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XIX. Obfervations on different Kinds of
Air. By Jofeph Prieftley, LL. D.
F.R. 8.

Read March s, HE following obfervations on the
12,19,26, 1772 properties of feveral different kinds
of air, I am fentible, are very imperfect, and fome of
the courfes of experiments are incomplete; but a
confiderable number of fats, which appear to me
to be new and important, are fufficiently afcertained ;
and I am willing to hope, that when philofophers
in general are apprized of them, fome perfons may
be able to purfue them to more advantage than my-
felf. I therefore think it my duty to give this So-
ciety an account of the progrefs I have been able to
make ; and I fhall not fail to communicate any far-
ther lights that may occur to me, whenever I refume
thefe inquiries.

In writing upon this fubje&, I find myfelf at a
lofs for proper terms, by which to diftinguith the
different kinds of air. Thofe which have hitherto
obtained are by no means fufficiently chara&erittic,
or diftin&. The terms in common ufe are, fixed air,
mephitic, and inflammable, The laft, indeed, fuffi-
ciently charalterizes and diftinguithes that kind of
air which takes fire, and explodes on the approach
of flame; but it might have been termed fixed with
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as much propriety as that to which Dr. Black and
others have given that denomination, fince it is ori-
ginally part of fome folid fubftance, and exifts in an
unelaftic ftate, and therefore may be alfo called fac-
titious. The term mephitic is equally applicable to
what is called fixed air, to that which is inflammable,
and to many other kinds; fince they are equally
noxious, when breathed by animals. Rather, how-
ever, than to introduce new terms, or change the
fignification of old ones, I thall 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 periphrafis. I ‘hall be under a neceflity,
however, of giving a name to one fpecies of air, to
which no name was given before.

Of rixED AIR.

Fixed air is that which is expelled by heat from
lime, and other calcareous f{ubftances, and, when
deprived of which, they become quick-lime. It is
allo contained in alkaline falts, and is generated in
great quantities from fermenting vegetables; and
being united with water, gives » the principal pro-
perties of Pyrmont-water.  This kind of air is alfo
well known to be fatal to animals; and Dr. Mac-
bride has demonftrated, that it checks or prevents
putrefaétion.

Living for fome time in the neighbourhood of a
public brewery, I was induced to make a few expe-
riments on this kind of air,  there being always a
large body of it, ready formed, upon the furface of
the fermenting liquor, generally about nine inches

or
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or a foot in depth, within which any kind of fub-
ftance may be very conveniently placed; and though
it muft be continually mixing with the common air,
and is far from being perfectly pure, yet there is a
eonftant {fupply from the fermenting liquor, and it is
pure encugh for many puxpofes.

A perfon, who is quite a ftranger to the ptopert:es
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 readily unites with this kind of air,
probably by means of the water which it contains ;
fo that very little or none of the fmoke will efcape
into the open air, which is incumbent upon it. It
is remarkable, that the upper furface of this {fmoke,
floating in the fixed air, is {mooth, and well defined ;
whereas the lower furface is exceedingly ragged, fe-
veral parts hanging down to a confiderable diftance
within the body of the fixed air, and fometimes in
the form of balls, connected to the upper ftratum by
flender threads, as if they were fufpended. The
{moke is alfo apt to form itfelf into broad flukes,
parallel to the furface of the liquor, and at diffcrent
diftances from it, exatly like clouds.. Thefe ap-
pearances will fometimes continue above an hour,
with very little variation. When this fixed air is
very {trong, the fmoke of a fmall quantity of gan-
powder fired in it will- be wholly retained by it, no
part efcaping into the common air.

Making an agltdtlon in this air, the furface of it,
which flill continues to be exa&ly dcﬁned, 1s thrown
into the form of waves, which it is very amufing to

look upon ; and if, by this agitation, any of the fixed
air
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air be thrown over the fide of the veffel, the fmoke,
which is mixed with it, will fall to the ground, as if
it was fo much water, the fixed air being heavier than
common air.

The red part of burning wood was extinguithed in
this air, but I could not perceive that a red-hot poker
was fooner cooled in it.

Fixed air does not inftantly mix with common air,
Indeed, if it did, it could not be caught upon the
fermenting liquor ; for a candle put under a large
receiver, and immediately plunged very deep below
the furface of the fixed air, will burn fome time.
But veflels with the fmalleft orifices, hanging with
their mouths downwards in the fixed air, will in
time have the common air, which they contain, per-
feQly mixed with it. When the fermenting liquor
is contained in veflels clofe covered up, the fixed air
is rendered much ftronger, and then it readily affefts
the common air which is contiguous to it; fo that,
upon removing the cover, candles held at a con-
fiderable diftance above the furface will inftantly go
out. I have been told by the workmen, that this
will fometimes be the cafe, when the candles are
held more than half a yard above the mouth of the
veflel.

Fixed air unites with the {moke of refin, fulphur,
and other eletrical fubftances, as well as with the
vapour of water; and yet, by helding the wire of a
charged phial among thefe fumes, I could not make
any cleCirical atmofphere, which furprized me a
good deal, as there was a Jarge body of this fmoke,
and it was fo confined, that it could not efcape me.
1 alfo held fome ail of vitriol in a glafs veflel within

the
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the fixed air, and by plunging a 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 water was

laced near the yeaft of the fermenting liquor, it
could not fail to imbibe that air, and thereby acquire
the principal properties of Pyrmont, and other me-
dicinal mineral waters. Accordingly, I found, that
when the fuiface of the water was confiderable, it
always acquired the pleafant acidulous tafte that
Pyrmont water hasi ‘The readieft way of impreg-
nating water with this virtue, in thefe circumftances,
is to take two veflels, and to keep pouring the water
from one into the other, when they are both of them
held as near the yeaft as poffible ; for by this means
a great quantity of furface is expofed to the air,
and the furface is alfo continually changing. In this
manner, I bave fometimes, in the fpace of two or
three minutes, made a glafs of exceedingly pleafant
fparkling water, which could hardly be diftinguithed
from very good Pyrmont.

But the moft effe¢tual way of impregnating water
with fixed air is to put the veflels which contain the
water into glafs jars, filled with the pureft fixed air,
made by the folution of chalk in diluted oil of vitriol,
ftanding 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, ac-
cording 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,
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head, he never found that it contained quite fo much
as half its bulk of this air, If a fuflicient quantity
of quickfilver cannot be procured, oil may be ufed
with fufficient advantage, for this purpofe, as it im-
bibes the fixed air very flowly. = Fixed air may be
kept in veficls ftanding in water for a long time, if
they be feparated 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
ftood in quickfilver.

The readieff method of preparing this water for
ufe is to agitate it {trongly with its whole furface ex-
pofed to the fixed air. By this means alfo, more than
an equal bulk of air may be communicated to a
large quantity of water in the fpace of a few mi-
nutes. Eafy directions for doing this I have publithed
in a fmall pamphlet, defigned originally for the ufe
of feamen in long voyages, on the prefumption that
it might be of ule for preventing or curing the fea
fcurvy, equally with wort, which was recommended
by Dr. Macbride for this purpofe, on no other ac-
count than its property of generating fixed air, by
its fermentation in the ftomach. :

Water thus impregnated with fixed air readily
diffolves iron, as Mr. Lane has difcovered ; fo that if
a quantity of iron filings be put to it, it prefently
becomes a firong chalybeate, and of the mildeft and
moft agreeable kind.

I have recommended the ufe of chalk and oil of
vitriol as the cheapeft, and, upon the whole, the beft
materials for this purpofe ; and whereas fome perfons
had fufpe@ed that a quantity of the oil of vitriol
was rendered volatile by this procefs, I examined it

by
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by all the chemical methods that are in ufe; but
could not find that water thus impregnated con-
tained the leaft perceivable quantity of the acid.

