in part diminifhed by it, was in part

alfo rendered infoluble in water by this means. I

made this experiment four times, with the

greateft care, and obferved, that in two of

them about one fixth, and in the other two
about one fourteenth, of the original quantity,

was fuch as could not be abforbed by water,

but continued permanently elaftic. Left I

ihould have made any miilake with refped 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 vefTel,

and found it to be exceedingly pure, fo as to

be almoft wholly abforbed by water •, whereas

the -other part, to which I had put the mix-

ture, was far from being fo.

In one of thefe cafes, in which fixed air was

made immifcible'with water, it appeared to be

not very noxious to animals •, but in another

cafe, a moufc died in it pretty foon. This dif-

ference probably arofe from my having inadver-

tently agitated the air in water rather more in

one cafe than in the other.

As the iron is reduced to a calx by this pro-

fefs, I once concluded, that it is phlogifton that

fixed
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fixed air wants, to make it common air ; and,

for any thing I yet know, this may be the cafe,

though I am ignorant of the method of com-

bining them ; and when I calcined a quantity

of lead in fixed air, in the manner which will

be defcribcd hereafter. It did not feem to have

been lefs foluble in water than it was before.

SECTION II.

Of Air in which a Candle, or Brimstone, h^-

burned out.

It is well known that flame cannot fubfift

long without change of air, fo that the com-

mon air is necelTary to it, except in the cafe of

fubftances, into the composition of which nitre

enters , for thefe will burn in vacuo, in fixed air,

and even under water, as is evident in fome
rockets, which are made for this purpofe. The
quantity of air which even a fmall flame re-

quires to keep it burning is prodigious. It is

generally faid, that an ordinary candle confumes^

as it is called, about a gallon In a minute.

Confidering this amazing confumption of air,

by fires of all kinds, volcanos, &c. it becomes

a great objeft of philolbphical inquiry, to ai-

certain what chano;e is made in the conllitution

of the air by flame, and to difcover what provi-

flOQ
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iion there is in nature for remedying the injury

which the atmofphere receives by this means.

Some of the following experiments will, per-

haps, be thought to throw light upon the fubjed.

The diminution of the quantity of air in

which a candle, or brimftone, has burned out,

38 various ; But I imagine that, at a medium,

it may be about one fifteenth, or one fixteenth

of the whole ; which is one third as much as by

animal or vegetable fubftances putrefying in it,

ISy the calcination of metals, or by any of the

other caufes of the complete diminution of air,

which will be mentioned hereafter.]

I have fometimes thought, that flame dlf-

pofes- the common air to depofit the fixed air

it contains •, for if any lime-water be expofed

to it, it immediately becomes turbid. This is

the cafe, when wax candles, tallow candles,

chips of wood, fpirit of wine, ether, and every

other fubftance which I have yet tried, except

"brimftone, is burned in a clofe glafs vefTeJ,

ftandlng in lime-water. This precipitation of

fixed air (if this be the cafe) may be owing to

fomethirfg emitted from the burning bodies,

wliich has a ftronger affinity with the other con-

ilituent pares of the atmofphere *.

* The ruppofition, mentioned in this and other pafTages

of the firft par: of this publication, viz. that the diminution

of
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If brimftone be burned in the fame circum-

Hances, the lime water continues tranfparent,

but ftill there may have been the fame preci-

pitation of the fixed part of the air -, but that,

uniting with the lime and the vitriolic acid, it

forms a felenctic fait, which is foluble in water.

Having evaporated a quantity of water thus

impregnated, by burning brimftone a great

number of times over it, a whitifli po.wder re-

mained, which had an acid tafte; but repeating

the experiment with a quicker evaporation, the

powder had no acidity, but v*'as very much like

chalk. The burning of brimftone but once

over a quantity of lime-water, will afted: it in

fuch a manner, that breathing into it will not

make it turbid, which otherwife it always pre-

fently does.

Dr. Hales fuppofed, that by burning brim-

ftone repeatedly in the fame quantity of air, the

diminution would continue without end. But

this I have frequently tried, and net found to

be the cafe. Indeed, when the ignition has

been imperfed in the firft inftance, a fecond

firing of the fame fubftance will increafe the

effeft of the firft, &c. but this progrefs foon

ceafes.

ofcommon sir, by this and other procefies is, in part at

leaft, owing to the precipitation of the fixed air from it,

the reader will find confirmed by the experiments and ob-

fcrvations in- the fecond part.

In
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In many cafes of the diminution of air, the

effedl is not immediately apparent, even when

it {lands in water •, for fometimes the bulk of

air will not be much reduced, till it has palled

feveral times through aquantity of water, which

has thereby a better opportunity of abforbing

that part of the air, which had not been per-

fed:!}'' detatched from the reft. I have fome-

times found a very great redudion oi a mafs of

air, in confequcnce of paffing but once through

cold water. If the air has ftood in quicklilver,

the diminution is generally inconfidcrable, till

it has undergone this operation, there not being'

any fubftance expofed to the air that could

abforb any part of it.

I could not find any confiderable alteration

in the fpecific gravity of the air, in which

candles, or brimilone, had burned out. I am
fatisfied, however, that It is not heavier than

common air, which mud have been manifeft,

if fo great a diminution of the quaniity had

been owing, as Dr. Hales and others fuppofed,

to the elaibcity of the whole mafs being im-

paired. After making feveral trials for this

purpofe, I concluded that air, thus dlminifhed

in bulk, is rather lighter than common air,

which favours the fuppofition of the fixed, or

heavier part of the common air, having been

precipitated.

2 Ao
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An animal will live nearly, if not quite as

long, in air in which candles have burned out,

as in common air. This faft furprized me very

greatly, having imagined that what is called

the confumption of air by flame, or refpiration,

to have been of the fame nature, and in the

fame degree ; but 1 have fince found, that this

fa<5t has been obferved by many pcrfons, and
even fo early as by Mr. Boyle. I have alfo

obferved, that air, in which brimflone has

burned, is not in the lead injurious to animals,

after the fumes, which at firfl: make it very

cloudy, have intirely fubfided.

I muft, in this place, admonifh my reader

not to confound the fimple hmningcf hrimjloney

or of matches (?'. e. bits of wood dipped in it)

and the burning of brimftone with a burning

mirror, or any foreign heat. The effefl of the

former is nothing more than that of any othec

flame, or ignited i-apour^ which will not burn,

unlefs the air with which it is furrounded be in,

a very pure ftate, and which is therefore ex-

tinguiil:ied when the air begins to be^ much
vitiated. Lighted brimitone, therefore redilces

the air to the fame ftate as lighted wood. But

the focus of a burning mirror thrown for a fuf-

ficicnt time either upon brimftone, or wood,

after it has ceafed to burn of its own accord,

and has become charcoaly will have a much
greater
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greater efFe(5l of the fame kind, diminifning the

air toitsutmoft extent, and making it thorough-

ly noxious In faft, as will be feen hereafter,

more phlogifton is expelled from thefe fub-

llances in the latter cafe than in the former.

I never, indeed, adlually carried this experi-

ment fo far with brimftone-, but from the

diminution of air that I did produce by this

means, I concluded that, by continuing the

procefs fome time longer, it v/ould have been

cffedted.

Having read, in the Memoirs of the Philofo-

phical Society at Turin, vol. I. p. 41. that air in

which candles had burned out was perfedily

reftored, fo that other candles would burn in it

again as well as ever, after having been expofed

to a confiderable degree of cold, and likewife

after having been compreffed in bladders (for

the cold had been fuppofed to have produced

this efFedl by nothing but condenfation) I re-

peated thofe experiaients, and did, indeed, find,

that when I compreffed the air in bladders, as

the Count de Saluce, who made the obfervation,

had done, the experiment fucceeded : but having

,

had fufficient reafon to diilruft bladders, I com-

preffed the air in a glafsveffel ftanding in water;

and then I found, that this procefs is altogether

ineffeaual for the purpofe. I kept the air com-

preffed much more, and much longer, than the

Count
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fcouiiL had done, but without producing any

iteration in it. 1 alio find, that a greater de-

gree of cold than that which he applied, and

of longer continuance, did' by no means reftore

this kini of air : for when 1 had e^ipofed the

phials which contained it a whole night, in

which thefroll was very intcnfc; and alio when

I kept ir furrounded \\ ith a mixture of fnow
and lalt, I found ic, in all refpeds, th'e fame'

as before.

It is alio advanced, in the fame Memoir,'

p. 41. i\\d.i h.'dt on\)\ as the reverfe of cold,

renders air unfit for candles burning in it. But

I re] >eated the experiment of the Count for that

purpofey without fi-ndirvg any fuch effect from

it. I alio remember that, many years ago, h
frllcd an exhaulled receiver with air, whixrh-had

pafied through a r;;lafs tube made red-hot,- and

found that a candle would burn in it perfeftly

well. Alfo, rarcfadion by the air-pump does'

not Injure air in the leaft degree.

Though this- experiment failed,- 1 hnvc been

fo happy, as by accident to have hit upon a

inetl"K)d of refloring air, which has been injured

by the burning of candles, and to have difco-

vered at Ic.ifl one of the reli:oratives which na-

ture emj>loys for this purpofe, Ic \^ vegetation,

'Fiii? r^ flora tion of vitiated air, I conjedlure, is"

E efF^dcd
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cffeded b}^ plants imbibing the phloglflic matter

with which it is overloaded by the burning of

inflammable bodies. But whether there be any

foundation for this conjedure or not, the fact

is, I think, indifputable. I fhall introduce the

account of my experiments on this fubjcd, by

reciting fome of the obfervations which I made
on the growing of plants in confined air, which,

led to this difcover>^.

One might have imagined that, fince common

air is neceffary to vegetable, as well as to animal

life, both plants and animals had affefted it in

the fame manner ; and I own I had that expec-

tation, when 1 firft put a fprig of mint into a

glafsjar, Handing inverted in a veflel of water :

but when it had continued growing there for

fome months, I found that the air would neither

extinguifh a candle, nor was it at all inconve-

nient to a moufe, which I put into it.

The plant was not alfefted any otherW'ife than

was the neccflary confequcnce of its confined

fituation ; for plants growing in feveral other

kinds of air, \vere all affcded in the very fame

manner. Every fucceffion of leaves was more

diminiflied in fize than the preceding, till, at

length, they came to be no bigger than the

heads of pretty fmall pins. The root decayed,

and the (talk alfo, beginning from the root;

and
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and yet the plant continued to grow upwards^

drawing its nourifhment through a black and

rotten flem. In the third or fourth fet of

leaves^ long and white hairy filaments grew

from the infertion of each leaf and fometimes

from the body of the ftem, Ihooting out as far

as the veffel in which it grew would permit^

which, in my experiments, was about two in-

ches. In this manner a fprig of mint lived,

the old plant decaying, and new ones Ihooting

up in its place, but lefs and lefs continually^

all the fummcr fcafon.

In repeating this experiment, dare muft be

taken to draw away all the dead leaves from

about the plant, left they Ihould putrefyj and

atTedt the air* I have found that a frefh cab-

bage leaf, put under a glafs veflel filled with

common air, for the fpacc of one night only^

has fo aftefted the air, that a candle v/ould not

burn in it the next morning, and yet the leaf

had not acquired any fmell of putrefaction.

Finding thlt candles would burn very well

in air in which plants had grown a long time,

and having had fome reafon to think, that there

was fomething attending vegetation, which re--

flored air that had been injured by refpiration,

I thought- it was pofTiblc that the fame procefs

E 2 nvght
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mighr alio rcftore rhe air thr.t had h^cif

injuired by the burning of candles.

Accordingly, on the 17th of Auguft 1771,
I put a fprig of mint into a quantity of air, in

which a- wax candle had burned out, and found

that, on t'htj 2''7th of the fame month, anothci'

candle burned perfedil)'- well' in it. This expe-

riment r repeated,' without the kaft variation

in the event, not lefs thaiv eight or ten times \\i-

the remainder of the fummcr.

Several times I divided the quantity of air in'

which the cardie had burned out, into two

mrts*, and putting the plant into one of them,-

left- the other in the Uirae expofurc, contained^

alibi in aglafs velfel immerled in water, but

tvithout any plant:; afld- never failed to find,

that a candle would burn in th<i former, bu2^

not in the latter.

':..A sriJ :

I geneVaUy found that five or fix days wer-J

fufficicnt to reflore this air, when the plant was

in its vigour; w hercas I have kept this kind of

air in glafs veflels, immerfed in water many

months, without being able to perceive tliatthe
;

leafc alteration had been made in it. I have

alfo tried a great variety of experiments upon

it, as by eondenfing, rarefying, expofing to the

kght and heat, 8:c, and throwing into it the

efflu7\ia>
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jiffluvia of many different fubftances, but with-

out any effeft.

Experiments made in the year 1772, abun-

dantly confirmed my condufion concerning th»

reiloration of air, in which candles had burned

out by plants growing in it. The firlt of thefe

•experiments was made in the month of May ;

and they were frequently repeated in that ;and

.the two foUow.ing months, without a fingJe

failure.

For this purpofe I ufed the flames of different

fubftances, though I generally ufed wax or tal-

low candles. On the 24th of June the expe-

riment fucceeded perfectly well with, air in

which fpirit of wine had burned out, and on

the 27th of the fame month it fucceeded equally

well with air in which brimftone matches had

burned out, an effect of which I had defpaired

the preceding year.

This refl:oration of air, I found, depended

upon the vegetating Jlate of the plant ; for

though I kept a great number of the frefh

leaves of mint in a fmall quantity of air in

which candles had burned out, and chano-ed

them frequently, for a long fpace of time, I

could perceive no melioration in the ftate of

the air.

E 3 Tliia
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This remarkable effedt does not depend upon
any thing peculiar to mint, which was the plant

that I always made ufe of till July 1772 ; for

on the 1 6th of that month, I found a quantity

of this kind of air to be perfedly reftorcd by

fprigs of halm, which had grown in it from the

^th of the fame month.

That this relloration of air was not owing

to any aromatic effluvia of thefe two plants, not

only appeared by the ejfential oil of mint havin»

no fenfible effedt of this kind ; but from the

equally complete reftoration of this vitiated air

by the plant called ground/el, which is ufually

ranked among the weeds, and has an ofFenfive

fmell. This was the refult of an experiment

made the i6thof July, when the plant bad

been growing in the burned air from the 8th of

the fame month. Befides, the plant which I

have found to be the moft effeftuai of any that

1 have tried for this purpofe is fpinach, which

is of quick growth, but will feldom thrive long

in water. One jar of burned air was perfeftly

reflored by this plant in four days, and another

in two days. This iaft v/as obferved on the

22d of July.

In general, this effecl may be prefumed to

have taken place in much lefs time than I have

Inentioncd j becaufe \ never chofe to make a

2 trial
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trial of the air, till I was pretty fure, from

preceding obfervations, that the event which

I had cxped:ecl n:iuft have taken place, if it

would fucceed at all ; left, returning back that

part of the air on which I made the trial, and

which would thereby neceflariiy receive afmall

mixture of common air, the experiment might

not be judged to be quite fair; tliough I myfelf

might be fufficicntly fatisfied with refpedt to the

allowance that was to be made for that fmall

imperfedtion.

SECTION IIU

Of INFLAMMABLE AlR.

I have generally made inflammable air in the

manner defcribed by Mr. Cavendiih, in the Phi-

lofophical Tranfadions, from iron, zinc, or

tin ; but chiefly from the two former metals,

on account of the procefs being the leaft trou-

blefome : but when I extracted it from vege-

table or animal fubftances, or from coals, I put

them into a gun-barrel, to the orifice of which

I luted a glafs tube, or the ftem of a tobacco-

pipe, and to the end of this I tied a flaccid

bladder in order to catch the generated air ;

or I received the air in a vtflel of quickfilver,

in the manner reprcfented Fig. 7.

E 4 'Xkzxt
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There is 'not, I believe, any vegetable o^^

animal fiibflance whatever, nor any mineral

iubftance, that is inflammable, but what will

yield great plenty of inflammable air, when
they are treated in this manner, and urged with

a ftrong heat ; but, in order to get the moft

air, the heat mud be applied as fuddenly, and

as vehemently, as poffible. For, notwith Hand-

ing the fame care be taken in luting, and in

every other' refpedt, fix or even ten times more

air maybe got by a fuddcn heat than bv a How

jonc, though the heat that is lall applied be as

intenfe as that which was applied fuddenly. A
bit of dry oak, weighing about twelve grains,

will generally yield about a ihccp's bladder full

of inflammable air ^vith a brifk heat, when it

vwill.omy give about two or three ounce mea-

fures, if the fam.e heat be applied to it very

gradually. I'o what this diff'erence is owing,

I cannot tell. Perhaps the phlogiflon being

.extricated more flowly may not be intirely ex-

pelled, but form another kind of union with

its bafe: io that charcoal made with a hear

flowly applied fhall contain more phlogiflon

than that which is made with a fudden heat.

It may be worth while to examine the proper-

ties of the charcoal with this view.

Inflammable air, \\\v:v\ it is majLle by a quicj-i.

froi^s, has a very liroiTg and oflrnfive fmell,

trom
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from whatever fubflancc it be generated ; but

.this fmell is of three difterent kinds, according

,as the air is extrad:ed from mineral, vegetable,

K)r animal fubftanccs. The laft is exceedingly

fetid; and it makes no difference, whether it

.be extracted from a bone, or even an old and

-dry tooth, from foft mufcalar llclli-, or any

other part of tlie animal. The burning of any

fubftance occafiorss the fame fmell : for the

grofs fume which arifes from them, before they

flame, is the inflammable air they contain,

v/'h;ch is expelled by heat, and then readily ig-

nited. The fmell of inflammable air is the very-

fame, as far as I am able to perceive, from

whatever fubfl:ance of the fame kingdom it be

extradled. Thus it makes no diflcrence whe-

ther it be got from iron, zinc, or tin, from any

kind of wood, or, as was obferved before, from

any part of an animal.

If a quantify of inllammahle air be contained

in a glafs veflTel (landing in water, and have

been generated very fafl, it will fr^cll even

through the water, and this water will alfo loon

become co^-ered with a thin film, aflfuming all

the different colours. Jf the inflammable air

have been generated from iron, this matter

will appear to be a red okre, or the earth of

iron, as I have found by colleifling a confi-

derable quantity of it j. and if it have been ge-

nerated
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Derated from zinc, it is a whitifh fubllance,

which I fuppofe to be the calx of the metal.

It likcwife fettles to the bottom of the veflel,

and when the water is llirred, it has very much
the appearance of wool. When water is once

impregnated in this manner, it will continue to

yield this fcum for a conliderable time after the

air is removed from it. This I have often ob-

l^rved with refpe«51: to h-on.

inflammable air, made by a violent efferve-

fcence, I have obferved to be much more in-

flammable than that which is made by a weak

efFervefcence, whether the water or the oil of

vitriol prevailed in the mixture. Alfo the of-

feniive fmell was much Wronger in the former

cafe than in the latter. The greater degree of

inflammability appeared by the greater num-

ber of fuccefi"ive explofions, when a candle was

prefcnted to the neck of a phial filled with it.*

It is poflible, however, that this diminution of

inflammability may, in feme meafure, arife

from the air continuing fo much longer in the

bladder when it is made very flowly : though

* To try this, after every explofion, tvhich immediately

follows the prefenting of the flame, the mouth of the phial

fiiogld be clofed (I generally do it with a finger of tht

hand io which I hold the phial) forotherwife the inflam-

mable air will contincc burning, though invifibly in the

day time, till the tivhole be coniumed.

I think
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I think the difference is too great for this caufc

to have produced the whole of it. It may,

perhaps, deferve to be tried by a different pro-

cefs, without a bladder.

Inflammable air is not thought to be mifci-

ble with water, and when kept many months,

feems, in general, to be as inflammable as ever.

Indeed, when it is extraded from vegetable or

animal fubftances, a part of it will be imbibed

by the water in which it fl:ands ; but it may be

prefumed, that in this cafe, there was a mixture

of fixed air extraded from the fubftance along

with it. I iiave indifputable evidence, how-

ever, that inflammable air, {landing long in

water, has adually loft all its inflammability,

and even come to extinguifli flame much more

than that air in which candles have burned

out. After this change it appears to be greatly

diminidied in quantity, and it ftill continues to

kill animals the moment they are put into it.

This very remarkable faft firft occurred to

my obfervation on the twenty-fifth of May
1 77 1, when 1 was examining a quantity of in-

flammable air, which had been made from zinc,

near three years before. Upon this, I imme-

diately fet by a common quart-bottle filled with

inflammable air from iron, and another equal

quantity from zinc ; and cxaminiag them in

; the
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the beginning of December following, tlvat

from the iron was reducea near one halt in

quantity, if I be not greatly miflaken ; for I

found the bottle half iuU of water, and I am
pretty clear that it was full of air when it was

fet by. That which had been produced from

zinc was not altered, and filled the bottle as at

firft.

Another inllance of this kind occurred to

my obfervation on the 19th ofJune 1 772, when

a quantity of air, half of which had been in-

flammable air from zin<;, and half air in which

mice had died, and which had been put to-

gffther the 30th of July 1771, appeared not

to be in the leaft inflammable, but extinguiflied

flame, as much as any kind of air that 1 h^d

ever tried, I think that, in all, I have had

four inftanccs of inflammable air lofing iu in-

flammability, while it flood in water.

"Hiough air tainted with putrefaction extin-

guifhes fiame, I have not found that animals

or vegetables putrefying inflammable air ren-

der it kfs inflammable. But one quantity of

inflammable air, which I had let by in May

1771, along with the others above mentioned,

•had had fome putrid flefli in it i and this air

had lofi its inflanimability, when ir was exa^

mined at the fame time with the other in the De-

cember
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tem'ber following. The bottle in which this

air ha'ci been k^pt, fmelled exaflly like very

llron'o; Harrocrate water. I do not think that-

any perfon could have diPcinguifhed them.

t h'ate made plants grow for fevcral months

m inflammable air made from zinc, and alfo

from oak ; but, though the plants grew pretty

well, the air iVill continued inflammable. I'he

former, ind^fed, was not fo highly inflammable

as when it was frefh made, but the latter was

(juite as much fo j and the diminution of in*

flammability in^ the former cafe, I attribute to

ibme other cauffe than the growth of the planL

l^'okind ofair,on whichi have yet made the ex-

periment, willcondu6l eledtritity-jbut the colour

of an eledtricfparkis remarkablydifferentin fome

different kinds of air, which feems to fliew that

they are not equally good non-condu6tors. In

fixed air, the eledtrie fpark is exceedingly white -,

but in inflammable air it is of a purple, or red

colour. Nov;, fince the moil vigorous fparks

are always the whitell:, and, in other cafes, whrh

the fpark is red, there is reaf )n to think that the

eleftric matter paflTes with difficulty, and with

lefs rapidity : it is pofllble that the inflammable

air may contain particles which conduifl elec-

tricity, though very imperfe<5l1y •, and' that th?

vvhit-enefs of the fpark in the fixed air, may be

owinc;
fe»-.
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gwing to its meeting with no conducting parti-

cles at all. When an cxplofion 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 beautiful purple. The degree of

whitentfs in this cafe v/as probably owing to the

cledtric matter rulhing with more violence in an

cxplofion than in a common fpark.

Inflammable air kills animals as fuddenly

as fixed air, and, as far as can be perceived,

in the fame manner, throwing them into con-

vulfions, and thereby occafioning prefent death.

I had iniagined that, by animals dying in a quan-

tity of inflammable air, it would in time be-

come lefs noxious -, but this did not appear to

be the cafe ; for I killed a great number of mice

in a fmall quantity of this air § which I kept fe-

veral months for this purj^iofe, without its being

at all fenfibly mended •, the laft, as well as the

tlrft moufe, dying the moment it was puc

into it.

1 once imagined that, fince fixed and inflam-

mable air are the reverfc of one another, in fe-

veral remarkable propeftiee, a mixture of them
would make common air; and while I made the

mixtures in bhidders, I imagined that! had fuc-

ceeded in my attempt ; but 1 have fince found
th^t thin bladders do not fulTiciently prevent

th5



Inflammable Air

»

63

tke air that is contained in them from mixing

with the external air. Alfo corks will not fuf-

ficiently confine different kinds of air, unlcfs

the phials in which they are confined be fet with

their mouths downwards, and a little water lie

in the necks of them, which, indeed, is equi-

valent to the air Handing in veffels immcrfcd in

water. In this manner, however, I have kept;

different kinds of air for feveral years.

Whatever methods I took to promote the

mixture of fixed and inflammable air, they were

all ineffecftual. I think it my duty, however,

to recite the ifftie of an experiment or two of

this kind, in which equal mixtures of thefe two

kinds of air had flood near three years, as they

feem to fhew that they had in part affeded one

another, in that long fpace of time. Thefe

mixtures I examined April 27, 1771. One of

them had flood in quickfilver, and the other ia

a corked phial, with a little water in it. On
opening the letter in water, the water inflantly

Tufhed in, and filled almoft half of the phial,

and very little more w^as abforbed afterwards.

In this cafe the water in the phial had probably

abforbed a confiderable part of the fixed air,

fo that the inflammable air was exceedingly ra-

refied ; and yet the whole quantity that mull

have been rendered non-elaftic was ten times

more than the bulk of the water, and it has not

bee^
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been found that water can contain much moti

than its own bulk of fixed air. But in otheif

cafes I have found the diminution of a quantity

of air, and efpecially of fixed air, to be rhuch

greater than I could well account for by any

kind of abforption.

The phial whilh had flood immcrlcd in q'uick-

fil ver had loft very little of its original quantity

of air ; an'.l being now opened in wacer, and

left there, along with another phial, which was'

juft then filled, as thishal been three \^cars be-

fore, viz', with air half inflammable and hair

fixed, 1 obferve'd that tht quantity of both was

diminifhcd, by the ablbrpt'ioh of the water, iiv

the fanie propoiti :n.

Upon -applying a candle to the mouths of

the phials which had been kept three years,

that which had ilood in quickfilver went ofi' at

one cxpiofion, cxaftly as it would have done

if there had- been a' mixture of common air

with the infiamm-able. As a good deal depends

upon the apertures of the velieis in which the

inflammable air is mixed, I mixed tlie two

kinds of air in equal proportions in the fame

phial, and after letting the phial Hand fome

days in water, that the fixed air might be ab-

forbed, I applied a candle to it, but it made
ten- or twelve explofions (fiopping the phial

after
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after each of them) before the inflammable

matter was exhaufted.

The air which had been confined in the cork-

ed phial exploded in the very fame manner as

an equal and frefh mixture of the two kinds

of air in the fame phial, the experiment being

made as foon as the fixed air was abforbed, as

before ; fo that in this cafe, the two kinds of

air did not feem to have affed.ed one another

a: all.

Confidering inflammable air as air united to,

or loaded with phlogillon, I expofed toitfeve-

rai fubllances, which arc faid to have a near

affinity with phlogillon, as oil of vitriol, and

fpirit of nitre (the former for above a month),

but without making any fenfible alteration in it.-

lobTerved, however, that inflammable air,

mixed with the fumes of fmoking fpirit of ni-

.

tre, goes off" at one explofion, exadly like a

mixture of half common and half inflammable

air. This I tried feveral times, by throwing the

inflammable air into a phial full of fpirit of

nitre, with its mouth immerfed in a bafon

containing fome of the fame fpirit, and then

applying the flame of a candle to the mouth of

the phial, the moment that it was uncovered,

after it had been taken out of the bafon.

F ^ This
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This remarkable effeft I haftily concludec^

to have arifen trom the inflammable air having

been in part deprived of its inflammability, by

means of the ftronger affinity, which the fpirit

of nitre had with phiogifton, and therefore I-

imagined that by letting them ftand longer inr

eontaft,-and efpecially by agitating them ftrong-

ly together, I fhould deprive the air of all its

inflammability ; but neither of theie operations

fucceeded, for fl:ill the air was only exploded

at once, as before.

And lallly, when I palfed a quantity of inflam-

mable air, which had been mixed with the

fumes of fpirit of nitre, through a body of

water, and received it in another veflfel, it ap-

peared not to have undergone any change at all,

for it went off in feveral fuccefllve cxplofions,

like the pureft inflammable air. The efl'edt

abovementioned muft, therefore, have been

owing t-o the fum.es of the fpirit of nitre fup-

plying the place of common air for the purpofe

of ignition, which is analogous to other experi-

ments with nitre.

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 con-

tained had been boiled, without any particular

^iewj tlie reftilt was, in feveral refpedrs, alto-

gether
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^ether unexpeded, and led to a variety of new

dbfervations on the properties and affinities of

feveral kinds of air with refpedl to water.

Among the reft three fourths of that which

was inflammable was abforbed by the water in

about two days, and the remainder was inflam-

mable, but weakly fo.

Upon this, I began to agitate a quantity of

ftrong inflamrnable air in a glafs jar, ftanding

in a pretty large trough of water, the furface

of which was expofed to the common air, and

I found that when I had continued the opera-

tion about ten minutes, near one fourth of the

quantity of air had difappeared ; and finding

that the remainder made an eifervefcence with

nitrous air, I concluded that it muft have be-

come fit for refpiration, whereas this kind of

air is, at the firft, as noxious as any other kind

whatever. To afcertain this, I put a moufe

ifito a vefTel containing 2r ouncemeafures of

it, and obfcrved that it lived in it twenty mi-

nutes, which is as long as a moufe will gene-

rally live in the fame quantity of common air.

'Ihis moufe was even taken out alive, and re-

covered very well. Stili alfo the air in which
it had breathed fo long was inflammable, though
Very weakly fo. I have even found it to be fo

v^hen a moufe has aftually died in it. In-

fiantmable air thus diminiihed by agitation in

F 2 water.
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water, makes but one explofion on the approach

of a candle, exactly like a mixture of inflam-

mable air with common air.

From this experiment I concluded that, by-

continuing the fame procefs, I iliould deprive

inflammable air of all 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 in-

deed by the ted of nitrous air it did not appear

to be near fo good as common air. Continuing

the fame procefs ftill farther, the air .which had

been mod ftrongly infl.ammable a little before,

came to extinguifli a candle, exaftly like air in

which a candle had burned out, nor could they

be diltinguiflied by the ceil of n'.trous air.

I found, by repeated trials, that it was diffi-

cult to catch the time in which inflammable air

obtained from metals, in coming to extinguifh

flame, was in the fl:ate of common air, fo that

the tranfition from the one to the other mufl; be^

very fliort. Indeed I think that in many, per-

haps in mofl: cafes, there may be no proper me-

<^ium at all, the phlogifton paflTmg at once from

that mode of union with its bafe which confd-

tutes i ^flammable air, to that which confl:itutes

an air that extinguifhes flame, being fo much

overloaded as to admit of no more. I readily,

how-
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however, found this middle ftate in a quantity

of inflammable air extraded from oak, which

^ir I had kept a year, and in which a plant had

grown, though very poorly, for fame part of

the time. A quantity of this air, after being

acritated in water till it was diminilhed about

one half, admitted a candle to burn in it ex-

ceedingly well, and was even hardly to be dif-

tinguilhcd from common air by the tefl: of ni-

trous air.

I took fome pains to afcertain the quantity

of diminution, in frefli-made and very highly-

inflammable air from iron, at which it ceafedto

be inflammable, and, upon the whole, I con-

cluded that it was fo when it v.-as diminiflied a

little more than one half; for a quantity Vv'hich

was diminilhed exactly one half had fomething

inflammable in it, but iii the ilig-htefl: degree

imaginable. It is not improbable, however, but

there may be great differences in the rcfult of

this expcrin:ent.

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 air ; but though I found that di-

fliiled water would imbibe about one fourteenth

of its bulk of inflammable air, I could not

perceive that the tafl:e of it was fenfibly altered.

F 3 SECT.
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SECTION IV.

0/AiR irife^ied 'wUh animal respiration, ok

Putrefaction,

That candles will burn only a certain time, iii

a given quantity of air is a faft not better

known, than it is that animals can live only a cer-

tain time in it ; but the caui'e of the death of the

^nimal is not better known than that of the ex-

tinction of flame in the fame circumflances; an4

when once any quantity of air has been ren-

dered noxious by animals breathhig in it as long

as they could, 1 do not know that any methods

have been difcovcred of rendering it fit for

breathing again. It is evident, however, that

there muft be fome provilion in nature for this

purpofe, as well as for that of rendering the

air fit for fullaining flame ; for without it the

whole mafs of the atmofphere would, in time^

becom.e unfit for the purpofe of animal life

;

and yet there is no rcalon to think that it is, at

prefent, at all lefs fit for refpiration than it has

ever been. I flatter myfelf, however, that I

have hit upon two of the methods employed by

nature for this great purpofe. How many others

there may be, 1 cannot tell.

NVIieii
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1

"When animals die upon being put into air in

which other animals have died, after breathing

in it as long as tliey could, it is plain that the

caufe of their death is not the want of any

pabulum vit^e, which has been fuppofed to be

contained in the air, but on account of the air

being impregnated with lomething ftimiilating

to their lungs ; for they almoil always die in

convuifions, and are fometimes affected fo fud-

denly, that they are irrecoverable after a fmgle

infpiration, though they be withdrawn imme-

diately, and every method has been taken to

bring them to life again. They are affected in

the fame manner, when they are killed in any

other kind of noxious air that I have tried,

viz. fixed air, inflammable air, air fdled v^ith

the fumes of brimftone, infected with putrid

matter, in which a mixture of iron filir,e;s and

brimftone has flood, or in which charcoal has

been burned, or metals calcined, or in nitrous

air, &c.

As it is known that coiwuljhns weaken, and

exhauil the vital powers, much more than the

moft vigorous voluntary aftion of the mulcles,

perhaps thefe univerfal convuliions may exhaufb

the whole of what we mr.y call the vis vlt^ at

once, at Icaft tliat the lungs may be rendered

abibluteh' incapable of action, till the animal be

F 4 fuaiv
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, fuffocated, or be irrecoverable for want of re-

Ipiration.

If a moufe (which is an animal that I have

, commonly made ufe of for the purpofe of thefe

experiments) can fland the firft Ihock of this

Itimulus, or has been habituated to it by de-

grees, it will live a coniiderable time in air in

v/hich other mice will die inftantaneoufiy. I

have frequently found that when a number of

mice have been confined in a given quantity of

air, lefs than half the time that they have ac-

tually lived in it, a frefh moufe being intro-

duced to them has been inftantly thrown into

convulfions, and died. It is evident, therefore,

that if the experiment of the Black Hole were

to be repeated, a man would fland the better

chance of furviving it, who fhould enter at the

firfl, than at the laft hour.

I have alfo obfervcd, that young mice will

always live much longer than old ones, or than

thofe which are full grown, when they are con-

fined in the fame quantity of air. I have fome-

times known a young moufe to live fix hours in

the fame circumilances in which an old moufe

has not lived one. On thefe accounts, experi-

ments vvMth mice, and, for the fame reafon, no

doubt, with other animals alfo, have a confider-

able degree of uncertainty attending them j and

therefore.
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therefore, it is neceilary to repeat them fre-

quently, before the refult can be abfolurely de-

pended upon. But every peifon of feeling will

rejoice with me in the difcovery of nitrous air,

to be mentioned hereafter, which fuperfedes

many experiments with the refpiration of ani-

mals, being a much more accurate zq^ of the

purity of air.

The difcovery of the provifion in nature for

refloring air, which has been injured by the re-

fpiration of animals, having long appeared to

me to be one of die moil im.portant problems In

natural philofophy, I have tried a great variety

of fchemes in order to efie<fl it. In thefe my guide

has generally been to confider the influences to

which the atmofphcre is, in fadt, expofcd ; and,

as forae of my unfuccefsful trials may be of ufe

to thofe who are difpofed to take pains in the

farther inveftigation of this fubjedt, I (hall m.en-

tion the principal of them.

The noxious effluvium with which air is

loaded by animal refpiration, is not abforbed by

fcanding, without agitation; in frefli or fait wa-

ter. I have kept it many months infrefn water,

when, Inflead of being meliorated, it has feemed

to become even more deadly, io as to require

more time to reftore it, by the meth(.;ds which

will be explained hereafter, than air which has

been



^4 Objhvations on

been lately made noxious. I have even fpent

feveral hours in pouring this air from one glafs

veffel into another, in water, fometimes as cold,

and fometimes as warm, as my hands could

bear it, and have fometimes aUo wiped the

vefTels many times, during the courfeof the ex-

periment, in order to take off that part of the

noxious matter, which might adhere to the glafs

vefTels, and which evidently gave them an of-

fenfive fmell ; but all thefe methods were ge-

nerally without any fenfible effcd. The inotiony

alfo, which the air received in thefe circum-

ftanccs, it is very evident, was of no ufe for

this purpofe. 1 had not then thought of the

limple, but moll; effeftual method of agitating

air in water, by puttmg it into a tall jar and

fliaking it with my hand.

This kind of air is not rcftored by being ex-

pofed to the lights or by any other influence to

which it is expofed, when confined in a thin

phial, in the open air, for fomc months.

Among other experiments, I tried a great va-

riety of different effiuvin, which are continually

exhaling into the air, efpeciaiiy of thofe fub-

ilzncis which are known to refill putrefaftion ;

but I could not hy thefe means effeft any meli-

oration of the Tioxious quality of tliis kind of

air.

Havinq;
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Having read, in the memoirs of the Imperial

Society, of a plague not affedting a particular

village, in which there was a large fulphur-

work, I immediatel}^ fumigated a quantity of

this kind of air ; or (which will hereafter ap-

pear to be the very fame thing) air tainted with

putrefa6lion, with the fumes of burning brim-

flone, but without any effed:.

I once imagined, that the nitrous acid in the

air might be the general reftorative which I was

in quell of; and the conjefture was favoured, by-

finding that candles would burn in air extrafted

from faltpetre. I therefore fpent a good deal

of time in attempting, by a burning glafs, and

other means, to impregnate this noxious air,

with fome elEuvium of faltpetre, and, with the

fame view, introduced into it the fumes of the

fmqaking fpirit of nitre; but both thefe me-

thods were altogether inefFeftual.

In order to try the effeft of heat, I put a

quantity of air, ni which mice had died, into a

bladder, tied to the end of the ftem of a to-

bacco-pipe, at the other end of which was ano-

ther bladder, out of which the air was carefully

prefTed. I then put the middle part of the ftem

into a chafing- diili of hot coals, fbrongly urged

with a pair of bellows , and, preffing the blad-

ders alternately, I made the air pafs feveral

times
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times through the heated part of the pipe. I

have alio made this kuid of air very hot, iband-

ing in water before the fire. But neither of

thefe methods v/ere of any ufe.

RarefaStion and condenfation by inftruments

were alfo tried, but in vain.

Thinking it poflible that the earth might im-

bibe the noxious quaHty of the air, and thence

fupply the roots of plants with fuch putrefcent

matter as is known to be nutritive to them, I

kept a quantity of air, in which mice had died,

in a phial, one half of which was filled with fine

garden-m.ould ; but, though it Hood two

months in thcfe circumitances, it was not the

better for it.

I once imagined that, fince feveral kinds of

air cannot be long feparated from common air,

by being confined in bladders, in bottles well

corked, or even clofed with ground floppies, the

attinity between this noxious air and the common
air might be fo great, that they would mix
through a body of water intcrpofed between

them ; the water continually receiving from the

one, and giving to the other, efpecially as wa-

ter receives fome kind of impregnation from,

I believe, every kind of air to which it is conti-

guous J
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guous ; but I have feen no reafon to conclude,

that a mixture of any kind of air with the com-
mon air can be produced in this manner.

I have ke])t air in which mice have died,

air in which candles have burned out, and in-

flammable air, feparatcd from the common air,.

by the fiightcft partition of water that I could

well make, fo that it might not evaporate in a

day or two, if I iliould happen not to attend to

them ; but I found no change in them after a

month or fix weeks. The inflammable air was
Hill inflammable, mice died inftantly in the air

in which other mice had died before, and can-

dles would not burn where they had burned out

before.