Mr. Hey, indeed, who affifted me in this exami-
nation, found that diftilled water, impregnated with
fixed air, did not mix fo readily with foap as the di-
ttilled water itfelf ; but this was alfo the cale when
the fixed air had paffed through a long glafs tube
filled with alkaline falts, which, it may be fuppofed,
would have imbibed any of the oil of vitriol that
might have been contained in that air ¥,

It is not improbable but that fixed air itfelf may
be of the nature of an acid, though of a weak and
peculiar fort. Mr. Bergman of Upfal, who honoured
me with a letter upon the fubject, calls it the aérial
acid, and, among other experiments to prove it to be
an acid, he fays that it changes the blue juice of
tournefole into red.

The heat of boiling water will expell all the fixed

~air, if a phial containing the impregnated 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 preferibe
it in feveral cafes, informs me that it feems to be
much ftronger, and f{parkles more, like the true
Pyrmont water, after it has been kept fome time,
This circumftance, however, (hews that, in time, the
fixed air is more eafily difengaged from the water, and

* An account of Mr. Hey’s experiments will be found in the
Appendix to thefe papers.

Vor., LXII. X though,
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though, in this ftate, it may affet the tafte more
fenfibly, it cannot be of {o much ufe in the ftomach
and bowels, as when the air is more firmly retained
by the water, though, in confequence of it, it be
lefs fenfible to the tafte.

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 efcape of the fixed air they con-
tained) they may be revived by this means; but the
delicate and agreeable flavour, or acidulous tafte,
communicated by fixed air, and which is very mani-
feft in water, can hardly be perceived in wine, or
any liquors which have much tafte of their own.

I thould think that there can be no doubt, but
that water thus impregnated with fixed air muft have
all the medicinal virtues of genuine Pyrmont water ;
fince thefe depend upon the fixed air it contains, 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 procefles, inftead of common
water.

Having fucceeded fo well with this artificial Pyr-
mont water, I imagined that it might be poffible to
give ice the fame virtue, efpecially as cold is known
to promote the abforption of fixed air by water;
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 was
abforbed in two days and two nights; but upon
bringing it into a place where the ice melted, the air

2 was
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was abforbed as ufual. I then took a quantity of
ftrong artificial Pyrmont water, and, putting it into
a thin glafs phial, T fet it in a pot that was filled
with fnow and falt. This mixture inftantly freezing
the water that was contiguous to the fides of the
glafs, the air was difcharged plentifully, fo that I
catched a confiderable quantity, in a bladder tied to
the mouth of the phial. I alfo took two quantities
of the fame Pyrmont 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 quantity of water
which had been frozen by the mixture of fhow and
falt, was almoft as much like fnow as ice, fuch a
quantity of air bubbles were contained in it, by
which it was prodigioufly increafed in bulk.

The preflure of the atmofphere affits very con=-
fiderably in keeping fixed air confined in water; for
in an exhaufted receiver, Pyrmont water will abfo-
lutely boil, by the copious difcharge of its air. This
is alfo the reafon why beer and ale froth fo much 7z
vacuo. 1 do not doubt, therefore, but that, by the
help of a condenfing engine, water might be much
more highly impregnated with the virtues of the
Pyrmont fpring, and it would not be difficult to
contrive a method of doing it.

"The thanner in which I made feveral experiments
to afcertain the abforption of fixed air by different
fluid fubftances was to put the liquid into a difh,

X 2 and
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and holding it within the body of the fixed air at
the brewery, to fet a glafs veffel 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, fo 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 circumitance,
which made me defift from making any more expe-
riments of the kind. For all the beer, over which
this experiment was made, contraled a peculiar
tafte, the fixed air impregnated with the ether being,
I fuppofe, again abforbed by the beer. 1 have alfo
obferved, that water which remained a long time
within this air has fometimes acquired a very dif-
agreeable tafte. At one time it was like tar-water,
How this was acquired, 1 was very defirous of mak-
ing fome experiments to afcertain, but I was dif-
couraged by the fear of injuring the fermenting
liquor. It could not come from the fixed air only.

Having imagined that fixed air coagulated the
blood in the lungs of animals, and thereby caufed
inftant death; I fuffocated a cat in this kind of air,
and examining the lungs prefently after, found them
collapfed and white, having little or no blood in
them.

In order to try the effe@ of this air upon the blood
itfelf, I took a quantity from a fowl juft killed, and

divided it into two parts, holding one of them within
the
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the fixed air, and the other in the common air, and
obferved that the former was coagulated much fooner
than the latter. ‘This I could with to have tried
again.

Infe@s 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 gene~
rally become torpid, and feemingly dead, after being
held a few minutes over the fermenting liquor; but
they revive again after being brought into the freth
air. But there are very great varieties with re{pe&
to the time in which different kinds of flies will
either become torpid in the fixed air, or die in it,
A large ftrong frog was much fwelled, and feemed
to be nearly dead, after being held about fix minutes
over the fermenting liquor; but it recovered upon
being brought into the common air. A fpail
treated in the fame manner died prefently.

Fixed air is prefently fatal to vegetable life. At
leaft fprigs of mint, growing in water, and placed
over the fermenting liquor, will often become quite
dead in one day, or even in alefs 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
refpe&.

- A red rofe, frefh gathered, loft its rednefs, and be-
came of a purple colour, after being held over the
fermenting liquor about twenty-four hours; but the
tips of each leaf were much more affe@ed than the
ret of it. Another red rofe turned perfe@ly white
in this fituation ; but:various other flowers, of differ-
ent colours, were very little affeCted.. Thele expe~

riments
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riments were not repeated, as I wifh they might be
done, in pure fixed air, extracted from chalk by
means of oil of vitriol. ; .

For every purpofe, in which it was neceffary that
the fixed air fhould be as unmixed as poffible, I
generally made it by pouring oil of vitriol 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
1 pofiibly 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 experience, will not long make
a fufficient feparation between feveral kinds of air and
common air. ‘

I had once thought that the readieft method of
procuring fixed air, and in fufficient purity, would
be by the fimple procefs 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; and in this man-
ner I find that air is produced in great plenty; but,
upon examining it, I found, to my very great furprize,
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 inflam-
mability proceeds, I am not able to determine, the
lime or chalk not being fuppofed to contain any
other than fixed air. I conjecture, however, that it

muft proceed from the iron, and the feparation of it
from



[ 159 ]

from the calx may be promoted by that {fmall quan-
tity of oil of vitriol, which I am informed is con-
tained in chalk, if not in lime-ftone aifo. But it is
an objelion to this hypothefis, that the inflammable
air produced in this manner burns blue, and not at
all like that which is produced from iron, or any other
metal, by means of an acid. It has alfo the {mell
of that kind of inflammable air which is produced
from vegetable fubftances.  Befides, oil of vitriol
without water, will not diffolve iron ; nor can inflam-
mable air be got from it, unlefs the acid be confi-
derably diluted ;. and when I mixed brimftone with
the chalk, neither the quality nor the quantity of the
air was changed by it. Indeed no air, or permanently
elatic vapour, can be got from brimftone, or any
oil.

In the method in which I generally made the
fixed air, and indeed always, unlefs the contrary be
particularly mentioned, w:z. by diluted oil of vitriol
and chalk, I found by experiment that it was as pure
as Mr. Cavendifh made it. For after it had paffed
through a large body of water in fmall bubbles, ftill
4% OL % part only was not abforbed by water. In
order to try this as expeditioufly as poffible, I kept
pouring the air from one glafs veflel into another,.
immerfed in a quantity of cold water, in which
manner I found by experience, that almoft any
quantity may be reduced as far as poffible in little
more than a quarter of an hour.

At the fame time that I was trying the purity of
my fixed air, I had the curiofity to endeavour to
afcertain whether that part of it which is not mif~
Lcible in water, be equally diffued through the whole

mafs ;
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mafs; and, for this purpofe, T divided a quantity of
about a gallon into three parts, the firft confifting of
that which was uppermoft, and the laft of that which
was the loweft, 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 compofition. This I
have alfo found to be the cafe with feveral kinds of
air, which will not properly incorporate.

A moufe will live very well, though a candle will
not burn, in the refiduum of the pureft fixed air that
1 can make; and I once made a very large quantity
for the fole purpofe of this experiment. This, there-
fore, feems to be one inftance of the generation of
genuine common air, though vitiated in fome de-
gree. It is alfo another proof of the refiduum of
fixed air being, in part at leaft, common air, that it
becomes turbid, and is diminithed by the mixture of
nitrous air, as will be explained hereafter.

That fixed air only wants fome addition to make it
permanent, and immi(cible with water, if not, in all re-
fpects, common air, I have been led to conclude, from
feveral attempts which I once made to mix it with
air, in which a quantity of iron filings and brim-
ftone, made into a pafte with water, had ftood ; for,
in feveral mixtures of this kind, I imagined that not
much more than half of the fixed air could be im-
bibed by water; but, not being able to repeat the
experiment, I conclude that I either deceived myfelf
in it, or that T 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
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any alteration would be made in the conftitution of
fixed air, by this mixture of iron filings and brim-
ftone. I therefore put a mixture of this kind into a
quantity of as pure fixed air as I could make, and
confined the whole in quickfilver, left the water
fhould abforbe it before the eftefts of the mixture
could take place. The confequence was, that the
fixed air was diminifhed, and the quickfilver rofe 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
refpects, as if the air in the infide had been common
air.

What is moft remarkable, in the refult of this ex-
periment, is, that the fixed air, into which this mix-
ture had been put, and which had been in part di-
minithed 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 wa-
ter, but continued permanently elaftic, Left I thould
have made any miftake with refpect to the purity of
the fixed air, the laft time that I made the experi-
ment, I fet part of the fixed air, which I made ufe
of, in a feparate veflel, and found it to be exceed-
ingly pure, {o as to be almoft wholly abforbed by
water ; whereas the other part, to which I had put
the mixture, 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 moufe
died in it pretty foon.

Vor. LXIL Y As
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As the iron is reduced to a calx by this procefs,
I once concluded, that it is phlogifton that fixed air
wants, to make it common air; and, for any thing
I yet know, this may be the cafe, though I am ig-
norant of the method of combining them; and when
I calcined a quantity of lead in fixed air, in the man-
ner which will be defcribed hereafter, it did not {feem
to have been lefs {foluble in water than it was before.

IT.

Or AIR IN WHICH A CANDLE, OR BERIMSTONE,
HAS BURNED OUT.

It is well known that flame cannot fubfift long
without change of air, fo that the common air is
neceflary to it, except in the cafe of fubftances, into
the compofition of which nitre enters; for thefe will
burn 7z wacuo, 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 requires to keep it burning is prodi-
gious. 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, volcano’s, &c. it be-
comes a great obje of philofophical inquiry, to af-
certain what change is made in the conftitution of
the air by flame, and to difcover what provifion there
is in nature for remedying the injury which the at-
mofphere receives by this means. Some of the fol-
lowing experiments will, perhaps, be thought to
throw a little light upon the fubjeét.

The
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The diminution of the quantity of air in which a
candle, or brimftone, has burned out, is various ;
but I imagine that, at a medium, it may be about
one fifteenth, or one fixteenth, of the whole; about
one third as much as by animals breathing it as long
as they can, by animal or vegetable fubftances
putrifying in it, by the calcination of metals, or by
2 mixture of fteel filings and pounded brimftone
ftanding in it.

I have fometimes thought, that flame difpofes 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, f{pirit of wine, @ther,
and every other fubftance which I have yet tried,
except brimftone, is burned in a clofe glafs veflel,
ftan ‘ing in lime-water. This precipitation of fixed
air (if this be the cafe) may be owing to fomething
emitted from the burning bodies, which has a ftronger
affinity with the other conftituent parts of the atmo-
fphere.

If brimftone be burned in' the fame circum-
ftances, the limc-water continues tranfparent, but
ftill there may have been the fame precipitation
of the fixed part of the air; but that, uniting with
the lime and the vitriolic acid, it forms a felenetic falt,
which is foluble in water. Having evaporated a
quantity of water thius impregnated, by burning
brimftone a great number of times over it, a whitith
powder remained, which had an acid tafte; but re-
peating the experiment with a quicker evaporation,
the powder had no acidity, but was very much like
chalk, ‘The burning of brimftone but once over a

Y 2 quantity
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quantity of lime-water, will affeft it in fuch a man-
ner, that breathing into it will not make it turbid,
which otherwife it always prefently does.

Dr. Hales f{uppofed, that by burning brimftone
repeatedly in the fame quantity of air, the diminu-
tion would continue without end. But this I have
frequently tried, and not found to be the cafe. In-
deed, when the ignition has been imperfect in the
firft inftance, a fecond firing of the fame fubftance
will increafe the effect of the firft, &c. but this pro-
grefs foon ceafes. In many cafes of the diminution
of air, the effe¢t is not immediately apparent, even
when it ftands in water; for {fometimes the bulk of
air will not be much reduced, till it has paffed fe-
veral times through a quantity of water, which has
thereby a better opportunity of abforbing that fluid
part of the air, which had not been perfe&ly de-
tached from the reft. I have fometimes found a
very great reduétion of a mafs of air, in confequence
of paifing but once thorough cold water. If the air
has ftood in quickfilver, the diminution is generally
inconfiderable, till it has undergone this operation,
there not being any f{ubftance expofed to the air that
could abforb any part of it.

I could not find any confiderable alteration in the
ipecific gravity of the air, in which candles, or brim-
frone, had burned out. I am fatisfied, bowever,
that it is not heavier than common air, which muft
have been manifeft, if fo great a diminution of the
quantity had been owing, as Dr. Hales and others
fuppofed, to the elafticity of the whole mafs being
impaired. After making feveral trials for this pur-
pofe, I concluded that air, thus diminifhed in bul];,

is
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is rather lighter than common air, which favours the
fuppofition of the fixed, or heavier part of the com-
mon air, having been precipitated.

An animal will live nearly, if not quite as long,
in air in which candles have burned out, as in cona-
mon air, This faét {urprized me very greutly, having
imagined that what is called the confumption of air
by flame, or refpiration, to have been of the {ame
nature; but I have fince found, that this {a&t has
been obferved by many perions, and even fo early
as by Mr. Boyle. 1 have alfo obferved, that air in
which brimftone has burned,. is not in the leaft in-
jurious to animals, after the fumes, which at firft
make it very cloudy, have intirely fubfided.

Having read, in the Memoirs of the Society at
Turin, Vol. I. p. 41. that air in which candles had
burned out was perfectly 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 comprefled in
bladders (for the cold had been fuppofed to have
produced. this effe¢t by nothing but condenfation):
I repeated thefe experiments, and did, indeed, find,
that, when I comprefled the air in bladders, as the
Count de Saluce, who made the cbfervation, had
done, the experiment fucceeded: but having had
fufficient reafon to diftruft bladders, I compreffed
the air in a glafs veflel ftanding in water; and then
I found, that this procefs is altogether ineffetual for
the purpofe. I kept the air comprefled much more,
and much longer, than he had done, but without
producing any alteration in it. I alfo find, thata
greater degree of cold than that which he applied, and

of
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of longer continuance, did by no means reftore this
kind of air: for when I have expofed the phials which
contained it a whole night, in which the froft was
very intenfe ; and alfo when I kept it furrounded with
a mixture of fnow and falt, I found it, in all re-
{pets, the fame as before. -

It is alfo advanced, in the fame Memoir, p. 41.
that heat only, as the reverfe of cold, renders air
unfit for candles burning in it. But I repeated the
experiment of the Count for that purpofe, without
finding any fuch effelt from it. I alfo remember that,
many years ago, 1 filled an exhaufted receiver with
air, that had paflfed through a glafs tube made
red -hot, and found that a candle would burn in it
perfe@tly well. Alfo, rarefaction by the air-pump
does not m_)ure air in the leaft degree.