Since air tainted with animal or vegetable

putrefaction is the fam.e thing with air rendered

noxious by anim.al refpiration, I fliall now re-

cite the obfervations which I have made upon
this kind of air, before I treat of the method of

refloring them.

That thefe two kinds of air arc, in fadt, the

fame thing, I conclude from their having feve-

ral remarkable common properties, and from
their diflering in nothing that I have been able

to obferve. They equally extinguifli , flame,,

they are equally noxious to animals, they are

equally.
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equally, and In the fame way, offenfive to thef

fmell, and they are reftored by the fame meansr

Since air which has pafled through the lungs

is the fame thing with air tainted with animal

putrcfadion, it is probable that one ufc of the

lungs is to carry off a putrid effluvium, without

which, perhaps, a living body might putrefy

as foon as a dead one.

When a motife ptttrefTes in any given quan-

tity of air, the bulk of it is generally increafed

for a few days ; but in a few days more it be-

gins to flirink up, and in about eight or ten

days, if the weather be pretty warm, it will be

found to be diminifhed ':, or f of irs bulk.

If it do not appear to be diminillied after this

time, it only requires to be paffsd through Waa-

ler, and the diminution will not fail to be fen-

fible. I have fometimcs known almoft the'

whole diminution to take place, upon once or

twice paffing through the water. The fame is'

the cafe with air, in which animals have

breathed as long as they could. Alfo, air in

which candles have burned out may almoil al-

ways be farther reduced by this means.

All thefe procefles, as I obferved before, feem

todifpofe the compoiand mafs of air to part vv-ith

fome
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fbme conflituent part belonging to it (which ap-

pears to be [.hQjixed air that enters into its con-

flitution) and this being mifcible with water,

mnft be brought into contaftwith it, in order

to mix with it to the moll advantage, efpecially

when its union with the other conflituent prin-

ciples of the air is bift partially broken.

I have put mice into veffels which had their

mouths immerfed in quickfilver, and obfcrved

that the air was not much contracted after they

were dead or cold ; but upon withdrawing the

mice, and admitting lime water to the air, it

immediately became turbid, and was contracted

in its dimenfions as ufual.

I tried the fame thing with air tainted with

putrefaction, putting a dead moufe to a quan-

tity of common air, in a vefTel which had its

motith immerfed in quickfilver, and after a week

I took the moufe out, dra^ving it through the

quickfilver, and obferved that, for fome tinle,

there was an apparent increafc of the air per-

haps about ^V. After this, it flood two days

in the quickfilver, without any lenfible altera-

tion i a'ld then admitting water to it, it began

to be abforbed, and continued {<i, till the ori-

ginal quantity was diminifhed about . If, in-

ftead ofcommon water, I had m.ade ufe of iimc-

warer
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water in this experiment, I ip.ake no doubt but:

it would have beconne turbid.

If a quantity of lime-water in a phial be put

under a glafs veflel {landing in water, it will

not become turbid, and provided the accefs o£

the common air be prevented, it will continue

lime-v/ater, I do not knov/ how long •, but if

a moufe be left to putrefy in the veflel, the

v/ater''will depofi't all its lime in a few days~.

This is owing to the fixed air depofited by the

common air, and perhaps alfo from more fixed

air difcharged from the putrefying fubftances

in fome pare of the procefs of putrefaction.

The air that is difcharged from putrefying

fubftances feems,'-in fome cafes, to be chiefly

fixed air, vsith the addiiion of fom.e other efliu-

vium, which has the power of dirainilhing com-

mon air. The refemblance between the true

putrid effluvium and fixed air in the following

experiment, which is as deciflve as 1 can po-f-

fibly contrive it, appeared to be very great;

indeed much greater than I had expe(fted. 1

put a dead moufe into a tall glafs veflel, and

having filled the remainder with quickfilver,

and fet it, inverted, in a pot of quickfilver, I

kt it fl:and about two months, in which time

the putrid eflluvium iifliing from the moufe

had filled the whole veflel^ and part of the dif-

folvedf
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folved blood, which lodged upon the fur-

face of the quickfilver, began to be thrown

out. I then filled another glafs vefiel, of

the fame fize and fhape, vvith as pure fixed

air as I could make, and expofed them both,

at the fame time, to a quantity of lime-water.

In both cafes the water grew turbid alike,

it rofe equally fafl in both the vefiels, and like-

wife equally high •, fo that about the fame

quantity remained unabforbed by the w^ater.

One of thele kinds of air, however, was ex-

ceedingly fweet and pleafant, and the other in-

fufferably ofFenfive ; one of them alio w^ould

have made an addition to any quantity of com-

mon air, with which it had been mixed, and the

other would have diminiflied it. This, at lead,

w^ould have been the confequence, if the moufe

itfelfhad putrefied in any quantity of commonair.

It feems to depend, in fome meafure, upon

the time, and other circumflances, in the diffo-

lution of animal or vegetable fubftances, whe-

ther they yield the proper putrid efi!uvium, or

fixed, or infiammabie air ; but the experiments

which I have made upon this fubjed:, have not

been numerous enough to enable me to decide

with certainty concerning thole circumftances.

Putrid cabbage, green or boiled, infeels

the air in the very fame manner as putrid

G animal
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animal fubilances. Air thus tainted is equally

contrad:ed in its dimenfions, it equally extin-

guiOies flame, and is equally noxious to ani-

mals ; but they affedt the air very differently,

if the heat that is applied to them be con-

fiderable.

If beef or mutton, raw or boiled, be placed

fo near to the fiie, that the heat to which it is

expofed iliall equal, or rather exceed, that of

the blood, a confiderable quantity of air will be

generated in a day or two, about ^th 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 circum-

llanccs, will be almoft all fixed air, and no part

of it inflammable. This I have repeated again

and again, the whole procefs being in quick-

filvcr i fo that neither common air nor water,

had any accefs to the fubftance on which the

experiment was made ; and the generation of

tiir, or effluvium of any kind, except what

might be ablorbed by quickfilver, or reforbed

by the lut)ftance itfelf, might be diflintfllj

noted.

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 5 whereas an animal fubftance

will



Jir infe^ed with Animal Refpiratlon^ ^c. 83

will continue to give more air, or effluvium, of

fome kind or other, with very little alteration,

for many weeks. It is remarkable, however,

that thfiugh a piece of beef or mutton, plunged

in quickfilver, and kept in this degree of heat,

yield air, the bulk of which is inflammable,

and contrails 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 fm.eli fufficiently indicates.

That the putrid effluvium will mix with

water feems to be evident from the following

experiment. If a moufe be put into ajar full

cf v/ater, (landing with its mouth inverted in

another veflel of v/ater, a confiderable quantity

of elaftic matter (and which may, therefore,'

be called air) will foon be generated, unlefs the

weather be f.o cold as to check all putrefaftion.

After a Ihort time, the water contradts an ex-

tremely fetid and offenfive fmell, which feems

to indicate that the putrid effluvium pervades

the water, and affedts the neighbouring air

;

and fmce, after this, there is often no increafe

of the air, that feems to be the very fubftance

which is carried off through the water, as fafl:

as it is generated ; and the offenfive fmell is a

fufficient proof that it is not fixed air. For

this has a very agreeable flavour, whether it be

produced by fermentation, or extradied from

G z chalk
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chalk by oil of vitriol ; afFefting not only the

mouth, but even the noflrils, with a pungency

which is peculiarly pleafing to a certain degree,

as any perfon may eafily fatisfy himielf, who
will chufe to make the experiments.

If the water in which the moufe was im-

merfedj and which is faturated with the putrid

air, be changed, the greater part of the putrid

air, will, in a day or two, be abforbed, though

the moufe continues to yield the putrid efflu-

vium as before j for as foon as this frefli water

becomes faturated with it, it begins to be ofFen-

five to the fmcll, and tlie quantity of the putrid

air upon its furface increafes as before. I kept

a moufe producing putrid air in this manner for

the fpaee of feveral months.

Six ounce'meafures of air not readily abforbed

by water, appeared to have been generated from

one moufe, which had been putrefying eleven

days in confined air, before it was put into a

jar which was quite filled with water, for the

purpofe of this obfervation.

Air thus generated from putrid mice ftanding

in water, without any mixture of common air,

extinguilhes flame, and is noxious to animals,

but not more fo than common air only tainted

with putrefadion. It is exceedingly diiFiculc

and
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and tedious to colledt a quantity of this putrid

air, not mifcible in water, fo very great a pro-

portion of what is colle6led being abforbed by
the water in which it is kept ; but what that

proportion is, I have not endeavoured to afcer-

tain. It is probably the fame proportion that

that part of fixed air, which is not readily

abforbed by water, bears to the reft ; and there-

fore this air, which I at firft diftinguifned by

the name of the putrid effluvium^ is probably the

fame with fixed air, mixed with the phlogiflic

matter, which, in this and other procefTes, di-

miniflies common air.

Though a quantity of common air be dimi-

nlilied by any fubfcance putrefying in it, I have

not yet found the fame effev^l to be produced by

a mixture of putrid air with common air ; but,

in the manner in Vv'hich I have hitherto made
the experiment, I was obliged to let the pu-

trid air pafs through a body of water, which

might inftantly abforb the phlogillic matter that

diminifhed the common air,

Infedts of various kinds live perfedtly well

in air tainted with animal or vegetable putre-

fa(5tion, when a fingle infpiration of it would

have inftantly killed any other animal. I have

frequently tried the experiment Vv^ith flics and

iautterflies. The aphides alfo will thrive as well

G 3 upon



S6 Ohfervations on

upon plants growing in this kind of air, as in

the open air. I have even been frequently

obliged to take plants out of the putrid air in

which they were growing, on purpofe to bruih

away the fwarms of thefe infects which infedted

them ; and yet fo effedtually did fome of them
conceal themfelves, and fo faft did they mul-

tiply, in thefe circumftances, that I could fel-

dom keep the plants quite clear of them.

When air has been freihly and flrongly

tainted with putrefa6lion, fo as to fmell throu2;h

the water, fprigs of mint have prefently died,

upon being put into it, their leaves turning

black ; but if they do not die prefently, they

thrive in a moft furprizing manner. In no

other circumftances have I ever feen vegetation

fo vigorous as in this kind of air, which is

immediately fatal to animal life. Though thefe

plants have been crouded in jars filled with this

air, every leaf has been full of life ; frefh Ihoots

have branched out in various directions, and have

grown much fafter than other fimilar plants,

growing in the fame expofure in common air.

This oblervation led me to conclude, that

plants, inftead of affefting the air in the fame

manner wath animal refpiration, reverfe the

effedis of breathing, and tend to keep the atmo-

rphere fvveet and wholefome, when it is become

noxious
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noxious, in confequence of animals either living

and breatliing, or dying and putrefying in it.

In order to afcertain this, I took a quantity

of air, made thoroughly noxious, by mice

breathing- and dvine: in it, and divided it into

two parts ; one of which I put into a phial

immerfed in water j and to the other (which

was contained in a glals jar, ftanding in water)

I put a fprig of mint. This was about the

beginning of Auguft 177 1, and after eight or

nine da\'s, I found that a moufe lived perfectly

well in that part of the air, in which the fprig

of mint had grown, but died the moment it was

put into the other part of the fame original quan-

tity of air; and which 1 had kept in the very fame

expofure, but without any plant gtov/ing in it.

This experiment I have feveral times re-

peated ; fometimes ufing air in which animals

had breathed and died, and at other times ufing;

air, tainted with vegetable or animal putrefac-

tion ; and generally with the fame fuccefs.

Once, I let a moufe live and die in a quantity

of air which had been noxious, but which had

been reftored by this procefs, and it lived nearly

as long as I conjedui-ed it might have done in

an equal quantity of frefli air ; but this is fo

exceedingly various, that it is not eafy to form

G 4 any



88 Ohfcrvatlons en

any iudgment from it ; and in this cafe the

fymptom of difficult refpiration feemed to btfgin

earlier tiiaii it would have done in common air.

Since the plants that I made ufe of manifeftly

grow and thrive in putrid air : fince putrid

matter is well known to afford proper nourifh-

ment for the roots of plants ; and {ince it is

likewile certain that they receive nourifhment

by their leaves as well as by their roots, it

feems to be exceedingly probable, that the

putrid ef?iuvium is in fome meafure extracted

from the air, by means of the leaves of plants,

and therefore that they render the remainder ,

more fit for refpiration.

Towards the end of the year fome experi-

ments of this kind di'd not anfwer fo well as they

had done before, and I had inflances of the re-

iapfmg of this reftored air to its former noxious

Hate. 1 therefore fuipended my judgment con-

cerning the efficacy of plants to reftore this kind

of noxious air, till I fliould have an opportunity

of repeating my experiments, and giving more

attention to them. Accordingly I refumed the

experiments in the fummer of the year 1772,

when I prefently had the mofl indifputable

proof of the relforation of putrid air by vege-

tation -, and as the fadl is of fome importance,

and the fubfequent variation in the ftate of this

kind
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kind of air is a little remarkable, I think it ne-

ceiTary to relate fomc of the facts pretty cir-

cumftantially.

The air, on which I made the firft experi-

ments, was rendered exceedingly noxious by

mice dying in it on the 20th of June. Into a

jar nearly filled with one part of this air, I put

a fprig of mint, while I kept another part of

it in a phial, in the fame expofure -, and on the

27th of the fame month, and not before, I

made a trial of them, by introducing a moufe

into a glafs velTel, containing 2 { ounce mea-

fures filled with each kind of air ; and I noted

the following faQ:s.

When the vefTel was filled with the air in

which the mint had grown, a very large moufe

lived five minutes in ir^ before it began to (hew

any fign of uneafmefs. I then took it out,

and found it to be as flrong and vigorous as

when it was firll: put in ; whereas in that air

which had been kept in the phial only, without

a plant growing in it, a younger moufe con-

tinued not long-er than two or three feconds,

and was taken out quite dead. It never breathed

after, and was immediately motioniefs. After

half an hour, in which time tlie larger moufe

(which I had kept alive, that the experiment

might be made on both the kinds of air with

the very fame animal) would have been fufii-

I -^ ciently
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cicntly recruited, fuppofing it to have received

any injury by the former experiment, was put

into the fame veff,:! of air; but ihough it was

withdrawn again, after being in it hardly one

fecond, it was recovered with difficulty, not

"being able to flir from the place for near a

minute. After two days, I put the fame moufe

into an equal quantity of comm.on air, and

obferved that it continued feven minutes with-

out any fign of uneafinefs ; and being very

uneafy after three minutes longer, I took it out.

Upon the whole, I concluded that the reftored

air wanted about one fourth of being as whole-

fome as common air. The fame thing alfo ap-

peared when I applied the tefl of nitrous air.

In the feven days, in which the mint was

growing in this jar of noxious air, three old

Ihoots had extended themfelves about three

inches, and fevcral new ones had made their

appearance In the fame time. Dr. Frunklin and

Sir John Pringle happened to be with me, when

the plant had been three or four days in this

ftate, and took notice of its vigorous vegeta-

tion, and remarkably healthy appearance in

that conhncment.

On the 30th of the fame month, a moufc

lived fourteen minutes, breathing naturally all

the time, and without appearing to be much
uneafy.
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nneafy, till the kit two minutes, in the vefiel

containing two ounce meafures and a half of air

which had been rendered noxious by mice

breathing in it almofl: a year before, and which

I had found to be moft highly noxious on the

19th of this month, a plant having grown in

it, but not exceedingly well, thefe eleven days ;

on which account I had deferred making the

trial fo long. The reftored air was affedied by

a mixture of nitrous air, almofl as much as

common air.

As this putrid air was thus eafily reflored to

a confiderable degree of fitnefs for rcfpiration,

by plants growing in it, I was in hopes that by
the fame means it mJght in time be fo much
more perfedtly reftored, that a candle would

burn it it ; and for this purpofe I kept plants

growing in the jars whicli contained this air till

the middle of Augufl following, but did not

take fufRcient care to pull out all the old and

rotten leaves. The plants, however, had grown,

and looked fo well upon the whole, that I had

no doubt but that the air muft conftantly have

been in a mending flate-, when 1 was exceedingly

furprized to find, on the 24th of that month,

that though the air in one of the jars had not

grown worfe, it was no better j and that the air

in the other jar was fo m.uch worfe than it had

been, that a moufe would have died in it in a

few
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few fecofids. It alfo made no effervefcence

wich nitrous air, as it had done before.

Sufpeding that the fame plant might be

capable of reiloring putrid air to a certain de-

gree only, or that plants might have a contrary

tendency in feme ftages of their growth, I with-

drew the old plant, and put a frefh one in its

place ; and found that, after (tw(tx\ days, the

air was reftored to its former wholefome flate.

This facl I confider as a very remarkable jone,

and well defcrving of a farther inveftigation, as

it may throw m.ore light upon the principles of

vegetation. It is not, however, a lingle faft •,

for I had feveral inftances of the fame kind in

the preceding year ; but it feemed fo very

cxtraordinar)', that air fliould grow worfe by
the continuance of the fame treatment by which

it had grown better, that, whenever I obferved

it, I concluded that I had not taken fufhcient

care to fatisfy myfelf of its previous reilo-

ration.

That plants are capable of perfe5:ly reftoring

air injured by refpiration, may, I think, be in-

ferrcd with certainty from the perfed redora-

tion, by this means, of air which had pafled

through my lungs, fo that a candle would burn

in it again, though it had extinguifhed flame

before, and a part of the fame original quantity

of
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of air flill continued to do fo. Of this one

inftancc occurred in the year 1771, a fprig of

mint having grown in ajar of this kind of air,

from the 25th of July to the 17th of Augufl

following •, and another trial I made, with the

fame fuccefs, the 7th of July 1772, the plant

having grown in it from the 29th of June pre-

cedini^;. In this cafealfo Ifound that the effedt

was,not owing to any virtue in the leaves of

mint ; for I kept them conftantly changed in

a quantity of this kind of air, for a confider-

abie time, without making any fenfible altera-

tion in it.

Thefe proofs of a partial relioration of air-

by plants in a flate of vegetation, though in a

confined and unnatural fituation, cannot but

render it highly probable, that the injury v/hich

is continually done to the atinofphcre by the

refpiration of fuch a number of anlniials, and

the putrefddlionof fuchmalles of both vegetable

and animal matter, is, in part at leaft, repaired

by the vegetable creation. And, notvvithftand-

ing the prodigious mafs of air that Is corrupted

daily by the above-mentioned caufes ; yet, if

weconfider the immenfeprofufion of vegetables

upon the face of the earth, growing in places

fuited to their nature, and confcquently at full

libeity to exert all their powers, both iiihaling

and exhaling, it can hardly be thought, but

that
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that it may be a fufficient counterbalance to it^

and that the remedy is adequate to the evil.

Dr. Franklin, who, as I have already obferv-

ed, law fonie of my plants in a very flourilhing

ftate, in highly noxious air, was pleafed to ex-

preis very great iatisfadlion with the refult of

the experiments. In his anfvver to the letter m
which I informed him of it, he fays,

" That the vegetable creation ihould reftore

'' the air which is fpoiled by the animal part of

'* it, looks like a rational fyflem, and feems to

" be of a piece with the reft. Thus fire puri-

" fies water all the world over. It purifies it

" by diftillation, v/hen it raifes it in vapours^

'' and lets it fall in rain ; and farther ftill by fil-

" tration, when, keeping it fluid, it fuffers that

*' rain to percolate the earth. We knew be-

" fore that putrid animal fubftances were con-

" verted into fweet vegetables, when mixed witli

*' the earth, and applied as manure ; and now,-

" it leems, that the famiC putrid fubftances,

*' mixed with the air, have a fimilar effect.

" The ftrong thriving ftate of your mint in pu~
*' trid air feems to fhew that the air is mended
" by taking fomething from it, and not byad-
*' ding to it." He adds, " I hope this will

" give fome check to the rage of deftroying

•' trees that grow near houfes, v/hich has

" ac-
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'' accompanied our late improvements in

" gardening, from an opinion of their being

" unwholefome. I am certain, from long ob-

" fervation, that there is nothing unhealthy in

*' the air of woods ; for we Americans have

*' every w"here our country habitations in the

" midil of woods, and no people on earth en-

*' joy better health, or are more prolific."

Having rendered inflammable air perfedlly in-

noxious by continued agitation In a trough of

zvater, deprived of its air, I concluded that

other kinds of noxious air might be reftorcd by

the fame means •, and I prefently found that this

was the cafe with putrid air, even of more than

a 5''ear's Handing. I fhall obferve once for all,

that this procefs has never failed to reilore any

kind of noxious air on which I have tried it,

viz. air injured by refpiration or putrefaiflion,

air infedled with the fumes of burning char-

coal, and of calcined metals, air in which a

mixture of iron filings and brimftone, that in

which paint made of white lead and oil has

ftood, or air which has been diminifhed by a

mixture of nitrous air. Of the remarkable ef-

fect which this procefs has on nitrous air itfelfj

an account will be given in its proper place.

If this procefs be made in water deprived of

air, eitlier by the air-pump, by boiling, or by dif-

rillation^
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tillatlon, or if frelli rain-water be nfed, the air

will always be diminilhed by the agitation ; and

this is certainly the fairefl method of making

the experiment. If the water be frelh pump-

water, there will always be an incrcafe of the

air by agitation, the air contained in the water

being fet loofe, and joining that which is in the

-jar. In this cafe, alfo, the air has never failed

to be reilored ; but then it might be fufpefted

that the melioration was produced by the addi-

tion of fome more wholelome ingredient. As
thefe ap-itations were made in iars with wide

mouths, and in a trough which had a large fur-

face expofed to the common air, I take it for

granted that the noxious cfiluvia, whatever they

be, were iirll imbibed by the water, and there-

by tranfmitted to the common atmofphere. In

fome cafes this was fufficiently indicated by the

difagreeable fmell which attended the opera-

tion.

After I had made thcfe experiments, I was

informed that an ingenious phyfician and philo-

fopher had kept a fowl alive twenty-four hours,

in a quantity of air in u hich another fowl of the

fam.e fize had not been able to live longer than

an hour, by contriving to make the air, which

it breathed, pafs through no very large quan-

tity of acidulated water, the furface of which

was not expofed to the common air ; and that

even
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even when the water was not acidulated, the

fowl lived much longer than it could have done,

if the air which it breathed had not been drawn

throu2;h the water.

As I fhould not have concluded that this ex-

periment would have fucceeded fo well, front

any obfervations that I had made upon the fub-

je6l, I took a quantity of air in which mice had

died, and agitated it very itrongly, firft in

about five times its own quantity of diftilled

water, in the manner in which I had impreg-

nated water with fixed air •, but though the

operation was continued a long time, it made

no fenfible change in the properties of the air.'

I alfo repeated the operation with pump-water,

but with as little effed:. In this cafe, howeverj,-

though the air v/as agitated in a phial, which

had a narrow neck, the furface of the water iii

the bafon was confiderably large, and expofcd

to the common atmofphere, which mud have

tended a little to favour the experiment.

In order to judge more precifely of the effedt

of thefc different methods of ao-itatins air^ 1

transferred the very noxious' air, which I had

not been able to amend in the lead degree by

the former method, into an open jar, {landing

in a trough of water; and when I had agitated

k till it was diminilhed about one third, I found

H it
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it to be better than air in which candles had
burned out, as appeared by the tell of the ni-

trous air ; and a moufe lived in 2^ ounce mea-

lures of it a quarter of an hour, and was noi

feniibly afFe(fted the firft ten or twelve minutes.

In order to determine whether the addition of

any ^r/J to the water, would make it more ca-

pable of refloring putrid air, I agitated a quan-

tity of it in a phial containing very ftrong vi-

negar ; and after that in aquafortis^ only half

diluted with water ; but by neither of thefe

proceffes Was the air at all mended, though the

agitation was repeated, at intervals, during a'

whole day, and it was moreover allowed to^

Hand in that fituation all night.

Since, howevei', water in thefe experiments

mull have imbibed and retained a certain por-

tion of the noxious effluvia, before they could

be tranfmitted to the external air, I do not thinki

it improbable but that the agitation of the fea

and large lakes may be of fome ufe for the pu-

rification of the atmofphere, and the putrid

matter contained in water may be imbibed by
.

aquatic plants, or be depofited in fomc other

manner.

Having found, by feveral experiments above-'

mentioned, that the proper putrid effluviunir
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Is fomething quite diftind from fixed air, and

finding, by the experiments of Dr. Macbride,

that fixed air corrects putrefadtioh ; it occured

to me, that fixed air, and air tainted with pif-

trefadlion, though equally noxious when fcpa-

rate, might make a wholefome mixture, the

one correfting the other ; and I v/as confirmed

in this opinion by, I believe, not lefs than fifty

or fixty iiiftances, in which air, that had beeil

made in the higheft degree noxious, by refpira-

tion or putrefaction, was fo far fweetened, by

a mixture of about four times as much fixed

air, that afterwards niice lived ih it ejdceedingly

well, and in fome cafes almoft as long as in

common air. I found it, indeed, to be more

difficult to reftorc old putrid air by this means y

but I hardly ever tailed to do it, when the two,

kinds of air had ftood a long time together ; by

which I mean about a fortnight or three v^eeks.

The reafon why I do n'bt abfolutely conclude

that the rclloration of air in thefe cafes was th<*.

effect of fixed air, is that, when I made a trial

of the mixture, I forrietimes agitated the two'

kinds of air pretty ftrongly together, in a

trough of water, of at lead paffed it feverai

times through water, from one jar to Ano-

ther, that the fuperfluous fixed air niight be

abforbed, not fufpe<fting at that time that the

Citation could have any other effeft. But

H z having
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having fince found that very violent, and efpe^

cially long-conthiued agitation in water, without

any mixture of .fixed air, never failed to render'

any kind of noxious air in fome meafure fit for

refpiration (and in one particular inftance the

mere transferring of the air from one veffcl to

another through the water, though for a much
longer time than I ever uled for the mixtures

of air, was of eonfiderable ufe for the fame

purpofe) I began to entertain fome doubt of

the efhcacy of fixed air in this cafe. In fome
eafes alfo theniixture of fixed air had by no

means fo much effed: on the putrid air as,-

from the generality of my obfervations, 1

ihould have expcdied.

I was always aware, indeed, that it might be

faid, that, the refiduum of fixed air not being

very noxious, fuch an addition mufl contribute

to mend the putrid airj but, in order to obvi-

ate this objediion, I once mixed the refiduum

of as much fixed air as I had found, by a va-

riety of trials, to be fufficient to reflore a given

quantity of putrid air, with an equal quantity

of that air, without making any fcnfible me-

lioration of it.

Upon thewliole, I am inclined to think that

this procefs. could hardly have fucceeded fo

well as it did with me, and in fo great a num-
ber
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ber of trials, unlefs fixed air have fome ten-

dency to corred: air tainted with refpiration or

putrefadion ; and it is perfedly agreeable to

the analogy of Dr. Macbride's difcoveries, and

may naturally be expe6ted from them, that it

ihonld have fuch an effect.

By a mixture of fixed air I have made

wholefome the refiduum of air generated by

putrefadion only, from mice plunged in water.

This, one would imagine, a priori, to be the

moll noxious of all kinds of air. For If com-

mon air only tainted with putrefadion be

fo deadly, much more might one exped that

air to be fo, which was generated from putre-

fadion only ; but it feems to be nothing more

than common air (of at Icvafl that kind of fixed

air which is not abforbed by water) tainted

with putrefadion, and therefore requires no.

other procefs to fweeten it. In this cafe, how-

ever, we feem to have an inflance of the gene-

ration of genuine common air, though mixed

with fomething that is foreign to it. Perhaps

the refiduum of fixed air may be another in-

ftance of the fame nature, and alfo the refidupm

of inflammable air, and of nitrous air, efpecl-

ally nitrous air loaded with phloglflon, after

Ions: ag-itation in w^ater.

H a Fixed
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Fixed air is equally difFufcd through the

whole mafs of any quantity of putrid air with

which it is mixed : for di\'iding the mixture in-

to two equal parts, they were reduced in the

fame proportion by paffing through water. But

this is alfo the cafe with fome of the kinds of

air which will not incorporate, as inflamm.able

air, and air in which brimftone has burned.

If fixed air tend to corred: air which hasf

been injured by animal refpiration or putre-

fadlion, lime -kilns, which difcharge great quan-

titles of fixed ^ir, may be wholefome in the

neighbourhood of populous cities, the atmq-

fphere of which mull abound with putrid ef-

fluvia. I Ihould think alfo that phyficians

might avail themfelves of the application of

fixed air in many putrid diforders, efpecially

as it may be fo eafily adminiftered by way of

clyjier, where it would often find its \yay to

much of the putrid matter. Nothing is to be

apprehended from the diftention of the bowels

by this kind of air, fince it is fo readily ab-

forbed by ' any fluid or moifl fubilance.

Since fixed air is not noxious per fe, hut,

tike fire, only in excefs, I do not think it at all

hazardous to attempt to breathe it. It is how-

ever eafily conveyed into the Jiomach, in na-

tural or artificial Pyrmont water, in brifkly-

fer-



Air infe5led with Animal Refpiration, ^c, 103

fermenting liquors, or a vegetable diet. It is

even poffible, that a confiderable quantity

of fixed air might be imbibed by the ab-

forbing velTels of the fkin, if the whole body,

except the head, fliould be fufpended over a

vefTel of ftrongly-fermenting liquor ; and in

fome putrid diforders this treatment might be

very falutary. If the body was expofed quite

naked, there would be very little danger from

the cold in this fituation, and the air having

freer accefs to the fkin might produce a greater

effed. Being no phyfician, 1 run no rifle by
throwing out thefe random, and perhaps whiniT

fical propofals.*

Having communicated my obfervations on

fixed air, and efpecially my fcheme of applying

it by way of clyfler in putrid diforders, to Mr,

Hey, an ingenious furgeon in Leeds a cafe

prefently occurred, in which he had an op^^

portunity of giving it a trial ; and mentioning

it to Dr. Hird and Dr. Crowther, two phyfi-

cians who attended the patient, they approved

the fcheme, and it was put in execution ; both

by applying the fixed air by way of clyfter,

and at the fame time making the patient drink

plentifully of liquors ftrongly impregnated witl^

* Some time after thefe papers were firft printed, I wa»

pleafed to find the lame propofal in Dr. Jkxandfr^t Exfc

rimental EJfays,

H 4 it.
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it. The event v/as fuch, that I requefted Mr.
Hey todrawup a particular account of the cafe,

defcribing the whole of clie treatment, that the

public might be fatisfied that this new appli-

cation of fixed air is perfecftly fafe, and alfo,

have an opportunity of judging how far it had

the eifed; which I expeded from it : and as the

application is new, and not unpromifing, I fhall

fubjoin his letter to me on the fubjedl:, by way
of Appendix to thefe papers.

When I began my inquires into the pro-

perties of different kinds of air, I engaged my
friend Dr. Pcrcival to attend to the medicinal

ujcs of them., being fenfible that his knowledge

of philofophy as well as of medicine would give

him a fingular advantage for this purpofe.

The refult of his obfervations I fhall alfo in?

fert in the Appendix.

SECT-
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SECTION V.

Of Air in which a mixiure of Brimstone and

Filings o/1ron hasjiood.

Reading; in Dr. Hales's account of his ex-

periments, that there was a great diminution of

the quantity of air in which a mixiure of pow-

dered brimjlone and filings of irony made into

apafie zvith water^ had ftood, I repeated the

experiment, and found the diminution greater

than 1 had expedled. This diminution cf air

is made as effedually, and as expeditiouily,

in quickfilver as in water ; and It may be mea-

fured with the greateft accuracy, becaufe there

is neither any previous expanlion or increafe of

the quantity of air, and becaufe it is fome time

before this procefs begins to have any fenfible

effedt. This diminution of air is various ; but

I have generally found it to be between one

fifth and one fourth of the whole.

Air thus diminifhed is not heavier, but ra-

ther lighter than common air; and though

lime-warer does not become turbid when it is

expofed to this air, ic is probably owing to the

formation of a felenitic fait, as was the cafe

with the fimple burning of brimflone above-

men-
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mentioned. That fomething proceeding from

the brimflone ftrongly affects the water which

is confined in the fame place with this mixture,

is manifeft from the very llrong fmell that it has

©f the volatile fpirit of vitriol.

I conclude that the diminution of air by this

procefs i^ of the fame kind with the diminution

of it in the other cafes, becaufe when this mix-

ture is put into air which has been previouily di-

minifhed, cither by the burning of candles, by

refpiration, or putrefadion, though it never

fails to diminilh it fomething more, it is, how-

ever, no farther than this procefs alone would

have done it. If a frelli mixture be introduced

into a quantity of air which had been reduce^

by a former mixture, it has little or no farthe?

effea,

I once obfcrved, that when a mixture of this

kind was taken out of a quantity of air in whicl^

a candle had before burned out, and in which it

had ftood for feveral days, it was quite cold

and black, as it always becomes in a confined

place ; but it prefently grew very hot, fmoak-

ed copoully, and fmelled very offenfively

;

and when it was cold, it was brown, like the

ruft of iron.

I once
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I once put a mixture of this kind to a quan-

tity of inflammable air, made from iron, by

which means it was diminiihed t or ^*^ in itss

bulk ; but, as far as I could judge, it was

ftill as Inflammable as ever. Another quan-

tity of inflammable air was alfo reduced in the

fame proportion, by a moufe putrefying in

it; but its inflammability was not feemingly

lefl^ened.

Air diminiihcd by this mixture of iron filings

and brimfl:one, is exceedingly noxious to anit

mals, and I have not perceived that it grows

any better by keeping' in water. The fmell of

it is very pungent and ofFcnfiyee

The quantity of this mixture which I made
ufe of in the preceding experiments, was from

two to four ounce meafures ; but I did not

perceive, but that the diminution of the quan-

tity of air (which was generally about twent/

ounce meafures) was as great with the fmallefl,

as with the largefl: quantity. How fmall a

quantity is necefl"ary to diminifli a given quan-

tity of air to a maximum, I have made no expe-'

liments to afcertain.

As foon as this mixture of iron filings with

brimflione and water, begins to ferment, it alfo

tprns black, and begins to fwell, and it con-

tinues'
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tinues to do fo, till it occupies twice as much

fpace as it did at firft. The force with which

it expands is great 5 but liow great it is I have

not endeavoured to determine.

When this mixture is immerfed in water, it

generates no air, though it becomes black, and

1wells.

SECTION VI.

Of NITROUS Air.

* Ever fince I firfl read Dr. Hales's mofl ex-

cellent Statical EJhys, I was particularly ftruck

with that experiment of his, of which an ac-

count is given, Vol. I. p. 224. and Vol. II.

p. 280. in which common air, and air gene-

rated from the Walton pyrites, by fpirit of

nitre, made a turbid red mixture, and in which

part of the common air was abforbed ; but I

never cxpefted to have the fatisfadtion of feeing

this remarkable appearance, fuppofing it to be

peculiar to that particular mineral. Happen^

ing to mention this fubjedl to the Hon. Mr.

Cavendifli, when I was in London, in the

fpring of the year 1772, he faid that he did

not imagine but that other kinds of pyrites,

or the metals mip-ht anfvver as well, and that

pro-
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probably the red appearance of the mixture

dependeel upon the fpirir of nitre only. This

encouraged me to attend to the fubjeft ; and

having no pyrites, I began with the folution of

the difierent metals in fpirit of nitre, and catch-

ing the air which was generated in the folution,

I prefently found what I wanted, and a good

deal more.

Bejilnnino: with the folution of brafs, on the

4th of June 1772, J firfl found this remark-

able fpecics of air, only one effe^L of which,

was cafually obferved by D/. Hales ; and he

gave 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 to \u^

I therefore found myfelf, contrary to my firfc

refoludon, under an abfolute neceffity of giv-

ing a name to this kind of air myfelf. When
I firft began to fpeak and write of it to

my friends, I happened to diftinguifh it by

the name of nitrous air, becaufe I had pro-

cured it by means of fpirit of nitre only ; and

though I cannot fay that I altogether like the

term, neither myfelf nor any of my friends,

to whom I have applied for the purpofe, have

been able to hit upon a better ; fo that I

am obliged, after all, to content myfelf

with it,

i have
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I have found that this kind of air is tcadiiy

procured from iron, copper, brafs, tin, fi]ver,'

quickfilver, bifmuth, and nickel, by the ni-

trous acid only, and from gold and the regulus

of antimony by aqua fegin. The circilm-

Hances attending the folution of ea£h of thefe

lifletals ar6 various, but hardly worth mention-

inp-, in treating of the properties of the dit

which they yield ; which, from what metal fo-

fever it is extracted, has, as far as I have becif

able to obferve, the very fame properties.

One of the moft confplcuous properties of

this kind of aif is the great diminuti6n of any

quantity of common air with which it is mix-

ed, attended with a turbid red, or deep orange

colour, and a confiderable heat. The fmell

of it, alfo, is very flrong, and remarkable,

but very much refembling that of fmoking fpi-

rit of nitre.

The diminution of a mixture of this and

common air is not an equal diminution of both

the kinds, which is all that Dr. Hales could^

6bferve, but of about one fifth of the com-

mon air, and as much of the nitrous air as is

necefTary to produce that effeQ: ; whicJh, as I

have found by many trials, is about one half

as much as the original quantity of common air.

For if one meafure of nitrous air be put to two

mea-
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liicafures of common alf, in a few minuted

(by which time the effervefcence will be over,

and the mixture will have recovered its tranf-

parency) there will want about one ninth of

the original two meafures ; and if both the

kinds of air be very pure, the diminution will

ftill go on flowly, till in a day or two, the

whole will be;reduccd to one fifth lefs than thd

original quantity of common air. This farther

diminution, by long ftanding, I had not obferv-^

cd at the time of the firft publication of thefc

papers.

I hardly know any experiment that is more
adapted to amaze and furprize than this is,

which exhibits a quantity of air, which, as ic

were, devours a quantity of another kind of

air half as large as itfelf, and yet is fo far from

gaining any addition to its bulk, that it is con-

liderably diminiihed by it. If, after this full

faturation of common air with nitrous air, more

nitrous air be put to it, it makes an addition

equal to its own bulk, without producing the

leafl rednefs, or any other vifible effect.

If the fmalleft quantity of common air be

put to any larger quantity of nitrous air,

though the two together will not occupy fo

much fpace as they did feparately, yet the

Quantity will flill be larger than that of the

«itrous air only. One ounce meafure of com-

mon
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mon air being put to near twenty ounce niea-

fures of nitrous air, made an addition to it of

about half an ounce meafure. This being a

much greater proportion than the diminution'

of common air, in the former experiment,

proves that part of the diminution in the

former cafe is in the nitrous air. Befides, it

will prefently appear, that nitrous air is fubject

to a moft remarkable diminution -, and as com-

mon air, in a variety of other cafes, fuffers a

diminution from one fifth to one fourth, I

conclude, that in this cafe alfo it does not

exceed that proportion, and therefore that the

remainder of the diminution refpc^^ts the ni-

trous air.

In order to judge whether the ^'^/tT contri^

buted to the diminution of this mixture of ni-

trous and common air, I made the whole pro-

eefs feveral times in quickfilver, ufing one thirct

of nitrous, and two thirds of common air, as

before. In this cafe the rednefs continued a

very long time, and the diminution was not fef

great as when the mixtures had been made in

water, there remaining one feventh more thar*

the original quantity of common air.

This mixture flood all night upon the quick-

filver ; and the next morning I obferved that it

was no farther diminilhed «pon the admilTion

of
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of water to it^ nor by pouring it fcveral times

through the water, and letting it Hand in water

two days.