Though this experiment falled I flatter myfelf
that T huve accidentally hit upon a method of re-
ftoring air which has been injured by the burning
of candles, and that I have difcovered at leaft one
of the reftoratives which nature employs for this
purpofe. It is vegetation. In what manner this pro-
cefs in nature operates, to produce {o remarkable an
effe@, I do not pretend to have difcovered; but a
number of fa&s declare in favour of ‘this hypothefis.
I fhall introduce my account of them, by reciting.
fome of the obfervations which I made on the grow-
ing of plants in confined air, which led to this dif=
covery.

One might have imagined that, fince common
air is neceflary to vegetable, as well as to animal
life, both plants and animals had affe@ed it in the
fame manner, and I own I had that expeétation,

’ when
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when T firft put a fprig of mint into a glafs-jar,
" ftanding inverted in a veflel of water; but when it
had continued growing there for fome months, I
found that the air would neither extinguith a candle,
nor was it at all inconvenient to a moufe, which L
put into it.

The plant was not affeted any otherwife than
was the neceflary confequence of its confined fitua-
tion ; for plants growing in feveral other kinds of air,
were all affeCted in the very fame manner. Every
fucceflion of lcaves was more diminithed in fize than
- the preceding, till, at length, they came to be no
bigger than the heads of pins. 'T'he root decayed,
and the ftalk alfo, beginning from the root; and yet
the plant continued to grow upwards, drawing its
nourifhment throngh a black and rotten ftem.. In
the third or fourth fet of leaves, long hairy filaments
grew from the infertion of each leaf, and fometimes
from the body of the ftem, fhooting out as far as
the veflcl in which it grew would permit, which, in
ray experiments, was about two inches. In this
manner a {prig of mint lived, the old ftem decaying,
and new ones fhooting up in its place, but lefs and
lefs continually, all the fummer feafon.

In repeating this experiment, care muft be taken
to draw away all the dead leaves from about the
plant, left they fhould putrefy, and affe@ the air.
I have found that a frefh cabbage leaf, put under a
glafs veflel filled with common air, for the fpace of
one night only, has fo far affeted the air, that a
candle would not burn in it the next morning, and
yet the leaf had not acquired any fmell of putrefac-
tion.. . L

' Finding
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Finding that candles 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 reftored air that had
been injured by refpiration, I thought it was pof-
fible that the fame procefs might alfo reftore the air
that had been injured by the burning of candles.

Accordingly, on 'the 17th of Auvguft, 1771, 1
put a {prig of mint into a quantity of air, in which
a wax candle had burned out, and found that, on
the 27th of the fame month, another candle burned
perfectly wellin it. This experiment I repeated, with-
out the leaft variation in the event, not lefs than
eight or ten times in the remainder of the fummer.
Several times I divided the quantity of air in which
the candle had burned out, into two parts, and
putting the plant into one of them, left the other
in the fame expofure, contained, alfo, in a glafs
veflel immerfed in water, but without any plant ;
and never failed to find, that a candle would burn
in the former, but not in the latter. I generally
found that five or fix days were fufficient to reftore
this air, when the plant was in its vigour ; whereas
I have kept this kind of air in glafs veflels, immerfed in
water many months, without being able to perceive
that the leaft alteration had been made in it. I have
alfo tried a great variety of experiments upon it, as
by condenfing, rarefying, expofing to the light and
heat, &c. and throwing into it the effluvia of many
different fubftances, but without any effect.

Experiments made in the year 1772, abundantly
confirmed my conclufion concerning the reftoration
of air, in which candles had burned out by plants

growing
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growing in it. The firft of thefe experiments was
made in the month of May; and they were frequently
repeated in that and the two following months, with-
out a fingle failure,

For this purpofe I ufed the flames of different fub-
ftances, though I generally ufed wax or tallow
candles. On the 24th of June the experiment fuc-
ceeded 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 brim-
{tone matches had burned out, an effet of which I
had defpaired the preceding year.

This reftoration of air I found depended upon the
vegetating ftate 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 changed them frequently, for a long fpace of
time, I could perceive no melioration in the frate of
the air.

This remarkable effect does not depend upon any
thing peculiar to mint, which was the plarit that I
always made ufe of till July 1772 ; for on the 16th
of that month, I found a quantity of this kind of
air to be perfectly reftored by fprigs of balm, which
had grown in it from the 7th of the fame month,

That this reftoration of air was not owing to any
aromatic effluvia of thefe two plants, not only ap-
peared by the eflential oil of mint having no fenfible
effe& of this kind; but from the equally complete
reftoration of this vitiated air by the plant called
groundfel, which is ufually ranked among the weeds,
and has an offenfive fmell. This was the refult of
an_experiment made the 16th of July, when the

Vor. LXII. 7 plant
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plant had been growing in the burned air from the
8th of the fame month. Befides, the plant which I
have found to be the moft effeftual of any that I
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 perfecily reftored by this
plant in four days, and another in two days. 'This
laft was obferved on the 22d of July. In general
this effet may be prefumed to have taken place in.
much lefs time than I have mentioned ; becaufe I
rever chofe to make a trial of thexair, till I was
pretty fure, from preceding obfervations, that the
event which I had expe@ted muft have taken place,
if it would fucceed at all; left, returning back that

ar: of the air on which I made the trial, and which
would thereby neceflarily receive a fmall mixture of
common air, the experiment might not be judged
to be quite fair ; though I myfelf might be fuffici-
ently fatisfied with refpect to the allowance that was
to be made for that fmall imperfetion.

ILL

Or INFLAMMABLE AIR.

I have generally made inflammable air in the
manner defcribed by Mr. Cavendifh, in the Philofo-
hical Tranfa&ions, from iron, zinc, or tin; but
chiefly from the two former metals, on account of
the procefs being the leaft troublefome: but when
I extracted it from vegetable 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
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a tobacco pipe, and to the end of this I tied a flaccid
bladder, in order to catch the generated air.

There is not, I believe, any vegetable or animal
fubftance whatever, nor any mineral fubftance, that
is inflammable, but what will yield great plenty of
inflammable air, when they are treated in this man-
ner, and urged with a ftrong heat; but, in order to
get the moft air, the heat muft be applied as fuddenly,
and as vehemently, as poffible. For, notwithftanding
the fame care be taken in luting, and in every other
refpe, fix or even ten times more air may be got
by a fudden heat than by a flow one, though the
heat that is laft applied be as intenfe as that which
was applied fuddenly. A bit of dry ocak, weighing
about twelve grains, will generally yield about a
theep’s bladder full of inflammable air with a brifk
heat, when it will only give about two or three ounce
meafures if the fame heat be applied to it very
gradually. 'To what this difference is owing, I can-
not tell.

Inflammable air, when it is made by a quick pro-
cefs, has a very ftrong and offenfive fmell, from
whatever fubftance it be generated ; but this fmell is
of three different kinds, according as the air is ex-
tracted from mineral, vegetable, or animal fubftances.
The laft is exceedingly fetid; and it makes no differ-
ence, whether it be extra@®ed from a bone, or even
an old and dry tooth, or from foft mufcular flefh, or
any other part of the animal. The burning of any
fubftance occafions the fame fmell: for the grofs
fume which arifes from them, before they flame,
is the inflammable air they contain, which is expelled
by heat, and then readily ignited. The fmell of in-
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flammable air is the very fame, as far as T am able te:
perceive, from whatever fubftance. of the fame
kingdom it be extratted. Thus it makes no differ-
ence whether 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 quantity of inflammable air be contained in 2
glafs veflfel ftanding in water, and have been gene-
rated very faft, it will fmell even through the water,
and this water will alfo foon become covered with a-
thin film, affuming all the different colours. If 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 colletting a confiderable
quantity of it; and if it have been generated from
zinc, it is a whitifh fubftance, which I fuppofe to be
the calx of the metal. It likewife fettles to the
bottom of the veffel, and when the water is ftirred,
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 confiderable time
after the air i1s removed from it. 'This I have often
obferved with refpect to iron.