Another mixture, which had Hood about fix

hours on the quickfilver, was diminiflied a little

more upon the admiffion ofwater, but was never

lefs than the original quantity of common air.

Iq another cafe however, in which the mixture

had ftood but a very fhort time in quickfilver, the

farther diminution, which took place upon the

admiffion of water, was much more confider-

able ; fo that the diminution, upon the whole,

was very nearly as great as if the procefs had

been intirely in water.

It is evident from thefe experiments, that

the diminution is in part owing to the ab-

forption by the water ; but that when the

mixture is kept a long time, in a fituation in

which there is no water to abforb any part of

it, it acquires a conilitution, by which it is

afterwards incapable of being abforbed by
water, or rather, there is an addition to the quan-

tity of air by nitrous air produced- by the folu-

tion of the quickfilver.

It will be feen, in the fecond part of this

work, that, in the decompofition of nitrous

air by its mixture with common air, there is

I nothing
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nothing at hand when the procefs is made irlF

quickfilver, with which the acid that entered'

into its compofition can readily unite.

In order to determine whether the fixed part

of common air was depofited in the diminution

of it by nitrous air, I inclofed a vefiel full of

lime-water in the jar in which the procefs was

made, but it occafioncd no precipitation of the

lime -, and when the veffel was taken out, after

it had been in that fituation a whole day, the

, lime was eafily precipitated by breathing into

it as ufual.

But though the precipitation of the lime

\vas not fenfible in this method of making the

experiment, it is fufHciently fo when the whole

procefs is made in lime-water, as will be feen-

in the fecond part of this workj fo that we
have here another evidence of the depofition

of fixed air from common air. I have made

no alteration, however, in the preceding para-

graph, becaufe it may not be unufeful, as a

caution to future experimenters.

It is exceedingly remarkable that this eflfer-

vefcence and diminution, occafioned by the

mixture of nitrous air, is peculiar to common

air, or airjit for refpratlon ; and, as far as F

can judge, from a great number of obferva-

tions>.
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tions, is at; leaft very nearly, if not exadtly,

in proportion to its fitnels for this purpofe ; fo

that by this means the goodnefs of air may be

diflinguifhed much more accurately than it can

be done )dy putting mice, or any other animals,

to breathe in it.

This was a moft agreeable difcovery to me,

as I hope it may be an ufeful one to the pub-

lic ; efpecially as, from, this" time, I had no oc-

Cafion for fo large a flock of mice as I had

Been uled to keep for the purpofe of thefe ex-

periments, ufrng them only in thofe which re-

quired to be very decifive ; and in thefe cafes I

have feldom failed to know beforehand in what

manner they would be affedted.

It is alfo remarkable that, on whatever ac-

count air is unfit for refpiration, this fame tell

is equally applicable. Thus there is not the

lead effervefcence between nitrous and fixed air^

or inflammable air, or any fpecies of diminifh-

ed air. Alfo the degree of diminution being

from nothing at all to more than one third

of the whole of any quantity of air, we are,

by this means, in pofTefHon of a prodigiomly

hrgefcale^ by which we may diltinguilh very

fmall degrees of difference in the goodnefs of air.

I have not attended much to this circuiiv

irance, having ufed this teft chiefly for greater

I- 2 dif.

/
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differences -, but, if I did not deceive myfelf,

1 have perceived a real difference in the air of

my ftudy, after a few pcrfons have been with

me in it, and the air on the outfide of the houfe.

Alfo a phial of air having been fent me, from

the neighbourhood of York, it appeared not to

be fo good as the air near Leeds ; that is, it was

not diminiifhed fo much by an equal mixture of

nitrous air, every other circumffance being as

nearly the fame as I could contrive. It may
perhaps be poflible, but I have not yet attempted

It, to diftinguifh fome of the different winds,

or the air of different times of the year, &c. he.

by this tefl.

By means of this ted 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 v/ith relpc(5l to refpiration ; and yet

if nitrous air may be depended upon for fur-

niiliing an accurate tell, it muft be rather more

than one third worfe than common air, and

have been diminifhed by the fame general caufe

of the other diminutions of air. For when,

after many trials, I put one meafure of tho-

roughly putrid and highly noxious air, into the

fame veffel with two meafures of good whole-

feme air, and into another velfel an equal quan-

tity.
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tity, viz. three meafares of air in which a

candle had burned out; and tlien put equal

quantities of nitrous air to each of them, the

latter was diminifhed rather more than the

former.

It agrees with this obfervation, that burned

air is farther diminiflied both by putrefaftion,

and a mixture of iron fihngs and brimitone j

and I therefore take it for granted by every

other caufe of the diminution of air. It is

probable, therefore, that burned air is air fo far

loaded with phlogiHion, as to be able to extin-

guilTi a candle, which it may do long before it

is fully faturated.

Inflammable air with a mixture of nitrous air

burns with a green flame. This makes a very

pleafing experiment when it is properly con-

duced. As, for fome time, I chiefly made ufe

of copper for the generation of nitrous air, I firll

afcribed this circumftance to that property of

this metal, by which it burns with a green

flame ; but I was prefently fatisfied that it mud
arife from the fpirit of nitre, for the effeft is

the very fame from which ever of the metals

the nitrous air is extradled, all of which I tried

for this purpofe, even filver and gold.

I 3 A mix*
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A mixture of oil of vitriol and fpirit of nitre

in equal proportions dilTolved iron, and the

produce was nitrous air ; but ' a lefs degree of

fpirit of nitre in the mixture produced air that

was inflammable, and which burned with a

green flame. It alfo tinged common air a little

red, and diminilhed it, though not much.

The diminution of common air by a mixture

of nitrous air, is not fo extraordinary as the

diminution which nitrous air itfelf is fubjett to

from a mixture of iron filings and brimllone,

made into a pafce with water. This mixture,

as I have already obferved, diminiflics common
air between one fifth and one fourth, but has

no fuch eflfedb upon any kind of air that ha?

been diminiflied, and rendered noxious by any

other procefs ; but when it is put to a quantity

of nitrous air, it diminiflies it fo much, that no

more than one fourth of the original quantity

yi\\\ be left.

The efFeft of this procefs is generally per-

ceived in five or fix hours, about which time

the vifible effervefence of the mixture begins

;

and in a. very fhort time it advances fo rapidly,

that in about an hour almofl: the whole efFed:

will have taken place. If it be fuffered to

iland a day or two longer, the air will flill be

diminiflied farther, but only a very little farther,

m
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in proportion to the firft diminution. Theglafs

jar, in which the air and this mixture have been

.confined, has generally been fo much heated in

this procels, that I have not been able to touch it.

Nitrous air thus diminiflied has not fo flrong

a fmell as nitrous air itfelf, but fmellsjuft like

common air in which the fame mixture has

flood ; and it is not capable of being diminifhed

any farther, by a frefli mixture of iron and

brimflone.

Common air faturated with nitrous air is alfo

no farther diminifhed by this mixture of iron

filings and brimftone, though the mixture fer-

ments with great heat, and fwells very much

in it.

Plants die very foon, both in nitrous air, and

alfo in common air faturated with nitrous air,

but efpecially in the former.

Neither nitrous air, nor common air fa-

turated with nitrous air, differ in fpecific gravity

from common air. At leafl, the difference

is fo fmall, that I could not be fare there

was any ; fometimes about three pints of it

feeming to be about half a grain heavier, and

at other times as much lighter than common3
air.

I 4 Having
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^
Having, among other kinds of air, expofed

a quantity of nitrous air to water out of wiiich

the air had been well boiled, in the experiment

to which I have more than once referred (as

having been the occafion of feveral new and

important obfervations) I found that \\ of ,the

whole was abforbed. Perceiving, to my great

furprize, that fo very great a proportion ot this

kind of air was m.ifcible with water, I imme-

diately began to agitate a coniiderable quantity

of it, in a jar Handing in a trough of the fame

kind of water ; and, with about four times as

much aoitation as fixed air reauires, it was fo

far abforbed by the water, that only about one

iifth remained. This remainder extinguiflied

flame, and was noxious to animals.

Afterwards I diniinlilied a pretty large quan-

tity of nitrous air to one eighth of its original

bulk, and the remainder Hill retained much of

its peculiar fmell, and diminifhed common air

a little. A moufe alfo died in it, but not fo

filddenly as it would have done in pure nitrous

air. In this operation the peculiar fmell of

nitrous air is very manifefl, the water being

firft impregnated with the air, and then tranf-^

mitting it to the common atmofphere.

This experiment gave me the hint of im-

pregnatiiTg water with nitrous air, in the man-

ner
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ner In which I had before done it with fixed air;

and I prefently found that diiHiled water would

imbibe about one tenth of its bulk of this kind

of air, and that it acquired a remarkably acid

and aftringent tafte from it. The fmell of

water thus impregnated is at firft peculiarly

pungent. I did not chufe to fwallow any of it,

though, for any thing that I know, it may be

perfedlly innocent, and perhaps, in fome cafes,

falutary.

This kind of air is retained very obftinately

by water. In an exhaufted receiver a quantity

of water thus faturated emitted a whitifli fume,

fuch as fometimes iflues from bubbles of this air

when it is firft generated, and alfo fome air-

bubbles ; but though it was fufFered to ftand

a long time in this iituation, it ftill retained its

peculiar tallej but when it had flood all night

pretty near the fire, the water was become quite

vapid, and had depofited a filmy kind of mat-

ter, of which I had often collected a confider-

able quantity from the trough in which jars

containing this air had flood. This I fuppofc

to be a precipitate of the metal, by the loiution

of which the nitrous air was generated. I have

not given fo much attention to it as to know,

with certainty, m what circurailances this <:/(?-

pofit is made, any more than I do the matter

clepofited from inflammable air above-mention-

I ed;
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ed ; for I cannot get it, at kail in any con-

fiderable quantity, v'hen I plcaie ; whereas I

have often found abundance of it, when I did

not expeftit at all.

The nitrous air with which I made the firft

impregnation of water was extratfled from cop-

per; but when I made the impregnation with

air from quickfiiver, the water had the very

fame tafle, though the matter depofited from it

feemed to be cf a different kind ; for it was

whitilh, whereas the other had a yellowilh tinge.

Except the firft quantity of this impregnated

water, 1 could never deprive any more that I

made of its peculiar tafie. I have even let fome

of it (land more than a week, in phials with their

mouths open, and fometimes very near the fire,

without producing any alteration in it *,

Whether any of the fpirit of nitre contained

in the nitrous air be mixed with the water in

this operation, I have not yet endeavoured to

determine. This, however, may probably

be the cafe, as the fpirit of nitre is, in a con-

fiderable degree, volatile -f.

It

* I have fince found, that nitrous air has never failed

tocfcape from the water, which has been impregnated with

it, , by long cxpofurc to the open air.

{ This fuTpicion has been confirmed by the ingenious

Mr. Bewley, of Great Maffingham in Norfolk, who has dif-

covered
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It will perhaps be thought, that the moft

ufeful, if not the mofl remarkable, of all the

properties of this extraordinary kind of air, is

its power of preferving animal fubllances from

putrefad:ion, and of reftoring thofe that are;

already putrid, which itpofTeffes in a far greater

degree than fixed air. My firft obfervation of

this was altogether cafual. Having found ni-

trous air to fuffer fo great a dimmution as I

have already mentioned by a mixture of iron

filings and brimftonej I was willing to try whe-

ther it would be equally diminilhed by other

caufes of the diminution of common air, efpe-

cially by putrefaction ; and for this purpofe I

put a dead moufe into a quantity of it, and

placed it near the fire, where the tendency to

putrefa6lion was very great. In this cafe there

was a confiderable diminution, viz. from 5 ^ to

3^; but not fo great as I had expedied, the

antifeptic power of the nitrous air having

checked the tendency to putrefaction ; for

when, after a week, I took the moufe out, I

covered that the acid tafte of this water is not the neceffary

confequence of its impregnation with nitrous air, but is

the efFecl of the acid 'vapour, into which part of this air

is refolved, when it is decompofcd by a mixture with com-

mon air. This, it will be feen, exactly agrees with my
own obfervation on the conftitution of nitrous air, in the

fecond part of this work. A more particular account of

Mr. Be>vley's obfervation will be given in the Appendix.

perceived,
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perceived, to my very great furprizc, that it

had no oitl-nfivc fmell.

Upon thi^ I took two other mice, one of

them juft killed, and the other foft and putrid,

and put them both into the fame jar of nitrous

air, ftanding in the ufual temperature of the

weather, in the months of July and Augufl: of

1772; and after twenty-five days, having ob-

icrved that there was little or no change in the

quantity of the air, I took the mice out •, and,

examining them, found them both perfectly

fweet, even when cut through in feveral places.

That which had been put into the air when juit

d(?ad was quite firm •, and the flefh of the other,

which had been putrid and foft, was ftill foft,

but perfectly fA-eet.

In order to compare the antifeptic power of

this kind of air with that of fixed air, I exa-

mined 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 dole ; but upon

opening this phial in water about a month after,

I perceived that a large quantity of putrid efflu-

vium had been G;enerated ; for it rufhed with vio*

Icnceout of the phial ; and the fmell that came

from it, the moment the cork v.as taken out,

was infi-.fferably ofTenfive, Indeed Dr. Macbride

fays, that he could only rcilore very thin pieces

of
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of putrid flelli by means of fixed air. Perhaps

the antifeptic power of thefe kinds of air may-

be in proportion to their acidity.

If a little pains were taken with this fubjed,

this remarkable antifeptic power of nitrous air

might poffibly be applied to various ufes, per-

haps to the prefeivation of the more delicate

birds, fifhes, fruits, Sec. mixing it in differenc

proportions \\ith common or fixed air. Of this

property of nitrous air anatomifts may perhaps

avail themfclves, as animal lubuances may by

this means be prefervcd in their natural foit

Hate ; but how long it will anfwer for this pur-

pofcj experience only can fiiew.

I calcined lead and tin in the manner hereafter

dcfcribed in a quantity of nitrous air, but with

very little fenfible effect ; which rather furprized

me ; as, from the refult of the expeiiment wich

the iron filings and brimitone, I had expefted

a very great diminution of the nitrous air by

this procefs ; the mixture of iron filings and

brlmftone, and the calcination of metals, having

the fame efFcd: upon com^mon air, both of them

diminifliing it in nearly the fame proportion.

But though I made the metals fume copiouily

in nitrous air, there might be no real cahinatmiy

the phlogifton not being feparated, and the pro-

per calcination prevented by there being xxofaed
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air, which is neceflary to the formation of tire

calx, to unite with it.

Nitrous air is procured from all the proper

metals by fpirit of nitre, except lead, and from

all the femi-metals that I have tried, except

iinc. For this purpole I have ufed bilmuth

and nickel, with fpirit of nitre only, and regu-

lus of antimony and piatina, with aqua regia.

I got little or no air from lead by fpirit of

nitre, and have not yet made any experiments

to afcertain the nature of this folution. With'

zinc I have taken a little pains.

Four penny-weights and feventcen grains of

sine dilTolved in fpirit of nitre, to which as

much water was added, yielded about twelve

ounce meafures of air, which had, in fbme de-

gree, the properties of nitrous air, making a

flight effervefcence with common air, and di-

minifhing it about as much as nitrous air, which

liad been itfelf diminifhed one half by v/afhing

in water. The fmell of them both was alfo the

fame ; fo that I concluded it to be the farnc

thing, that part of the nitrous air, which is im-

bibed by water, being retained in this folution;

In order to difcover whether this was the cafe,

i made tlie folution boil in a fand-heat. Some

aif
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air came from it in this ftate, which feemed to

be the fame thing, with nitrous air diminifhed

about one fixth, or one eighth, by wafhing in

water. When the fluid part was evaporated,

there remained a brown fixed fubflance, which

was obferved by Mr. Hellot, who defcribes it,

Ac. Par. 1755, M. p. 35. A part of this I

threw into a fmall red-hot crucible j and cover-

ing it immediately" with a receiver, flanding in-

water, I obferved that very denfe red fumes

rofe from it, and filled the receiver. This

rcdnefs continued about as long as that which

is occafioned b}^ a mixture of nitrous and com-

mon air ; the air was alfo confiderably dimi-

nifhed within the receiver. This fubflance,

therefore, mufl certainly have contained within

it the very fame thing, or principle, on which

the peculiar properties of nitrous air depend.

It is remarkable, however, that though the

air within the receiver was diminifhed about

one fifth by this procefs, it was itfelf as much

affedted with a mixture of nitrous air, as com-

. mon air is, and a candle burned in it very well.

This may perhaps be attributed to fome effeft

of the fpirit of nitre, in the compofition of that

brown fubflrance.

Nitrous air, I find, will be confiderably di-

minifhed in its bulk by flanding a long time

in water, about as much as inflammable air is

dimi-
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diminifhed in the fame circumftances. For

this purpofe I kept for fome months a quart-

bottle full of each of thefe kinds of air -, but

as different quantities of inflammable air vary

very much in this refped, it is not improbable

but that nitrous air may vary alfo.

From one trial that I made, I conclude that

nitrous air may be kept in a bladder much

better than moil; other kinds of air. The air

to which I refer was kept about a fortnight in

a bladder, through which the peculiar fmell of

the nitrous air was very fenfible for feveral

days. In a day or two the bladder became

red, and was much contracted in its dimen-

fions. The air within it had loiil very little

of its peculiar property of diminifliing com-

mon air*

I did not endeavour to afcertain the exa^t

quantity of nitrous air produced from given

quantities of all the metals v/hich yield it

;

but the few obfervations which I did make for

this purpofe 1 fliall recite in this place

:

dwt. gr.

6 o of iilver yielded ijl ounce meafures.

5
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SECTION VII.

Of Air infeuied with the fumes of burning

Charcoal.

Air infedled with the fames of burning

charcoal is well known to be noxious ; and the

Honourable Mr. Cavendifli favoured me with

an account of fome experiments of his, in

which a quantity of common air" was reduced

from 1 80 to 162 ounce meafures, by pafling

through a red-hot iron tube filled with the

dull of charcoal. This diminution he afcribed

to fuch a deJtruLtion of common air as Dr.

Hales imagined to be the confequence of burn-

ing. Mr. Cavendifh alfo obferved, that there

had been a generation of fixed air in this pro-

cefs, but that it was abforbed by fope leys.

This experiment I alfo repeated, with a fmall

variation of circumllances, and with nearly the

fame refiilt.

Afterwards, I endeavoured to afcertain, by
what appears to me to be an eafier and more
certain method, in what manner air is aff'e(fl:ed

with the fumes of charcoal, viz. by fufpending

bits of charcoal within glafs veflels, filled to a!

certain height with water, and Handing invei'ted
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in another veflel of water, while I threw the fo-

cus of a burning mirror., or lens, upon them*

In this manner 1 diminifhed a given quantity

of air one fifth, which is nearly in the fame

proportion with other diminutions of air.

If, inflead of pure water, 1 ufed lime-water

in this procefs, it never failed to become turbid

by the precipitation of the lime, which could

only be occafioned by fixed air, either difcharged

from the charcoal, or depofited by the common
air. At firfi: I concluded that it came from the

charcoal ; but confidering that it is not probable

that fixed air, confined in any fubftance, can

bear fo great a degree of heat as is neceffary to

make charcoal, without being wholly expelled ;

and that in other diminutions of common
air, by phlogiflon only, there appears to be a

depofition of fixed air, I have now no doubt

but that, in this cafe alio, ic is fupplied from

the fapae fource.

This opinion Is the more probable, from

there being the fame precipitation of lime, in

this procefs, with whatever degree of heat the

charcoal had been made. If, however, the char-

coal had not been made with a very confiderable

degree of heat, there never failed to be a perma-

nent addition of infiammable air produced

;

which agrees with what I obferved before, that,

in



Jir infeBed zvlth the Fumes of Charcoal 1 3

1

in converting dry wood into charcoal, the great-

eft part is changed into inflammable air.

I have fometimes found, that charcoal which

v/as made with the moil intcnfe heat of a fmith's

fire, which vitrified part of a common crucible

in which the charcoal was confined, and which

had been continued above half an hour, did not

diminilli the air in which the focus of a burning

mirror was thrown upon it; a quantity of in-

flammable air equal to the diminution of the

common air being generated In the procefs

:

whereas, at other times, I have not perceived

that there was any generation ot inflammable

air, but a fimple diminution of common air,

when the charcoal had been made with a much
lefs degree of heat. This fubjed: deferves to be

farther inveilio;atcd.D

To make the preceding experiment with ftill

more accuracy, I repeated it in quickfilver

;

when I perceived that there was a fmall increafe

of the quantity of air, probably from a genera-

tion of inflammable air. Thus it ftood without

any alteration a whole night, and part of the

following day ; when lime-water, being admit-

ted to it, it prefently became turbid, and, after

fome time, the whole quantity of air, which

was about four ounce meafures, was diminifhed

one fifth, as before. In this cafe, I carefully

K 2 weighed
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weighed the piece o^ charcoal, which was ex-

adly two grains, and could not find that it

was fenfibly dinninifhed in weight by the ope-

ration.

Air thus diminifhed by the fumes ofburning,

charcoal not only extinguiflies flame, but is in

the higheft degree noxious to animals ; it^anakes

no effervefcence wdth nitrous air, and is incapa-

ble of being diminifhed any farther by the fumes

of more charcoal, by a mixture of iron filings

and brimilone, or by any other caufe of the di-

minution of air that I am acquainted with.

This obfervation, which rcfpcfts all other

kinds of diminifiied air, proves that Dr. Hales

was millaken in his notion of the abforption of

air in thofe circumftances in which he obferved

it. For he fuppofed that the remainder was, in

all cafes, of the fame nature with that which

had been abforbed, and that the operation of the

fame caufe would not have failed to produce a

farther diminution j whereas all my obfervations

ihew that air, which has once been fully

diminiflied by any caufe whatever, is not only

incapable ofany farther diminution, either from

the fame or from any other caufe, but that it

has likewife acquired new properties, mofl re-

markably different from thofe which it had be-

fore, and that they are, in a great meafure, the

fame
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•fame in all the cafes. Thefe circumftances give

reafon to fufpedl, that the caufe of diminution

is, in reality, the fame in all the cafes. What
this caufe is, may, perhaps, appear in the next

courfe of obfervations.

SECTION VIII.

Of the effeB of the calcination of Metals,

and of the effluvia of Paint made with

White-Lead and Oil, on Air.

Having been led to fufpedt, from the expe-

riments which I had made with charcoal, that

' the diminution of air in that cafe, an I perhaps

in otiier cafes alfo, was, in fome way or other

the confequence of its having more than its

ufual quantity of phlogifton, it occurred to

me, that the calcination of metals, w^hich are

generally fuppofed to confid of nothing but a

metallic earth united to phlogifton, would tend

to afcertain the fad, and be a kind of expert^

mentum cruets in the cafe.

Accordingly, I fufpended pieces of lead and
tin in given quantities of air, in the fame man-
ner as I had before treated the charcoal ; and
throwing the focus of a burning mirror or

lens upon them, fo as to make them fume
K 3 CO-
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copioufly. I prefently perceived a diminu-

tion of the air. In the firft trial that I made,

1 reduced four ounce meafures of air to three,

which is the greateft diminution of common
air that I had ever obferved before, and which

I account for, by fuppofing that, in other cafes,

there was not only a caufe of diminution, but

caufes of addition alfo, either of fixed or in-

flammable air, or fome other permanently elaf-

tic m.atter, but that the effcdt of the calcina-

tion of metals being fimply the efcape of phlo-

giflon, the caufe of diminution was alone and

vincontrouled.

The air, which I had thus diminiflied by

calcination of lead, I transferred into another

clean phial, but found that the calcination of

more lead in it (or at leaft the attempt to nrake

a farther calcination) had no farther effed: up-

on it. This air alfo, like that which had been

infetfled with the fumes of charcoal, was in the

hio-heft des;ree noxious, made no effervefcence

with nitrous air, was no farther diminifhed by

the mixture of iron filings and brimftone, and

was not only rendered innoxious, but alio re-

covered, in a great meafure, the other proper-

tics of common air, by wafhing in water.

It might be fufpedled that the noxious qua-

lity of air in which lead was calcined, might

be
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be owing to fomc fumes peculiar to that me-

tal ; but I found no fenfible difference between

the properties of this air, and that in which tin

was calcined.

The water over which metals are calcined

acquires a yellowifii tinge, and an exceedingly

pungent Tmell and tafte, pretty much (as near

as I can recolleft, for I did not compare them

together) like that over which brimilone has

been frequently burned. Alfo a thin and whi-

tifli pellicle covered both the furfacc of the

water, and likewife the fides of the phial in

which the calcination was made; infomuch

that, without frequently agitating the water, it

grew fo opaque by this conftantly accumulating

incruilation, that the fun-beams could not be

tranfmitted through it in a quantity fufficient to

produce the calcination,

I imagined, however, that, even when this

air was transferred into a clean phial, the me-

tals were not fo eafily melted or calcined as they

were in frefh air ; for the air being once fully

faturated with phlogillon, may not fo readily

admit any more, though it be only to tranfmit

it to the water. I alfo fufpedled that metals

were not eafily melted or calcined in inflam-

l^iable, fixed, or nitrous air, or any kind of

K 4 ^in:^i-
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diminillied air.* None of thefe kinds of air

fuffered any change by this operation ; nor was

there any precipitation of lime, when charcoal

was heated in any of thefe kinds q{ air {land-

ing in lime-water. This furnifhes another, and

I th'nk a pretty decifive proof, that, in the

precipitation of lime by charcoal, the fixed air

does not come from the charcoal, but frorri

the common air- Otherwife it is hard to ailign

a reafon, why the fame degree of heat (or at

leaft a much greater) ihould not expel the fixed

air from this fubftance, though furrounded by
thefe different kinds of air, and why the fixed

air might not be tranfmitted through them to

the lime-water.

Query. May not water impregnated with

phlogiflon from calcined metals, or by any

other mediod, be of fome ufe in medicine ?

The effect of this impregnation is exceedingly

remarkable •, but the principle with which it is

impregnated is volatile, and intirely efcapes in

a day or two, if the furface of the water be

expofed to the common atmofphere.

* I conclude from the experiments of M. Lavoifier,

which were made with a much better burning lens than I

had an opportunity of making ufe of, that there was no

real calcination of the metals, though they were made to

fume in inflammable or nitrous air; becaufe he was not

abl^ to produce more than a flight degree of calcination

5n any given quantity of common air.

It
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It ihould feem that phlogifton is retained

more obftinately by charcoal than it is by lead

or tin I for when any given quantity of air is

fully faturated with phlogifton from charcoal,

no heat that I have yet applied has been able

to produce any more effed: upon it ; whereas,

in the fame circumftances, lead and tin may
flill be calcined, at kail: be made to emit a co-

pious fume, in which feme part of the phlo-

gifton may be fet loofe. The air indeed, can

take no more ; but the water receives it, and

the fides of the phial alfo receive an addition

of incruftation. This is a white powdery fub-

flance, and well deferves to be examined. I Ihall

endeavour to do it at my leifure.

Lime-wa^er never became turbid by the cal-

cination of metals over it, the calx immediately

leizing the precipitated fixed air, in preference

to the lime in the water ; but the colour, fmell,

and tafte of the water was always changeci

and the furface of it became covered with a

yellow pellicle, as before.

When this procefs was made in quickfilver,

the air was diminiflied only one fifth ; and upon
water being admitted to it, no more was ab-

forbed ; which is ^n cffed fimilar to that of a

mixture of nitrous and common air, which was

mentioned before.

The
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The preceding experiments on the calcina-

>tion of metals luggefted to me a method of

explaining the caufe of the mifchief which is

known to arife from frefh painty made with

white-lead (which I fuppofe is an imperfefl calx

of lead) and oil.

To verify my hypothecs, I firft put a fmall

pot full of this kind of paint, and afterwards

(which anfwercd much better, by expofing a

greater furface of the paint) I daubed feveral

pieces of paper v/ith it, and put them under a

receiver, and obferved, that in about tv>'enty-

four hours, the air was diminifhed between one

lifth and one fourth, for I did not meafure it

very exaftly. This air alfo was, as I expefted

to find, in the higheft degree noxious ; it did

not effervefce with nitrous air, it v/as no farther

diminifhed by a mixture of iron filings and

brlmftone, and was made wholefome by agita-

tion in water deprived of all air.

I think it appears pretty evident, from the

preceding experiments on the calcination of me-

tals that air is, fome v/ay or other, diminifhed

in confequence of being highly charged with

phlogifton ; and that agitation in water reftores

it, by imbibing a great part of the phlogiflic

matter.

That
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That water has a confiderable affinity with

phlogifton, is evident from the ftrong impreg-

nation v/hich it receives from it, iVIay not

plants alio reftore air diminillied by putrefadVion

by abforbing part of the phlogifton with which

it is loaded ? The greater part of a dry plant,

as well as of a dry animal fubitance, confids of

inflammable air, or fomething that is capable

of being converted into inflammable air ; and it

ieems to be as probable that this phlogiflic mat-

ter may have been imbibed by the roots and

leaves of plants, and afterwards incorporated

into their fubftance, as that it is altogether pro-

duced by the power of vegetation. May not

this phlogiftic matter be even the moft eflurntial

part of the food and fupport of both vegetable

and animal bodies ?

In the experiments with metals, the diminu-

tion of air feems to be the confequence of no-

thing but a faturation with phlogifton ; and in

all the other cafes of the diminution of air, I

do not fee but that it may be cffecTted by the

fame means. When a vegetable or animal fub-

ftance is diflfolved by putrefaftion, the efcape of

the phlogiilic matter (v/hich, together with all its

other conflituent rarts, is then let loofe from it)

may be the circumilance that produces the dimi-

nution of the air in which it putrefies. It is

highly improbable that what remains after an

ani-
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animal body has been thoroughly diffolved by

putrefadion, iTiould yield fo great a qiiantity

of inflammable air, as the dried anmiul fub-

ftance would have done. Of this 1 have not

made an attnal trial, though i have often

thought of doing it, and ftlU intend to do

it j but I think there can be no doubt of the

rekilt.

Again, iron, by its fermentation with brim-

flone and water, is evidently reduced to a calx,

fo that phlogifton muft have efcaped from it.

Phlogifton alfo muil: evidently be fet loofe by

the ignition of charcoal, and is rot improDably

the matter which flies offfrom paint, compofcd

of white-lead and oil. Laftly, lince fpirit of

nitre is known to have a very remarkable affini-

ty with phlogifton, it is far from being impro-

bable that nitrous air may alfo produce the

fame effedt by the fame means.

To this hypothefis it may be objedted, that,

if diminiihed air be air faturated with phlo-

gifton, it ought to be inflammable. But this

by no means follows ; flnce its inflammability

may depend upon fome particular mode of com-

hination, or degree of affinity, with which we

are not acquainted. Eefides, inflammable air

feems to confift of fome other principle, or to

have fome other conftituent part, befldes phlo-

gifton
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gifloii and common air, as is probable from

tliat remarkable depofit, which, as I have ob-

ferved, is made by inflammable air, both from

iron and zinc.

It is not improbable, however, but that a

greater degree of heat may inflame that air

which excinguiflies a common candle, if it

could be conveniently applied. Air that is in-

flammable, I obferve, extinguiihes red-hot

wood ; and indeed inflammable fubfliances can

only be thofe which, in a certain degree of

heat, have a lefs affinity with the phiogifl:oii

they contain, than the air, or fomt other con-

tiguous fubfl:ance, has with it j fo that the

phlogifl:on only quits one fubfl:ance, with which

it was before combined, and enters another,

with which it may be combined in a very dif-

ferent manner. This fubftance, however, whe-

ther it be air or any thing elfe, being now
fully faturated with phlogiflion, and not being

able to take any more, in the fame circum-

fiances, mufl: neceflarily extinguifli flre, and

put a fl:op to the ignition of all other bodies,

that is, to the farther efcape of phlogiflon from

them.

That plants refliore noxious air, by imbibing

the phlogiflon with which it is loaded, is very

agreeable to the conjedtures of Dr. Franklin,

made
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made many years ago, and exprefled in the fol-

lowins; extrad: from the laft edition of his Let-

ters, p. 346.

" I have been inclined to think that the fluid

" fire, as well as the fluid air, is attracted by
" plants in their growth, and becomes con-

** folidated with the other materials of which
*' they are formed, and makes a great part of

" their fubftance ; that, when they come to

*' be digefled, and to fuffer in the veflels a

" kind of fermentation, part of the fire, as

*' well as part of the air, recovers its fluid

" adlive fl:ate again, and diffufes itfelf in the

" body, digefting and feparating it ; that the

*' fire fo re-produced, by digefl:ion and fepara-

" tion, continually leaving the body, its place

" is fupplied by frefh quantities, arifing from
'•^ the continual fcparation ; that whatever

" c[uickens the motion of the fluids in an

" animal, quickens the feparation, and re-pro-

'* duces more of the fire, as exercife ; that all

^' the fire emitted by wood, and other com-
*' bufl"ibles, when burning, exiftcd in them be-

*' fore in a folid ftate, being only difcovered

" when feparating •, that fome fofiils, as ful-

" phur, fea-coal, &c. contain a great deal of
" folid fire ; and that, in ftiort, what efcapes

" and is difiipated in the burning of bodies,

** befides water and earth, is generally the

I « air
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" air and fire, that before made parts of the

** folid."

SECTION IX.

Of Marine Acid Air,

Being very much ftruck with the refult of

an experiment of the Hon. Mr. Cavendilh, re-

lated Phil.Tranf. Vol. LVI. p. 157, by which,

though, he fays, he was not able to get any

inflammable air from copper, by means of fpi-

rit of fait, he got a much more remarkable

kind of air, vi%» one that loft its elaflicity by

coming into contad; with water, I was exceed-

ingly defirous of making myfelf acquainted

with it. On this account, I began with mak-

ing the experiment in quickfilver, which I

never failed to do in any cafe in which I fuf-

peded that air might either be abforbed by-

water, or be in any other manner aife(5ted by

it ; and by this means I prefently got a much
more diflind idea of the nature and effects of

this curious folution.

Having put fome copper filings into a fmall

phial, with a quantity of fpirit of fait •, and

making the air (which was generated in great

plenty, on the application of heat) afcend into

a tall
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a tall glafs veflel full of qiiickfilver, and ftand-

ing in quicklilver, the whole prod ace eonti-"

niied a conllderable time without any change

of dimenfions. I then introduced a fmall

quantity of water to ic ; when about three

fourths of it (the whole being about four

ounce meafwres) prefently, but gradually, dif-

appeared, the quickfilver rifing in the vclfel.

I then introduced a confiderable quantity of

water ; but there w^as no farther diminution of

the air, and the remainder I found to be iil-

flammable.

Having frequently continued this procefs a

long time after the adrriiflion of the water, i

was muchamufed with obferving the large bub-

bles of the newly generated air, which came

through the quickfilver, the fudden diminution

of them when they came to the water, and the

very fmall bubbles which went through the wa-

ter. They made, however, a continual, though

ilow, increafe of inflammable airV

Fixed air, being admitted to the whole pro-

duce of this air from copper, had no fenfible

cffeft upon it. Upon the admiffion ot water,

a great part of the mixture prefently difap-

peared -, another parr, which I fuppofe to have

been the fixed air, was abforbed flowly 5 and'

in this particular cafe the very fmall permanent

refi-
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rcfiduLim did not take fire •, but it is very poffi-

ble that it might have done fo, if the quantity-

had been greater.

The folution oilead'm the marine acid is at-

tended with the very fame ph^enomena as the

folution of copper in the fame acid ; about

three fourths of the generated air difappearing

on the admiiTion of water ; and the remainder

being: inflammable.

The folutions of iron, tin, and zinc. In the

marine acid, were all attended with the fame

phrenomena as the folutions of copper and

lead, but in a lefs degree ; for in iron one

eighth, in tin one fixth, and in zinc one tenth

of the generated air difappeared on the admiflion

with water. The remainder of the air from

iron, in this cafe, burned with a green, or very

lio-ht blue flame.&'

I had always thought it fomething extraor-

dinary that a Ipecies of air lliould lofe its ekjii-

city by the mere conta^ of any thing, and from

the firft fufpefted that it muft have been im--

Uled by the water that was admitted to it -, but

fo very great a quantity of this air difappear-|

ed upon the admiflion of a very fmall quan-

tity of water, that at firfl I could not help con-

cluding thac appearances favoured the former

L hy-
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hypothcfis. I found, however, that when I

admitted a much fmallcr quantity of water,

confined in a narrow ghifs tube, a part only of

the air difappeared, and that very flow ly, and

that more of it vanifhed upon the admiffion of

more water. This obfervation put it beyond

a doubt, that this air was properly imhihcd

by the water, which, being once fully fatu-

ratcd with it, was not capable of receiving any

more.

The water thus impregnated tailed very acid,

even when it was much diluted with other Waa-

ler, through which the tube containing it was

drawn. It even dilTolved iron very fall, and

generated inflammable air. This laft obferva-

tion, together with another which immediately

follows, led me to the difcovery of the true na-

ture of this remarkable kind of air.

Happening, at one time, to ufe a good deal

of copper and a fmall quantity of fpirit of

fait, in the generation of this kind of air, I

was furprized to find that air was produced

long after, I could not but think that the acid

mud have been faturated with the metal ; and

I alfo found that the proportion of inflam.ma-

ble air to that which was abforbcd by the water

continually diminiilied, till, inftead of being

one
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one fourth of the whole, as I had fiift obferved,

it was not fo much as one twentieth. Upon

this, I concluded that this fubtle air did not

arife from the copper, but from the fpirit of

fait; and prelently making the experiment with

the acid only, without any copper, or metal of

any kind, this air was immediately produced

in as great plenty "as before •, fo that this re-

markable kind of air Is, in fadt, nothincr more

than the vapour, or fumes of fpirit of fait,

which appear to be of fuch a nature, that they

are not liable to be condenfed by cold, like the

vapour of water, and other fluids, and there-

fore may be very properly called an add ah',

or more reilridtively, the marine acid air

»

This elaftic acid vapour, or acid air, extln-

cruilhes flame, and is much heavier than com-

mon air ; but how much heavier, will not be

eafy to afcertain. A cylindrical glafs vefle),

about three fourths of an inch in diameter,

and four inches deep, being filled with it, and

turned iipfide down, a lighted candle may be

let down into it more than twenty times before

it will burn at the bottom. It is pleafing to

obferve the colour of the flame in this experi-

ment ; for both before the candle goes out, and

alfo when it is firfl: lighted again, it burns with

a beautiful green, or rather light-blue flame,

fuch as is feen when common fait is thrown in-

to the fire. L 2 When
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When this air is all expelled from any quan-

tity of fpirit of fait, which is eafily perceived

by the fubfequent vapour being condenfed by

cold, the remainder is a very weak acid, barely

capable of diffolving iron.

Being now in the pofieffion of a new fubje£l

of experiments, viz, an elaftic acid vapour, in

the form of a permanent air, eafily procured,

and efFcdiually confined by glafs and quickfil-

ver, with which it did not feem to have any

affinity ; I immediately began to introduce a

variety of fubflances to it, in order to afcer-

tain its peculiar properties and affinities, and

alfo the properties of thofe other bodies with

rdfped to it.

Beginning with water, W'hich, from preced-

ing obfervations, I knew would imbibe it, and

become impregnated with it ; I found that 2 ;

grains of rain-water abforbed three ounce mea-

sures of this air, after which it was increafed

one third in its bulk, and weighed twice as

much as before ; fo that thihs concentrated va-

pour feems to be twice as heavy as rain-water :

Water impregnated with it makes the ftrongeft

fpirit of fait that I have feen, diiTolving iron

with the m-oll rapidity. Confequently, two

thirds of the bell fpirit of fait is nothing more

than mere phlegm or water.

Iron
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Iron filings, being admitted to this air, were

diflblved by it pretty faft, half of the air difap-

pearing, and the other half becoming inflamma-

ble air, not abforbed by water. Putting chalk

to it, fixed air was produced.