Inflammable air, made by a violent effervefcence, I
have obferved to be much more inflammable than
that which is made by a weak effervefcence, whe-
ther the water or the oil of vitriol prevailed in the
mixture.. Alfo the offenfive fmell was ‘much
ftronger in the former cafe than in the latter. ‘The
greater degree of inflammability appeared by. the
greater number of fucceffive explofions,when acandle
was prefented to the neck of a phial filled with it.
It is poffible, however, that this diminution of in-

flammability
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tlammability may, in fome meafure, arife from the
air continuing fo much langer in the bladder when
it is made very flowly ; though 1 think the difference
is too great for this caufe to have produced the whole
of it. It may, perhaps, deferve to be tried by a
different procefs, without a bladder.

Inflammable air is not thought to be mifcible
with water, and when kept many months, feems, in
general, to be as inflammable as ever. Indeed,
when itis extraed from vegetable or animal. fub-
flances, a part of it will be imbibed by the water in
which it ftands ; but it may be prefumed, that in this
cafe, there was a mixture of fixed air extralted from:
the {ubftance along with it. I have indifputable
evidence, however, that inflammable air, ftandin
long in water, has aGtually loft all its inflammability,
and even come to extinguifh. flame much more than
that air in which candles have burned out, After
this change it appears to be greatly diminifthed in
quantity, and it ftill continues to kill animals the
moment they are put into it.

This very remarkable faét firft occurred to my ob-
fervation on the twenty-fifth of May 1571, when I
was examining a quantity of inflammable air, which
had been made from zinc, near three years before,
Upon this, I immediately fet by a common guart
bottle filled with inflammable air from iron, and
another equal quantity from zinc; and examining
them in the beginning of December following, that
from the iron was reduced near one half in quantity,
if 1 be not greatly miftaken; for I found the bottle
~half full of water, and I am pretty clear that it was
full of air when it was fet by, That which had

been
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been produced from zinc was not altered, and filled
the bottle as at firft.

Another inftance of this kind occurred to my ob-
{fervation on the 1gth of June 1772, when a quan-
tity of air, half of which had been inflammable air
from zinc, and half air in which mice had died, and
which had been put together the zoth of July
1771, appeared not to be in the leaft inflammable,
but extinguifhed flame, as much as any kind of air
that I had ever tried. I think that, in all, I have
had four inftances of inflammable air lofing its in-
flammability, while it ftood in water.

Though air tainted with putrefaction extinguifhes
flame, I have not found that animals or vegetables

" putrefying in inflammable air render it lefs inflam«
mable. But one quantity of inflammable air, which
I had fet by in May 1771, along with the others
above mentioned, had had fome putrid fleth in it;
and this air had loft its inflammability, when it was
examined at the fame time with the other in the De-
cember following. The bottle in which this air
had been kept, fmelled exaétly like very ftrong
Harrowgate water. I do not think that any perfon
could have diftinguithed them.

I have made plants grow for feveral months in
inflammable air made from zinc, and alfo from oak;
but, though the plants grew pretty well, the air ftill
continued inflammable. The former, indeed, was
not fo highly inflammable as when it was freth
made, but the latter was quite as much fo; and the
diminution of inflammability in the former cafe, I at-
tribute to fome other caufe than the growth of the

plant,
No
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No kind of air, on which I have yet made the
experiment, will condu eleéricity ; but the colour
of a fpark is remarkably different in fome different
kinds of air, which feems to fhew that they are not
equally good non-conductors. In fixed air, the
ele@ric fpark is exceedingly white ; but in inflam-
mable air it is of a purple, or red colour. Now,
fince the moft vigorous fparks are always the whiteft,
and, in other cafes, when the {park 1s red, there is
reafon to think that the eletric matter paflfes with
difficulty, and with lefs rapidity : it is pofiible that
the inflaimmable air may contain particles which
conduét electricity, though very imperfectly; and that
the whitenefs of the fpark in the fixed air, may be
owing to its meeting with no condufting particles
at all. When an explofion was made in a quantity
of inflammable air, it was a little white in the
center, but the edges of it were flill tinged with a
beautiful purple. The degree of whitenefs in this
cafe was probably owing to the ele&ric matter rufh-
ing with more violence in an explofion 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 convulfions, and there-
by occafioning prefent death. I had imagined that,
by animals dying in a quantity of inflammable air,
it would in time become lefs noxious; but this did
not appear to be the cafe; for I killed a great number
of mice in a {mall quantity of this air, which I kept
feveral months for this purpofe, without its being at
all fenfibly mended; the laft, as well as the firft
moufe, dying the moment it was put into it.

3 I once
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1 once imagined that, fince fixed and inflammable
air are the reverfe of one another, in feveral remark-
able properties, a mixture of them would make
common air; and while I made the mixtures in
bladders, I imagined that I had fucceeded in my
attempt ; but I have fince found that thin bladders
do not fufficiently prevent the air that is contained in
them from mixing with the external air. Alfo corks
will not fufficiently confine different kinds of air,
unlefs 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 equivalent
to the air ftanding in veflels immerfed 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 ineffec-
tual. I think it my duty, however, to recite the
iffue of an experiment or two of this kind, in which
equal mixtures of thefe two kinds of air had ftood
near three years, as they feem to thew that they had
in part affeCted one another, in that long fpace of
time. Thefe mixtures I examined April 27, 1771.
One of them had ftood in quickfilver, and the other
in a corked phial, with a little water ih it. On
opening the latter in water, the water inftantly rufhed
in, and filled almoft half of the phial, and very little
more was abforbed afterwards. In this cafe the water
in the phial-had probably abforbed a confiderable part
of the fixed air, fo that the inflanmable air was
exceedingly rarefied ; and yet the whole quantity
that muft have been rendered non-elaftic was ten
times more than the bulk of the water, and it has

not
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not been found that water can contain much more
than its own bulk of fixed air. But in other cafes I
have found the diminution of a quantity of air, and
efpecially of fixed air, to be much greater than I
could well account for by any kind of abforption.

The phial which had ftood immerfed in quick-
filver had loft very little of its original quantity ; and
being now opened in water, and left there, along
with a another phial, which was juft then filled, as
this had been three years before, with air half inflam-
mable and half fixed, T obferved that the quantity
of both was diminifhed, by the abforption of the
water, in the fame proportion.

Upon applying a candle to the mouths of the phials
which had been kept three years, that which had
ftood in quickfilver went off at one explofion, ex=
altly as it would have done if there had been a mix-
ture of common air, with the inflammable. As a
good deal depends upon the apertures of the veflels
in which the inflammable air is fixed, I mixed the
two Kkinds of air in equal proportion in the fame
phial, and after letting it ftand fome days in water,
that the fixed air might be abforbed, I applied a
candle to it; but it made ten or twelve explofions
(ftopping the phial after each of them) before the
inflammable matter was exhaufted.

The air which had been confined in the corked
phial exploded in the very fame manner as an equal
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 affected one ano-
ther at all.

Vou. LXII A a Con-
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Confidering inflammable air as air united to or
loaded with phlogifton, I expofed to it feveral fub-
ftances, which are faid to have a near affinity with
phlogifton, as oil of vitriol, and fpirit of nitre (the
former for above a month), but without making any
fenfible alteration in it.

1 obferved, however, that inflammable air, mixed
with the fumes of fmoaking fpirit of nitre, goes off
at one explofion, exactly like a mixture of half com-
mon and half inflammable air. This T tried feveral
times, by throwing the inflammable air into a phial
fall of {pirit 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. This remarkable
effect 1 haftily concluded to have arifen from the in-
flammable air having been in part deprived of its in-
flammability, by means of the ftronger affinity,
which the fpirit of nitre had with phlogifton, and
therefore I imagined that by letting them ftand longer
in conta&, and efpecially by agitating them ftrongly
together, I thould deprive the air of all its inflam-
mability ; but neither of thefe operations fucceeded,
for ftill the air was only exploded at once, as before.
And laftly, when I pafied a quantity of inflammable
air, which had been mixed with the fumes of fpirit
of nitre, through a body of water, and received it in
another veflel, it appeared not to have undergone
any change at all, for it went off in feveral fucceffive
explofions, like the pureft inflammable air. The
effe&t abovementioned muft, therefore, have been
owing to the fumes of the (pirit of nitre fupplyiTg

the
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the place of common air for the purpofe of ignition,
which is analogous to other experiments with
nitre.