I had not introduced many fubftances to this

air, before I difcovered that it had an affinity

with pblogijlon^ To that it would d(^rive other

fubftances of it, and form with it fuch an

union as conftitutes inflammable air ; which

feems to fhew, that inflammable air univerfally

eonfifts of the union of fome acid vapour with

phiogifton.

Inflammable air was produced, when to thl^

acid air I put fpirit of wine, oil of olives, oil

of turpentine, charcoal, nhofphorus, bees-wax,

and even fulphur. This laft obfervation, I

own, furprized me ; for, the marine acid being

|-eckoned the weakeft of the three mineral

acids, I did not think that it had been capa-

ble of diilodging the oil of vitriol from this

fubftance ; but I found that it had the very

fame effedt both upon alum and nitre ; the vi-

triolic acid in the forrqer cafe^j and the nitrous

in the latter, giving place to the ftronger va-

poyr of fpirit of fait.

T. :; The
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The ruft of iron, and the precipitate of ni-

trous air made from copper, alfo imbibed this

air very fall, and the little that remained of it

was inflammable air; which proves, that thefe

calces contain phlogifton. It feems alfo to be

pretty evident, from this experiment, that the

precipitate above mentioned is a real calx of

the metal, by the folution of which the nitrous

air is generated.

As fome remarkable circumflances attend the

abforption of this acid air, by the lubilances

above-mentioned, I fliall briefly mention them.

Spirit of wine abforbs this air as readily as

water itfelf, and is increafed in bulk by that

means. Alfo, when it is faturated, it diffolves -

iron with as m.uch rapidity, and fliil continues

inflammable.

Oil of olives abforbs this air very flovvly,

and at the fame time, it turns almofl black, and

becomes glutinous. It is alfo lefs mifcible \vith

\^ ater, and acquires a very difagrecable fmell.

By continuing upon the furface of the water, it

became white, and its offenfive fmell went oft

in a few days.

Oilof turpentine abforbed this air very fafl,

turning brow^n, and almofl black. No inflam-

mable
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mable air was formed, till I raifcd more of the

acid air than the oil was able to abforb, and let

it /land a confiderable time ; and ilill the air

was but weakly inflammable. The fame was

the cafe with the oil of olives, in the laft men-
tioned experiment •, and it feems to be pro-

bable, that, the longer this acid air had con-

tinued in contact with the oil, the more phlo-

gifton it would have extrafled from it. It is

not wholly improbable, but that, in the inter-

mediate llate, before it becomes inflamm.able

air, it may be nearly of the nature of common
air.

Bees-wax abforbed this air very ilov/ly.

About the bignefs of a hazel-nut of the wax
beino- put to three ounce meafures of the acid

air, the air was diminiihed one half in two

days, and, upon the admiffion of v/ater, half

of the remainder alfo difappeared. This air was

ftrongiy infiam.mable.

Charcoal abforbed this air very faft. About

one fourth of it was rendered immifcible in

water, and was but weakly inflammable.

A fmall bit of phofphorus^ perhaps about

half a grain, fmoked, and gave light in the acid

air, juil as it would have done in common

air confined. It was not fenfibly wafted aftcr-

L 4 con-
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continuing about twelve hours in that (late,

and the bulk of the air was very little dimi-

niflaed. Water being admitted to it abforbed it

as before, except about one fifth of the whole.

It was but weakly inflammable.

Putting feveral pieces o{ fiilphur to this air.

it was abforbed but llowly. In about twenty-

four hours about one fifth of the quantity had

difappeared ; and water being admitted to the

remainder, very little more was abforbed. The
remainder was mflammabk, and burned v/ith

a blue flame. " "

Notwithftanding the affinity which this acid

air appears to have with phlogillon, it is not

capable of depriving all bodies of it. I found

that dry wood, crufls of bread, and raw fltfh,

very readily imbibed this air, but did not part

with any of their phlogifton to it. All thefc

fubflances turned very brown, after they had

been fome time cxpofed to this air, and tailed

very ftrongly of the acid when they were taken

out ; but the flelb, when wailied in water, bc^

came very wh'tc, and the fibres cafily feparated

from one another, even more than they would

have done if it had been boiled or roafied*.
'

* It will be fecn, in the fecond part of this work, that,

in fome of thefe proceffes, I had afterwards more fuccefs.

When



Marine acid Air, 15^

When I put a piece oifaltpetre to that is

it was prefently furrounded with a white fume,

which foon filled the whole veffel, exadlly like

the fume which burlts from the bubbles of

Ditrous air^ when it is generated by a vigorous

fermentation, and fuch as is feen when nitrous

air is mixed with this acid ajr. In about a

minute, the whole quantity of air was abforbed,

except a very little, which might be the com-

mon air that had lodged upon the furface of

the fpiritof fait vvithin the phial.

A piece of alum expofed to this air turned

yellow, abforbed it as faft as the faltpetre had

done, and was reduced by it to the form of a

powder. Common fait, as might be expefled,

had no effedl whatever on this marine acid air.

I had alfo imagined, that if air diminiflied

by the proceiTes above-mentioned was affcded

in this manner, in confequence of its being

faturated with phlogillon, a mixture of this

acid air might imbibe that phlogifton, and

render it wholefome again ; but I put about

one fourth of this air to a quantity of air in

which metals had been calcined, without

making anv fenfible alteration in it. I do nor,

however, infer from this, that air is not dimi-

nifhed by means of phlogifton, fince the com-

mon air, like fome other fubftances, may hold

tlie
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the. phlogifton too fafl, to be deprived of it by
this acid air.

I fhali conclude my account of thefe experi-

ments with obferving, that the eleflric fpark is

vifible in acid air, exa<ftly as it is in common air -,

and though I kept making this fpark a con-

jiderable time in a quantity of it, I did not

perceive that any fenfible alteration was made

in it. A little inflammable air was produced,

but not m.ore than might have come from the

two iron nails which I made ufe of in takinoro
the fparks.

SECTION X.

Miscellaneous Observations.

I. As many of the preceding obfervations

relate to the vinous d.nd putrefa^we fermentati-

ons, I had the curiofity to endeavour to afcer-

tain in what manner the air would be affedled

by the acetous fermentation. For this purpofe

1 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 gra-

du'jljy decreafed, till at length there appeared

to be a diminution of about one tenth of the

Vt/hole quantiry.

During
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During this time the whole furface of it was
gradually covered with a fc.um, beautifully cor-

rugated. After this there was. an increafe of

the air till there was more than the original

quantity ; but this mud have been fixed air,

not incorporated with the reft of the mafs ; for,

withdrawing the beer, which I found to be four,

after it had ftood 18 or 20 days under the jar,

and paffing the air feveral times through cold

water, the original quantity was diminifhed

about one ninth. In the remainder a candle

would not burn, and a moufe would have died

prefently.

The fmell of tliis air was exceedingly pun-

gent, but different from that of the putrid efiiu-

vium. A moufe lived perfe6:ly well in this air,

thus affedled with the acetous fermentation v

after it had ftood feveral days mixed with four

times the quantity of fixed air.

2. All the kinds of factitious air on which I

have yet made the experiment are highly noxi-

ous, except that Vvhich is extrafled from falt-

petre, oralum ; but in this even a candle burned

iuft as in common air*. In one quantity which,

I got

* Experiments, of vvhich an account will be given irt

the recond"""pa4-t of this work, tnake it probable, that

thoaoh a candle horned even more ibah ivcll in this air, an

animal
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I got from faltpetre a candle not only burned,

but the flame was increafed, and fomething was

Jieard like ahiffing, fimilarto the decrepitation

of nitre in an open fire. This experiment was

made when the air was frefh made, and while

it probably contained fome particles of nitre,

which would have been depoficed afterwards.

The air was extrafled from thefc fubftances

by heating them in a gun-barrel, which was

much corroded and foon fpoiled by the experi-

ment. What cfFedl this circumftance may have

had upon the air I have not confidered,

November 6, 1772, I had the curiofity to

examine the {late of a quantity of this air

which had been extracted from faltpetre above

a year, and which at firfl was perfedily whole-

fome ; when, to my very great furprize, I found

that it was become, in the higheft degree,

noxious. It made no effervefcence with nitrous

air, and a m.oufe died the moment it was put

into it. I had not, however, wafhed it in rain-

water quite ten minutes (and perhaps lefs time

would have been fufficient) when I found, upon

trial, that it was rellored to its former perfedly

wholefome flate. It effervefced with nitrous air

as much as the beft common air ever does, and

aniir.al would rot have lived in it. At the time of this

fiiil publication, however, I had no idea of this being

poiBbIc in nature.

even
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even a candle burned in it very well, which I had

never before obferved of any kind of noxious

air meliorated by agitation in water. This

feries of fadls, relating to air extracted from

nitre, appear to me to be very extraordinary

and important, and, in able hands, may lead

to confiderable difcoveries.

3. There are many fubflances which impreg-

nate common air in a very remarkable manner,

but without making it noxious to animals. A-
mong; other thing-s I tried volatile alkaline falts,

and camphor-, the latter of which I melted with

a burning-glafs, in air inclofed in a phial. The
moufe, which was put into this air, fneezed and

coughed very much, efpecially after it was

taken out; but it prefently recovered, and did

not appear to have been fenfibly injured.

4. Having made feveral experiments with a

mixture of iron filings and brimftone, kneaded

to a pafte wiih water, I had the curiolity to try

what would be the effeft of fubftituting hrafs

diiji in the place of the iron filings. The refuk

was, that when this mixture had flood about

three weeks, in a given quantity of air, it had

turned black, but was not increafed in bulk.

The air alfo was neither fenfibly increafed nor

decreafed, but the nature of it v/as changed

;

for it extinguifhed flame, it would have

killed
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killed a moufe prefently, and was not re-

ftored by fixed air, which had been mixed

widi it leveral days.

5. I have frequently mentioned my having,

at one time, expofed equal quantities of diffe-

rent kinds of air in jars Handing in boiled water.

Common air in this experiment was diminifhed

four fevenths, and the remainder extinguifhed

flame. This experiment demonftrates that water

does not abforb air equally, but that it decom-

pofes it, taking one part, and leaving the reit.

, To be quite fure of this fad:, I agitated a

quantity of common air in boiled water, and

when 1 had reduced it from eleven ounce mea-

fures to feven, I found that it extinguifhed a

candle, but a moufe lived in it very well. At

another time a candle barely went out when the

air was diminifhed one third, and at other times

1 have found this effedl take place at other very

different degrees of diminution.

This difference I attribute to the differences

in the ffate of the water with refpecT: to the air

contained in it ; for fomiCtimes it had Hood

longer than at other times before I made ule of

it. I alfo ufed dillilied-water, rain-water, and

water out of which the air had been pumped,
promifcuoufly with rain water. I feven doubt,

not but that, in a certain ftate of the water,

there
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there might be no fenfible difference in the bulk

of the agitated air, and yet at the end of the

procefs it would extinguilli a candle, air being

fupplied from the water in the place of thac

part of the common air which had been ab-

forbed.

It is certainly a little extraordinary that the

very fame procefs fhould fo far mend putrid

air, as to reduce it to the llandard of air in

which candles have burned out j and yet that it

fhould fo fai injure common and wholefome air

as to reduce it to about the fame ftandard : but

fo the fa6t certainly is. If air extinguilh flame

in confequence of its being previoui'iy faturated

with phlogifton, it mull, in this cafe, have been

transferred from the water to the air , and it

is by no means inconfiftent with this hypothecs

to fuppofe, that, if the air be over faturated

with phlogifton, the water will imbibe it, till it

be reduced to the fame proportion that agitation

in water would have communicated to it.

To a quantity of common air, thus dlmi-

nilhed by agitation in water, till it extinguifhed

a candle, I put a plant, but it did not fo far re-

itore it as that a candle would burn in it again ;

which to me appeared not a little extraordinary,

as it did not feem to be in a worfe (late than

air ill which candles had burned out, and

which
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which had never failed to be reflored by the

fame meansi

I had no better fuccefs with a quantity of

permanent air which I had collefted from my
pump-water. Indeed thefe experiments were

begun before I was acquainted with that pro-

perty of nitrous air, which makes it fo accu-

rate a mealure of the goodnefs of other kinds

of air ; and it might perhaps be rather too late

in the year when I made the experiments.

Having neglefted thefe two jars of air, the

plants died and putrefied in both of them ;

and then I found the air in them both to be

highly noxious, and to make no eifervefcence

-with nitrous air.

I found that a pint of my pump - water

contained about one fourth ofan ounce meafure

of ah", one half of which was afterwards ab-

forbed by (landing in frefli pump-water. A
candle would not burn in this air, but a moufe

lived in it very well. Upon the whole, it

fcemed to be in about the fame ftate as air in

which a candle had burned out.

6. I once Imagined that, by mtxtjlagnatton,

air might become unfit for refplration, or at leaft

the
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the burning of candles ; but if this be the cafe,

and the change be produced gradually, it mult

require a long time for the purpofe. For on the

22d of September 1772, I examined a quantity

of common air, which had been kept in a

phial, without agitation, from May 1 7 7 1 , and

found it to be in no refped; worfe than frefh air^

even by the tell of the nitrous air.

7. The cryftallization of nitre makes no

fenfible alteration in the air in which the pro-

cefs is made. For this purpofe I diifolved as

much nitre as a quantity of hot water would

contain, and let it cool under a receiver. Hand-

ing in water.

8. November 6, 1772, a quantity of Inflam-

mable air, which, by long keeping, had come
to extinguilh flame, I oblcrved to fmell very

much like common air in which a mixture of

iron filings and brimllone had flood. It was
not, however, quite fo llrong, but it was equally-

noxious.

9. Bifmuth and nickel are diflblved in the ma-
rine acid with the application of a confiderable

degree of heat ; but little or no air is got from

either of them ; but, what I thought a little rc-

M mark-



1 63 Mifcellaneons Ohfervations.

markable, both of them fmelled very much like

Harrowgate water, or liver of fulpbur. This

frnell I have met with feveral times in the courfe

of my experiments, and in proceffes very diffe-

rent from one another.

PART
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PART li.

Expsriments and Obfervations made in the Tear

1773, and the Beginning of 1774.

SECTION I.

Ohfervations on Alkaline Air.

AFTER I had made the difcovery of

the marine acid air, which the vapour of

fpirit of fait may properly enough be called,

and had made thofe experiments upon it, of

which I have g-iven an account in the for-o
mer part of this work, and others which I pro-

pofe to recite in this part ; it occurred to me,

that, by a procefs fimilar to that by which this

add air is expelled from the fpirit of fait, an

alkaline air might be expelled from fubftances

containing volatile alkali.

M a Ac-
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Accordingly I procured fome volatile fplrit of

fal ammoniac, and having put it into a thin

phial, and heated it with the flame of a candle,

I prefently found that a great quantity of va-

pour was difcharged from it ; and bemg re-

ceived in a vefTel of quickfilver, {landing in a

bafon of quickfilver, it continued in the form

of a tranfparent and permanent air, not at all

condenled by cold ; fo that I had the fame op-

portunity of making experiments upon it^ as I

had before on the acid air, being in the fame

favourable circumftances.

With the fame eafe I alfo procured this air

from fpirit of hartfiorn, and fal volatile either

in a fluid or lolid form, i. e. from thofe volatile

alkaline falts which are produced by the diflil-

lalion of fal ammoniac with fixed alkalis.

But in this cafe I foon found that the alkaline

air I procured was not pure ; for the fixed air,

which entered into the compofition of my ma-

terials, was expelled along with it. Alfo, unit-

ing again with the alkaline air, in the glafs

tube through which they were conveyed, they

Hopped it up, and were often the means of

burfting my vellels.

While thefe experiments were new to me, I

imagined that I was able to procure this air

with peculiar advantage and in the greateit

abun-
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abundance, either from the faks in a dry flate,

when they were juft covered with water, or in a

perfeilly fluid ilate ; for, upon applying a can-

dle to the phials in which they were contained,

there was a moil: afhonifliing produftion of air

;

but having examined it, I found it to be chiefly

fixed air, efpeciatlly after the firft or fecond

produce from the fame materials ; and remov-

ing my apparatus to a trough of water and

ufing the water inftead of quickfilver, I found

that it was not prefently abforbed by it.

This, however, appears to be an eafy and

elegant method of procuring fixed air, from a

fmall quantity of materials, though there mufl:

be a mixture of alkaline air along with it j as

it is by means of its combination with this

principle only, that it is poflible, that fo m.uch

fixed air fhould be retained in any liquid.

Water, at lealt, we know, cannot be made to

contain much more than its own bulk of fixed

air.

After this difappointment, I confined myfelf

to the ufe of that volatile fpirit of fal ammo-
niac which is procured by a diftillation with

flaked lime, which contains no fixed air ; and

which feems, in a general fl:ate, to contain

about as much alkaline air, as an equal quan-

tity of fpirit of fak contains of the acid air.

M 3 Wanting
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Wanting, however, to procure this air in

greater quantities, and this method being rather

expeniive, it occurred to me, that alkaline air

might, probably, be procured, with the moft

eafe and convenience, from the original mate-

rials, mixed in the fame proportions that che-

mifts had found by experience to anfwer the

bed for the production of the volatile fpirit of

fal ammoniac. Accordingly I mixed one fourth

of pounded fal ammoniac, with three fourths

of flaked lime -, and filling a phial with the mix-

ture, 1 prefently found it completely anfwered

my purpofe. The heat of a candle expelled

from this mixture a prodigious quantity of al-

kaline air •, and the fame materials (as much
as filled an ounce phial) would ferve me a con-

fiderable time, without changing; efpecially

when, inftcad of a glafs phial, I made ufe of a

fmall iron tube, which I find much more con-

venient for the purpofe.

As water foOn begins to rife in this procefs, it

is ncceffary, if the air is intended to be conveyed

perfed:ly dry into the veflel of quickfiiver, to

have a fmall veiTel in which this water (which

is the common volatile fpirit of fal ammoniac)

may be received. This fmall veflel muft be in~

terpofed between the veflel which contains tlie

materials for the generation of the air, and that

"n w^i'^^ it is to be received, as d fig. 8,
'^

This
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This alkaline 2AX being perfedlly analogous to

the add air, I was naturally led to inveftigate

the properties of it in the fame manner, and

nearl}'- in the fame order. From this analogy I

concluded, as I prefently found to be the fadt,

that this alkaline air would be readily imbibed

by water, and, by its union with it, would form

a volatile fpirir of fal ammoniac. And as

the water, when admitted to the air in this man-

ner, confined by quickfilver, has an opportu-

nity of fully faturating itfelfwith the alkaline

vapour, it is made prodigioufly flronger than

any volatile fpirit of fal ammoniac that I have

ever feen •, and I believe ftronger than it can

be made in the common way.

In order to afcertain what addition ^ with re-

fpeft to quantity and weight, water would ac-

quire by being faturated with alkaline air, I put

I I grains of rain-water into a fmall glafs tube,

clofed at one end with cement, and open at the

other, the column of water meafurhig ,'„ o^

an inch ; and having introduced it through the

quickfilver into aveflel containing alkaline air,

obferved that it ablorbed i of an ounce meafure

of the air, and had then gained about half a

grain in weight, and was increafed to 8 r tenths

of an inch in length. I did not make a fecond

experiment of this kind, and therefore will not

anfwer for the cxa^^nefs of thefe proportions in

M 4 future
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future trials. What I did fufficiently anfvvered

my purpoie, in a general view of the fub-

ject.

"When I had, at one time, faturated a quan-

tity of diftilled water with alkaline air, fo that

a good deal of the air remained unabforbed on
the furface of the water^ I obfervtd that, as I

contirAied to throw up more air, a confiderable

proportion of it was imbibed, but not the whole

;

^nd when I had let the apparatus ftand a day,

much more of the air that lay on the fuiface

was imbibed. And after the water would imbibe

no more of the old air, it imbibed ne:u. This

ihews that water requires a confiderable time to

faturate itfelf with this kind of air, and that

part of it more readily unites with water than

the reft.

The fame is alfo, probably, the cafe with all

the kinds of air with which water can be im-

pregnated- Mr. Cavendifh made this obferva-

tion with refpedl to fixed air, and I repeated

the whole procefs above-mentioned with acid

air, and had precifely the fame refulc. The al-

kaline water ^^ hich I procured in this experi-

ment was, beyond compar-fon, flronger to the

fmcll, than any fpirit of fal ammoniac that I

had fecn.

This
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This experiment led me to attempt the mak-

ing of fpirit of fal ammoniac in a larger quan-

tity, by impregnating diftillcd water with this

alkaline air. For this purpofe I filled a piece of

a gun-barrel with the materials above-mentioned,

and luted to the oijcn end of it a fmall glafs tu'.f,

one end of which was bent, and put within the

mouth of a glafs veffel, containing a quantit v of

diftilled water upon quicklilver, {landing in a

bafon of quickfilver, as in fig. 7. In thefe circum-

flances the heat of the fire, applied gradually, ex-

pelled the ajkaline air, v.hich, pafiing through

the tube, and the quickfilver, came at laft to the

water, which, in time, became fully faturated

with it.

By this means I got a very flrong alkaline

liquor, from which I could again expel the al-

kaline air which I had put into it, whenever it

happened to be more convenient to me to get it

in that manner. This procefs may eafily be

performed in a ftill larger way ; and by this

means a liquor of the fame nature with the vola-

tile fpirit of fal ammoniac, might be made

much Uronger, and much ch.eaper, than it is

now^ made.

Having fatisfied myfelf with refped to the

relation that alkaline air bears to water, I was

impatient to find what would be the conlequence

of



170 Ohfervations on

of mixing this new air with the other kinds
with which I was acquainted before, and efpe-

cially with acid air ; having a notion that thefe

two airs, being of oppofite natures, might com-
poi'e a neutral air, and perhaps the very fame

thing with common air. But the moment that

thefe two kinds of air came into contaft, a beau-

tiful white cloud was formed, and prefently

filled the whole veiTel in which they were con-

tained. At the fame time the quantity of air

began to diminilh, and, at length, when the

cloud was fubfided, there appeared to be formed

^ioXid'-Juhite falt^ which was found to be the

commonfal ammoniac^ or the marine acid united

to the volatile alkali.

The firil quantity that I produced immedi-

ately deliquefced, upon being expofcd to the

common air ; but if it was cxpofed in a verv

dry and warm place, it almoft all evaporated,

in a white cloud. I have, however, fincc, from

the fame materials, produced the fait abovemen-

tioned in a flate not fubjedt to deliquefce or

evaporate. This difference, I find, is owing

to the proportion of the two kinds of air in the

compound. It is only volatile when there is

more than a due proportion of either of the

conftituent parts. In thefe cafes the fmell of the

faks is extremely pungent, but very different

from one another ; being maniteftly acid, or al-

kaline.
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kaline, according to the prevalence of each of

thefe airs refpeftively.

Nitrous air admitted to alkaline air likewifc

occalioned a whitifh cloud, and part of the air

was ablbrbed ; but it prefently grew clear again ;

leaving only a little dimnefs on the fides of the

vefTel. This, however, might be a kind of

fait, formed by the union of the two kinds of

air. There was no other fait formed that I

could perceive. Water being admitted to this

mixture of nitrous and alkaline air prefently ab-

forbed the latter, and left the former poflcfTed

of its peculiar properties.

Fixed air admitted to alkaline air formed ob-

long and flender cryftal^, which croffed one

another, and covered the fides of the vefiel in

the form of net-work. Thefe cryftals muft

be the fame thing with the volatile alkalis

which chemifts get in a folid form, by the di-

ftillation of fal ammoniac with fixed alkaline

falts.

Inflammahle air admitted to alkaline air ex-

hibited no particular appearance. Water, as

in the former experiment, abforbed the alka-

line air, and left the inflammable air as it was
before. It was remarkable, however, that the

water which was admitted to them became

whitilh,
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whitifh, and that thi: white cloud fettled, in

the form of a white powder, to th.e bottom of

tlie velTel.

Alkaline air mixed with common air, and

Handing together feveral days,, firft in quick-

filver, and then in water (which ablorbed the

alkaline air) it did not appear that there was

any change produced in the common air : at

ieall ic was as much diminifned by nitrous air

as before. The fame was the cafe with a mix-

ture of acid air and common air,

]hlaving mixed air that had been diminished

by the fermentation of a mixture of iron filings

and brimfl:('ne with alkaline air, the water ab-

forbed the lalter, but left the former, with re-

fpedt to the reft of nitrous air (and therefore,

as I conclude, with refped: to all its properties)

the fame that it was before.

Spirit of wine imbibes alkaline air as readily

as water, and feems to be as inflammable after-

wards as before.

Alkaline air contrafls no union with olive oil.

They were in contadl almoft two days, without

any diminution of the air. Oil of turpentine,

and effential oil of mint, abforbed a very fmall

quantity
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quantity of alkaline air, but were not fenfibly

changed by it.

Eiher, however, imbibed alkaline air pretty

freely ; but it was afterwards as inflammable as

before, and the colour was not changed. It

alfo evaporared as before, but I did not attend

to this lait circumftance very accurately.

Sulphur, nitre, common fait, znd ^ints, were

put to alkaline air without imbibing any part of

it ; but charcoal, fpungc, bits of linen cloth, and

other fubftancts of that nature, feemed to con-

denfe this air upon tlieir furfaces ; for it began

to diminifh immediately upon their being put to

it; and when they were taken out the alkaline

fmell they had contravSted was io pungent as to

be almoft intolerable, efpecially that of the

fpunge. Perhaps it might be of ufe to recover

perfons from fwooning. A bit of fpunge, about

as big as a hazel nut, prefently imbibed an ounce

meafure of alkaline air.

A piece of the infpiiTated juice of tiirnfole

was made very dry and Vv^arm, and yet it im-

bibed a great quantity of the air ; by which

it contrafted a molt pungent fmell, but the co-

lour of it was not changed.

Alum
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Alum undergoes a very remarkable change by

the adion of alkaline air. The outward Ihape

and fize remain the fame, but the internal ftruc-

ture is quite changed, becoming opaque, beau-

tifully white, and, to appearance, in all refpefts,

like alum which had been roafted ; and fo as

not to be at all afFcdted by a degree of heat that

would have reduced it to that ftate by roafling.

This eft'ed is produced llowly \ and if a piece

of alum be taken out of alkaline air before the

operation is over, the infide will be tranfparent,

and the outfide, to an equal thicknefs, will be a

white crufl.

I imagine that the alkaline vapour feizes upoit

the water that enters into the conflitution of

crude alum, and which would have been ex-

pelled by heat. Roafted alum alfo imbibes al-

kaline air, and, like the raw alum that has been

expofcd to it, acquires a tafle that is peculiar?ly

difaereeable.

Phofphorus gave no light in alkaline air, and

made no lafting change in its dimenfions. It

varied, indeed, a little, being fomt-times in-

creafed and fometimcs diminiHied, but after a

day and a night, it was in the fame ftate as at the

firrt. Water abforbed this air juft as if no-

thing had been put to it.

Having
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Having put fome fpirit offait to alkaline air,

the air was prcfently abforbed, and a little of

the white fait abovementioned was formed. A
little remained unablbrbed, and tranfparent,

but upon the admiffion of common air to it,

it inftantly became white.

Oil of vitriol, alfo formed a white fait with

alkaline air, and this did not rife in white fumes.

Acid air, as I have obferved in my former

papers, extinguifhes a candle. Alkaline air, on

the contrary, I was furprized to find, is flightly

inflammable ; which, however, feems to con-

firm the opinion of chemifts, that the volatile

alkali contains phlogifton.

I dipped a lighted candle into a tall cylindri-

cal velTel, filled with alkaline air, when it went

gut three or four times fucceffively ; but at each

time the flame was confiderably enlarged, by

the addition of another flame, of a pale yellow

colour ; and at the lafl time this light flame de-

fcended from the top of the veflel to the bot-

tom. At another time, upon prefenting a

lighted candle to the mouth of the fame velTel,

filled with the fame kind of air, the yellowifli

flame afcended two inches higher than the flame

of the candle. The elearic fpark taken in al-

kaline.
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kaline air is red, as it is in common inflamma'^

ble air.

Thougli alkaline air be inflammable, it ap-

pearfd, bv ih^ following experiment, to be

heavier than the common inflammable air, as

well as to contradl no union with it. Into a-

velici containing a quantity of inflammable air,

I put half as much alkaline air, and then about

the fame quantity of acid air. Thefe immedi-

ately formed a white cloud, but it did iiot rife

wiihin the fpace that was occupied by the in-

flammable air-, fo that this latter had kept its

place above the alkaline air, and had not mixed

With it.

That alkaline air is lighter than acid air is

evident from the appearances that attend the

mixture, which are indeed very beautiful. When
acid air is introduced into a veffel containing

alkaline air, the white cloud which they form

appears at the bottom only, and afcends gradu-

ally. But when the alkaline air is put to the

acid, the whole becomes immediately cloudy,

quite to the top of the veffel.

In the lall place, I fnall obferve that alkaline

air, as well as acid, difTolves ice as faft as a hot

fire can do it. This was tried when both the

kinds of air, and every inflrument madeufe of

in
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in the experiment, had been cxpofed to a pret-

ty intenfe frofl feveral hours. In both cafes,

alfo, the water into which the ice was melted

diflblved more ice, to a confiderable quantity*

SECTION II.

Of COMMON Air diminijljed and made noxious

by various proctjfes.

It will have been obferved that, in the firfl:

publication of my papers, I confined myfelf

chiefly to the narration of the new faSfs v;hich

I had difcovered, barely mentioning any hjpo-

tbefes that occurred to me, and never feeming

to lay much ftrefs upon them. The reafon

why I was fo much upon my guard in this re-

fpedl was, left, in confequence of attaching my-
felf to any hypothefis too foon, the fuccefs of

my future inquiries might be obftructed. But

fubfequent experiments having throvvn great

light upon the preceding ones and having

confirmed the few conjedlures I then advanced,

I may now venture to fpeak of my hypothefes

with a little lefs diffidence. Still, however,

I fhall be ready to relinqulfli any notions I may

now entertain, if new fa6:s fhould hereafter ap-

pear not to favour them*

N lr»
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In a great variety of cafes I have obferved

that there is a remarkable diminution of com-
iiion, or refpirable air, in proportion to which

it is always rendered unfit for refpiration, in-

difpofed to effervefce with nitrous air, and in-

capable of> farther diminution from any other

caufe. The circumllances which produce this

effect I had then obferved to be the burning of

candles, the refpiration of animals, the putre-

fadion of vegetables or animal fubftances,

the effervefcence of iron filings and brimilone,

the calcination of metals, the fumes of char-

coal, the cfiiuvia of paint made of white-lead

.and oil, and a mixture of nitrous air.

All thefe proccfles, I obferved, agree in this

one circLimlLance, and I believe in no other,

that the principle which the chem ills call y^Ho-

gijhn is fet loofc ; and therefore I concluded

that the diminution of the air was, in fome

way or other, tht? conlecjuence of the air be-

coming overcharged with phlogifton,* and that

v/ater, and growing vegetables, tend to reftore

this

• On this account, if it was thought convenient to in-

troduce a new term (or rather make a new application of

a term already in ufe among chcmifls) it might not be a-

mifs to call air that has been diminiflicd, and made noxious

by any of the procefTes above mentioned, or others fimilar

to thern, by the common appellation o^ phlogijiicated air\

and,
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this air to a ftate fit for refpiration, by im-

bibing the iuperfluous phlogillon. Several ex-

periments which I have fince made tend to con-

firm this I'uppofition.

Common air, I find, is diminilhed, and ren-

dered noxious, by liver offulphur, which the

chemifts fay exhales phlogifton, and nothing

clfe. The diminution in this cafe was one

fifth of the whole, and afterwards, as in other

fimiiar cafes, it made no effervefcence with ni-

trous air.

I found alfo, after Dr. Hales, that air is di-

miniihed by Humherg's pyrophorus.

The fame cffedl is produced by firing gun-

powder in air. This I tried by firing the gun-

powder in a receiver half exhaufled, by which

the air was rather more injured than it would

have been by candles burning in it.

Air is diminiflied by a cement made with one

half common coarfe turpentine and half bees-

wax. This was the refult of a very cafual ob-

a'nd, if it was necefTary, the particular procefs by which it

was phlogifiicated might be added ; as common air phlo-

gifticated by charcoal, air phlogifiicated by the calcination

of metals, nitrous air phlogifticated with the liver of ful-

phuT, Siz.

N 2 fervation.
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fervation. Having, in an air-pump of Mr,
Smeaton's ccnftru6lion, clofed tiiar end of the

fyphon-gage, which is expofed to the outward

air, with this cement (which I knew would

make it perfeflly air-light) inftead of fealing it

hermetically ; 1 obfervcd that, in a courfe of

tim<?, the quickfilver in that leg kept conti-

nually rifing, fo that the meafures I marked

upon it were of no ufe to me; and when I

opened that end of the tube, and clofed it

ao'ain, the fame confequence always took place.

At length, fufpediing that this effect mufi: have

arifen from the bit of f.^wt'/z/ diminifhing the air

to which it was expofed, I covered all the infide

of a glals tube with it, and one end of it be-

ing quite clofed with the cement, I {'tt it per-

pendicular, with its open end immerfed in a

bafon of quickfilver ; and was prefently fatis-

fied that my conjefturewas well founded : for,

in a few days, the quickfilver rofe fo much
within the tube, that the air in the infide ap-

peared to be diminiflied about one fixth.

To change this air I filled the tube with

quickfilver, and pouring it out again, I re-

placed the tube in its former fituation -, when

the air was diminiihed again, but not fo fall as

tefore. The fame lining of cement diminifli-

ed the air a third time. How long it will re-

tain this power I cannot tell. This cement had

been
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been made fevcral months before I made this

experiment with it. I miift oblerve, however,

that another quantity of this kind of cement,

made with a finer and more liquid turpentine,

had not the power of diminlfliing air, except

in a very fmall proportion. Alfo the common
red cement has this property in the fame fmall

degree. Common air, however, which bad been

confined in a glafs veflel lined with this cement

about a month, was fo far injured that a candle

would not burn in it. In a longer time it

would, I doubt not, have become thoroughly

noxious.

Iron that has been fuffered to rufl in nitrous

air diminifhes common air very fafl, as I fhall

have occafion to mention when I give a con-

tinuation of my experiments on nitrous air.

Lailiy, the fame efFfd:, I find, is produced

by t\\t electric [park, though I had no expefta-

tion of this event when I made the experiment.

This experiment, however, and thofe which

I have made in purfuance of it, has fully con-

firmed another of my conjecftures, which re-

lates to the manner in which air is diminifhed

by being overcharged with phlogifton, viz. the

phlogifton having a nearer affinity with fome of

the conflituent parts of the air than the fixed

N % air
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air which enters into the compofition of it, in

confequence of which the fixed air is precipi-

tated.

This I firfl imagined from perceiving that

lime-water became turbid by burning candies

over it, p. 44. This was alfo the cafe with lime-

water confined in air in which an animal fub-

flance was putrefying, or in which an animal

died, p. 79. and that in which charcoal was

burned, p. 81. But, in all thefe cafes, there

was a poffibility of the fixed air being dif-

charged from the candle, the putrefying fub-

Hance, the lungs of the animal, or the char-

coal. Ihat there is a precipitation of lime

when nitrous air is mixed with common air, I

had not then obfervcd, but I have fince found

it to be the cafe.

That there was no precipitation of lime when

brimflone was burned, I obferved, p. 45.

mif^ht be owin2; to the fixed air and the lime

uniting with the vitriolic acid, and making a

fait, which was foluble in water •, which fait

I, indeed, difcovered by the evaporation of the

water.

I alio obferved, p. 46, 105. that diminifiied

air being rather lighter than common air is a

^ircuinilance in favour of the fixed, or the

heavier
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heavier part of the common air, liaving been

precipitated. - '

It was upon this idea, together with others

fimilar to it, that I took fo much pains to mix

fixed air with air diminilhed by refpiration or

putrefadion, in order to make it fit for refpira-

tion again ; and 1 thought that I had, in gene-

ral, fucceeded to a confiderable degree, p. 99, ,

SvC I will add, alfo, what I did not mention

before, that I once endeavoured, but without

effed:, to preferve mice alive in the jame un-

changed air, by fupplying them with fixed air,

when the air in which chey were confined began

to be injured by their refpiration. Wiihout

effed, alfo, I confined for fome months, a

quantity of quick lime in a given quantity of

common air, thinking it might extraft the fixed

air from it.

The experiments which I made with elec-

tricity were folely intended to afcertain what

has often been attempted, but, as far as I

know, had never been fully accompliflied, viz.

to change the blue colour of liquors, tinged

with vegetable juices, red.

For this purpofe I made ufe of a glafs tube,

about one tenth of an incJa diameter in theinfide,

as in fig, 16. In one end of this I cemented

N 4 a piece
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a piece of wire h, on which I put a biafs ball.

The lower part trom a w as filled with water

tinged rlue, or rather purple, with the juice of

turnible, or archil. This is eafily done by an

air-pump, the tube being fet in a vcllel of the

tinged water.

Things being thus prepared, I perceived that,

after I had taken the eledric fpark, betv^een

the wire h, and the liquor at a, about a minute,

the upper part of it began to look red, and in

about two minutes it was very m::nifeftly fo

;

and the red part, which was about a quarter of

an inch in length, did not readily mix with the

reft of the liquor. I obferved alio, that if

the tube lay inclined while I took the fparks,

the rednefs extended twice as far on the lower

fide as on the upper.

Themofl important, though the leaft expeft-

cdobfervation, however, was" that, in proportion

as the liquor became red, it advanced nearer to

the wire, fo that the fpace of air in which the

fparks were taken was diminiflicd ; and at length

.1 found that the diminution was about one fifth

of the whole fpace ; after which more eledrify-

ing produced no fenfibie effeft.

To determine whether the caufe of the change

of colour was in the air, or in the ele^ric

matter.
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matter, I expanded the air which had been di-

miniilied in the tube by means of an air-pump,

till it expellrd all the liquor, and admitted frelh

blue liquor into its place ; but after that, eledlri-

city produced no lenfible effedt, either on the

air, or on the liquor ; fo that it was evident

that the electric matter had decompofed the air,

and had made it depolite fomething that was of

an acid nature.

In order to determine whether the wire had

contnl^uted anything to this efted:, 1 ufed wires

of different metals, iron, copper, brals, and

filver ; but the reltilt was the very fame with

them all.

It was alfo the fame v/hen, by means of a

bent glafs tube, I made the eleclric fpark with-

out any wire at all, in the following manner.

Each leg of the tube, fig. i(^, liood in a bafon

of quickfilver ; which, by means of an air-

pump, was made to aicend as high as a, a^ in

each leg, while the fpace between a and h in

each contained the blue liquor, and the fpace

between h and h contained common air. Things

being thus difpofed, I made the eledlric fpark

perform the circuit from one leg to the other,

pafling from the liquor in one leg of the tube

to the liquor in the other leg, through the fpace

of air. The effed was, that the liquor, in

both
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both the legs, became red, and the fpace of air

between them was contraded, as before.

Air thus diminifhed by eledricity makes no

cfFervefcence with, and is no farther diminifhed

by a mixture of nitrous air ; fo that it muft

have been in the higheft degree noxious, exadlly

like air dimini{ht;d by any other procefs.

In order to determine what the add was,

which was depofited by the air, and which

changed the colour of the blue liquor, I expofed

a fmall quantity of the liquor io changed to

the common air, and found that it recovered

its blue colour, exactly as water, tinged with

the fame blue, and impregnated with fixed air,

will do. But the following experiment was ftill

more decifive to this purpofe. Taking the

eledlric fpark upon Ime-water^ inftead of the

blue liquor, the lime was precipitated as the air

diminifhed.