Having had the curiofity, on the 25th of July
1772, to expofe a great variety of different kinds of
air to water out of which the air it contained had
been boiled, without any particular view ; the refult
was, in feveral refpets, altogether unexpe@ed, and
led to a variety of new obfervations on the properties
and affinities of feveral kinds of air with refpeft to
water. Among the reft three fourths of that which
was inflammable was abforbed by the water in about
two days, and the remainder was inflammable, but
weakly fo.

Upon this, I began to agitate a quantity of ftrong
inflammable 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 operation about ten minutes,
near one fourth of the quantity of air had difap-
peared; and finding that the remainder made an
effervefcence with nitrous air, I concluded that it
muft have become 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
into a veflel containing 2% ounce meafures of it, and
obferved that it lived in it twenty minutes, which is
as long as a moufe will generally live in the fame
quantity of common air, This moufe was even
taken out alive, and recovered very well. Still alfo
the air in which it had breathed fo long was inflam-
mable, though very weakly fo. I have even found
it to be fo when a moufe has aGually died in it.

Aaz Inflam-
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Inflammable air thus diminithed by agitation in
water, makes but one explofion on the approach of
a candle exaétly like a mixture of inflammable air
with common air.

From this experiment I concluded that, by con-.
tinuing the fame procefs, I fhould deprive inflam-
mable air of all its inflammability, and this I found
to be the cafe; for, after a longer agitation, it ad-
mitted a candle to burn in it, like common air, only
more faintly ; and indeed by the teft 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 moft ftrongly inflammable a little
before, came to extinguifh a candle, exactly like air
in which a candle had burned out, nor could they
be diftinguithed by the teft of nitrous air.

I found, by repeated trials, that it was difficult to
catch the time in which inflammable air obtained
from metals, in coming to extinguifh flame, was in
the ftate of common air, fo that the tranfition from
the one to the other muft be very thort. I readily,
however, found this ftate in a quantity of inflam-
mable air extra@ed from oak, which air I had kept
by me a year, and in which-a plant had grown,
though very poorly, for fome part of the time. A
quantity of this air, after being agitated in water till
it was diminifhed about one half, admitted a candle
to burn in it exceedingly well, and was even hardly
to be diftinguifhed from common air by the teft of
nitrous air,

I took fome pains to afcertain the quantity of di-
minution, in freth made and very highly inflam~
mable air from iron, at which it ceafed to be inflam=

mable,
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mable, and, upon the whole, I concluded that it was
fo when it was diminifhed a little more than
one half: for a quantity which was diminithed
exatly one half had fomething inflammable in it,
but in the flighteft degree imaginable.

Finding that water would imbibe inflammable air,
I endeavoured to impregnate water with it, by the
fame procefs by which 1 had made water imbibe
fixed air; but though I found that diftilled water
would imbibe about one fourteenth of its bulk of in-
flammable air, I could not perceive that the. tafte of
it was fenfibly altered.

IvV.

OFr AIR INFECTED WITH ANIMAL RESPIRATION,
OR PUTREFACTION,

That candles will burn only.a certain time, is a
fa& not better known, than it is that animals can
live only a certain time, in a given quantity of air;
but the caufe of the death of the animal is not better
known than that of the extinétion of flame in the
fame circamftances; and when once any quantity of
air has been rendered noxious by animals breathing
in it as long as they could,. I do not know that any
methods have been difcovered of rendering it fit for
breathing again. It is evident, however, that there
muft be fome provifion in nature for this purpofe, as.
well as for that of rendering the air fit for fuftaining
flame; for without it the whole mafs of the atmo-
fphere would, in time, become unfit for the purpole
of animal life; and yet there is no reafon to think

that it is, at prefent, at all lefs fit for refpiration than
it
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it has ever been. I flatter myfelf, however, that I
have hit upon two of the methods empivyed by na-
ture for this great purpofe. How many others there
may be, I cannot tell.

When animals die upon being put into air
in which other animals have died, after breathing in
it as long as they could, it is plain that the caufe of
their death is not the want of any pabulum wvite,
which has been fuppofed to be contained in the air,
but on account of the air being impregnated with
fomething ftimulating to their lungs; for they almoft
always die in convulfions, and are fometimes affected
fo fuddenly, that they are irrecoverable after a fingle
infpiration, though they be withdrawn immediately,
and every methoed has been taken to bring them to life
again, They are affefted 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
filled with the fumes of brimftone, infeted with
putrid matter, in which a mixture of iron filings and
brimftone has ftood, or in which charcoal has been
burned, or metals calcined, or in nitrous air, &c.

If a moufe (which is an animal that I have com-
monly made ule of for the purpofe of thefe experi-
ments) can ftand the firft thock of this ftimulus, or
has been habituated to it by degrees, it will live a
confiderable time in air in which other mice will
die inftantaneoufly. 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 actually lived in it, a frefh moufe has been
inftantly thrown into convulfions, and died upon
being put to them, It is evident, ‘therefore, that}if

the
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the experiment of the Black Hole were to be re-
peated, a man would ftand the better chance of fur-
viving it, who fhould enter at the firft, than at the
Iaft hour. I have alfo obferved, that young mice
will always live much longer than old ones, or than
thofe which are full grown, when they are confined
in the-fame quantity of air. I have fometimes known
a young moufe to live fix hours in the fame circum-
ftances in which an old moufe has not lived one.
On thefe accounts, experiments with mice, and, for
the fame reafon, no doubt, with other animals alfo,
have a confiderable degree of uncertainty attending
them; and therefore, it is neceffary to repeat them
frequently, before the refult can be abfolutely depend-
ed upon.

The difcovery of the provifion in nature for re-
ftoring air, which has been injured by the refpiration
of animals, having long appeared to me to be one of
the moft important problems in natural philofophy,
I have tried a great variety of fchemes in order to
effe& it. In thefe, my guide has generally been to
confider the influences to which the atmofphere is,
in fa&, expofed; and, as fome of my unfuccefsful
trials may be of ufe to thofe who are difpofed to take
pains in the farther inveftigation of this fubje&, I
fhall mention the principal of them.

The noxious efftuvium with which air is loaded
by animal refpiration, is not abforbed by ftanding
without agitation in frefh or falt water. T have kept
it many months in frefh water, when, inftead of
being meliorated, it has feemed to become even more
deadly, fo as to require more time to reftore it, by
the methods which will be explained hereafter, thap

air
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air which has been lately made noxious. I have
even fpent feveral hours in pouring this air from one
glafs veflel into another, in water, fometimes as cold,
and fometimes as warm, as my hands could bear it,
and have fometimes alfo wiped the veflels many
times, during the courfe of the experiment, in order
to take off that part of the noxious matter, which
might adhere to the glafs veflels, and which evi-
dently gave them an offenfive {mell; but all thefe
mgthods were generally without any fenfible effect.
The motion, alfo, which the air received in thefe
circumftances, it is very evident, was of no ufe for this
purpofe.

This kind of air is not reftored by being expofed to
the light, or by any other influence to which it is
expofed, when confined in a thin phial, in the open
air, for fome months.

Among other experiments, I tried a great variety
of different effluvia, which are continually exhaling
into the air, efpecially of thofe {ubftances which are
known to refift putrefaction ; but I could not by thefe
means effec any melioration of the noxious quality of
this kind of air.

Having read, in the Memoirs of the Imperial So-
ciety, of a plague not afflicting a particular village,
in which there was a large fulphur work, I imme-
diately fumigated a quantity of this kind of air; or
(which will hereafter appear to be the very fame
thing) air tainted with putrefattion, with the fumes
of burning brimftone, but without any effet.