From thefe experiments it pretty clearly fol-

lows, that the cleftric matter either is, or con-

tains phlogilton ; fince it does the very fame

thing that phlogifton does. It is alfo probable,

from thefe experiments, that the fulphureous

fmeH, which is occafioned by clcdtricity, being

very different from that of fixed air, the phlo-

gifton
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giilon in the eleftric matter itfelfmay contribute

to It.

It was now evident that common air dimi-

nifhed by any one of the proccffes abovemtrn-

tioned being the fame thing, as I haveobf&rved,

with air diminiflied by any other of them (fince

it is not liable to be farther diminifiied by any

other) the lofs which it fuftains, in all the cafes,

is, in part, that of tht fixed air which entered

into its conftitution. The iixed air thus pre-

cipitated from common air by means of phlo-

gillon unites with lime, if any lime water be

ready to receive it, unlefs there be fome other

fubftance at hand, with which it has a greater

affinity, as the calces of metals.

If the whole of the diminution of com.mon

air Vv-as produced by the depofitlon of fixed air,

it would be eafy to afcertain the quantity of

fixed air that is contained in any given quantity

of common air. But it is evident that the

whole of the diminution of common air by

phlogiflon is not owing to the precipitation of

fixed air, becaufe a mixture of nitrous air will

make a great diminution in all kinds of air

that are fit for refpiration, even though they

never were comm.on air, and though nothing

was ufed in ihe procefs for generating them that

can be fuppofed to yield fixed air.

Indeed,
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Indeed, it appears, from fome of the experi-

ments, that the diminution of fome of thefe

kinds of air by nitrons air is fo great, and ap-

proaches fo nearly to the quantity of the dimi-
nution of common air by the fame procefs, as

to fhew thct, unlefs they be very differently

afFedied by phlogifton, very little is to be al-

lowed to the lofs of fixed air in the diminution
of common air by nitrous air.

The kinds of air on which this experiment

was made were inPianimable air, nitrous air

diminifhed by iron fiiings and brimftone, and

nitrous air irlcif ^ ail of which are produced by

the folution of metals in acids; and alfo on

common air diminifncd and m.ade noxious, and

therefore deprive i of its fixed air by phlogiftic

procefles ; and they were reftored to a great

degree of purity by agi,cation in wat'::r, out of

which its own air had been careluliy boiled-

To five parts of inflammable air, which had

been agitated in water till it was diminifhed

about one half (at which time part of it fired

with a v/eak explofion) i put one part of nitrous

air, which diminifhed it one eighth of the whole.

This was done in lime-water, without any pre-

cipitation of lime. To compare this with com-

mon air,T mixed the fame quantity, vix five

parts of this, and one part of nitrous air : when
a con-
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confiderable cruil of lime was formed upon

the furface of the lime water, though the dimi-

nution was very little more than in the former

procefs. It is pofiible, however, that the com-

mon air might have taken more nitrous air

before it was fully faturated, fo as to begin to

receive an addition to its bulk.

I agitated in water a quantity of nitrous air

phlogifticated with iron filings and brimftone,

and found it to be fo far reftored, that three

fourths of an ounce meal'ure of nitrous air being

put to two ounce meafures of it, made no ad-

dition to it.

But the mod remarkable ofthefe experiments

is that which I mz-dtmih. nitrous air itfelf which

I had no idea ot the poflibility of reducing to

a ftate fit for refpiration by any procefs what-

ever, at the time of my former publication on

this fubjecft. This air, how^evcr, itfelf, without

any previous phlogiltication, is purified by agi-

tation in water till it is diniinifhed by frefh

nitrous air, and to a very confiderable degree^r

In a pretty long time I agitated nitrous air in

water, fupplying it from time to time with

more, as the former quantity diminiflied, till

only one eighteenth of the whole quantity

remained ; in which (late it was fo wholefome,

th&t
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that a moufe lived in two ounce meafures of \%

more than ten minutes, without iliewing any

lign of uneafinefs ; fo that i concluded it muft

have been about as good as air in which

candles had burned out. After agitating it

again in water, I put one part of frelh nitrous

air to five parts of this air, and it was dimi-

nifhed one ninth part. I then agitated it a third

time, and putting more nitrous air to it, it was

diminifhed again in the fame proportion, and fo

a fourth time •, fo that, by continually repeating

the procefs, it would, I doubt not, have been

all abforbed. Thcfe procefTcs were made in

lime-water, without forming any incruitation

on the furface of it.

Laflly, I took a quantity of common air,-

which had been diminiflied and made noxious

by phlogiftic proceffes ; and when it had been

agitated in water, I found that it was dimi-

niftied by nitrous air, though not fo much as it

would have been at the firlh After cleanfing

it afecond time, it was diminifhed again by the

fame means ; and, after that, a third time ; and

thus thrre can be no doubt but that, in time,

the whole quantity would have difappeared.

For I have never found that agitation in water,

deprived of its own air, made any addition to

a quantity of noxious air •, though, ^./rior/, it

might have been imagined that, as a faturation

with
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with phlogiflon dlminiflies air, the cxtraftion of

phlogifton would increafe the bulk of it. On
the contrary, agitation in water always dimi-

nifhed noxious air a little ; indeed, if water be

"deprived of all its own air, it is impoflible to

agitate any kind of air in it without fome lofs.

Alfo, when noxious air has been reflored by
plants, I never perceived that it gained any

addition to its bulk by that means. There was
no incruftation of the lime-water in the above-

mentioned experiment.

It is not a little remarkable, that thofe kinds

of air which never had been common air, as

inflammable air, phlogifticated nitrous air, and

nitrous air itfelf, when rendered wholefome by
agitation in water, fhould be more diminifhed

by frefli nitrous air, than common air which

had been made noxious, and reftored by the

fame procefs ; and yet, from the few trials that

I have made, I could not help concluding that

this is the cafe.

In this courfe of experiments I was very near

deceiving myfelf, in confcquence of transferring

the nitrous air which I made ufe of in a blad-

der, in the manner defcribed, p. 15.%. 9. fo

as to conclude 'that there was a precipitation of

lime in all the above-mentioned cafes, and that

even nitrous air itfelf produced that effeft. But

after
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after repeated trials, I found that there was no

precipitation of lime, except in the firft dimi-

nution of co;T!mon air, when the nitrous air

was transferred in a glafs veffel.

That the calces of metals contain air, of fome

kind or other, and that this air contributes to

the additional weight of the calces, above that

of the metals from which they are made, had

been obferved by Dr. Hales ; and Mr. Hartley

had informed me, that when red-lead is boiled

in linieed oil, there is a prodigious difcharge of

air before they incorporate. I had likewife

found, that no weight is either gained or loft

by the calcination of tin in a clofe glafs veffel

;

but I purpofely deferred making any more

experiments on the fubjecl, till we ihould have

fome weather in which I could make ufe of a

large burning lens, which I had provided for

that and other purpofes •, but, in the mean

time, I was led to the difcovery in a different

manner.

Having, by the laft-re cited experiments, been

led to confider the eleftric matrer as phiogifton,

or fomething containing phlogifton, I was en-

deavouring to revivify the calx of lead v/ith it j

v/hen I was furprized to perceive a confiderable

generation of air. It occurred to me, that pof-

fibly this effcdt might arife from the heat com-

municated
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municated to the red-lead by the eledlric fparks,

and therefore I immediately filled a fmall phial

with the red-lead, and heating it with a candle,

I prefently ex[)eUed from it a quantity of air

about four or five times the bulk of the lead,

the air being received in a veiTcl of quickfilver.

How much more air it would have yielded, I

did not try.

Along with the air, a fmall quantity of water

was lilcewife thrown our ; and it immediately

occurred to me, that this water and air together

mull certainly be the caufe of the addition of

weight in the calx. It iiill remained to exa-

mine what kind of air this was ; but admitting

water to it, I found that it was imbibed by it,

exactly \\\itfixed air, Vv'hich I therefore imme-

diately concluded it mud be *.

After this, I found that Mr. Lavoifier had

completely difcovered the fame thing, though

his apparatus being more complex, and lels

* Here it becomes me to aflc pardon of that excellent,

philofopher Father Eeccaria of Turin, for conjeAuring th^t

the phlogifioD, with which he revivified metals, did not

come from the eledrlc matter itfelf, but from what was

difvharged from other pieces of metal with which he made

the experiment. SeeHiftcry ofEleiflricity, p. 277, &c. This

rev'i'oificutio7i of metals by eleflricity completes the proof of

the eleftric matter being, or containing phlogiilon.

O accurate
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accurate than mine, he concluded that more of

the air difcharged from the calces of metals

was immifcible with water than I found it to

be. It appeared to me that I had never ob-

tained Hxed air more pure.

It being now pretty clearly determined, that

common air is made to depofit the fixed air

which entered into the conllitution of it, by

means of phlogifton, in all the cafes of dimi-

niflied air, it will follow, that in the precipi-

tation of lime, by breathing into lime-water

the fixed air, which incorporates with lime,

comes not from the lungs, but from the com-

mon air, decompofed by the phlogifton exhaled

from them, and difcharged, after having been

taken in with the aliment, and having per-

formed its function in the animal fyftem.

Thus my conjedlure is more confirmed, that

the caufe of the death of animals in confined

air is not owing to the want of any pabulum

vitip^ which the air had been fuppofed to con-

tain, but to the want of a difcharge of the

phlogillic matter, with which the fyiiem was

loaded ; the air, when once faturated with it,

being no fufficient menjiruum to take it up.

Tlje inftantaneous death of animals put into

air fo vitiaieu, I iliU think is owing to lome

JlimuluSf
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Jlimulus, which, by caufing immediate, univer-

fal and violent convulfions, exhaufts the whole

of the vis vita' at once ; beraufe, as I buve ob-

ferved, the manner of their death is the very

fame in all the different kinds of noxious air.

To this fcdtion on the fubjedt of diminlfh-

ed, and noxious air, or as it mrght have been

called phlogijiicated air^ . I (liall fubjoin- a letter

which I addreffed to Sir John Pringlc, on the

noxious quality of the effluvia of putrid marfhes,

and which was read at a meeting of the Royal

Society, December i6, 1773.

This letter which is printed in the Philofophi-

cal Tvanfadions, Vol. 74, p. 90. is immediate-

ly follov^-ed by another paper, to which I v^'ould

refer my reader. It was written by Dr. Price,

who has lb greatly diftinguiihed himfelf, and

done fuch eminent fervice to his country, and

to mankind, by his calculations relating to the

probabilities of human life, and was luggefted

by his hearing this letter read at the Royal So-

ciety. It contains a confirmation of my obfer-

vations on the noxious effetts of ftagnant waters

by dedud:ions from Mr. Muret's account of the

Bills of Mortality for a parifli fituated among
marflies, in the dillri6t of Vaudj belonging to

the Canton of Bern in Switzerland.

O 2 To
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To Sir JOHN PRINGLE, Baronet.

D E A R S I R,

Having purfued m}^ experiments on different

kinds of air confiderably farther, in feveral re-

fpeds, than I had done, when I prefenred the

laft account of them to the E.oyal Society ;

and being encouraged by the favourable notice

which the Society has been pleafed to take of

them, I ihall continue my communications on

this fubjedl ; but, \vithout waiting for the re-

fult of a variety of proceiTes, v^hich I have

now going on, or of other experiments, vvhich

I propofe to make, I lliall, from time to time,

communicate fuch detached articles, as I fhall

have given the moil attention to, and with re-

fped to which, I fliall have been the moil fuc-

cefsful in my inquiries.

Since the publication of my papers, I have

read two treatifes, written by Dr. Alexander,

of Edinburgh, and am exceedingly pleafed

with the fpirit of philofophical inquiry, which

they difcover. They appear to me to contain

many new, curious, and valuable obfcrvations ;

but one of the condufions^ which he draws

from his experiments, I am fatisfied, from my
own
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own obfervations, is ill founded^ and from the

nature of itj mud be dangerous. I mean his

maintaining, that there is nothing to be ap-

prehended from the neighbourhood of putrid

marfncs.

I was particularly furprifed, to meet with

fuch an opinion as this, in a book infcribed to

yourlelf, who have fo clearly explained the

great mifchief of fuch a fituarion, in your ex-

ccJlent treatife on the difeajes-of the ariny* On
this account, I liave thought it not improper,'

to addrefs to you the following obfervations

and experiments, which I think clearly dem.on-

ilrate the fallacy of Dr. Alexander's reafon-

ing, indifputably eftabliiii your doctrine, and

indeed juftify the apprehenfions of all mankind

in this cafe.

I think it probable enough, that putrid mat-

ter, as Dr. Alexander has endeavoured to

prove, Avill preferve other fubilances from pu-

trcfadtion j becaufe, being already faturated

with the putrid effluvium, it cannot readily

take any more ; but Dr. Alexander was not

aware, that air thus loaded with putrid effiu-

viuni is exceedingly noxious vv'hen taken into

the lungs. I have lately, however, had an op-

portunity of fully afcertaining how very noxious

fuch air is.

2^
Hap•^
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Happening to ufe at Calne, a much larger

trough of water, for the purpofe of my expe-

riments, than I had done at Leeds, and not

having frefli water fo near at hand as I had

there, I neglected to charge it, till it twrned

black, and became offc^nfive, but by no m.eans

to fuch a degree, as to deter me from making

ufe of it. In this ftate of the water, I ob-

ferved bubbles of air to rife from it, and efpe-

cially in one place, to Mhich fome fhelves,

that I had in it, direfted them ; and having

fet an inverted glafs veflel to catch them, in a

few days I coUefted a confiderable quantity of

this air, which ifiued fpontaneoufly from the

putrid water ; and putting nitrous air to it, 1

found that no change of colour or diminution

enfued, fo that it niuil have been, in the high-

eft degree, noxious. I repeated the fame ex-

periment kveral times afterwards, and always

with the fame reiult.

After this, I had the curiofity to try how

whokfome air would be affefted by this water ;

when, to my real furprife, I found, ihat after

only one minute's agitation in it, a candle would

not burn in It ; and, after three or four mi-

nutes, it was in the fame i^atc with the air,

which had iflued fpontaneoufly from the fame

water.

lalfo
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I alfo found, that common air, confined in a

o-lafs velTtl, in contact only with this water^

and without any agitation, would not admit a

candle to burn in it after two days.

Thefe fads certainly demonftrate, that air

which either arifes from ftagnant and putrid

water, or which has been for fome time in con-

tact with it, muft be very unfit for refpira-

tion ; and yet Dr. Alexander's opinion is ren-

dered fo plaufible by his experiments, that it is

very poffible that many perfons may be render-

ed fecure, and thoughtlcfs of danger, in a fi-

tuation in which they muft ncceffarily breathe

it. On this account, I have thought it right to

make this communication as early as I conve-

niently could ; and as Dr. Alexander appears

to be an ingenious and benevolent man, I doubt

not but he will thank me for it.

That air ififuing from water, or rather from

the foft earth, or mud, at the bottom of pits

containing water, is not always unwholeiome,

I have alio had an opportunity of afcertaining.

Taking a walk, about two years ago, in the

neighbourhood of Wakefield, in Yorkfhire, I

obferv^ed bubbles of air to arife, in remarkably

great plenty, from a fmall pool of water, which,

upon inquiry, I was informed had been the

place, where fome perfons had been boring the

O 4 ground?
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ground, in order to find coal. TJiefe bubbles of

air having excited my cnriofity, I prclenvly re-

turned, with a bafon, and other vefiels proper for

my purpofe, and having fih'red tlie mud v. ith

a long itick, I foon got about a pint of tiiis

air ; and, examining it, found it to be good

common air; at lead a candle burned in it

very well. I had not then difcovered the me-

thod of afcertaining the gocdnefs of common

air, by a mixture of nitrous air. Pi evious to

the trial, I had fufpeded that this a.r would

have been found to be inflammable.

• I iliall conclude this letter with obferving,

'

that I have found a remarkable difference in

different kinds of water, with refpect to their

effeft on comm^on air agitated in them, and

which I am not yet able to account for. If I

agitate common air in the water of a deep vvcii,

near my houfe in Calne, which is hard, but

clear and fweet, a candle will not burn in it

afcer three minutes. The fame is the cafe w^ith

the rain-water, which I get from the roof of

my houfe. But in diftilled water, or the water

of a fpring-well near the houfe, I m.uil agitate

the air about twenty minutes, before it will be

fo much injured. It may be worth wdiile, to

make farther experiments with refped: to this

property of water.

In
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In confeqnence of iifing the rain-water, and

the vvcll-VvaCcr above mentioned, I was very

near concluding, contrary to what 1 have af-

ferted in this treatiie, that common air fuf-

iers a decompofition by great rarefadlion.

For when I had coilecled a confiderable quan-

tity of air, v/hich had been rarefied about tour

hundred times, by an excellent pump made tor

me by Mr. Smeaton^ I always found, that

if I filled my receivers with the water above

mentioned, though I did it fo gradually as to

occafion as little agitation as poffible, a candle

would not burn in the air that remained in them.

But when I uled diftilled water, or frefh fpring-

water, I undeceived myfelf.

I think myfelf honoured by the attention,

which, from the firft, you have given to my
experiments, and am, with the greateil refpei!t.

Dear Sir,

Your moll obliired

Humble Servant,

London, 7 Dec. 1773.

J. PRIESTLEY.

POST-
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POSTSCRIPT.
I cannot help exprefling my furprize, that

fo clear and intcHigible an account, of Mr.

Smeaxon's air-pump, fhould have been before

the pul lie fo long, as ever fince the publication

of the f^ortyfcventh volume of the Philofophi-

cal TranfactionSj printed in 1752, and yet that

nore of our philofophical inftrument-makers

Ihould ufe the conftrudtion. The fuperiority

of this pump, to any that are made upon the

common plan, is, indeed, prodigious. Few of

them will rarefy more than 100 timics, and, in

a general way, not more than 60 or 70 times

;

whereas this inftrument mud be in a poorftate

indeed, if it does not rarefy 200 or 300 timaCS;

and when it is in good order, it will go as far as

1000 times, and fometimes even much farther

than that ; befides, this inftrument is worked

with m.uch more eafe, than a common air-

pump, and either exhaulls or condenfes at plea-

fure. In fhorti to a perfon engaged in philo-

fophical purfuits, ihis inftrument is an invalu-

able acquifition. 1 ftiall have occafion to recite

fomc experiments, which T could not have made,

and Vvhich, indeed, I fliould hardly have dared

to attempt, if I had noc been poifeffed of fuch

an air pum^p as this. It is much to be wifhed,

that Ibme erfon of fpirit in the trade would at-

tempt



Nitrous Air. 203

tempt the conftruclion of an indriinient, which

would do great credit to hlmfelf, as well as be

of eminent fervice ip philofophy.

SECTION III.

Of Nitrous Air.

Since the publication of my former papers

I have given more attention to the fubjedt of

nitrous air than to any other fpecics of air ; and

having been pretty fortunate in my inquiries,

I fliall be able to lay before my reader a more

fatisfaftory account of the curious phenomena

occafioned by it, and alfo of its nature and

conftitution, than I could do before, though

much ftill remains to be inveftigated concerning

it, and many new objedis of inquiry are

flarted.

With a view to difcover where the power of

nitrous air to diminifli common air lay, I c\'a-

porated to drynefs a quantity of the folution of

copper in dilured fpirit of nitre; and having

procured from it a quantity of a green preci-

pitate^ 1 threw the focus of a burning-glafs

upon it, when it was put into a veffel of quick-

iilver, {landing inverted in a bafon of quick-

fiiver. In this manner I procured air from it,

which
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which appeared to be, in all refped'S, nitrous

air •, fo that part of the fame principle which

had efcaped during the folution, in the form of

mi\ had likewife been retained in it, and had

not left it in the evaporation of the water.

With great difficulty I alfo procured a fmall

quantity of the lame kind of air from a folu-

tion of iron in fpirit of nitre, by the fame pro-

eels.

Having, for a different purpofe, fired fome

paper, which had been dipped in a folution of

copper in diluted fpirit of nitre, in nitrous air,

I found there was a confiderable addition to the

quantit}'' of it •, upon which I fired fome of the

fame kind of paper in quickfilver and prefently

obkrved that air was produced from it in great

plenty. This air, at the nrit, feemed to have

fome fingular properties, but afterwards I found

that it was nothing more than a mixture of ni-

trous air, from the precipitate of the folution,

and of inflammable air, from the paper ; but

that the former was piedominanc.

In the mixture of this kind of air vv'ith com-

mon ^air, in a trough of water which had been

putridj but which at that time feemed to have

recovered its former fweetnefs (for it was not in

the leafl degree off^nfive to the fmell) a pheno-

menon
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menon fometimes occurred, which for a lono-

time exceedingly delighted and puzzled me ;

bur which was afterwards the means of lettino-

me fee much farther into the conftltution of ni-

trous air than I had been able to fee before.

When the diminution of the air was nearly-

completed, the velfel in w^hich the mixture was

made began to be filled with the molt beautiful

ivhitefumes, exactly refemblingthe precipitation

of fome w^hite fubftance in a tranfparent men-

llruum, or the falling of very fine fnow ; ex-

cept that it w:as much thicker below than above,

as indeed is the cafe in all chemical precipita-

tions. Tiiis appearance continued two or three

minutes.

At other times I went over the fame procefs,

as nearly as poffible in the fame manner, but

without getting this remarkable appearance, and

was feveral times greatly difappointed and cha-

grined, when I baulked the expeftations of my
friends, to whom I had defcribed, and meant to

have Ihewn it. This made m^e give all the at-

tention I poffibly could to this experiment, en-

deavouring to recolleit every circumftancc,

which, though unfufpeft-d at the time, might

have contributed to produce this new appear-

ance ; and I took a great deal of pains to pro-

cure a • quantity of this air fi'om the paper

above
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above mentioned for the purpofe, which, with
a fmall burning lens, and an uncertain fun, is

not a little troublefome. But all that I obfervcd

for feme time was, that I flood the bed chance

of fucceeding when I zcarmed the veffel in which
the mixture was made, and agitated the air du-

ring the effervefcence.

Finding, at length, that, with the fame

preparation and attentions, I got the fame ap-

pearance from a mixture of nitrous and com-

mon air in the fame trough of water, I con-

cluded that it could not depend upon any

thing peculiar to the precipitate of the copper

contained in x\\t paper from which the air was

procured, as I had at firft imagined, but upon

what was common to it, and pure nitrous

air.

Afterwards, having, (with a view to obferve

whether any cryftals would be formed by the

union of volatile alkali, and nitrous air, iimilar

TO thofe formed by it and fixed air, as defcribed

by Mr. Smeth in his Dijfertation on fixed Air)

opened the mouth of a phial which was half

filled with a volatile aikaline liquor, in ajar of

nitrous air (in the manner defcribed p. ii.

fig. 4.) I had an appearance which perfeflly

explained the preceding. All that part of the

phial which was above the liquor, and which

contained
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contained common air, was filled with beauti-

tul ivh'ite clouds, as if fomc fine white powder had

been inftantly thrown into it, and fome ot thefe

clouds rofe within the jar of nitrous air. This

appearance continued about a minute, and then

intirely difappeared, the air becoming tranfpa-

rent.

Withdrawing the phid, and exponng it to

the common air, it there alio became turbid,

and foon after the tranfparency returned. In-

troducing it again into the nitrous air, the

clouds appeared as before. In this manner the

white fumes, and tranfparency, fucceeded each

other alternately, as often as I chofe to repeat

the experiment, and would no doubt have con-

tinued till the air in the jar had been thoroughly

diluted with common air. Thtfe appearances

were the fame with any fubftance that contained

volatile alkalif fluid or folid.

When, inftead of the fmall phial, I ufed a

large and tall glafs jar, this appearance was

truly fine and ftriking, efpecially when the wa-

ter in the trough was very tran (parent. For I

had only to put the fmalleft drop of a volatile

alkaline liquor, or the fmallefl: bit of the folid

fait, into the jar, and the moment that the

mouth of it was opened in a jar of nitrous

air, the white clouds above mentioned began to

be
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be formed at the mourn, and prefentl}'' de-

Icended to the bottom, lb as to fill the whole,

were it ever lb large, as v/ith fine fnow.

In couridering this experim.ent, I foon per-

ceived that this curious appearance mull have

been occafioned by tlie mixture of the nitrous

and common air, and therefore that the white

clouds muft be nitrous ammoniac^ formed by the

acid of the nitrous air, fet loofe in the decom-

pofition of it by common air, while the phlo-

gifton, Vv'hich m.uft be another conflituent part

of nitrous air, entering the common air, is the

caufe of the diminution it fuffers in this procefs •,

as it is the caule of a fimilar diminution, in a

variety of other procefTes.

I would obfervc, that it is not peculiar to ni-

trous air to be a tefl of the fitnefs of air for re-

fpiration. Any other procefs by which air is

diminilbed and made noxious anfwers the fame

purpofe. Liver of fulphur for inftance, the

'calcination of m.etals, or a mixture of iron

filings and brimftone will do jufl: the fame

thing ; but the application of them is not fo

eafy, or elegant, and the effed: is not fo foon

perceived. In fa6t, it is phlogijion that is the

left. If the air be fo loaded with this principle

that it can take no more, which is feen by its

n6t being diminilhed in any of the procefTes

above
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4bove mentioned, it is noxious ; arid it is whole-

fome in proportion to the quantity of phlogifton

that it is able to take.

This, I have no doubt^ is the true theory of

the diminution of common air by nitrous air^

the redrlefs of the appearance being nothing

more than the ufual colour of the fumes of

fpirit of nitre, which is now difengaged from

the fuperabundant phlogifton with which it

was combined in the nitrous air, and ready to

form another union with any thing that is at

hand, and capable of it.

With the volatile alkali it forms nitrous am-
moniac, water imbibes it like any other acid,

even quickfilver is corroded by it ;. but this

adiion being flow, the rednefs in this mixture of

nitrous and common air continues much lonsier

when the procefs is made in quickfilver, than

when it is made in water, and the diminution, as

I have alfo obferved, is by no means fo great,

I was confirmed in this opinion when I put

a bit of volatile alkaline fait into the jar of

quickfilver in which I made the mixture of

iiiitrous and common air. In thefe circum-

flrances, the velTel being previoufly filled with

the alkaline fumes, the acid immediately joined

tl^em, formed the white clouds above mention-

P ed.
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ed, and the diminution proceeded almofl as far

as when the proccfs was made in water. That
it did not proceed quite ib far, I attribute

chiefly to the fmall quantity of calx formed by

the flight folution of mercury with the acid

fumes not being able to abforb all the fixed air

that is precipitated from the common air by the

phlogifton.

In part, alfo, it may be owing to the fmall

quantity of furface in the quickfilver in the

vclfels that I made ufe of ; in confequence of

which the acid fumes could a^l upon it only in

a flow fucceflion, fo that part of them, as

v/ell as of the fixed air, had an opportu-

nity of forming another union with the dimi-

nifhed air.

This, as I have obferved before, was fo much

the cafe when the procefs was made in quick-

filver, without any volatile alkali, that when

water was admitted to it, after fome time, it

was not capable of diflblving that union, tho'

it would not have taken place if the procefs had

been in water from the fir it.

In diverfifying this experiment, I found that

it appeared to very great advantage when I

fufpended a piece of volatile fait in the com-

mon air, previous to the admiffion of nitrous

air
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£r to it, Inclofing it in a bit of gauze, muflln,

or a fmall net of wire. For, prefently after

the rednefs of the mixture begins to go off, the

white cloud, likefnow, begins todefcend from

the fait, as if a white powder was fliaken out

of the bag that contains it. This white'

cloud prefently fills the whole veflel, and the

appearance will laft about five minutes.

If the fait be not put to the mixture of thefc

two kinds of air till it has perfeftly recovered

its tranfparency, the effervefcence being com-

pletely over, no white cloud will be formed ;

and, what is rather more remarkable, there is

nothing of this appearance when the fait is put

into the nitrous air itfelf. The reafon of this

mult be, that the acid of the nitrous air has a

nearer affinity with its phlogifton than with the

volatile alkali ; though, the phlogilton havmg
a nearer affinity with fomething in the common
air, the acid being thereby fet loofe, will unite

with the alkaline vapour, if it be at hand to

wnite with it.

There is alfo very little of any white cloud

formed upon holding a piece of the volatile

fait within the mouth of a phial containing

fmoking fpirit of nitre; Alio when I threw
the tocus of a burning mirror upon fome fal

ammoniac in nitrous air, and filled the whole

P a veffel
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veffel with white fumes which arofe from it,

they were foon difperfed, and the air was nei-

ther diminifhed nor altered.

I was now fully convinced, that the white

cloud which I cafually obferved, in the firft

of thefe experiments, was occafioned by the

volatile alkali emitted from the water, which

was in a flight degree putrid ; and that the

warming, and agitation of the veiTels, had

promoted the emiffion of the putrid, or alka-

line effluvium.

I could not perceive that the diminution of

common air by the mixture of nitrous air was

fenfibly incrcafed by the prefence of the volatile

alkali. It is poffible, however, that, by aflift-

ing the water to take up the.acid, fomething lefs

of it may be incorporated with the remaining

diminifhed air than would otherwife have been ;

but I did not give much attention to this cir-

cumflance.

When the phial in which I put the alkaline

falts contained any kind of noxious air, the

opening of it in nitrous air was not followed by

any thing of the appearance above mentioned.

This was the cafe with inflammable air. But

when, after agitatins: the inflammable air in

water, I had brought it to a flatc in which it

was
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was dimlnllhed a little by the mixture of nitrous

air, the cloudy appearance was in the fame pro-

portion i
fo that this appearance feems to be

equally a teft of the fitncfs of air for refpira-

tion, with the rednefs which attends the mixture

of it with nitrous air only.

Having generally faftened thefmall bag which

contained the volatile fait to a piece of brafs

wire in the preceding experiment, I commonly

found the end ot it corroded, and covered with

a blue fubftance. Alio the fait itfelf, and fome-

times the bag was died blue. But finding that

this was not the cafe when I ufed an iron wire

in the fame circumftances, but that it became

red, I was fatisfied that both the metals had

been diifolved by the volatile alkali. At firft

I had a fufpicion that the blue might have

come from the copper, out of which the nitrous

air had been made. But when the nitrous air

was made from iron, the appearances were, in

all refpeds, the fame.

I have obferved, in the preceding fedlion,

that if nitrous air be mixed with common air

in lime-water, the furface of the water, where

it is contiguous to that mixture, will be covered

with an incruilation of lime, {hewing that fome

fixed air had been depofited in the procefs. It

is remarkable, however, as I there alfo jufl

P 3 mentioned.
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rnentioned, that this is the cafe when nitrous

air alone is put to a veflel of lime-water, after

it has been kept in a lladder^ or only transferred

from one veflel to another by a bladder, in the

manner defcribed, p. 13. fig. 9.

As I had ufed the fame bladder for transfer-

ring various kinds of air, and among the reft

jixed air, I firft imagined that this effedl might

have been occafioned by a mixture of this fixed

air with the nitrous air, and therefore took a

frefh bladder ; but ilill the effedt was the fame.

To fatisfy myfelf farther, that the bladder had

produced this effecl:, I put one into a jar of

nitrous air, and after it had continued there a

day and a night, I found that the nitrous air in

this jar, though it was transferred in a glafs

yeird, made lime-waier turbid.

Whether there was any thing in the prepara-

tion of thefe bladders that occafioned their pro-

ducing this effedt, I cannot tell. They were

fuch as I procure from the apothecaries. The
thing feems to deferve farther examination, as

there feems, in this cafe, to be the peculiar effetft

of fixed air from other caufes, or elfe a pro-

duction of fixed air from materials that have

not been fuppofed to yield it, at leaft not in

circumftances fimilar to thefe.

A?
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As fixed air united to water diflblvcs iron,

I \\id the curiofity to try whether fixed air alone

would do it ; and as nitrons air is of an acid

nature, as well as fixed air, I, at the fame time,

cxpofed a large furface of iron to both the

kinds ; firfl filling two eight ounce phials with

nails, and then with quickfilver, and after that

difplacing the quickfilver in one of the phials

by fixed air, and in the other by nitrous air

;

then inverting them, and leaving them with

their mouths immerfed in bafons of quickfilver.

In thefe circumflances the two phials ftood

about two months, when no fenfible change at

all was produced in the fixed air, or in the iron

which had been expofed to it, but a moll re-

markable, and moft unexpedled change was

made in the nitrous air ; and in purfuing the

experiment, it was transformed into a fpecies of

air, with properties which, at the time of my
firil publication on this fubjecfV, I fiiould not

have hefitated to pronounce impofilble, viz. air

in which a candle burns quite naturally and

freely, and which is yet in the highcft degree

noxious to animals, infomuch that they die the

moment they are put into it ; whereas, in ge-

neral, animals live with little fenfible inconve-

nience in air in which candles have burned out.

Such, however, is nitrous air, after it has been

long expofed to a large furface of iron.

P 4 It
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It is not lefs extraordinary, that a flill longer

continuance of nitrous air in thefe circumftances

(but hozv long depends upon too many, and too

minute circumftances to be afcertained with

exadnefs) makes it not only to admit a candle

to burn in it, but enables it to burn with an.

enlargedJlcime, by another flame (extending every

where to an equal diftance from that of the

candle, and often plainly diilinguilhable from

it) adhering to it. Sometimes I have perceived

the flame of the candle, in thefe crrcumltances,

to be twice as large as it is naturally, and fome-

times not lefs than five or fix times larger ; and

yet without any thing like an explojian, as in the

firing of the vv^eakeil inflammable air.

Nor is the farther progrefs in the tranfmuta-

tion of nitrous air, in thefe circumftances, lefs

remarkable. For when it has been brought to

the ftate laft mentioned, the agitation of it in

frefti water almoft inftantly takes off that pecu-

liar kind of inflammability, fo that it extln-

guiflies a candle, retaining its noxious quality.

It alio retains its power of diminishing common
air in a very great degree.

But this noxious quality, like the noxious

quality of all other kinds of air that will bear

agitation in water, is taken out of it by this

operation, continued about five minutes \ in

which
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.which procefs it fuffers a farther and very con-

siderable diminution. It is then itfelf dimi-

nifhed by frefli nitrous air, and animals live in

it very well, about as well as in air in vi'hich

candles have burned out.

Laftly, One quantity of nitrous air, which

had been expofed to iron in quickfilver, from

December 1 8 to January 20, and which hap-

pened to ftand in water till January 3 1 (the iron

ftill continuing in the phial) was fired with'an

explofion, exa<5lly like a weak inflammable air.

At the fame time another quantity of nitrous

air, which had likewife been expofed to iron,

(landing in quickfilver, till about the fame time,

and had then flood In water only, without iron,

only admitted a candle to burn in it with an

enlarged flame, as in the cafes above mentioned.

But whether the difference I have mentioned in

the circumflances of thefe experiments contri-

buted to this difference in the refult, I cannot

tell.

Nitrous air treated In the manner above men-

tioned is diminiflied about one fourth by {land-

ing in quickfilver; and water admitted to it will

abforb about half the remainder ; but if water

only, and no quickfilver, be ufed from the be-

ginning, the nitrous air will be diminlfhed much
fafler and farther ; fo that not more than one

fourth.
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fourth, one fixth, or one tenth of the original

quantity will remain. But I do not know that

there is any difference in the conftitution of the

air which remains in thefe two cafes.

The water which has imbibed this nitrous air

expofed to iron is remarkably green, alfo the

phial containing it becomes deeply, and, I be-

lieve, indelibly tinged with green j and if the

water be put into another vefTel, it prcfently

depofits a confiderable quantity of matter, which

when dry appears to be the earth or ochre of

iron ; from which it is evident, that the acid of

the nitrous air difiblves the iron-, while the phlo-

oifton, being fet loofe, diminifhes nitrous air,

as in the procefs of the iron filings and brim-

ftone.

Upon this hint, inftead of ufing iroriy I in-

troduced a pot of liver of fulphur into a jar of

nitrous air, and prefently found, that what I

had before done by means of iron in fix weeks,

or two months, I could do by liver of fulphur

(in confequence, no doubt, of its giving its

phiogifton more freely) in lefs than twenty-four

hours, efpecially when the procefs was kept

warm*

It is remarkable, however, that if the procefs

with liver of fulphur be fuffered to proceed,

th«
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the nitrous air ivill be diminifhed much farther.

Atone time not more than one twentieth of the

original quantity remained, and how much far-

ther it might have been diminifhed, I cannot

tell. In this great diminution, it does not ad-

mit a candle to burn in it at all ; and I generally

found this to be the cafe whenever the dimi-

nution had proceeded beyond three fourths of

the original quantity^'.

It is fomething remarkable, that though the

diminution of nitrous air by iron filings and

brimftone very much refembles the diminution

of it by iron only, or by liver of fulphur, yet

the iron filings and brimftone never bring it to

fuch a flate as that a candle v/ill burn in it

;

and alfo that, after this procefs, it is never

capable of diminifhing common air. But vvheii

it is confidered that thefe properties are de-

ftroyed by agitation in water, this difference in

the refult of procelTes, in other refpeds fimilar,

will appear lefs extraordinary ; and they agree

in this, that long agitation in water makes both

thefe kinds of nitrous air equally fit for refpi-

ration, being equally diminillied by freih nitrous

air. It is poflible that there would have been

* The refult of feveral of thefe experiments I had the

pleafure of trying in the prefence of the celebrated Mr.
De Luc of Geneva, when he was upon a villt to Lord

Shelburne in Wiltihire.

a more
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a more exa6t agreement in the refult of thefc

procefles, if they had been made in equal de-

grees of heat ; but the procefs with iron was

made in the ufual temperature of the atmo-

fphere, and that with liver of fulphur generally

near a fire.

It may clearly, I think, be inferred from thcfe

experiments, that all the difference between

frefh nitrous air, that Hate of it in which it is

partially inflammable, or wholly fo, that in

which it again extinguillies candles, and that in

which it finally becomes fit for refpiration, At-

pends upon fome difference in the mode of the

combination of its acid with phlogiflon, or on

the proportion between thefe two ingredients in

its compofition -, and it is not improbable but

that, by a little more attention to thefe experi-

ments, the whole myftery of this proportion

and combination may be explained.

I murh not omit to obferve that there was

fomething peculiar in the refult of the firft ex-

periment which I made with nitrous air expo-

fed to iron ; which was that, without any agi-

tation in water, it was diminifhed by frefh ni-

trous air, and that a candle burned in it quite

naturally. To what this difference was owing

I cannot tell. This air, indeed, had been ex-

pofed to the iron a week or two longer than in

any
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2AVf of the other cafes, but I do not imagine

that this ciicumftance could have produced

that difference.

When the procefs is in water with iron, the

time in which the diminution is accomplifhed is

exceedingly various ; being fometimes com-

pleted in a few days, whereas at other times

it has required a week or a fortnight. Some

kinds of iron alfo produced this effect much
fooner than others, but on what circumftances

this difference depends I do not know. What
are the varieties in the refult of this experi-

ment w^hen it is made in quickfilver I cannot

tell, becaufe, on account of its requiring more

time, I have not repeated it fo often ; but I

once found that nitrous air was not fenfibly

changed by having been expofed to iron in

quickfilver nine days ; whereas in water a very

conliderable alteration was always made in much
lefs than half that time.

It may jufldeferve to be mentioned^ that ni-

trous air extremely rarified in an air-pump dif-

folves iron, and is diminiilied by it as much

as when it is in its native ftate of condenfation;

It is fomething remarkable, though I never

attended to it particularly before I made thefe

laft experiments, and it may tend to throw fome

light
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light upon them, that when a candle is cxtln-

gulfhed, as it never fails to be, in nitrous air,

the flame feems to be a little enlarged at its

edges, by another bluilli flame added to it, juft

before its extinction.