I once imagined, that the nitrous acid in the air
might be the general reftorative which I was in
queft of; and the conjecture was favoured, by find-

ing
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ing that candles would burn, and animals live, in
air extralted 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 effluvium of faltpetre, and, with the fame
view, introduced into it the fumes of the fmoaking
fpirit of nitre; but both thefe methods were altoge-
ther ineffectual. ‘

In order to try the effect of heat, I put a quantity

of air,.in which mice had died, into a bladder, tied
to the end of the ftem of a tobacco-pipe, at the other
end of which was another bladder, out of which the
air was carefully preffed. I then put the middle
sart of the ftem into a chafing-dith of hot coals,
ftrongly urged with a pair of bellows; and, prefling
the bladders alternately, I made the air pafs feveral
times through the heated part of the pipe. 1 have
alfo made this kind of air very hot, ftanding in water
before the fire. But neither of thefe methods were of
any ufe.

Rarefaéion and condenfation by inftruments were
alfo tried, but in vain.

Thinking it poffible that the earth might imbibe
the noxious quality 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 mould; but,
though it flood two months in thefe circumftances,
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

Vor. LXIIL Bb ~ clofed
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clofed with ground ftopples, the affinity between
this noxious air and the common air might be fo
great, that they would mix through a body of water
interpofed between them; the water continually re-
ceiving from the one, and giving to the other, efpe~
cially as water receives fome kinds of impregnation
from, I believe, every kind of air to which it is con~
tiguous; but I have feen no reafon to conclude, that
a mixture of any kind of air with the common air
can be produced in this manner. I have kept air in
which. mice have died, air in which. candles have
burned out, and inflammable air, feparated from.
the common air, by the {lighteft: partition .of water
thdat I could well make, fo that it might .not eva-
porate in a day or two, if I fheuld happen not to.
attend to them; but I found no change in them
after a. month or fix weeks. The - inflammable air
was ftill inflammable;, mice died inftantly in the air
#2 which. other mice had died before, and candles
would not burn where they had burned out before. .
Siace air tainted with animal or. vegetable pu-
trefattion is the fame thing with:air reudered no-
xjous by.animal refpiration, I fhall now recite the
obfervations which I have made upon this kind of air;

before I treat of the method of reftoring them.
That thefe two kind; of air are, in fa&, the fame
thing, I conclude from their having feveral remark-
able common properties, and from their differing in
npthing that I have been. able to obferve.. They
equally extinguith flame, they are equally noxious
to animals, théy are equally, and in the fame way,
offenfive to the fmell, they are equally diminithed
' in
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in their quantity, they equally precipitate in lime-
water, and they are reftored by the fame means.

Since air which has pafled through the lungs is the
fame thing with air tainted with animal putrefa&ion,
~ it is probable that one ufe 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 moufe putrefies in any given quantity of
air, the bulk of it is generally increafed for a few
days; but in a few days more it begins to fhrink up,
and generally, in about eight or ten days, if the wea-
ther be pretty warm, it will be found to be diminifthed
1, or L of its bulk. Ifit do not appear to be di-
minifthed after this time, it only requires to be paffed
through water, and the diminution will not fail to
be fenfible. I have fometimes known almoft the
whole diminution to take place, upon once or twice
pafling 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 almoft always be farther reduced by this
means. All thefe procefles, as I obferved before,
feem to difpofe the compound mafs of air to -part
with fome conftituent part belonging to it; and this
being mifcible with water, muft be ‘brought into
conta& with it, in order to mix ‘with it to the
moft advantage, efpecially when its -union with the
other conftituent principles of the air is but partially
broken.

I have put mice intoveflelswhich had their mouths
immerfed in quickfilver, and obferved that the air
was not much contrated after they were dead or
<old; but uponwithdrawing the mice, and admiteing

B bz lime
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lime-water to the air it immediately became turbid,
and was contra&ed in its dimenfions as ufual.

I tried the fame thing with air tainted with putre-
faltion, putting a dead moufe to a quantity of
common air, in a veflel which had its mouth im-
merfed in quickfilver, and after a week I took the
moufe out, drawing it through the quickfilver, and
obferved that for fome time there was an apparent
increafe of the air perhaps about 1. Afterthis,
it ftood two days in the quickfilver, without any
fenfible alteration ; and then admitting water to it,
it began to be abforbed, and continued fo, till the
original quantity was diminifhed about 3. If, in-
{tcad of common water, I had made ufe of lime
water in this experiment, I make no doubt but it
would have become turbid.

If a quantity of lime-water in a phial be put under
a glafs veflel ftanding in water, it will not become
turbid, and provided the accefs of the common air
be prevented, it will continue lime-water, I do not
know how long ; but if a moufe be left to putrefy in
the veflel, the water will depofit all its lime in a few
days. This may be owing to the fixed air being
transferred from the putrid moufe into the water, and
yet it is evident that there is a putrid effluvium intirely
diftin& from this kind of air, and which has very
different properties.

It is a doubt with me, however, whether the
putrid efluvium be not chiefly fixed air, with the ad-
dition of fome other efluvium, which has the
power of diminifhing common air. The refem-
blance between the true putrid effluvium and fixed
air in the following experiment, which is as decifive

as
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as T can poflibly contrive it, appeared to be very
great; indeed, much greater than I had expected.
I 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 let it ftand
about two months, in which time the putrid efuvium
ifluing from the moufe had filled the whole vefiel,
and part of the diffolved blood, which lodged upon
the f{urface of the quikfilver, began to be thrown out.
I then filled another glafs veflel, of the fame fize and
fhape, with 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 faft in both the veflels, and like-
wife equally high; fo that about the fame quantity
remained unabforbed by the water. One of thefe
kinds of air, however, was exceedingly f{weet and
pleafant, and the other infufferably offenfive ; one of
them alfo would have made an addition to any
quantity of common air with which it had been
mixed, and the other would have diminithed it.
This, at leaft, would have been the confequence, if

the moufe itfelf had putrefied in any quantity of air.
It feems to depend, in fome meafure, upon the
time, and other circamftances, in the diflolution of
animal or vegetable fubftances, whether they yield
the proper putrid efluvium, or fixed, or inflammable
air; buat the experiments which 1 have made upon
this fubjet, have not been numerous enough to.
enable me to decide with certainty concerning thofe
circumftances. Putrid cabbage, green, or boiled, in-
fects the air in the very fame manner as putrid animal
tubftances,  Air thus tainted is equally contracted
in
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in its dimenfions, it equally extinguithes flame, and
is cqually noxious to animals; but they affe@ the air
very differently 1 the heat that is applied to them be
confiderable. If beef cr mutton, raw, or boiled, be
placed fo near to the fire, that the heat to which it
is expofed fhall equal, or rather exceed, that of the
"blood, a confiderable quantity of air wiil be generated
in a day or two, about Zth of which I have generall
found to be abforbed by water, while all the reft was
inflammable ; but air generated from vegetables, in
-the fame circuniftances, will be almoft all fixed, and
no part of it inflammable, This T have repeated
again and again, the whole procefs being in quick-
filver; fo that neither common air, nor water, had
any accefs to the fubftance on which the experiment
was made ; and the generation of air, or efluvium
of any kind, except what might be abforbed by
quickfilver, or reforbed by the fubftance itfelf, might
be diftinétly 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 ;
whereas an animal fubftance will continue to give
more air or efluvium, of fome kind or other, with
very little alteration, for many wecks. It is re-
markable, however, that though a piece of beef or
mutton, plunged in quickfilver, and kept in this de-~
gree of heat, yield air, the bulk of which is inflam-
mable, and contra@s no putrid fmell (at leaft, in 2
day or two), a moufe treated in the fame manner,
yields the proper putrid effuvium, as, indeed the
tmell fufficiently indicates; and this efftuvium does

either
H
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cither itfelf extinguith- flame, or hasin it fuch a mix-
ture of fixed air, as to give it that property.