It is proper to obferve In this place, that the

eledlric fpark taken in nitrous air diminiflies it

to one fourth of its original quantity, which
is about the quantity of its diminution by iron

filings and brimflone, and alfo by liver of ful-

phur v/ithout heat. The air is alfo brought

by cleftricity to the fame fiate as it is by iron

filings and brimfl:one, not diminifliing common
air. If the eleflric fpark be taken in it when
k is confined by water tinged v/ith archil, it is

prefcntly changed from blue to red, and that to

a very great degree.

When the iron nails or wires, which I have

ufea to diminlfli nitrous air, had done their of-

fice, I laid them afide, not fufpedling that they

could be of any other philofophical ufe •, but

after havinc; lain cxpofed to the open air al-

mofl a fortnight ; having, for fome other pur-

pofe, put fome of them Into a veffcd contain-

ing common air, ilanding inverted, and im>

merfrd in water, I was furprlzed to obferve

that the air in which they v/ere confined was

diminiilied. The diminution proceeded fo faft,

that
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that the procefs was completed in about twen-

ty-four hours ; for in that time the air was di«

minifhed about one fifth, fo that it made no

efFervefcence with nitrous air, and was, there-

fore, no doubt, highly noxious, like air dimi-

nifhed by any other procefs.

This experiment I have repeated a great

number of times, with the fame phials, filled

with nails or wires that have been fuffered to

rufl in nitrous air^ but their power of diminifh-

ing common air grows lefs and lefi continually.

How long it will be before it is quite exhaufted

I cannot tell. This diminution of air I con-

clude muft arife from the phlogifton, either of

the nitrous air or the iron, being fome way en-

tangled in the ruH, in which the wires were cn-

crufted, and afterwards getting loofe from it.

To the experiments upon iron filings and
brimftone in nitrous air, I muft add, that when
a pot full of this mixture had abforbed as much
as it could of a jar of nitrous air (which is about

three fourths of the whole) I put freih nitrous

air to it, and it continued to abforb, till three

or four jars full of it difappeared ; but the ab-

forption was exceedingly flow at the laft. Alfo

when I drew this pot through the water, aiid

admitted frefh nitrous air to it, it abforbed an-

other
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other jar full, and then ceafed. But when I

fcraped off the outer furface of this mixture,

which had been fo long expofed to the nitrous

air, the remainder abforbed more, of the air.

When I took the top of the mixture which I

had fcraped off and threw upon it the focus of

a burning-gl ifs, the air in which it was con-

fined was diminilhed, and became quite noxi-

ous ; yet when I endeavoured to get air from

this matter in a jar full of quickfilver, I was

able to procure little or nothing.

It. is not a little remarkable that nitrous air

diminilhed by iron filings and brimftone, which

is about one fourth, cannot, by agitation in.

water, be diminiQied much farther*, whereas

pure nitrous air may, by the fame procefs, be

diminiilied to one twentieth of its whole bulk,

and perhaps much more. This is fimilar to

the effcvfl of the fame mixture, and of phks-

gifton in other cafes, on fixed air •, for it fo far

changes its conditution, that it is afterwards

incapable of mixing with water. It is fimilar

alfo to the effect of phlogifton in acid air,

which of itfelf is almoit inilantly abforbed by

water ; but by this addition it is firft converted

into inflammable air, which does not readily

mix with water, and which, by long agita-

tioa
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tion in wafer, becomes of another conflltution,

ftlU lefs mifcible with water.

I fhail clofe this fe^icn with a few other

obfervations of a mifccUaneous nature.

Nitrous air is as much diminifhed both by

iron fiUngs, and alio by liver of fulphur^

when confined in quickfilver, as when it is ex-

pofed to water.

Diftilled water tinged blue with the juice of

turnfole becomes red on being impregnated

with nitrous air ; but by being expofed a week
or a fortnight to the common atmofphere, in

open and fhallow veiTels, it recovers its blue

colour 5 though, in that time, the greater part

of the water will be evaporated. This fhews

that in time nitrous air efcapes from the wa-

ter with which it is combined, jufl as fixed air

does, though by no means fo readily *.

Having diflolved 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 6], from filver 6. In

* I have not repeated this experiment with that variation

of circumftances which an auention to Mr.Bewley's obfer-

vation will fuggefl.

Q^ abouC
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about the fame proportion alfo it was necef-

fary to mix water with the fpirit of nitre in

each cafe, in order to make it difTolve thefe

meta]s with equal rapidity, filver requiring the

leaft water, and iron the moft.

Phofphorus gave no light in nitrous air,

and did not take away from its power of di-

minifhing common air ; only when the rednefs

of the mixture went off, the veffel in which

it was made was filled with white fumes, as

if there had been fome volatile alkali in it.

The phofphorus itfelf was unchanged-

There is fomething remarkable in the effed:

of nitrous air on infe5fs that are put into it.

I obferved before that this kind of air is as

noxious as any whatever, a moufc dying the

moment it is put into it ; but frogs and fnails

(and therefore, probably, other animals whofe

rcfpiration is not frequent) will bear being ex-

pofed to it a confiderable time, though they

die at length. A frog put into nitrous air

ftruggled much for two or three minutes,

and moved now and then for a quarter of an

hour, after which it was taken out, but did not

recover. JVaJps always died the moment they

were put inio the nitrous air. I could never

obferve that they made the leaft motion in it,

nor could they be recovered to life afterwards.

This
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This was alfo the cafe in general with fpiders^

fics, and hutterfiies. Sometimes, however, fpi-

ders would recover after being expofed about

a minute to this kind of air.

Confidering how fatal nitrous air is to in-

fefts, and likewife its great aniifeptic power»

I conceived that confiderable ule might be

made of it in m.edicine, efpecially in the form

of clyfters, in which fixed air had been applied

with fome fuccefs ; and in order to try whether

the bowels of an animal would bear the injec-

tion 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 manifeft figns of un-

eafmefs, as long as he retained it, which was a

confiderable time, though in a few hours after-

wards he was as lively as ever, and feemed to

have fufFered nothing from the operation; •

Perhaps if nitrous air was diluted either

with common air, or fixed air, the bowels

might bear it better, and flill it might be de-

ftrudtive to zvorms of all kinds, and be of ufe

to check or corred putrefadion in the intefti-

nal canal, or other parts of the fyftem. Tre-

peat it once more that, being no phyfician, I

run no ri(k by fuch propofals as thefc ;
and I

cannot help flattering myfelf that, in time, very

great medicinal ufe will be made of the appli-

Q 2 cation
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cation of tbefe different kinds of air to tlie

animal fyllem. Let ingenious phyficians at-

tend to this fubjedl, and endeavour to lay iiold

of the new handle which is now prefented them,

before it be feized by rafh empiricks ; who, by

an indifcriminate and injudicious application,

often ruin the credit of things and procefles

which might otherwife make an uieful addition

to the materia and ars medica.

In the firft publication of my papers, having

experienced the remarkable antifeptic power of

nitrous air, I propofed an attempt to prelerve

anatomical preparation's, &c. by means of it •,

but Mr. Hey, who made the trial, found that,

after feme months, various animal fubftances

were Ihrivcled, and did not preferve their natu-

ral forms in this kind of air.

SEC-
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SECTION IV.

Of Marine Acid Air.

In my former experiments on this fpecles of

air I procured it from fpirit of fait, but I have

fince hit upon a much lefs expenfive method of

getting it, by having recourfe to the procefs

by which the fpirit of fait is itfelf originally

made. For this purpofe I fill a fmall phial

with common fait, pour upon it a fmall

quantity of concentrated oil of vitriol, and re-

ceive the fumes emitted by it in a veffel previ-

oufly filled with quickfilver, and {landing in a

bafon of quickfilver, in which it appears in the

form of a perfedlly tranfparent air, being precife^

ly the fame thing with that which 1 had before

expelled from the fpirit of fait.

This method of procuring acid air is the

more convenient, as a phial, once prepared in

this manner, will fuflice, for common experi-

ments, many weeks ; efpecially if a little more

oil of vitriol be occafionally put to it. It only

requires a little more heat at the lafl than at

the firft. Indeed, at the firft, the heat of a

perfon's hand will often be fufficient to make it

Q^ 3 throw
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throw out the vapour. In warm weather it

will even keep fmoking many days without

the application of any other heat.

On this account, it fhould be placed where

there are no inflruments, or any thing of metal,

that can be corroded by this acid vapour. It

is from dear-bought experience that I give this

advice. It may eafily be perceived when this

phial is throwing out this acid vapour, as it

always appears, in the open air, in the form

of a light cloud ; owing, I fuppofe, to the

acid attracting to itfelf, and uniting with,

the moifcure that is in the common atmofphere.

By this procefs I even made a ftronger fpirit

of fait tlian can be procured in any other way.

For having a little water in the vefTel which^

contains the quickfilver, it imbibes the acid

vapour, and at length becomes truly faturated

with it. Having, in this manner, impreg-

nated pure water with acid air, I could after-

wards expel the fame air from it, as from com-

mon fpirit of fait.

I obferved before that this acid vapour, or

air, has a flrong affinity with fhlog^Jion^ io

that it decompofes many fubftances which con-

tain it, and with them forms a permanently in-

flammable air, no more liable to be hnbibcd

by
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by water than inflammable air procured by

any other proccfs, being in fadt the very fame

thing ; and that, in fome cafes, it even dlllodges

fpirit of nitre and oil of vitriol, which in gene-

ral appear to be flronger acids than itfelf.

I have fince obferved that, by giving it more

time, it will extract phlogidon from fabftances

from which I at firfi concluded that it was not

able to do it, as from dry wood, crufts of

bread not burnt, dry flefli, and v/hat is more

extraordinary from flints. As there was fome-

thing peculiar to itfelf in the procefs or refult

of each of thefe experiments, it may not be im-

proper to mention tliem diilindtly.

Pieces of dry cork zvood being put to the acid

air, a fmall quantity remained not imbibed by

water, and was inflammable.

Very dry pieces of oaky being expofed to

this air a day and a night, after imbibing a

coniiderable quantity of it, produced air which

was inflammable indeed, but in the flightefl: de-

gree imaginable. It feemed to be very nearly

in the fl:ate of common air.

,A piece of ivory imbibed the acid vapour

. very flowly. In a day and a night, however,

about half an ounce meafure of permanent air

was produced, and it was pretty fl:rongIy in-

Q^ 4 flam-
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flammable. The ivory was not difcoloured,

but was rendered fuperficialJy fofr, and clam-

my, tafting very acid.

Pieces of hecf, roafted, and made quite dry,

but not burnt, abforbed the acid vapour flow-

\y ; and when it had continued in this fituation

all night, from five ounce meafures of the air,

half a meafure was permanent, and pretty

flrongly inflammable. This experiment fuc-

ceeded a fecond time exactly in the fame man-

ner ; but when I ufed pieces of white dry

chicken-fejh though I allowed the fame time,

and in other refpefts the procefs feemed to

go on in the fame manner, I could not per-

ceive that any part of the remaining air was

inflammable.

Some pieces of a whitifh kind of fint^ be-

ing put into a quantity of acid air, imbibed

but a very little of it in a day and a night •,

but of 21 ounce meafures of it, about half a

meafure remained unabforbed by water, and

this was ftrongly inflammable, taking fire juft

like an equal mixture of inflammable and com-

mon air. At another time, however, I could

not procure any inflammable air by this means,

but to what circumltance thefe different refults

were owing I cannot tell.

That
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That inflammable air is produced from char-

foal in acid air I obierved before. I have fmce

found that it may likewife be procured from pit

coal, without being charred.

Inflammable air I had alfo obferved to arife

from the expofure of fpirit of wine, and various

oily fubftances, to the vapour of fpirit of fait.

I have fince made other? cf a fimilar nature,

and as peculiar circumftances attended fome

of thefe experiments, I Ihall recite them more

at large.

E[fential oil of viint abforbed this air pretty

fail, and prefently became of a deep brown

colour. When it was taken out of this air it

was of the coniiftcnce of treacle, and funk in

water, fmelling differently from what it did

before -, but ftill the fmell of the mint was

predominant. Very little or none of the air

was fixed, fo as to become inflammable ; but

more time would probably have produced this

effedt.

Oil of turpentine was alfo much thickened,

and became of a deep brown colour, by being

faturated with acid air.

Ether abforbed acid air very fall, and be-

came firfl of a turbid white, and then of a yel-

low
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low and brown colour. In one night a confider-

able quantity of permanent air was produced,

and it was ftrongly inflammable.

Having, at one time, fully faturated a quan-

tity of ether with acid air, I admitted bubbles

of common air to it, tiirough the quickfilver,

by which it was confined, and obfervcd that

white fumes were made in it, at the entrance of

every bubble, for a confiderable time.

At another tim-^, having fully faturated a

fmall quantity of ether with acid air, and

having left the phial in which it was contained

nearly full of the air, and inverted, it was by

fome accident overturned ; when, inftantly, the

whole room was filled with a vifible fume, like a

white cloud, which had very much the fmell of

ether, but peculiarly ofFenfive. Opening -the

door and window of the room, this light cloud

filled a long paflage, and another room. In the

mean time the ether was feemingly all va-

nilhcd, but fome time after the furface of the

quickfilver in which the experiment had been

made was covered with a liquor that tafced very

acid ; arifing, probably, from tiie moifture in

the atmofphere attrafted by the acid vapour

with which the ether had been impregnated.

This
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This vifible cloud I attribute to the union

of the moifture in the atmofphere with the com-

pound of the acid air and ether. I have

fince faturated other quantities of ether with

acid air, and found it to be exceedingly volatile,

and inflammable. Its exhalation was alfo vi-

fible, but not in fo great a degree as in the cafe

above mentioned.

Camphor. \V2LS prefently reduced into a fluid

fl:ate by imbibing acid air, but there feemed to
,

be fomething of a whitilh fediment in it. After

continuing two days in this fituation I admitted

water to it ; immediately upon which the cam-

phor refumed its former folid ftate, and, to ap-

pearance, was the very fame fubllance that it

had been before ; but the tafte of it was acid,

and a very fmall part of the air was permanent,

and flightly inflammable.

The acid air feemed to make no impref-

fion upon a piece of Derbyfhire /^^zr, of a very

dark colour, and v/hich, therefore, feemed to

contain a good deal of phlogifton.

As the acid air has fo near an afFmity with

phlogifton, I expeded that the fumes of liver of

fulphir, which chemiflis agree to be phlogifdc,

would have united with it, fo as to form inflam-

mable air •, but I was difappointed in that ex-

peda-
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peclation. This fubftance imbibed half of the

acid air to which it was introduced : one fourth

of the remainder, after (landing one day in

quickfilver, was imbibed by water, and what

was left extinguifhed a candle. This experi-

ment, however, feems to prove that acid air

and phlogifton may form a permanent kind of

air that is not inflammable. Perhaps it may be

air in fuch a Hate as common air loaded with

phlogiftcn, and from which the fixed air has

been precipitated. Or rather, it may be the

fame thing with inflammable air, that has loft

its inflammability by long ftanding in water.

It well deferves a farther exaniination.

The following experiments arc thofe in which

the firongrr adds Vv'ere made ufe of, and there-

fore they may affift us farther to afcertain their

affinities with certain fubftances, with refpedl to

this marine acid in the form of air.

I put a quantity of ftrong concentrated oil of

vitriol to acid air, but it was not at all affedled

by it in a day and a night. In order to try

whether it would not have more power in a

more condenfcd fl:ate, I compreflcd it with an

additional atmofphere ; but upon taking off this

preffure, the air expanded again, and appeared

to be not at all diminifhed. I alfo put a quan-

tity of ftrong fpirit of nitre to it without any

fen-
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fenfible effe(fl. We may conclude, therefore,

that the marine acid, in this form of air, is not

able to diilodge the other acids from their union

with water.

Blue vitriol, which is formed by the union of

the vitriolic acid with copper, turned to a dark,

o-reen the moment that it was rut to the acidO X

air, which it abforbed, though llowly. Two
pieces, as big as fmail nuts, abforbed three

ounce mcafures of the air in about half an hour.

The green colour was very fuperficial ; for it

was eafily wiped or wafhed off.

Green copperas turned to a deeper green upon

being put into acid air, which it abforbed

flowly. JVhlte copperas abforbed this air very

fall, and was diflblved in it.

Sal mnmoniac, being the union of fpirit of

felt with volatile alkali, was no more affeded

with the acid air than, as 1 have obferved before,

common fait was.

I alfo introduced to the acid air various other

fubftances, without any particular expeflation ;-

and it may be worth while to give an account of

the refults, that the reader may draw from them

fuch Gonclufions as he fhall think reafonable.

Borax
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Borax abforbed acid air about as fart: as blue

vitriol, but without any thing qKq. that was ob-

lervable.

Fine white fugar abforbed this air flowly, was

thoroughly penetrated with it, became of a

deep brown colour, and acquired a fmell that

was peculiarly pungent.

A piece of quick lime being put to about

twelve or fourteen ounce mealures of acid air,

and continuing in that fituacion about two days,

there remained one ounce meafure of air that

was not abforbed by water, and it was very

llrongly inflammable, as much fo as a mixture

of half inflammable and half common air.

Very particular care was taken that no common

air mixed with the acid air in this procels. At

another time, froin about half the quantity of

acid air above mentioned, with much lefs quick-

lime, and in the fpa.ce of one day, I got half

an ounce mealurc of air that was inflammable

in a flight degree only. This experiment

j)roves tlvdt lorne part of the phlogifton which

eibapes from the fuel, in contafl with which

the lime ii burned, adheres to it. But I am
ver)' far from thinking that the coufticity of

t^uick-lime is ai all owing to this circumfl:ance.

I have
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I have made a few more experiments on the

mixture of acid air with other kinds of air^ and

think that it may be worth while to mention

them, though nothing of confequence, at lead

nothing: but negative concliiiions, can be drawn

from them.

A quantity of common air faturated with

nitrous air was put to a quantity of acid air,

and they continued together all night, without

any fenfible effect. The quantity of both re-

mained the fame, and water being admitted to

them, it abforbed all the acid air, and left the

other juft as before.

A mixture of two thirds of air diminifhed

by iron filings and brimftone, and one third

acid air, were mixed together, and left to ftand

four v/eeks in quickfilver. But when the mix-

ture was examined, water prefently imbibed all

the acid air, and the diminifhed air was found to

be juft the fame that it was before. I had ima-

gined that the acid air might have united with

the phlogifton with which the diminifhed air

was overcharged, fo as to render it wholfome

;

and I had read an account of the ftench arifing

from putrid bodies being corrected by acid

fumes.

The
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The remaining experiments, in which the

acid air was principally concerned, are of a

mifcellaneous nature.

I put a piece of dry ice to a quantity of acid

air (as was obferved in the fedtion concerning

tilkaline air) taking it with a forceps, which, as

well as the air itfelf, and the quickfilver by

which it had been confined, had been expofed

to the open air for an hour, in a pretty ttrong

froft. The moment it touched the air it was

diliblved as fall as it would have been by being

thrown into a hot fire, and the air was prefently

imbibed. Putting frelh pieces of ice to that

v/hich was diliblved before, they were alfo dif-

folved immediately, and the water thus procured

did not freeze again, though it was expofed a

whole night, in a very intenfe frofl.

Flies and fpiders die in acid air, but not fo

quickly as in nitrous air. This furprized me
very mudi ; as I had imagined that nothing

could be more fpeedily fatal to all animal life

than this pure acid vapour.

As inflammable air, I have obferved, fires

at one explofion in the vapour of fmoking fpirit

of nitre, jult like an equal mixture of inflam-

mable and common air, I thought it was pofTible

that the fume which naturally rifes from com-

mon
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mon fplrit of fait might have the fame effeft,

but it had not. For this purpofe I treated the

fpirit of fait, as I had before done the fmoking

fpirit of nitre ; firft filling a phial with it, then

inverting it in a veflel containing a quantity of

the fame acid ; and having thrown the inflam-

mable air Into it, and thereby driven out all

the acid, turning it with its mouth upwards,

and immediately applying a candle to it.

Acid a:ir not being fo manageable a;s moll of

the other kinds of air, I had recourfe to the fol-

lowing peculiar method, in order to afcertain its

fpecific gravity. Having filled an eight ounce

phial with this air, and corked it up, I weighed

it very accurately ; and then, taking out the

cork, I blew very ftroftgly into it with a pair

of bellows, that the common air might take

place of the acid ; and after this I weighcl it

?,gain, together with the cork, bur I could not

perceive the lealt difference In the weight, I

conclude, however, from this experiment, that

the acid air is heavier than the common air,

becaufe the mouth of the phial and the Inude

of it were evidently moiflened by the water

which the acid vapour had attracted from the

air, which moifture muft have added to the

weight of the phiaU

% SECTION
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SECTION V.

Of Inflammable Air.

It will have appeared from my former expe-

riments, that inflammable air confifts chiefly,

if not wholly, of the union of an acid vapour

with phlogiflon ; that as much of the phlogifton

as contributes to make air inflammable is im-

bibed by the water in which it is agitated ; that

in this procefs it foon becomes fit for refpiration,

and by the continuance of it comes at length

to extinguifh flame. Thefe obfervations, and

others which I have made upon this kind of

a:r, have been confirmed by my later experi-

ments, efpecially thofe in which I have coii-

ncfVed ek^rical experiments with thofe on air.

The elciStric fpark taken in any kind of oil

produces inflammable air, as I was led to ob-

ferye in the following manner. Having

found, as will be mentioned hereafter, that

ether doubles the quantity of any kind of air

to which it is admitted ; and being at that time

engaged in a courfe of experiments to afcertain'

the effe(5t of the electric matter on all the dif-

ferent kinds of air, I had the curiofity to try

what it would do with common air, thus in-

ereafed
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cr&afed by means of ether. The very firll

fpark, I obferved, increafed the quantity of this

air very confiderably, fo that I had very foon

fix or eight times as much as I began with 5

and whereas water imbibes all the ether that is

put to any kind of air, aind leaves it without

any vifible change, with refpedt to quantity or

quality, this air, on the contrary, was not im-

bibed by water. It was alfo very little dimi-

niihed by the mixture of nitrous air. From
whence it wa3 evident, that it had received an

addition of fome other kind of air, of which

it now principally coniilled.

In order to determhie whether this effedl was

produced by the wire, or the cement by which

the air was confined (as I thought it pofTible

that phlogiilon might be difcharged from them)

I made the experiment in a glafs fyphon, fig. 19,

and by that means 1 contrived to make the

eledtric fpark pafs from quickfilver through the

air on which I made the experiment, and the

effctft was the fame as before. At one time

there happened to be a bubble of common air^

v/ithout any ether, in one part of the fyphon,

and another bubble with ether in another part

of it ; and it was very amufing to obferve how
the fame eledtric fparks diminiiliing the former

of thefe bubbles, and increafed the latter.

R 2 it
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It being evident that the ether occafioned the

difference that was obfervable in thefe two cafes,

I next proceeded to take the ele^ftric fpark in a

quantity of ether only, without any air w!iat-

ever-, and obferved that every fpark produced

a fmall bubble ; and though, while the fparks

weie taken in the ether itfclf, the generation of

air was flow, yet when fo much air was col-

lected, 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. i6, the quick-

filver foon receded beyond the ftriking diftance.

This air, by pafling through water, was dimi-

nilhed to about one third, and was inflam-

mable.

One quantity of air produced in this manner

from ether I fuffcred to Hand two days in water,-

and after that I transferred it feveral times

through the water, from one veflel to another,

and ftill found that it was very ftrongly inflam-

mable ; fo that I have no doubt of its being

genuine inflammable air, like that which is"

produced from metals by acids,, or by any other

chemical procefs.

Air produced from ether, mixed both with

common and nitrous air, was likewife inflam-

mable Y
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mable j but in the cafe of the nitrous air, the

original quantity bore a very fmall proportion

to the quantity generated.

Concluding that the inflammable n^.atter in

this air came from the ether, as being of the

clafs of oils, I tried other kinds of oil, as oil of

elives, oil of turpentine, and effential oil of mint,

taking the eledric fpark in them, without any

air to begin with, and found that inflammable

air was produced in this manner from them all.

The generation of air from oil of turpentine

v/as the quickell, and from the oil of olives the

flowelt in thefe three cafes.

By the f<ime procefs I got inflammable air

from fpirit of wine, and about as copioufly as

from the eflential oil of mint. This air con-

tinued in water a whole night, and when it was
transferred into another veflTel was ftrongly

inflammable.

In all thefe cafes the inflammable matter

might be fuppofed to arife from the inflamma-

ble fubftances on which the experiments were

made. But finding that, by the fame procefs,

I could get inflammable air from the volatile

fpirit offal ammoniac, I conclude that the phlo-

giflion was in part fupplied by the eledtric mat-

ter itfelf. For though, as I have obferved bc-

R 3 fore,
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fore, the alkaline air which is expelled from

the fpirit of fal ammoniac be inflammable, it

is fo in a very flight degree, and can only be

perceived to be fo v/hen there is a confjderable

quantity of it.

Endeavouring to procure air from a cauftic

alkaline liquor, accurately made for me by Mr.

Lane, and alfo from fpirit of fait, I found

that the eledric fpark could not be made vifi-

ble in either of them; fo that they mufl be
much more perfedt conduftors of electricity

than water, or other fluid fubfl:ances. This

experiment well deferves to be profecuted.

I obfcrved before that inflammable air, by

ftanding long in water, and efpecially by agita-

tion in water, lofes its Inflammability ; and that

in the latter cafe, after pafling through a fl:ate

in which it makes fome approach to common
air (juft admitting a candle to burn in it) it

comes to extinguifli a candle. I have fince made

another obfervation of this kind, which well

deferves to be recited. It relates to the inflam-

mable air generated from oak the 27th of July

1771, of which I have made mention before.

This air I have obferved to have been but

weakly inflammable fome months after it was

generated, and to have been converted into

pretty
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pretty good or wholcfome air by no great de-

gree of agitation in water ; but on the 27th of

March 1773? I found the remainder of it to

be exceedingly good air. A candle burned in

it perfedtly well, and it was diminifhed by ni-

trous air almoft as much as common air.

I Ihall conclude this fedion with a few mif-

cellaneous obfervations of no great importance.

Inflammable air is not changed bv being;

made to pafs many times through a red-hot iron

tube. It is alfo no more diminifhed or chang-

ed by the fumes of liver of fulphur, or by the

electric fpark, than I have before obferved it to

have been by a mixture of iron filings and

brimftone. When the eledtric fpark was taken

in it, it v/as confined by a quantity of water

tinged blue with the juice of archil, but the

colour remained unchanged.

I put two "ji'afps into inflammable air, and

let them remain there a confiderable time, one

of them near an hour. They prefently ceafed

to move, and feemed to be quite dead for about

half an hour after they were taken into the

open air ; but then they came to life again, and

prefently after feemed to be as well as ever they

had been,

R 4 SEC-
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SECTION VI.

Of Fixed Air.

The additions I have made to my obfery2=.

tions on fixed air are neither numerous nor

confiderable.

The rrioft important of them is a confirma-

tion of my conjefture, that fixed air is capable

of forming an union with phlogiflon, and there-

by becoming a kind of air that is not mifcibic

with water. I had produced this effedt before

by means of iron fihngs and brimftone, fer-

menting in this kind of air ; but I have fince

had a much more decifive and elegant proof of

\t by eleSlricity, For after taking a fmall elec-

tric cxplofion, for about an hour, in the fpace

of an inch of fixed air, confined in a glafs tube

one tenth of an inch in diamettr, fig. 16, I

found that when water was admitted to it, only

one fourth of the air was imbibed. Probably

the whole of it would have been rendered im-

mifcible in v/ater, if the eledlrical operation had

bten continued a fufficient time. This air con-

tinued feverai days in water, and was even agi-

tated in water without any farther dim.inution,
'

It
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It was not, however, common air, for it was

pot diminifhed by nitrous air.

By means of iron filings and brimflone I

have, fince my former experiments, procured a

confiderable quantity of this kind of air in a

method fomething different from that which I

ufed before. For having placed a pot of this

mixture under a receiver, and exhaufted it

with a pump of Mr. Smeaton's conilruftion, I

filled it with fixed air, and then left it plunged

under water; fo that no common air could

have acccfs to it. In this manner, and in about a

week, there was, as near as 1 can recollect, one

fixth, or at lead one eighth of the whole con-

verted into a permanent air, not imbibed by

water.

From this experiment I expe(5ted that the

fame effedl would have been produced on fixed

air by the fumes of liver of fulphur ; but I was

difappointed in that expeflation, which fur-

prifed me not a little ; though this corrcfponds

;n fome meafure, to the effed: of phlogiflon ex-

haled from this fubllance on acid air. Perhaps

more time may be requifite for this purpofe,

for this procefs was not continued more than

^ day and a night=

Iron
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Iron filings and brimftonc, I have obfcrved,

ferment with great heat in nitrous air, and I

have iince obferved that this procefs is attend-

ed with greater heat in fixed air than in com-

mon air.

Though fixed air incorporated with water

dififolves iron, fixed air without water has no

fuch power, as I obferved before. I imagined

that, if it could have difTolved iron, the phlo-

o-ifton would have united with the air, and

have made it immifcible with water, as in the

former infl:ances ; but after being confined in a

phial full of nails from the 15th of December

to the 4th of October following, neither the

iron nor the air appeared to have been affedted

by their mutual contadt.

Having expofed equal quantities of commoti

and fixed air, in equal and fimilar cylindrical

glafs veffels, to equal degrees of heat, by plac-

incr them before a fire, and frequently changing

their firuations, I obferved that they were ex-

panded exactly alike, and when removed from

the fire they both recovered their former di-»

menfions.

Having had fome fmall fufpicion that liver of

fulphur, befides emitting phlogifton, might

alio
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jaifo yield fome fixed air (which is known to

be contained in the fait of tartar from which

it is made) I mixed the two ingredients, viz.

fait of tartar and brimflone, and putting

them into a thin phial, and applying the

flame of a candle to it, fo as to form the

liver of fulphur, I received the air that

came from it in this procefs in a veffel of

quickfilver. In this manner I procured a very

confiderable quantity of fixed air, fo that I

iudgcd it was all difchargcd from the tartar.

But though it is poffible that a fmall quan-

tity of it may remain in liver of fulphur,

when it is made in the moil perfedt manner,

it is not probable that it can be expelled

without heat.

SEG.
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SECTION Vll.

Miscellaneous Experiments.

I. It is fomething extraordinary that, though

ether, as 1 found, cannot be made to aflume

the form of air (ihe vapour arifing from it by

heat, being foon condenfed by cold, even in

quickfilver) yet that a very fmall quantity of

ether put to any kind of air, except the acid,

and alkaline, which it imbibes, alrnoft inftant-

ly doubles the apparent quantity of it ; but

upon palling this air through water, it is

prefently reduced to its orig'nal quantity again,

with little or no change of quality.

I put about the quantity of half a nut-lliell

full of ether, inclofed in a glaf: tube, through

a body of quickfilver, into an ounce meafure

of common air, confined by quickfilver •, upon

which it prefently began to expand, till it oc-

cupied the fpace of two ounce meafures. It

then gradually contracted about one fixch of an

ounce meafure. Putting more ether to it, it

again expanded to two ounce meafures ; but no

more addition of ether would make it expand

any farther. Withdrawing the quickfilver, and

admitting v^'ater to this air, without any agita-

tion.
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tion, it began to be abforbed ;~ but only about

half an ounce meafure had difappeared after it

had ftood an hour in the water. But by once

paffing it through water the air was reduced to

its original dimenfions. Being tried'by a mix-

ture of nitrous air, it appeared not to be fo

good as frefli air, though the injury it had re-

ceived was not confiderable.

All the phenomena of dilatation 'and con-

tradtion were nearly the fame, when, inflead of

common air, I ufed nitrous air, fixed air, in-

flammable air, or any fpecies of phlogifticated

common air. The quantity of each of thefe

kinds of air was nearly doubled while they

were kept in quickfilver, but fixed air was not

fo much increafed as the reft, and phlogifticated

air lefs -, but after pafiing through the water,

they appeared not to have been fenfibly changed

by the procefs.

2. Spirit of wine yields no air by means of

heat, the vapours being foon condenled by cold,

like the vapour of water ; yet when, in endea-

vouring to procure air from it, I made it boil,

and catched the air Vv'hich had refted on the fur-

face of the fpirit, and which had been expelled

by the heat together with the vapour, in a veflel

of quickfilver, and afterwards admitted acid

air to it, the veflel was filled with white fumes,

as
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as if there bad been a mixture of alkaline aif

along with it. To what this appearance wa*

owing I cannot tell, and indeed I did not exa-

mine into it.

3. Having been informed by Dr. Small and

Mr, Bolton of Birmingham, that paper dipped

in a folution of copper in fpirit of nitre would

take fire with a moderate heat (a fadt which I

afterwards found mentioned in the Philofophi-

cal Tranfadtions) it occurred to me that this?

would be very convenient for experiments re-

lating to ignition in different kinds of air •, and

indeed I found that it was eafily fired, either by

a burning lens, or the approach of red-hot iroit

on the outfide of the phial in which it was con-

tained, and that any part of it being once fired,

the whole was prefently reduced to afhes % pro-'

vided it was previoully made thoroughly dry,-

which, however, it is not very eafy to do.

With this preparation, I found that this pa-

per burned freely in all kinds of air, but not

in vacuo, which is alfo the cafe with gunpow-

der ; and, as I have in effeft obferved before,-

all the kinds of air in which this paper was

burned received an addition to their bulk^

which confifled partly of nitrous air, from the

nitrous precipitate, and partly of inflammabla

air, from the paper. As fome pf the circum-^

ilance«
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ftances attending the ignition of tins paper in

Ibme of the kinds of air were a little remark-

able, I Ihall jufl recite them.

Firing this paper in infiammable air, which

.it did without any ignition of the inflammable

air itfelf, the quantity increafcd regularly, till

the phial in which the procefs was made was

aearly full; but then it began to decrcafe, till

one third of the whole quantity difappeared.

A piece of this paper being put to three

ounce meafures of acid air, a great part of it

prefently turned yellow, and the air was re-

duced to one third of the original quantity, at

the fame time becoming reddifh, exad:ly like

common air in a phial containing fmoking fpirit

of nitre. After this, by the approach of

hot iron, I fet fire to the paper \ immediately

upon W'hich there was a produftion of air which

more than filled the phial. This air appeared,

upon examination, to be very little different

from pure nitrous air. I repeated this experi-

ment w^ith the fame event.

Paper dipped in a folution of mercury,

zinc, or iron, in nitrous acid, has, in a fmall

degree, the fame property with paper dipped ia

2 folution of copper in the fame acid.

Gun-
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4. Gunpowder is alfo fired in all kinds of air,

and, in the quantity in which I tried it, did

not make any fenfible change in them, except

that the common air in which it was fired

would not afterwards admit a candle to burn in

it. In order to try this experiment I half ex-

haufted a receiver, and then with a burning-

glafs fired the gunpowder which had been pre-

i-ioully put into it. By this means I could fire a

greater quantity of gunpowder in a fmall quan-

tity of air, and avoid the hazard of blowing up^

and breaking my receiver.

I own that I \vas rather afraid of firino^

gunpowder in inflammable air, but th^re was'

no reafon for my fear ,- for it exploded quite

freely in this air, leaving it, in all refpeds, juft

as it was before.

In order to make this experiment, and in-

deed almoft all the experiments of firing gun-

powder irr different kinds of air, I placed the

powder upon a convenient fiand within my re-

ceiver, and having carefully cxhaufted it by a-

pump of Mr. Smeaton's conllruition, I filled

the receiver with any kind of air by the appa-

ratus defcribed, p. 19, fig. 14, taking the great-

eft care that tlie tubes, &:c. which conveyed

the air fhould contain little or no common
air. In the experiment with inflammable air a'

con-
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confrJerable mixture of common air would have

been exceedingly hazardous : for, by that aflift-

ance, the inflammable air might have exploded

in fuch a manner, as to have been dangerous to

the operator. Indeed, I believe I fliould not have

ventured to have made the experiment at all with

any other pump befides Mr. Smeaton's.

Sometimes, I filled a glafs veffcl with quick-

filver, and introduced the air to it, when it was

inverted inabafonof quick/ilver. By this means

I intirely avoided any mixture of common air

;

but then it was not eafy to convey the gunpow-

der into it, in the exadl quantity that was re-

quifite for my purpofe. This, however, was

the^ only method by which I could contrive

to fire gunpowder in acid or alkaline air, in

which it exploded juft as it did in nitrous or

fixed air.

I burned a confiderable quantity of gunpow-
der in an exhaufted receiver (fi^r it is well

known that it will not explode in it) but the air

I got from it was very inconfiderable, and in

thefe circumftances was neceffarily mixed with

fiommon air, A candle would not burn in it.

% SEC^
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SECTION VIII.

Queries, Speculations, and Hints.

I begin to be apprehenfive left, after being

confideied as a dry experimenter, I fliould pafs,

with many of my readers, into the oppo-

lite charadter of a vifionary theorijl, A good

deal of theory has been interfperfed in the

coLirfe of this work, but, not content with

this, I am now entering upon a long fe6lion,

which contains nothing elfe.

The conjectures that I have ventured to ad-

vance in the body of the work will, I hope, be

found to be pretty well fupported by fadts •, but

the prefent fedlion will, I acknowledge, contain

many random thoughts. I have, however, thrown

them together by themfelves, that readers of lefs

imagination, and who care not to advance be-

yond the regions of plain fact, may, if they

pleafe, proceed no farther, that their delicacy

be not offended.

In extenuation of my offence, let it,' how-

ever, be confidered, that theory and experiment

ne-
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fteceilarily go hand in hand, every procefs be-

ing intended to aTcertain fome particular hypo-

thefts, which, in faft, is only a conjeiflure con-

cerning the circumftances or the caufe of

fome natural operation ; confequently that the

boldeft and moll original experimenters are

thofe, who, giving free fcope to their imagina-

tions, admit the combination of the moft diftant

ideas 5 and that though many of thefe affocia-

tions of ideas, •will be wild and chimerical, yet

that others will have the chance of giving rife

to the greateft and moft capital difcoveries

;

fuch as very cautious, timid, fober, and flow-

thinking people would never have come at.

Sir Ifaac Newton himfelf, notwithftanding

the great advantage which he derived from a

habit of patient thinking, indulged bold and

excentric thoughts, of which his Queries at

the end of his book of Optics are a fufficient

evidence. And a quick conception of diftant

analogies, which is the great key to unlock the

fecrets of nature, is by no means incompatible

with the fpirit of pcrfeverance, in inveftigations

calculated to afcertain and purfue thofe ana-

logies.

S 2 § I, Spe*.



iBo ^ier'ies. Speculations,

§ I. Speculations concerning the constituent

PRINCIPLES of the different kinds of air, and

the CONSTITUTION and origin of the atmo-

sphere, Sec.

All the kinds of air that appear to me to be

cllentially diftind: from each other are fixed

air, acid and alkaline ; for thefc, and another

principle, called phlogiflon, which I have not

been able to exhibit in the form of air, and

which has never yet been exhibited by itfelf in

any form, feem to conftitute all the kinds of air

that I am acquainted with.

Acid air and phlogillon conilitute an air

which either extinguilhes flame, or is itfelf in-

flammable, according, probably, to the quantity

of phlogiflon combined in it, or the mode of com-

bination. When it extinguifhes flame, it is pro-

bably only fo much charged with the phlogiflic

matter, as to take no more from a burning can-

dle, which muft, therefore, necefl[arily go out

in it. V/hen it is inflammable, it is probably

fo much charged with phlogifl:on, that the heat

communicated by a burning candle makes it

immediately feparate itfelf trom the other prin-

ciple with which it was united, in which fepa-

ration ^^^^is produced, as in other cafes of ig-

nition i the adlion and reaflion, which neceflarily

attends the feparation of the confliituent princi-

ples.
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pies, excliing probably a vibratory motion in

them.

Since inflammable air, by agitation in water,

firft comes to lofe its inflammability, fo as to be

fit for refpiration, and even to admit a candle

to burn in it, and then comes to extingiiiili a

candle •, it feems probable that water imbibes a

great part of this extraordinary charge of phlo-

gifton. And that water can be impregnated

with phlogiilon, is evident from many of my
experiments, efpecially thofe in which metals

were calcined over it.

"Water having this affinity with phlogifl:on, it

is probable that it always contains a conflder-

able portion of it •, which phlogifton having a

Itronger affinity with the acid air, which is per-

haps the bafis of common air, may by lono*

agitation be communicated to it, fo as to leave

it over faturated, in confequence of which it

will extinguifli a candle.

- It is poffible, 'however, that inflammable air

and air which extinguiihes a candle may differ

from one another in the ?node of the combina-

tion of theie two conftituent principles, as v/ell

as in the proportional quantity of each ; and

by agitation in water, or long {landing, that

mode of combination may change. This we

S 3 know
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knov/ to be the cafe with other fubftances, as

with milky from which, by fianding only, arum

is feparated ; which by agitation becomes hut-

ta\ Alfo many fubitances, being at reft, pu-

trefy, and thereby become quite different from

what they were before. If this be the cafe with

inflammable air^, the water may imbibe either

of the conftituent parts, whenever any propor-

tion of it is fpontaneoufly feparated from the

reft; and ftiould this ever be that phlogiftorj,

with which air is but ftightly over-charged, as

by the burning of a candle, it will be recovered

to a ftate in which a candle may burn in it again.

It will be obferved, however, that it was only

in one inftance that I found that ftrong inflam-

mable air, in its tranfition to a ftate in which it

extinguifties a candle, would admit a candle to

burn in it, and that was very faintly ; that then

the air was far from being pure, as appeared by

the teft of nitrous air ; and that it was only from

a particular quantity of inflammable air which

I got from oak, and which had ftood a lono-

time in water, that I ever got air which was as

pure as common air. Indeed, it is much more

eafy to account for the pafling of inflammable

air into a ftate in which it extinguiflies candles,

without any intermediate ftate, in which it will

admit a candle to burn in it, than otherwife.

This fubjedt requires and deferves farther invef-

tigation.
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tio-ation. It will alio be well worth while to ex-o
amine what difference the agitation of air in

natural or artificial fea-zvater will occafion.

Since acid air and phlogilton make inflam-

mable air, and lince inflammable air is con-

vertible into air fit for refpiration, it fcems not

to be improbable, that thefe two ingredients are

the only eflential principles of com.mon air.

For this change is produced by agitation in wa-

ter only, without the addition of any fixed air,

thou2;h this kind of air, like various other thines

of a foreign nature, ma}^ be combined with it.

Confidering alfo what prodigious quantities

of inflammable air are produced by the burning

of fmall pieces of wood or pit-coal, it may
not be improbable but that the vokanos, with

which there are evident traces of almoft the

whole furface of the earth having been over-

fpread, may have been the origin of our at-

mofphere, as well as (according to the opinion

of fome) of all the folid land.

The fuperfluous phlogifton of the air, in the

flate in which it iflues from volcanos, may have

been imbibed by the waters of the fea, which

it is probable originally covered the furface of

the earth, though part of it might have united

with the acid vapour exhaled from the fea, and

S 4 by
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by this union have made a confiderable and va-

luable addition to the common mafs of air-,

and the remainder of this over-charge of phh>-

gifton may have been imbibed by plants as foon

as the earth was furnilhed with them.

That an acid vapour is really exhaled from

the fea, by the heat of the fun, feems to be

evident from the remarkably different ftates of

the atmofphere, in this refped", in hot and cold

climates. In Hudfon's bay, and alfo in Ruffisj

it is faid, that metals hardly ever ruft, whereas

they are remarkably liable to ruft in Barbadocs,

and other iflands between the tropics. Sec

Ellis's Voyage, p. 288. This is alfo the cafe in

places abounding with falt-fprings, as Nant-

wich in Chefli.ire,

That mild air fhould confift of parts of fo

very different a nature as an acid vapour and

phlogifton, one of which is fo exceedingly cor-

rofive, will not appear furpriiing to a chemilt,

who confiders the very ftrong affinity which

thefe two principles are known to have with

each other, and the exceedingly different pror

perties which fubflances compofed by them pof-

fefs. This is exemplified in common fulpknr,

which is as mild as air, and may be taken into

the ftomach with the utmoll fafety, though no-

thin o- can be more deftrusftive than one of its

coxi-
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conftituent parts, feparately taken, viz, oil of vi-

triol. Common air, therefore, notwithftanding

its mildnefs, may be compofed of fimilar princi-

ples, and be a real fulpkur.

That the fixed air which makes part of the

jitmofphere is not prefently imbibed by the wa-

ters of the fea, on which it rcfts, may be owing

to the union which this kind of a'r alfo appeais

to be capable of forming with phlogiCton.

For fixed air is evidently of the nature of an

acid ; and it appears, in fad:, to be capable of

being combined with phlogifton, and thereby of

conftituting a fpecies of air not liable to be im-

bibed by water. Phlogifton, however, having

a flronger affinity with acid air, which I fup-

pofe to be the bafis of common air, it is not

furprifing that, uniting with this, in preference

to the fixed a'.r, the latter fliould be precipi-

tated, whenever a quantity of common air is

made noxious by an over-charge of phlo-

gifton.

The fixed air with which our atmofphere

abounds may alfo be fupplied by volcanos, from

the vaft mafTes of calcareous matter lodged in the

earth, together with inflammable air. Alfo a

part of it may be fupplied from the fermenta-

tion of vegetables upon the furface of it. At

pre-
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prefent, as fall as it Is precipitated and imbibed

by one procefs, it may be let loofe by others.

Whether there be, upon the whole, an in-

creafe or a decreafe of the general mafs of the

atmofphere is not eaiy to conje6lure, but I

ihould imagine that it rather increafes. It is

true that many procefles contribute to a great

vifible diminution of common air, and that

when by other procefles it is reflored to its

former wholefomenefs, it is not increafed in its

dimenfions ; but volcanos and fires ftill fupply

vaft quantities of air, though in a ftate not yet

fit, for refpiration •, and it will have been leen in

my experiments, that vegetable and, animal fub-

ftances, diflblved by putrefaction, not only emit

phlogiiton, but likewile yield a confiderable

quantity of permanent elaftic air, overloaded

indeed with phlogiilon, as might be expefled,

but capable of being purified by thofe pro-

cefles in nature by w^hich other noxious air is

purified.

That particles are continually detaching

themfelves from the furfaces of all folid bodies,

even the metallic ones, and that thefe particles

conftitute the mofl: permanent part of the at-

mofphere, as Sir Ifaac Newton fuppofed, does

not appear to me to be at all probable.

My
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My readers will have oblerved, that not only

•is common air liable to be diminifhed bj'^ a mix-

ture of nitrous air, but likewife air originally

produced from inflammable air, and even from

nitrous air itlelf, v^hich never contained any

fixed air. From this it may be inferred, that

the whole of the diminution of common air by

phlogiiton is not owing to the precipitation of

fixed air, but from a real contrad:ion of its di-

menfions, in confcquence of its union with

phlogiilon. Perhaps an accurate attention to

the fpecific gravity of air procured from thefe

.different materials, and in thefe different ftates,

may determine this matter, and allilf us in invef-

tigating the nature of phlogifton.

In what manner air is diminiflied by plilo-

gifton, independent of the precipitation of any

of its conilituent parts, is not eafy to conceive ;

unlefs air thus diminifned be heavier than air not

diminiflied, which I did not find to be the cafe.

Jt deferves, however, to be tried with more at-

tention. That phlogifton fliould communicate

abfolute levity to the bodies with w^hich it is

combined, is a fuppofition that I am not willing

to have recourfe to, though it would afford an

eafy folution of this difficulty.

I have likewife obferved, that a moufe will

Jive almofl as long in inflammable air, when it

has
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has been agitated in water, and even before It

has been deprived of all its inflammability, as

in common air -, and yet that in this ilate it is

not, perhaps, fo much diminifhed by nitrous air

as common air is. In this cafe, therefore, the

diminution feems to have been occafioned by

a contra<5lion of climenfions, and not by a lofs

of any conftituent part •, fo that the air is really

better, that is, more fit for refpiration, than,

by the telt of nitrous air, it would feem to be.

If this be the cafe (for it is not eafy to judge

with accuracy by experiments with fmall ani-

mals) nitrous air will be an accurate tell: of the

goodnefs of common air only, that is, air con-

taining a confiderable proportion of fixed air.

But this is the moft valuable purpofe for which

a teft of the goodnefs of air can be wanted. It

will frill, indeed, fcrve for a meafure of the

goodnefs of air that docs not contain fixed air

;

bur, a fmaller degree of diminution in this

cafe, muft be ac^mitted to be equivalent to a

greater diminution in the other.

As I could never, by means of growing ve-

getables, bring air which had been thoroughly

noxious to fo pure a ftate as that a candle would

burn in it, it may be fufpedled that fom.ething

elfe befides vegetation is necefl!ary to produce

this cffed:. But it fiiould be confidered, that

no
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no part of the common atmofphere can ever be

in this highly noxious ftate, or indeed in a ftate

in which a candle will not burn in it; but that

even air reduced to this ftate, either by candles

actually burning out in it, or by breathing it,

has never failed to be perfedtly reftored by

vegetation, at leaft fo far that candles w^ould

burn in it again, and, to all appearance, as

well, and as long as ever -, fo that the growing

vegetables, with which the furface of the earth

is overfpread, may, for any thing that appears

to the contrary, be a caufe of the purification

of the atmofphere fufficiently adequate to the

effed.

It may likewife be fufpedled, that fmce agi"

iation in water injures pure common air, the

agitation of the fea may do more harm than

good in this refpedl. But it requires a much
more violent and longer continued agitation of

air in water than is ever occafioned by the waves

of the fea to do the leaft fenfible injury to it.

Indeed a flight agitation of air in putrid zvater

injures it very materially j but if the water be

fweet, this efFedt is not produced^ except by a

long and tedious operation, whereas it requires

but a very fhort time, in comparifon, to reftore

a quantity of any of the moll noxious kinds of

air to a very great degree of wholeibmencfs by

tlie fame procefs.

Dr.
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Dr. Hales found that he could breathe tKe

fame air much longer when, in the courfe of

his refpiration, it was made to pafs through

fevcral folds of cloth dipped in vinegar, in a

folution of fca-lalt, or in fait of tartar, efpe-

cially the laft. Statical EfTays, vol. i. p. 266.

The experiment is valuable, and well deferves

to be repeated with a greater variety of circum-

flances. I imagine that the effed: was produced

by thofe lubftances, or by the water which they

attrafted from the air, imbibing the phlogiftic

matter difcharged from the lungs. Perhaps the

phloorifton may unite with the watery part of

the atmofphere, in preference to any other part

of it, and may by that means be more cafily

transferred to fuch falts as imbibe moiflure.

Sir Ifaac Newton defines jlame to be fumus

candcns^ confidering all J'nioke as being of the

fame nature, and capable of ignition. But the

fmoke of common fuel confiits of two very

different things. That which rifes firft is mere'

water, loaded with fome of the groffer parts of

the fuel, and is hardly more capable of be-

coming red hot than water itielf ; but the other

kind of fmoke, which alone is capable of igni-

tion, is properly hif.ammahle air, which is alfc

loaded with other heterogeneous matter, fo as

10 appear like a very denfe fmoke. A lighted

candle foon fliews them to be elTentially diffe-

rent
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rent from each other. For one of them in-

ftantly takes fire, whereas the other extinguifhes

a candle.

It is remarkable that gunpowder will take

fire, and explode in all kinds of air, without

diftinftion, and that other fubftanees which

contain nitre will burn freely in thofe circum-

flances. Now fince nothing can burn, unlefs

there be fomething at hand to receive the phlo-

gifton, which is fet loofe in the adt of ignition,

I do not fee how this fadt can be accounted for,

but by fuppofing that the acid of nitre, being

peculiarly formed to unite with phlogifton,

immediately receives it. And if the fulphur,

which is thereby formed, be inftantly decom-

pofed again, as the chemifls in general fay,

thence comes the explofion of gunpowder,

which, however, requires the reaction of fome

incumbent atmofphere, and without which the

materials will only melt, and be difperfed with-

out explofion.

Nitrous air feems to confift of the nitrous

acid vapour united to phlogifton, together, per*

haps, with fome fmall portion of the metallic

calx ; juft as inflamm<^ble air confifts of the

vitriolic or marine acid, and the fame phlogiftic

principle. It fliould feem, however, that phlo-

gifton has a ftronger affinity v/ith the marine

acidj
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acid, If that be the bafis of common air ; for

nitrous air being admitted to common air, it is

immediately decompofed-, probably by the phlo-

gifton ioining with the acid princi])le of the

common air, while the fixed air which it con-

tained is precipitated, and the acid of the

nitrous air is ^bforbed by the water in which

the mixture is made, or unites with any volatile

alkali chat happens to be at hand.

This, indeed, is hardly agreeable to the hy-

potheiis of mofl chemifts, who fuppofe that the

nitrous acid is ftronger than the marine, fo as

to be capable of dillodging it from any bafe

with which it may be combined j but it agrees

with my own experiments on marine acid air,

which fliew that, in many cafes, this weaker add^

as it is called, is capable of feparating both the

vitriolic and the nitrous acids from the phlo-

giilon v/ith which they are combined.

On the other hand, the folution of metals in

the different acids feem to fliew, that the nitrous

acid forms a clofer union with phlogilfon than

the other tW'O •, becaufe the air which is formed

by the nitrous acid is not inflammable, like

that which is produced by the oil of vitriol, or

tht fpirit of fait. Alfo, the fame weight of

iron does not yield half the quantity of nitrous

air that it does of inflammable.

The-



and Hints. 27:5

The great diminution of nitrous air by phlo-

gifton is not cafily accounted for, unlefs we

fuppofe that its fuperabundant acid, uniting

more intimately with the phlogifton, conftitutes

a fpecies of fulphur that is not eaiily perceived

or catched •, though, in the procefs with iron,

and alfo in that with liver of fulphur, part of

the redundant phlogifton forms fuch an union

with the acid as gives it a kind of inflamma-

bility.

It appears to me to be very probable, that

the fpirit of nitre might be exhibited in the

form of air, if it were poffible to find any fluid

by which it could be confined j but it unites

with quickfilver as well as with water, fo that

when, by boiling the fpirit of nitre, the fumes
are driven through the glafs tube, fig. 8, they

inftantly feize upon the quickfilver through
which they are to be conveyed, and unitino-

with it, form a fubfliance that flops up the
tube : a circumftance which has more than once
expofed me to very difagrecable accidents, in

eonfequence of the burfl:ing of the phials.

I do not know any inquiry more promifino-

than the inveftigation of the properties of nitre,

the nitrous acid, and nitrous air. Some of the
mofl wonderful phenomena in nature are con-

T nested
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nected with them, and the fubjed Teems to be

fully within our reach.

§ 2. Speculations ariftng from the conjiderat'ion of

the finiilanty of the etectric matter and

PHLOGISTON.

There is nothing in the hiftory of philofophy

more ftriking than the rapid progrefs of eleSlri-

city._ Nothing ever appeared more trifling than

the firft effeds which -were obferved of this

agent in nature, as the attradion and repulfion

of ftraws, and other light fubftances. It ex-

cited more attention by the flafhes of %/:;/ which

it exhibited. We were more ferioufly alarmed

at the eledrical JJ^ock, and the effeds of the

eledrical battery ; and we were aftoniilied to the

highefl: degree by tlie difcovery of the fimilarity

of elfdricity with lightni/ig, and the aurora bo-

realis, with the connexion it feems to have with

water-fpoutSf hurricanes, and earthquakes, and

alfo with the part that is probably afligned to it

in the fyftem of vegetation, and other the moft

important proceffes in nature.

Yet, notwithftanding all this, we have been,

within a few years, more puzzled than ever

with the eledricity of the torpedo, and of the

angiiille teniUante of Surinam, efpeclally fmce

that moft curious difcovery of Mr. Walfli's,

that
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that the former of thefe wonderful fifhes has

the power of givhig a proper eleftrical fliock ;

the eledtrical matter which proceeds from it

performing a real circuit from one part of the

animal to the other ; while both the fifii which

performs this experiment and all its apparatus'

are plunged in water, which is known to be a

conducting fubftance.

Perhaps, however, by confidering this fadl in

connexion with a few others, and efpecially

with what I have lately obferved concerning the

identity of eledtricity and phlogifton, a lit-

tle light may be thrown upon this fubjed:.,

in confequence of which we may be led to

confider electricity in a "ilill more important

light. Many of my readers, I am aware,

will fmile at what I am going to advance 5 but

the apprehenfion of this Ihall not interrupt my
fpeculations, how chimerical foever they may
be thought to be.

The fafls, the confideration of which I would

combine witli that of the eleftricity of the tor«

pedo, are the following.

Firft, The remarkable electricity of the fea-

thers of a paroquet, obferved by Mr. Hart-

mann, an account of which may be feen in Mr.
Rozier's Journal for Sept. 1771. p. 69, This

T 2 bird
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bird never drinks, but often vvalhes itfelfi buf
the perfon who attended it having negleded to

fupply it with water for this purpofe, its fea-

thers appeared to be endued with a proper elec-

trical virtue, repelling one another, and retain-

ing their eledlricity a long time after they were

plucked from the body of the bird, juft as

they would have done if they had received elec-

tricity from an excited glafs tube.

Secondly, The elcdric matter directed

through the body of any mufcle forces it to

contraft. This is known to all perfons who
attend to what is called the eledlrical fhock

;

v;hich certainly occafions a proper convulfwn,

but has been more fully illuflrated by Father

Beccaria. See my Hijlory of Ele^ricity^ p. 402.

Laflly, Let it be confidered that the proper

nourifliment of an animal body, from which

the fource and materials of all mufcular mo~

tion muft be derived, is probably fome modifi-

cation of phlogifton. Nothing will nourifh

that does not contain phlogifton, and probably

in fuch a ftate as to be eafily feparated from it

by the animal functions.

That the fource of mufcular motion is phlo-

gifton is ftill more probable, from the confidera-

tion of the well known effeds of vinous and

fpiri'cuous
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fpirituons liquors, which confift very much of

phiogifton, and which inllantly brace and

ftrengthen the whole nervous and mufcular

fyftem ; the phlogifton in this cafe being, per-

haps, more eafily extricated, and by a lefs

tedious animal procefs, than in the ufual me-

thod of extrafting it from mild aliments.

Since, however, the mildeft aliments do the

fame thing more llowly and permanently, that

fpirituous liquors do fuddenly and tranfiently,

it feems probable that their operation is ulti-

mately the fame.

This conjefture is likewife favoured by my
obfervation, that refpiration and putrefaftion af-

fedt common air in the fame manner, and in

the fame manner in which all other proceffes

diminifh air and make it noxious, and which

agree in nothing but the emiffion of phlogifton.

If this be the cafe, it fhould feem that the

phlogifton which we lake in with our aliment,

after having difcharged its proper fundtion in

the animal fyftem (by which it probably under-

goes fome unknown alteration) is difcharged as

efete by the lungs into the great common men-

JlruuMy the atmofphere.

My conjedure fuggefted (whether fupported

or not) by thefc fads, is, that animals have a
power of converting phlogifton, from the ftate
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in which they receive it in their nutriment, into

that ftate in which it is called the cied:rical

fluid ; that the brain, befides its other proper

ufes, is the great laboratory and repofitory for

this purpofe ; that by means of the nerves this

great principle, thus exalted, is dire(fied into

the mufcles, and forces them to ad, in the

fame manner as they are forced into adtion

v/hen the eledric fluid is thrown into them ah

extra,

I farther fuppofe, that the generality of ani-

mals have no power of throv/ing this gene-

rated eledtricity any farther than the limits of

their own fyftem ; but that the torpedo^ and

animals of a fimilar conftrudion, have like-

wife the power, by means of an additional ap-

paratus, of throwing it farther, fo as to afFed

other animals, and other fubftances at a diflance

from them.

In this cafe, it fliould feem that the eledric

matter difcharged from the animal fyftem (by

which it is probably more exhauiled and fa-

tigued than by ordinary mufcular motion) would

never return to it, at Jcail fo as to be capable

of being made ufe of a fecond time, and yet

if the ftruiflure of thefe animals be fuch

as that the eledlric matter fliall dart from

pne part of them only, while another part

is
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is left fuddenly deprived of it, it may make a

circuit, as in the Leyden phial.

As to the manner in which the electric matter

makes a mufcle contra6t, I do not pretend to

have any conjefture worth mentioning. I

only imagine that whatever can make the muf-

ciilar fibres recede from one another farther than

the parts of which they confift, muft have this

effed:.

Poffibly, the light which is faid to proceed

from fomc animals, as from cats and wild

beafts, when they arc in purfuit of their prey

in the night, may not only arife, as it has

hitherto been fuppofed to do, from the fridiion

of their hairs or briflles, &c. but that violent

mufcular exertion may contribute to it. This

may aflifl: them occafionally to catch their

prey ; as glow-worms, and other infects, are

provided with a conitant light for that purpofe,

to the fupply of which light their nutriment

may alfo contribute.

I v/ould not even fay that the light which

is faid to have proceeded from fome human

bodies, of a particular temperament, and efpe-

cially on fome extraordinary occafions, may

not have been of the eleftrical kind, that is,

produced independently of fridion, or with lefs

T 4 fridion
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friflion than would h^ve produced it in other

perfons ; as in thofe cafes related by Bartholin

in his treatice De luce ani?nalium. See particu-

larly what he fays concerning Theodore king of

the Goths, p. 54, concerning Gonzaga duke of

Mantua, p. c^j^ and Gothofred Antonius, p.

123. But I would not have my readers fuppofe

that I lay much flrefs upon flories no better

authenticated than thefe.

The eiedlric matter in pafTing through non-

condudting fubfiances always emits light. This

light I have been fometimes inclined to fufpedt

might have been fupplied from the fubftance

through which it paffes. But I find that after

the cled:ric fpark has diminifhed a quantity of

air as much as it poffibly can, fo that it has

no more vifible effed; upon it, the eled:ric light

in that air is not at all leffened. It is proba-

ble, therefore, that eledric light comes from
the eledlric matter itfelf ; and this beins a mo-
dification of phlogifton, it is probable that all

light is a modification of phlogifton alfo. Indeed,

fince no other fubftances befides fuch as contain

phlogifton are capable of ignition, and confe-

qucntly of becoming luminous, it Was on this

account pretty evident, prior to' thefe deduc-

tions from eleftrical phenomena, that light and

phlogifton are the fame thing, in different

forms or ftates,

Ic
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It appears to me. that heat has no more pro-

per connexion with phlogifton than it has with

water, or any other conflituent part of bodies ;

but that it is a ftate into which the parts of

bodies are thrown by their ad:ion and readion

with refpect to one another ; and probably (as the

Engliih philofophers in general have iuppolcd)

the heated flate of bodies may confift of a fub-

tle vibratory motion of their parts. Since the

particles which conftitutc light are thrown

from luminous bodies with fuch amazing ve-

locity, it is evident that, whatever be the caufe

of fuch a projedion, the reaction confequent

upon it muft be confiderable. This may be

fufficient not only to keep up, but alfo to in-

creafe the vibration of the parts of thofe bo-

dies in Vkhich the phlogifton is not very firmly

.combined j and the difference between the fub-

fiances which are called inflammable and others

which alfo contain phlogifton may be this, that

in the former the heat, or the vibration occa-

iioncd by the emiftion of their own phlogifton,

may be fufRcient to occafion the cmiffion of

more, till the whole be exhaufted ; that is, till

the body be reduced to aines. Whereas in bo-

dies which are not inflammable, the heat occa-

fioned by the emiiTion of their own phlogifton

may not be fufficient for this purpofe, but an

additional heat ah extra may be neceffary.

Some
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Some philofophers diilike the term phlogijlon ;

but, for my part, I can fee no objection to

giving that, or any other name, to a real fome-

things the prefence or ablence of which makes

fo remarkable difference in bodies, as that of

jnetaliic calces and tnetals, oil of vitriol and hrinh-

Jlone, Sec. and which may be transferred from

one fubftance to another, according to certain

known laws, that is, in certain definite circum-

ftanccs. It is certainly hard to conceive how

any thing that anfwers this defcription can be

only a mere quality^ or mode of bodies, and

not z fubftance itfelf, though incapable of being

exhibited alone. At lealt, there can be no

harm in giving this name to any thing, or any

circiimjlance that is capable of producing thefc

effecls. If it ihould hereafter appear not to be

a fubftance, we may change our phrafeology,

if we think proper.

On the other hand I diflike the ufe of the

term fire, as a conftituent principle of natural

bodies, becaufe, in confequence of the ufe

that has generally been made of that term, it

includes another thing or circumftance, viz.

heat, and thereby becomes ambiguous, and is

in danger of mifleading us. When I ufe the

term phlogifton, as a principle in the conftitu-

tion of bodies, I cannot millead myfelf or

others, becaufe I ufe one and the fame term to

denote
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denote only one and the fame tinknown caufe

of certain well-known effeds. But if I fay

that fire is a principle in the conllitntion of

bodies, I mnft, at leaft, embarrafs myfelf with

the diftinftion of fire in a fiate of aulion^ and

fire ina^i've, orquiefcent. Befides I think the

term phlogiiton preferable to that of fire, be-

caufe it is not in common ufe, but confined to

philofophy ; fo that the ufe of it may be more

accurately afcertaincd.

Befides, if phlogiilon and the eledric matter

be the fame thing, though it cannot be exhi-

bited alone, in a quiefcent fiate, it mav be ex-

hibited alone under one of its modifications,

when it is in motion. And if light be alfo phio-

glfton, or fome modification or fubdivifion of

phlogifton, the fame thing is capable of being

exhibited alone in this other form alfo.

In my paper on the conduuling pozver of char-'

coal, (See Philofophical Tranfadlions, vol. 60.

p. 221) I obferved that there is a remarkable'

refemblance between metals and charcoal -, as

in both thefe fubflances there is an intimate

union of phlogifton with an earthy bafe ; and

I faid that, had there been any phlogifton in

watevy I fliould have concluded, that there had

been no conducing power in nature, but in

confequence of an union of this principle with

fome
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fome bafe ; for while metals have phlogifton

they conduct elediricity, buc when they are de-

prived of it they condud; no longer. Now the

affinity which I have obferved between phlo-

gifton and water leads me to conclude that wa-

ter, in its natural ftate, does contain fome por-

tion of phlogifton •, and according to the hypo-

thcfis juft now mentioned they muft be inti-

mately united, becaufe water is not inflamma-

ble.

I think, therefore, that after this ftate of

hefitation and fufpence, I may venture to lay

it down as a charad:eriftic diftindtion between

conducing and non-condu6l:ing fubftances, that

the former contain phlogifton intimately united

with fome bafe, and that the latter, if they con-

tain phlogifton at all, retain it more loofely In

what manner this circumftance facilitates the

pafling of the eledric matter througli one fub-

ftance, and obftruds its paftage through an-

other, I do not pretend to fay. But it is no incon-

fiderable thing to have advanced but one Jlep

nearer to an explanation of fo very capital a

diftindtion of natural bodies, as that into con-

dudiors and non-conduclors of eledricity.

I beg leave to mention in this place, as fa-

vourable to this hypothefis, a moft curious dif-

covery made very lately by Mr. Walfti, who
being
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being affifted by Mr. De Lnc to make a more
perfect vacuum in the double or arched baro-

meter, by boiling the quickfilvcr in the tube,

found that the eledtric fpark or fhock would
no more pafs through it, than through a flick

of folid glafs. He has alfo noted feveral cir-

curnftances that afFedt this vacuum in a Ytry

extraordinary manner. But fuppofing that va-

cuum to be perfecl, I do not fee how we can

avoid inferring from the fad, that fome fuh-

fiance is neceifary to conduct electricity ; and

that it is not capable, by its own expanfive

power, of extending irielf into fpaces void of

all matter, as has generally been fuppofed, on

the idea of there being nothing to obllrufl its

pafiage.

Indeed if this was the cafe, I do not fee how
the eledlric matter could be retained v/ithin the

body of the earth, or any of the planets, or

folid orbs of any kind. In nature we fee it make

the moft fplendid appearance in the upper and

thinner regions of the atmofphere, juft as it

does in a glafs tube nearly exhaufted ; but if

it could expand itlelf beyond that degree of ra-

rity, it would neceffarily be diffufed into the

furrounding vacuum, and continue and be con-

denfed there, at leaft in a greater proportion

than in or near any folid body, as Newton fup-

pofed concerning his ether.

If
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If that mode of vibration which conftitutes

heat be the means of converting phlogidon

from that ftate in which it makes a part of fo-

lid bodies, and eminently contributes to the

firmnefs of their texture into that flate in which

it diminiflies common air ; may not that pecu-

liar kind of vibration by which Dr. Hartley

fuppofes the brain to be affedied/ and by which

he endeavours to explain all the phenomena of

fenfation, ideas., and mufcular motion, be the

means by which the phlogidon, which is con-

veyed into the fyftem by nutriment, is convert-

ed into that form or modification cf it of v/hich

the eletftric Raid confnls.

Thefe two flates of phlogidon may be con-

ceived to refemble, in fome meafure, the two

Hates of fixed air, viz. elaflic, or non-elaftic j

ft folid, or a fluid.

THE
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THE

APPENDIX.
IN this Appendix I ihall prefent the reader

with the communications of feveral of my
friends on the fubjed: of the preceding work.

Among them I lliould with pleafure have in-

ferted fome curious experiments, made by Dr.

Huhne of Halifax, on the air extradled from

Buxton water, and en the impregnation of feve-

ral fluids, with different kinds of air ; but that

he informs me he propofes to make a feparate

publication on the fubjecl.

NUM.
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N U M B E R I.

Experiments made by Mr» Hey to prove that

there is no Oil o/Vitriol in water impreg-

nated zvith Fixed Aik,

It having been fuggefled, that air arifing from a

fermentino; mixture of chalk and oil of vitriol mig-ht

Curry up with it a fmall portion of the vitriolic acid^

rendered volatile by the a£l of fermentation ; I made

the follow ijig experiments, in order to difcover

whether the acidulous taile, which water impreg-

nated with fuch air affords, was owing to the pre-

fence of any acid, or only to the fixed air it had

abforbed.

Experiment I.

I mixed a tea-fpoonful of fyrup of violets with

an ounce of diftilled water, faturated with fixed air

procured from chalk by means of the vitriolic acid

;

but neither upon the firft mixture, nor after {land-

ing 24 hours, was the colour of the fyrup at all

changed, except by its fimple dilution.

Experiment II.

A portion of the fame diftilled water, unimpreg-

nated with fixed air, was mixed with the fyrup in

the fame proportion : not the leaft difference in

colour could be perceived betwixt this and the

above-mentioned mixture.

EXPE-
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Experiment III.

One drop of oil of vitriol being mixed with a pint

t>f the fame diftilled water, an ounce of this water

was mixed with a tea-fpoonful of the fyrup. This

mixture was very diftinguifhable in colour from the

two former, having a purplifli call, which the others

wanted.

Experiment IV.

The diftilled water impregnated with fo fmall a

quantity of vitriolic acid, having a more agreeable

tafte than when alone, and yet manifefting the pre-

fence of an acid by means of the fyrup of violets ; I

fubje£led it to fome other tefts of acidity. It formed

curds when agitated with foap, lathered with difficul-

ty, and very imperfeflly ; but not the leaft ebullition

could be difcovered upon dropping in fpiritof fal am-

moniac, or folution of fait of tartar, though I had

taken care to render the latter free from caufticity by

impregnating it with fixed air.

Experiment V.

The diftilled water faturatcd with fixed air neither

effcrvefce^, nor Ihewed any clouds, when niixed with

the fixed or volatile alkali.

Experiment VI.

No curd was formed by pouring this water upon

att equal quantity of milk, and boiling them toge-

ther.

U ExPB«
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Experiment VII.

When agitated with foap, this water produced

curds, and lathered with fome difficulty ; but not fo

much as the diftilled water mixed with vitriolic acid

in the very fmall proportion above-mentioned. The
fame diftilled water without any impregnation of fixed

air lathered with foap without the leaft previous curd-

ling. River-water, and a pleafant pump-water not

remarkably hard, were compared with thefe. The
former produced curds before it lathered, but not

quite in fo great a quantity as the diftilled water im-

pregnated with fixed air: the latter caufed a flronger

curd than any of the others above-mentioned.

Experiment VIII.

Apprehending that the fixed air in the diflillcd wa-

ter occafioned the coagulation, or feparation of the

oily part of the foap, only by deftroying the caufti-

citv of the lixivium, and thereby rendering the union

lefs perfefl betwixt that and the tallow, and not by

the prefence of any acid; I impregnated afrefh quan-

tity of the fame dillilled water with fixed air, which

had pafl'cd through half a yard of a wide barometer-

tube filled with fait of tartar ; but this water caufed

the fame curdling with foap as the former had done,

and appeared in every refped to be exactly the fame.

ExPB-
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Experiment IX.

Diflilled water faturated with fixed air formed &

white cloud aiid precipitation, upon being mixed with

a folution o^faecharumfaturni, I found likewife, that

fixed air, after paffing through the tube filled with

alkaline fait, upon being let into a phial containing a

folution of the metalic fait in diftilled water, caufed

a perfeft feparation of the lead, in the form of a

white powder; for the Vk'ater, after this precipitation,

fliev^ed no cloudinefs upon a frefli mixture of the

fuhftances which had before rendered it opaque.

U ft N U M,
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NUMBER IT.

A Letter from Mr. Hey to Dr. Priestley, concerning

the Effects offixed Air applied by way ofClyJier.

Leeds, Feb. 15th, 1772.

Reverend Sir,

Having lately experienced the good effe^ls of fixed'

air in a putrid fever, applied in a manner, I believe

not heretofore made life of, I thought it proper to in -

form you of the agreeable event, as the method of

applying this powerful correftor of putrefaftion took

its rife principally from your obfervations and experi-

ments on faflitious air ; and now, at your requefl,

I fend the particulars of the cafe I mentioned to you,

as far as concerns the adminillration of this re-

medy.

January 8, 1772, Mr. Lightbowne, a young gen-

tleman who lives with me, was feized with a fever,

which, after continuing about ten days, began to be

attended with thofc fymptoms that indicate a putref-

cent ftate of the fluids.

18th, His tongue was black in the morning whea

I firft vifited him, but the blacknefs went off in the

day-time upon drinking: He had begun to doze much
the preceding day, and now he took little notice of

thofe that were about him : His belly was loofe, and

had beenfo for fome days: his pulfe beat iioftrokes

in a minute, and was rather low: he was ordered to

take twenty-five grains of Peruvian bark with five of

tor-
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tormentll-root in powder every four hours, and to

ufe red wine and water cold as his common drink.

19th, I was called to vifit him early in the morn-

ing, on account of a bleeding at the nofe which had

come on: he loll about eight ounces of blood, which

was of a loofe texture: the haemorrhage was fup-

prefled, though not without fome difficulty, by

means of tents made of foft lint, dipped in cold wa-

ter ftrongly impregnated with tinfture of iron, which

were introduced within the noftrils quite through to

their pofterior apertures ; a method which has never

yet failed me in like cafes. His tongue was now
covered with a thick black pellicle, which was not di-

miniflied by drinking: his teeth were furred with the

fame kind of fordid matter, and even the roof of his

mouth and fauces were not free from it: his loofenefs

and ftupor continued, and he was almofl inceflantly

muttering to himfelf : he took this day a fcruple of

the Peruvian bark with ten grains of tormentil every

two or three hours : a ftarch clyfler, containing a

drachm of the compound powder of bole, without

opium, was given morning and evening : a w^indow

w-as fet open in his room, though it was a fevere

froft, and the floor was frequently fprinkled with

vinegar,

20th, He continued nearly in the fame Hate : when
roufed from his dozing, he generally gave a fenlible

anfwer to the queftions alked him; but he immediate-
ly relapfed, and repeated his muttering. His fkin was
dry, and harfli, but without /^/^<:/;;W. He fometimes
voided his urine and/^^-^^ into the bed, but generally

had fenfe enough to alk for the bed-pan : as he now
U 3 naufeated
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naufeated the bark in fubftance, it was exchanged for

Huxham's tinfture, of which he took a table fpoon-.

ful every two hours in a cup full of cold water : he

drank fometimes a little of the tin£^ure of rofes, but

his common liquors were red wine and water, or rice-

water and brandy acidulated with elixir of vitriol

:

before drinking, he was commonly requelled to rinfe

his mouth with water to which a little honey and vine-

gar had been added. His loofenefs rather increafed,

and the ftools were watery, black, and foetid : It w'as

judged neceflary to moderate this difcharge, which

feenied to fink him, by mixing a drachm of the the^

riaca AncWoniachi with each clyfter.

11^. The fame putrid fymptoms remained, and a

fubfidtus tendinu?7i came on : his llools were more foetid;

and fo hot, that the nurfe affured me ilie could not ap-

ply her hand to the bed-pan, immediately after they

were difcharged, without feeling pain on this ac-

count: The medicine and clyfters were repeated.

Reiiefting upon the dlfagreeable neceffity we feemed

to lie under of confining this putrid matter in the in-

teftines, left the evacuation fhould deftroy the vis vita

before there was time to correal its bad quality, and

overcome its bad effe6\s, by the means we were ufing;

I confidered, that, if this putrid ferment could be

more immediately corrected, a flop would probably

be put to the flux, which feemed to arife from, or at

leaft to be encre.ifed by it; and the femes of the dif-

eafe would likevvife be in a great meafure removed. I

thought nothing was fo likely to efFeft this, as the in-

trodudion of fixed air into the alimentary canal,

•vvhich, from the experiments of Dr. Macbride, and

thofq
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tliofe you have madefince his publication, appears to

be the moft powerful correftor of putrefaftion hither-

to known. I recollefted what you had recommended

to me as deferving to be tried in putrid dileafes, I

mean, the injeftion of this kind of air by way of

clyfter, and judged that in the prefent cafe fuch a ^ne-

thod was clearly indicated.

The next morning I mentioned my refleftions to

Dr.Hird and Dr. Crowther, who kindly attended

this young gentleman at my requefc, and propofed

the following method of treatment, which, with

their approbation, was immediately entered upon*

We firfi gave him five grains of ipecacuanha, to eva-

cuate in the moft eafy manner part of the putrid col^

luvles : he was then allowed to drink freely of brifk

orange-winej, which contained a good deal of fixed

air, yet had not loft its fvveetnefs. The tinfture of

bark was continued as before ; and the water which

he drank along with it, was impregnated with fixed

air from the atmofphere of a large vat of fermenting

wort, in the manner I had learned from you. Inftead

of the aftringent clyfter, air alone was injeded, col-

le£led from a fermentino; mixture of chalk and oil of

vitriol : he drank a bottle of orange-wine in the courfe

of this day, but refufed any other liquor except wa-

ter and his medicine : two bladders full of air were

throvv'n up in the afternoon.

25d. His ftools were Icfs frequent ; their heat like-

wife and \'>QCVi\\2iXfcetor y; trt confiderably diminiilied;

his muttering was much abated, and i\\tfuhfuhus tcn-

dinum had left him. Finding that part of the air was

rejefted when given with a bladder in the ufual way, T

U ^ con-
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contrived a method of injefting it which was not fo li-

able to this inconvenience. I took the flexible tube of

that inftrument which isufed for throwingup the fume

of tobacco, and tied a fmall bladder to the end of it

that is conne£led with the box made for receiving the

tobacco, which I had previoufly taken off from the

tube: I then put feme bits of chalk into a fix

ounce phial until it was half filled ; upon thefe I

poured fuch a quantity of oil of vitriol as I thought

capable of faturating the chalk, and immediately tied

the bladder, which I had fixed to the tube, round the

neck of the phial : the clyfter-pipe, which was faf-

tened lo the other end of the tube, was introduced in-

to the anus before the oil of vitriol was poured upon

the chalk. By this method the air palTed gradually

into the inteftines as it was generated ; the rejcftion

of it was in a great meafure prevented ; and the in-

convenience of keeping the patient "uncovered during

the operation was avoided,
i

24th, He was fo much better, that there fcemed

to be no neceflity for repeating the clyfters : the o-

ther means were continued. The window of his

room was now kept fhut.

25th, All the fymptoms of putrefccncy had left

him ; his tongue and teeth were clean; there remained

no unnatural blacknefs ox foetor in his flools, which

had now regained their proper confidence ; his dozing

and muttering were gone ofi"; and the difagreeable

odour of his breath and perfpiration was no longer

r)erceived. He took nourifliment to-day, with plea-

fure :
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fure ; and, in the afternoon, fat up an hour in his

chair.

His fever, however, did not immediately leave him

;

but this we attributed to his having caught cold from

being incautioufly uncovered, when the window was

open, and the weather extremely fevere ; for a cough,

which had troubled him in fome degree from the be-

ginning, increafed, and he became likewife very hoarfe

for feveraldays, his pulfe, at the fame time, growing

quicker: but thefe complaints alfo went off, and he

recovered, without any return of the bad fymptoms

^bove-mentioned.

I am. Reverend Sir,

Your obliged humble Servant,

Wm. Hev,

POSTCRIPT.

Oflober 29, 1772.

Fevers of the putrid kind have been fo rare in this

town, and in its neighbourhood, fince the commence-
ment of the prefent year, that I have not had an op-

portunity of trying again the effefts of fixed air, given

by way of clyfter, in any cafe exaftly fimilar to Mr,
Lightbowne's. I have twice given water faturated with

fixed air in a fever of the putrefcent kind, and it

agreed very well with the patients. To one of them
the aerial clyfters were adminiftred, on account of a

loofe-



298 The A P P E N D 1 X.

loofenefs, which attended the fever, though the ftools

were not black, nor remarkably hot or foetid.

Thefe clyfters did not remove the loofenefs, though

there was often a greater interval than ufual betwixt

the evacuations, after the injedlion of them. The

patient never complained of any uneafy diilention of

the belly from the air thrown up, which, indeed, is

not to be wondered at, considering how readily this

kind of air is abforbed by aqueous and other fluids, for

which fufficient time was given, by the gradual man-

ner of injefting it. Both thofe patients recovered

though the ufe of fixed air did not produce a crilis be-

fore the period at which fuch fevers ufually terminate.

They had neither of them the opportunity of drinking

fuch wine as Mr. Lightbowne took, after the ufe of

fixed air w^as entered upon ; and this, probably, was

fome difadvantage to them.

I find the methods of procuring fixed air, and im-

pregnating water with it, which you have publiflied,

are preferable to thofe I made ufe of in Mr. Light-

bowne's cafe.

The flexible tube ufcd for conveying the fume of

tobacco into the inteflines, I find to be a very conve-

nient inftrument in this cafe, by the method before-

mentioned (only adding water to the chalk, before the

oil of vitriol is inftilled, as you dire6l) the injeftion

of air may be continued at pleafure, without any other

inconvenience to the patient, than what may arile

from his continuing in one pofuion during the opera-

tion, which fcarcely dcferves to be mentioned, or

from
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from the continuance of the clyfter-plpe within the

anus, which is but trifling, if it be not Ihakenmuch,

or puflied againfl the reftum.

When I faid in my letter, that fixed air appeared to

be the greateft coireftor of putrefaction hitherto

known, your phllofophical refearches had not then

fi;ade you acquainted with that moffc remarkably anti-

feptic property of nitrous air. Since you favoured me
with a view of feme allonifhing proofs of this, I have

conceived hopes, that this kind of air may likewife be

applied medicinally to great advantage.

W. H.

N U M-
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NUMBER III.

Obfervatlons on the Medicinal Uses of Fixed

Air. By Thomas Percival, M. D. Fellow

of the Royal Society, and of the Society

of Antiquaries in London.

Thefe Obfervations on the Medicinal Uses of

Fixed Air have been before publifhed in the Se-

cond Volume of my EfTays ; but are here reprinted

with confiderable additions. They form a part of

an experimental inquiry into this interefling and

curious branch of Fhyfics ; in which the friend-

fliip of Dr. Priellley iirft engaged me, in concert

with himfelf.

Manchefter, March i6, 1774.

IN a courfe of Experiments, which is yet unfiniflied,

I have had frequent opportunities of obferving

that fixed air may in no inconfiderable quantity be

breathed without danger or uneafinefs. And it is a,

confirmation of this conclufion, that at Bath, where

the waters copioufly exhale this mineral fpirit,* the

bathers infpire it with impunity. At Buxton alfo,

where the Bath is in a clofe vault, the efFefts of fuch

ejfiuvia^ if noxious, muil certainly be perceived.

* See Dr. Falconer's very ufcful tnd ingenious treatifej on the Bath

water, 2d edit. p. 513.

Encou-
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Encouraged by thefe confiderations, and ftlU more

tjy the teflimony of a very judicious Phyfician at Staf-

ford, in favour of this powerful antifeptic remedy, I

have adminiftered fixed air in a confiderable number of

cafes of the Phthisis Pulmonalis, by direfting my
patients to infpire the fleams of an eiFervefcing mixture

of chalk and vinegar ; or what I have lately preferred,

of vinegar and potafh. The heftic fever has in feve-

ral inflances been confiderably abated, and the matter

expe6torated has become lefs ofFenlive, and better di-

gefted. I have not yet been fo fortunate in any one

cafe, as to eiFeft a cure ; although the ufe of me-
phitic air has been accompanied with proper internal

medicines. But Dr. Withering, the gentleman re-

ferred to above, informs me, that he has been more

fuccefsful. One Phthilical patient under his care has

by a fimilar courfe intirely recovered; another was

rendered much better ; and a third, whofe cafe was

truly deplorable, feemed to be kept alive by it more

than two months. It may be proper to obferve that

fixed air can only be employed with any profpeft of

fuccefs, in the latter ftages of xht phthifis pulmonalis

^

when a purulent expeftoration takes place. After the

rupture and difcharge of a Vomica alfo, fuch a re-

medy promifes to be a powerful palliative. Antifeptic

fumigations and vapours have been long employed,

and much extolled in cafes of this kind. I made the:

following experiment, to determine whether their ef-

ficacy, in any degree, depends on the feparation of

jixed air from their fubflance*

end of a bent tube was fixed in a phial full of

lime-water ; the other end in a bottle of the tin£ture of

myrrh*
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myrrh. The jun£tures were carefully luted, and the

phial containing the tincture of myrrh was placed in

water, heated almoft to the boiling point, by the lamp

of a tea-kettle. A number of air-bubbles were Sepa-

rated, but probably not of the mephitic kind, for no

precipitation enfued in the lime water. This experi-

ment was repeated with the tht^. tolutance, ph.ed. and

withy^, vmos. camp, and the refult was entirely the

fame. The medicinal aftion therefore of the vapours

raifed from fuch tinftures, cannot be afcribedto the

extrication of fixed air; of which it is probable bo-

dies are deprived by chetnicalfolniion as well as by

mixture.

If mephitic air be thus capable of correfting puru-

lent matter in the lungs, we may reafonably infer it

will be equally ufeful when applied externally to foul

ULCERS. And experience confirms the conclufion.

Even the funics of a cancer, when the carrot poul-

tice failed, has been fweetened by it, the pain mitr-

gated, and a better digeltion produced. The cafes

1 refer to are now in the Manchefter infirmary, under

the direftion of my friend Mr. Whitei vvhofe Ikill as

a furg-eon, and abilities as a writer are well known to

the public.

Two months have elapfed fince thefe obfervations

were written,^-and the fame remedy,during that period,

fiasbeen afiiduoully applied, but without any further

fuccefs. The progrefs of the cancers feems to' b^

checked by the fixed air ; but it is to be feared that a»-

««ir€ will not be effefted. A palliative remedy, how-

• May, 1772.

CVCfj*-
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ever, in a difeafe fo defperate and loathfome, may be

Coniidered as a very valuable acquifition. Perhaps ni-

trous AIR might be ftill more efficacious. This fpe-

cies of fa(^itious air is obtained from all the metals

except zinc, by means of nitrous acid ; and Dr.

Prieftley informs me, that as a fweetener and antifeptic

it far furpalTes fixed air. He put two mice into a quan-

tity of it, one juft killed, the other offenfively putrid.

After twenty -five days they were both perfeftly

fweet.

In the ULCEROUS sore throat much advantage

has been experienced from the vapours of effervefcing

mixtures drawn into the fauces^. But this remedy

Ihciuld not fuperfede the ufe of other antifeptic appli -

cations. §

Aphyficiam- who had a very painful apthous ul.

CER at the point of his tongue, found great relief,

when other remedies failed, from the application of

• fixed air to the part affefted. He held his tongue over

an effervefcing mixture of potafli and vinegar; and as

the pain was always mitigated, and generally removed

by this vaporifation, he repeated it, whenever the an-

guifli arifmg from the ulcer was more than ufually fe-

vere. He tried a combination of potalli and oil of vi-

triol well diluted with water; but this proved ftimu-

lant and increafed his pain
; probably owing to fome

f Vid. Mr. White's ufeful treatife oa the manageraent of pregnant and

lying-in women, p. 279.

§ Seethe author's obfcrvations on the efficacy of external applications In

the ulcerous fore throats, EiTays medical and experimental. Vol. I. ad edit.

B- 377-

• The author of thefe obfer/ations.

particle $
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particles of the acid thrown upon the tongue, by the

violence of the efFervefcence. For a paper ftained

with the purplejuice of radifhes, when held at an equal

diftance over two veffels,the one containing potafh and

vinegar, the other the fame alkali and Spiritus vitriol*

tenuis, was unchanged by the former, but was fpotted

with red, in various parts, by the latter.

In MALIGNANT FEVERS wincs abounding with fixed

air may be adminiftered, to check the feptic fermentj

and fweeten the putrid colluvies in the primes via. If

the laxative quality of fuch liquors be thought an ob-

jedion to the ufe of them, wines of a greater age

may be given, impregnated with mephitic air, by a

fimple but ingenious contrivance of my friend Dr^

Prieftley.
-f

The patient's common drink might alfo be medi-

cated in the fame way. A putrid diarrhea fre-

quently occurs in the latter ftage of fuch diiorder^

and it is a moft alarming and dangerous fymptom. If

the difcharge be {lopped by aftringents, a putrid y^;7zex

is retained in the body, which aggravates the deflrium

and incrcafes the fever. On the contrary, if it be

fufFered to take its courfe, the flrength of the patient

muft foon be exhaufted, and death unavoidably enfue.

The injeflion of mephitic air into the inteftines, un-

der thefe circumflances, bids fair to be highly fervice-

able. And a cafe of this deplorable kind, has lately

been communicated to me, in which the vapour of

•f Direftions for impregnating wafer with fixed air, in order to coni_

fcunicate to it the peculiar fpirit ar,d virtuei of Pyrmont water> ani

Oth er mineral waterjs of a fimilar naturr.

chalk
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chalk and oil of vitriol conveyed into the body by

the machine employed for tobacco clyfters, quickly re -

ftrained the dlcrrhaa, corrected the heat and foetor

of the ftoois, and in two days removed every fymp-

tom ofdantrer^-. Two limilar inftances of the fa

-

lutary efteds of mephitic air, thus adminiftered, have

occurred alfo in my own praftice, the hifbory of which

I fliall briefly lay before the reader. May we not

prefume that the fame remedy would be equally ufe-

ful in the Dysentery ? The experimient is at leaft

worthy of trial.

Mr. W. , aged forty-four years, corpulent, in -

aftive, with a fliort neck, and addicted to habits of

intemperance, was attacked on the 7th of July 1772,

with fymptoms which feemcd to threaten an apoplexv.

On the 8th, a bilious loofenefs fucceeded, v/ich a

profufe hcemorrhage from the nofe. On the 9th, I

was called to his affiftance. His countenance was

bloated, his eyes heavy, his ikin hot, and his pulfe

hard, full, and opprefled. The diarrhjea continued
;

his ftools were bilious and very oltenfive ; and he
complained of griping pains in his bowels. He had

loft, before I faw him, by the diredlion of Mr. Hall,

a furgeon of eminence in Manchefter, eight ounces

of blood from the arm, which was of a lax tex-

ture ; and he had taken a faline mixture every

fixth hour. The following draught was prelcribed,

and a dofe of rhubarb diredled to be adminiftered ap

night.

* Referring to the cafe communicated by Mr. Hey.

X R. J^»
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R. Aq. Cinnam. ten. ^j.

Succ. Limon. recet. ^ ft.-

Salh Nitrt gr. xij. Syr. } Succo Limon, ^j. M.f. Hauji«

^iis horis fumendus.

July II. The Diarrhaa was more moderate; his

griping pains were abated ; and he had lefa ftupor and

deje£lion in his countenance. Pulfe 90, not fo hard or

. cpprelled. As his ftools continued to be foetid, the dofe

of rhubarb was repeated ; and inilead of limple cin-

namon-water, his draughts were prepared with zjo.

infufion of colum„bo root.

12. The Dlarrhaa continued; his ftools were in-

voluntary ; and he difcharged in this way a quantity

of black, grumous, and foetid blood. Pulfe hard and

quick; ikin hot ; tongue covered with a dark fur;,

abdomen fwelled ;
great ftupor. Ten grains of co-

lumbo root, and fifteen of the Gummi ruhrum ajlrin-

gcns were added to each draught. Fixed air, under

the form of clyfters, was inje£ted every fecond or

third hour ; and diretiions were given to fupply the

patient plentifully with water, artificially impregnated

with mephitic air. A blifter was alfo laid between

his Ihoulders.

13. The Diarrhoea continued, with frequent dif-

charges of blood ; but the ftools had now loft their

foetor. Pulfe 120; great flatulence in the bowels,

and fulnefs in the belly. The clyfters of fixed air

always diminiflied the tenfion of the Ahdomerii abated

flatulence, and made the patient more eafy and com-

pofed for feme time after their injedion. They were

diredied
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direfted to be continued, together with the medicateti

water. The nitre was omitted, and a fcruple of the

ConfeSf, Dajnscratls was given every fourth hour^- iii

an infufion of columbo root.

14. The Diarrhaea was now checked. His other

fymptoms continued as before. Blifters were applied

to the arms ; and a drachm and a half of the Tin^urci

Serpentar'iee was added to each draught,

15. His pulfe was feeble, quicker, and more irre-

gular. He dofed much; talked incoherently; and

laboured under a ilight degree of Dyfpncea. His urine>

which had hitherto aiTumed no remarkable appearance,

now became pale. Though he difcharged wind very

freely, his belly was muclifwelled, except for a (hort

time after the injeftion of the air-clyfcers. The foU

lowing draughts were then prefcribed.

R Camphorcs mucilag. G. Arab, fohtct gr. 'uiij.

Infiif. Rad. Columbo ^jfs Tinci. Serpent, ^1}

Confer. Card, "^j Syr. e Cort. Aurant ^im.f.Haii/i^

^tis bcr'is fu?nendus.

Direftions were given to foment his feet frequently*

with vinegar and warm water,

16. He has had no flools fince the 14th. His Ahdo-^

fnen is tenfe. No change in the other fymptoms.

The Tinci. Serpent, v.'as omitted in his draughts, and

an equal quantity of T'lncl, Rhai Sp. fubftituted in its

place.'

X 2^ In
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In the evening he had a motion to ftool, of which

he was for the firft time fo fenfible, as to give notice

to his attendants. But the difcharge, which was con*

fiderable and ilightly ofFenfive, confifted almoft en-

tirely of blood, both in a coagulated and in a liquid

flate. His medicines were therefore varied as follows'

R, DccoSt. Cort» per J^ifs Tin^. Cort. ejitfd* ^ij.

Confc^. Card, '^'j Gum. Ruhr. Jjh'ing. gr. xv,

Puh, Ainmuu gr. 'uij. m. f, HuuHus ^tis /^rU

Jmnendus,

Red Port wine was new given more freely in hi»

medicated water; and his nourifhment confifted of

fago aiul falep.

In this flate, with very little variation, he continued

for feveral days; at one time oftive, and at another

difchargingfmall quantities of faeces, mixed with gru-

mous blood. The air-clyfters were continued, and

tlie aftringents omitted.

20. His urine was now of an amber colour, and

dcpofited a flight fediment. His pulfe was more regu-

lar, and although ftill very quick, abated in number

ten ftrokes in a minute. His head w^as lefs confufed,

and his lleepfeemed to be refrefliing. No blood ap-

peared in his flools, which were frequent, but fmall

in quantity; and his Jbdotnen vfz& lefs tenfe than ufual.

He was extremely deaf ; but gave rational anfwers to

the few queftions which were propofed to him ; and

feid he felt no pain,

81. Hfi
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21. He pafied a very reftlefs night; his delirium

recurred; his pu!fe beat 125 llrokes in a minute;

his urine was of a deep amber colour when firft voided;

but when cold alkimed the appearance of cow's whey«

The Abdomen was not very tenfe, nor had he any fur-

ther difcharge of blood.

Direftions were given to fhave his head, and to

wafli it with a mixture of vinegar and brandy ; the

quantity of wine in his drink was diminifhed; and the

frequent ufe of the pediluvium was enjoined. The
air clyfters were difcontinued, as his (lools were not

offenfive, and his Abdomen lefs diilended.

22. His pulie was now fmali, irregular, and beat

130 llrokes in a minute. The Dyfpncea was greatly

iiicrcafed ; his ikin was Jaot, and bedewed with a

clammy moiflure ; and every fymptom feemed to in-

dicate the approach of death. In this ftate he con-

tinued till evening, when he recruited a little. The
next day he had feVeral llight convulfions. His urine

which was voided plentifully, flill put on the appear-

ance of whey when cold. Cordial and antifpafmodic

draughts, compofed of camphor, tinflure of caflor,

and iS/». vol. aromMt. were now directed ; and wine was

liberally adminillered.

24. He rofe from his bed, and by the afTiftance of

his attendants walked acrofs the chamber. Soon after

he was feized with a violent convulfion, in which he
expired.

To adduce a cafe which terminated fatally as a

proof of the efficacy of any medicine, recommended

X 3 t9
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to the attention of the public, may perhaps appear

iingular; but cannot be deemed abfurd, when that

remedy anfuered the purpofes for which it was in-r

tended. For in the inftance before us ; fixed air was

employed, not with an expectation that it would cure

the fever, but to obviate the fymptoms of putrefadion,

and to allay the Uneafy irritation in the bowels. The
(difeafe was too malignant, the nervous fyftem too vio-

lently afFedleJ, and the flrength of the patient too

much exhaufted by the difcharges of blood which he

fuffered, to afford liopes of recovery from the ufe of

thcmoft powjerful antifcptics.

Biit in the fucceedlng cafe the event proved more

fortunate.

Elizabeth Grundy, aged feventeen, was attacked

on the loth of December 1772, with theufual fymp-

toms of acontinucd fever. The common method of

cure was purfued ; but the difeafe increafed, and foon

affumed a putrid type.

On the 23d Ifoundher in a conflant delirium, with

z fiibfidtus tendlnum. Her flcin was hot and dry, her

tongue black, her thirft immoderate, and her llools

frequent, extremely offenfive, and for the moft part

involuntary. Her pulfe bpat 130 flrokes in a minute ;

llie dofed much ; and was very deafl I dire£led wine

to be adminillered freely; a blifter to be applied to

her back; the pecUhivium to be ufed feveral tunes in

the day ; and mephitic air to be injefted under the

form of a clyfter every two hours. The next day

her ftools were lefs frequent, had loft their fcetorj

and were no longer difcharged involuntarily ; her

pulfe
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pulfe w?.s reduced to 1 10 ftrokes in the minute ; and

her delirium was much abated. Dire6lions were given

to repeat the clyfters, and tofupply the patient libe-

rally with wine. Thefe means wereaffiduouily pur~

fued feveraldays ; and the young woman was fo re-

cruited by the 2Bth, that the injedlions were difcon-

tinued. She was now quite rational, and not averfe

to medicine. A deco£tion of Peruvian bark was

therefore prefcribed, by the ufe of which llie fpeedily

recovered her health.

I might add a third hifcory of a putrid difeafe, in

which the mephitic air is now under trial, and which

affords the ftrongell proof both of the antifeptic, and

of the tonic powers of this remedy ; but as the IfTue

of the cafe remains yet undetermined (though it is

highly proljable, alas I that it will be fatal) I fliall

relate only a few particulars of it. MafterD. a boy

of about twelve years of age, endowed with an un-

common capacity, and with the moil amiable difpo-

litions, has laboured many months under a heftic

fever, the confequence of feveral tumours in different

parts of his body. Two of thefe tumours were laid

open by Mr. White, and a large quantity of purulent

matter was difcharged from them. The wounds were

Very properly treated by this fkilful furgeon, and every

Suitable remedy, which my bell judgment could fug-

gefl, was affiduoufly -adminiftered. But the matter

became fanious, of a brown colour, and highly putrid,

A Diarrhoea fucceeded ;the patient's ftools were into

lerably olfenfive, and voided without his knowledge

A black fur colle£led about his teeth ; his tongue wa
covered \v ilYi Jphthts ; and his breath was fofoetiel, a,

icarcely to be endured. His flrength was almofl ex

X 4 haulled
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haufted ; Vifuhfultus tendlnu7n came on ; and the final

period of his fuiterings feemed to be rapidly approach-

ing. As a lad, but almolt hopelefs, effort, I advifed

the injection of clyfters of mephitic air. Thefe foon

correSed the foetor of the patient's Hools ; reftrained

his Diarrhaa ; and feemed to recruit his ftrength and

fpirits. Within the fpace of twenty-four hours his

wounds aflumed a more favourable appearance ; the

matter difcharged from them became of a better colour

and confiftence ; and was no longer fo ofFenlive to the

fmell. The ufe of this remedy has been continued

feveral days, but is now laid ailde. A large tumour

is fuddenly formed under the right ear ; fvvallowing is

rendered difTicuit and painful ; and the patient refufes

cill food and medicine. Nouriiliing clyfrers are di-

rc£led ; but it is to be feared that thefe will renew

the loofenefs, and that this amiable youth will quickly

fmk under his diforder *.

The ufe of vjort from its faccharine quality, and

difpofiiion to ferment, has lately been propofed as a

remedy for the Si:a Scurvy. Water or other liquors,

already abounding with fixed air in a feparate flate,

fliould feem to be better adapted to this purpofe ; as

they will more quickly correct the putrid difpofition

of the fluids, and at the fame time, by their gentle

fllmulus ;•: increafe the powers of digeilion, and give

ne-.v flrength to the whole fyflcm.

* Ke languiihcd about a week, and then died.

"l
Tl^e vcrctablcp which are moft efficacious in the ct^reofthe fcurvy,

pCillfs loine degrte ol" a ftiniulatlds power.

l>r.
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Dr. Prieftley, who fuggefted both the idea and the

means of executing it, has under the fanclion of the

Colfege of Phylicians, propofed the fcheme to the

Lords of the Admiralty, who have ordered trial to be

made of it, on board fome of his Majefty's iliips

of war. Might it not however give additional effi-

cacy to this remedy, if inftead of fimple water, the

infufion of malt were to be employed ?

I am perfuaded fuch a medicinal drink might be

prefcribed alfo with great advantage in scrophulous

COMPLAINTS, when not attended with a he£lic fever ;

and in other diforders in which a general acrimony

prevails, and the cralls of the blood is deilroyed.

Under fuch circumflances, I have leen vibiccs which

fpread over the body, difappear in a few days from

the ufe of wort.

A gentleman who is fubjeft to a fcorbutic eruption

in his face, for which he has ufed a variety of re-

medies with no very beneficial effeft, has lately applied

the fumes of chalk and oil of vitriol to the parts aifeft-

ed. The operation occalions great itching and prick-

ing in the ikin, and fome degree of drowlinefs, but

evidently abates the ferous difcharge, and diminiflies

the eruption. This patient has feveral fymptoms
which indicate a genuine fcorbutic Diathesis; and

it is probable that fixed air, taken internally, would
be an ufual medicine in this cafe.

The faline draughts of Riverlus are fuppofed to

owe cheir antiemetic efrefts to the air, which is fepa-

rated from the fait of wormwood during the a£l of

efiervefcence. And the tonic powers of many mineral

waters
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waters feem to depend on this principle. I was late-

ly defired to vifit a lady who bad moft fevere convul-

live REACHiNGS. Various remedies had been admini-

ftered without efteft, before I law her. She earneftly

defired a draught of malt liquor, and was indulged

with half a pint of Burton beer in brifk effervefcence.

The vomitings ceafed immediately, and returned no

more. Fermenting liquors, it is well known, abound

with fixed air. To this, and to the cordial quality of

the beer, the favourable effedl which it produced, may
juftly be afcribed. But I fliall exceed my defign by

enlarging further on this fubjeft. Whathas been ad-

vanced it is hoped, will fuflice to excite the attention

of phyficians to a remedy which is capable of being

applied to fo many important medicinal purpofes.

NUMBER IV.

ExtraB of a Letter from William Fal^

coNER, M. D. (?/ Bath.

Jan. 6; 1774.

Reverend Sir,

I once obferved the fame tafle you mention (Philofo-

phical Tranfaftions, p. 156. of this Volume, p. 35.)

viz. like tar water, in fome water that I impregnated

with fixed air about three years ago. 1 did not then

know to what to attribute it, but your experiment

feems to clear it up. I happened to have fpent all my
acid for railing effervefcence, and to fupply its place I

ufed a bottle of dulcified fpirit of nitre, which I

knew was greatly under-faturated with fpirit of wine .

from
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.from which, as analogous to your obfervation, I ima-

gine the effe6\: proceeded.

As*- to the coagulation of the blood of an'raals

by fixed Air, I fear it will fcarce Hand the tcft of

experiment, as I this day gave it, I think, a fair

trial, in the following manner.

A youno- healthy man, at 20 years old, received a

.contulion by a fall, Vvas infiantly carried to a neigh-

bourino- fur^eon, and, at my reuueft, bled in the

following manner.

I inferted a glafs funnel into the neck of a large

clear phial about gx. contents, and bled him into it to

about 1 viii. By thefe means the blood was expofed to

the air as little a time as poffible, as it liovved into

the bottl-c as it came from the orifice.

As foon as the quantity propofed was drawn, the

bottle was carefully corked, and brought to me. It

was then quite fluid, nor was there the leait fepara-

tion of its parts.

On the furface of this I conveyed feveral ftreams of

fixed air (having firft placed the bottle with the blood

in a bowl of water, heated as nearly to the human

heat as poffible) from the miixture of the vitriolic acid

and lixiv. tartar, which I ufe preferably to other alka-

* This refers, to an experiment mentioned in the firft publication of

tfeefe papers m the Philofophical Tranfaftions, but omitted in this vo-

lume.

lines
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lines, as being (as Dr. Cullen obferves) in the mildeft

flate, and therefore moll likely to generate moft air.

I fliook the phial often, and threw manv flreams of

air on the blood, as I have often praft'fed with fuccefs

for impregnating water; but could not perceive the

fmalleft figns of coagulation, although it flood in an

atmofphere of fixed air 20 minutes or more. I

then uncorked tlie bottles, and poured off about jii

to which I added about 6 or 7 gtts of fpirit of vi-

triol, which coagulated it immediately. I fet the re-

mains in a cold place and it coagulated, as near as

I could judge, in the fame time that blood would

have done newly drawn from the vein.

F. 82. Perhaps the circumftance of putrid vege-

tables yielding all fixed and no inflammable air may

be the caufes of their proving fo antifeptic, even when

putrid, as appears by Mr. Alexander's Experiments.

P. 86. Perhaps the putrid air continually exhaled

may be one caufe of the luxuriancy of plants grov/ing

on dunghills or in very rich foils.

P. 146. Your obfervation that Inflammable air con-

fafts of the union of feme acid vapour with phlogiilon,

puts me in mind of an old obfervation of Dr. Cullen,

that the oil feparated from foap by an acid was much
more inflammable than before, refembling elfcntial

oil, and folublc in V. fp.

I have tried fixed air as an antifeptic taken In by

refpiration, but with no great fuccefs. In one cafe it

icemed to be of fervice, in two it feemed Indifferent,

£iKl in one was injwriou?, by exciting a cough.

• N U M-
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NUMBER V.

ExtraB of a Letter from Mr. William Be^vlev,

c/Great Massingham, Norfolk.

March 23, 1774.
Dear Sir,

AVhen I firft received your paper, I happened to

have a procefs going on for the preparation of nitrous

etker, without diftillation,* I had heretofore always

taken for granted that theelaftic fluid generated in that

preparation was. fixed zw. but on examination I found

this combination of the nitrous acid with inflammable

fpirits, produced an elaflic fluid that had the fame ge-

neral properties with the air that you unwillingly,

though very properly, in my opinion, term nitrous ;

as I believe it is not to be procured without employ-

ing the mt7-aus acid, either in a Ample ftate, or com-

pounded, as in aquaregia. I fhall fuggeft, however,

by and by fome doubts with refpe£l to it's title to the

appellation of air.

Water impregnated with your nitrous air certainly,

as you fufpefted from it's tafte, contains lao. nitrous

* The firft account of this curious procefs was, I believe, given in the

Mem.del'Ac. de Sc. de Paris for 1742, Though feemingiy Jefs volatile

than the vitriolic ether, it boils with a much fmaller degree of heat. One

day laft fummer, it boiled in the cooleft room of my houfe ; as it gave me

notice by the explofion attending its driving out the cork. To fave the

bottle, and to prevent the total lofs of the liquor by evaporation, I found

ir.yfelf obliged initar.tly to carry it down to my cellar,

acid,



3i8 tHE APPENDIX.
acid. On faturating a quantity of this water with a'

fixed alcali, and then evaporating, &c. I have pro-

cured two chryftals of nitre. But the principal ob-

fervations that have occurred to me on thefubjeftof

liitrous air are the following. My experiments hav6

been few and made by fnatches, tinder every difad-

vantage as to apparatus, &c. and with frequent inter-

luptions; and yet I think they are to be depended upon.-

My firfl: remark is, that nitrous air does not give

water a fenfibly acid impregnation, unlefs it comes in-

to contact, or is mixed with a portion of common or

atmofpherical air: and my fecond, that nitrous air

principally connfts of the nitrous acid itfelf, reduced

to the ilate of a per>nanent vapour not condenfable by

cold, like other vapours, but which requires thepre-

i'ence and admixture of co^mmon air to reftore it to its

primitive flate of a liquid. I am beholden for this

idea, you will perceive, to your own very curious"

difcovery of the true nature of Mr. Cavendilli's marine

vapour.

When I firfl repeated your experiment of impreg-

nating water with nitrous air, the water, I muft owa
lafted acid ; as it did in one, or perhaps tw'o trials

afterwards; but, to my great aftonilhment, in all the

following expei iments, though fome part of the fa£ti-

tious air, or vapour, was vifibly abforbed by the wa-

ter, I could not perceive the latter to have acquire^J

any fenfible acidity. I at length found, however, that

1 could render this fame water very acid, by means

Only of the nitrous air already included in the phial

with it. Taking the inverted phial out of the watefy

1 rca'iove mv finger from the mouth of ir, to admit a

little
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little of the common air, and inftantly replace my
iinger. The rednefs, efiervefcence, and diminution

take place. Again taking off my finger, and inftantly

replacing it, more common air rulhes in, and the

fame phenomena recur. The procefs Ibmetimes re-

quires to be feven or eight times repeated, before the

whole of the nitrous vapour 'as I fhall venture to call

it) is condenfed into nitrous acid, by the fuccellive

entrance offreih parcels of common air after each ef-

fervefcence ; and the water becomes evidently more
and more acid after every fuch frefli admiffion of the

external air, which at length ceafes to enter, when
the whole of the vapour has been condenfed. No agi-

tation of the water is requifite, except a gentle mo-
tion, juft fufficient to rince the fides of the phial, in

order to wafh off the condenfed vapour.

The acidity which you ^^and I likewife, at firff)

obferved in the water agitated with nitrous air alone^

I account for thus. On bringing the phial to the

mouth, the common air meeting with the nitrous

vapour in the neck of the phial, condenfes it, and

impregnates the water with the acid, in the very aft

of receiving it upon the tongue. On fi:opping the

mouth of the phial with my tongue for a Ihort time

and afterwards withdrawing it a very little, to fuffer

the common air to rufh pafl it into the phial, thefen-

fation of acidity has been fometimes intolerable: but

talking a large gulph of the water at the fame time, it

has been found very llightiy acid.--The follov,-ing is

one of the methods by which I have given water a

very ftrongacid impregnation, by means of a mixture

of nitrous and common air.

Into
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Into a fmaJl phial, containing only common air,

I force a quantity of nitrous air at random, out of

a bladder, and inflantly clap my finger on the mouth

of the bottle. I then immerfe the neck of it into

water, a fmall quantity of which I fuffer to enter,

which fquirts into it with violence; and immediately

replacing my finger, remove the phial. The water

contained in it is already very acid, and it becomes

more and more fo (if a fnflicient quantity of nitrous

air was at firft thrown in) on alternately fl:opping the

mouth of the phial, and opening it, as often as frelh

air will enter.

Since I wrote the above, I have frequently con-

verted a fmall portion of water in an ounce phial into

a weak Aqua forth, by repeated mixtures of common
and nitrous air; throwing in alternately the one or

the other, according to the circumftances ; that is,

ai long as there was a fuperabundance of nitrous air,

fufFeiinG: the common air to enter and condenfe it -

and, when that was effefted, forcing in more nitrous

air from the bladder, to the common air which now
predominated in the phial—and io alternately. I have

wanted leilure, and conveniences, to carry on thia

procefs to its maximum, or to' execute it in a different

and better manner ; but from what I have done, I

think we may conclude that nitrous air confifts prin-

cipally of the nitrous acid, phlogifticated, or other-

wife lb modified, by a previous commenllruation with

pietals, inrtammabic fpirits, &c. as to be reduced into

a <larably elaftic vapour : and that, in order to deprive

it of its elafiicity, and reftore it to its former Itate, an

addition of common air is requifite, and, as I fufpeft,

of water likevcife, or iome other fluid: as in the

courfe
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courfe of my few trials, I have not yet been able to

coridenfe it in a perfeftly dry bottle.

NUMBER VI.

J Letter from Dr. FrankliNo

Craven Street, April 10, 1774^

Dear Sir,

In compliance with your requeft, I have entlea-

voured to recoiled the circumftances of the American

experiments I formerly mentioned to you, of railing a

flame on the furface of fome waters there.

When I pafled through New Jerfey in 1764, I hesird

itfeveral times mentioned, that by applying a lighted

candle near the furface of fome of their rivers, a fud-

den flame would catch and fpread on the water, con-

tinuing to burn for near half a minute. But the ac- -

counts I received were fo imperfe£l that I could form

no guefs at the caufe of fuch an effeft, and rather

doubted the truth of it. I had no opportunity of fee-

ing the experiment ; but calling to fee a friend who

happened to bejuilreturned home from making it him-

felf, I learned from him the manner of it ; which was

to choofe a fliallow place, where the bottom could be

reached by a walking-ftick, and was muddy j the mud
was flrft to be ftirred v^'ith the flick, and when a num-

ber of fmall bubbles began to arife from it, the candle

was applied. The flame was fo fudden and fo flrong,

that it catched his ruffle and fpoiled it, as I faw. New-
Y Jerfey
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Terfey having many pine-trees in different parts of it^

1 then imaofined that fomethino; like a volatile oil of

turpentine might be mixed with the waters from a,

pine-fwamp, but this fuppolition did not quite fatisfy

me. I mentioHed the faft to fome philofophical friends

on my return to England, but it was not much at-

tended to. I fuppole I was tliought z^ little too cre-

dulous,

In 1765, the Reverend Dr. Chandler received a

letter from Dr. Finley, Prciident of the College in

that province, relating the fame experiment. It was

read at the Royal Society, Nov. 21. of that year, but

not printed in the Tranfaftions ;
perhaps becaufe it

was thought too flrange to be true, and fome ridicule

might be apprehended if any member fliould attempt

to tepeat it in order to afcertain or refute it. " Th?

[ollovving is a copy of that account,

** A worthy gentleman, who lives at a few miles

diflance, informed me that in a certain fmall cove of

a mill-pond, near his houfe, he was furprized to fee

the furface of the water blaze like inliamed fpiritsi

I foon after went to the place, and made the expe-

Tinient with the fame fuccefs. The bottom of the

creek, was muddy, and when llirred up, fo as to caufe

a ponliderable curl on the furface, and a lighted candle

h9ld within two or three inches of it, the whole fur-

face v>/as in a blaze, as inftantly as the vapour of warm
inflaRimable f]»irits, and continued, when ilrongly

agitated, for the fpace of feveral feconds. It was at

firfl imagined to be peculiar to that place ; but upon

trial it was foon found, that fuch a bottom in other

places exhibited the fame phenomenon. Ihe difcq-

verjr
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very was accidentally made by one belonging to the

iiiill.'»

I have tried the experiment twice here in England,

but without fuccefs. The firft was in a flow running

water with a muddy bottom. The fecond in a ftag-

nant water at the bottom of a deep ditch. Being fomc

time employed in ftirring this water, I alcribed an in-

termitting fever, which feized me a few davs after, to

my breathing too much of that foul air which Iftirred

up from the bottom, and wliich I could not avoid

while I fl^ooped in endeavouring to kindle it.—The
difcoveries you have lately made of the manner in

which inflammable air is in fome cafes produced, may
throw light on this experiment, and explain its fuc-

ceeding in fome cafes, and not in others. With thft^

hjgheft efteem and refpedl,

I am. Dear Sir,

Your moft obedient humble fervant,

B. Franklin.

NUMBER VII.

Extras of a Letter from^r, Henry c/Manchefler.

It is wdth great pleafure I hear of your intended
publication on air, and 1 beg leave to communicate to

you an experiment or two which I lately made.

Dr. Percival had tried, without effe^, to diflblve

lead in water impregnated with fixed air. I however

thought
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thought it probable, that the experiment might fuc-

ceed with nitrous air. Into a quantity of water im-

pregnated with it, I put feveral pieces of fheet-lead,

and fuiFered them, after agitation, to continue im-
merfed about two hours. A few drops of vol. tinfture

of fulphur changed the water to a deep orange colour,

but notfo deep as when the fame tinclure was added

to a glafs of the fame water, into which one drop of

a fojuticn of fugar of lead had been inftilled. The
precipitates of both in the morning, were exaftly of

the fame kind ; and the water in which the lead had

been infufed all night, being again tried by the fame

teft, gave figns of a ftill fironger faturnine impregna-

tion—Whether the nitrous air afts as an acid on the

lead, or in the fame manner that fixed air diflblves it,

I do not pretend to determine. Syrup of violets added

to the nitrous water became of a pale red, but on

fcanding about an,hour, grew of a turbid brown cafl;.

Though the nitrous acid is not often found, except

produced by art, yet as there is a probability that

nitre may be formed in the earth in large towns, and

indeed foflilc nitre has been aflually found in fuck

fituations, it fhould be an additional caution againft

the ufe of leaden pumps.

I tried to diiTolve mercury by the fame means, but

without fuccefs.

1 am, with the mofc fincere efteem,

Dear Sir,

Your obliged and obedient fervant,

T K O. H F. N R Y.

FINIS.
Errata.
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