‘That the putrid efluviom will mix with water
feems to be evident from the following experiment.
If a moufe be put into a jar full of water, ftanding
with its mouth inverted. in another veflel of water, a
confiderable quantity of elaftic matter (and which
may, therefore, be called air) will foon be generated,
unlefs the weather be fo cold as to check all putre-
fa&tion, After a.fhort time, the water contrats an
extremely fetid -and.offenfive fmell, which feems to
indicate that the putrid efHuvium pervades the water,
and affects the neighbouring air ; and fince, after this,
there is often no increafe of the air, that frems to be
the very fubftance which is carried off through the.
water, as faft as. it is generated; and the offenfive
{mell is a fufficient proof that it is not fixed air. For
this has.a very agreeable flavour, whether it be pro-
duced by fermentation, or extratted from chalk by
oil of vitriol; affeting not only the mouth, but
even the noftrils, with a pungency which is pe-
culiarly pleafing to a certain degree, as any per{on
may eafily fatisfy himfelf who will chufe to make
the experiment. If the water in which the moufe
was. immerfed, and which is faturated with the pu~
trid 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. effluvium as be-
fore ; for as {foon as this freth water becomes {aturated
with it, 1t begins to be offenfive to the {fmell, and.
the quantity of the putrid air upon its furface increa-
fes asbefore. T kepta moufe producing putrid airin
this manner for the fpace of feveral months. ,

Six .
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Six ounce meafures of air not readily abforbed by
water, appeared to have been generated from one
moufe, which had been putrefying eleven daysin con-
fined 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, ex-
tinguifhes flame, and is noxious to animals, but
not more {o than common air only tainted with pu-
trefaltion. It is exceedingly difficult and tedious to
colle& a quantity of this putrid air, not mifcible in
water, {o very great a proportion of what is collect-
ed being abforbed by the water, in which itiskept;
but what that proportion is, I have not endeavoured
to afcertain.

Though a quantity of air be diminithed by any
fubftance putrefying init, I have not yet found the
{ame effett to be produced by a mixture of putrid air
with common air; but, in the manner in which I
have hitherto made the experiment, I was obliged
to let the putrid air, pafs through a body of water;
which might inftantly abforb whatever it was in the
putrid fubftance, that diminithed the common air.

Infe@s of various kinds live perfeétly well in
air tainted with animal or vegetable putrefattion,
when a fingle infpiration of it would have inftantly
killed any animal. I have frequently tried the ex-
periment with flies and butterflies. I have alfo
obferved, that the apbides will thrive as well upon
plants growing in this kind of air, as in the open
air. 1 have even been frequently obliged to take
plants out of the putrid arr in which they were

growing, on purpofe to bruth away the {warms of
5 thefe
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thefe infc@s which infe@ted them; and yet fo ef-
feftually did {fome of them conceal themielves, and
{o faft did they multiply, in thefe circumftances,
that I could feldom keep the plants quite clear of
them.

When air has been frefhly and ftrongly tainted
with putrefaction, fo as to fmell through 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 fhoots
have branched out in various dire&ions, and have
grown much fafter than other fimilar plants, grow-
ing in the fame expofure in common air.

This obfervation led me to conclude, that plants,
inftead of affefting the air in the fame manner with
animal refpiration, reverfe the effects of breathing,
and tend to keep the atmofphere fweet and whole-
fome, when it is become noxious, in confequence
of animals living and breathing, or dying and pu-
trefying in it.

In order to afcertain this, Itook a quantity of air,
made thoroughly noxious, by mice breathing and
dying in it, and divided it into two parts; one of
which I put into a phial immerfed in water; and to
the other (which was contained in a glafs jar, ftand-
ing in water) I put a fprig of mint. This was about
the beginning of Auguft 1771, and after eight or
nine days, I found that a moufe lived perfeitly well

Vor, LXII. Cc in
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in that part of the air, in which the fprig of minthad
grown, but died the moment it was put into the
other part of the fame original quantity of air; and
which I had kept in the very fame expofure, but
without any plant growing in it.

This experiment I have feveral times repeated;
fometimes ufing air, in which animals had breathed
and died; fometimes ufing air tainted with vege-
table or animal putrefaltion, 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 conjeétured it might have done in an equal quan-
tity of frefh air; but, this is {o exceedingly various,
that it is not eafy to form any judgment from it;
and in this cafe the {ymptom of difficult refpiration
feemed to begin earlier than it would have done in
common air. _

Since the plants that T made ufe of manifeftly
grow and thrive in putrid air; fince putrid matter
is well known to afford proper nourithment for the
roots of plants; and fince it is likewife certain that
they receive nourithment by their leaves as well as
by their roots, it feems to be exceedingly probable,
that the putrid efflavium is in fome meafure extract-
¢d 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 experiments
of this kind did not anfwer fo well as they had done
before, and I had inftances of the relapfing of this

reftored air to its former noxious ftate. I therefore
fufpended



[ 195 ]

fufpended my judgment concerning the efficacy of
plants to reftore this kind of noxious air, till I
thould have an opportunity of repeating my experi-
ments, and giving more attention to them. Ac-
cordingly I refumed the experiments in the fum-
mer of the year 1772, when | prefently had the
moft indifputable proof of the refioration of putrid
air by vegetation; and as the faét is of fome im~
portance, and the fubfequent variation in the fiate
of this kind of air is a little remarkable; I think
it neceflary to relate fome of the fa&s pretty cir-
cumflantially.

The air, on which I made the firft experiments,
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 1 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 it, by introducing
a moufe into a glafs veflel, containing 22 ounce mea=
fures filled with each kind of air; and I noted the
following fadts. »

When the veflel was filled with the air in which
the mint had grown, a very large moufe lived five
minutes in it, before it began to fhew any fign of
uneafinefs. 1 then took it out, and found it to be as
ftrong and vigorous as when it was firft put inj
whereas in that air which had been kept. in the
phial only, without a plant growing in it, a younger
moufe continued not longer than two or three fe~
conds, and was taken out quite dead. It never
breathed after, and was immediately motionlefs.
After half an hour, in which time the larger moufe

Ccz2 (which
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(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 {ufficiently recruited,
fuppofing it to have received any injury by the
former experiment, was put into the fame veffel of
air ; but though it was withdrawn again, after be-
ing in it hardly one fecond, it was recovered with
difficulty, not being able to ftir from the place for
near a minute. After two days, I put the fame
moufe into an equal quantity of common air, and
ebferved that it continued feven minutes without
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 wholefome as common
air. 'The fame thing al{o appeared when I applied
the teft of nitrous air.

In the feven days, in which the mint was grow-
ing in this jar of noxious air, three old thoots had
extended themfelves about three inches, and feveral
new ones had made their appearance in the fame
time. Dr. Franklin 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.
vegetation, and remarkably healthy appearance in
that confinement.

On the 3oth of the fame month, a moufe lived
fourteen minutes, breathing naturally all the time,
and without appearing to be much uneafy, till the
laft two minutes, in air which had been rendered.
noxious by mice breathing in it almoft a year before,
and which. I had found to be moft highly noxious on

the 1gth of this month, a plant having grown in it,
but
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but not exceedingly well, thefe eleven days; on which
account, I had deferred making the trial fo long.
This reftored air was affeCted by a mixture of ni-
trous air, almoft as much as common air.

As this putrid air was thus eafily reftored to a
confiderable degree of fitnefs for refpiration, by
plants growing in it, I was in hopes that by the
fame means it might in time be {fo much more
perfetly reftored, that a candle would burn in
it; and for this purpofe I kept plants growing
in the jars which contained this air till the
middle of Auguit following, butdid not take {uffi-
cient 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
{tate ; when I was exceedingly furprized to find,
on the z4th of that month, that though theair in
one of the jars had not grown worfe, it was no
better, and that the air in the other jar was fo much
worfe than it had been,. that a moufe would have
died in it in a few feconds. It alfo made no effer-
vefcence with nitrous air, as it had done before.

Sufpeting that the fame plant might be capable
of reftoring putrid air to a certain degree only,
or that plants might have a contrary tendency in
fome ftages of their growth, I withdrew the old
plant, and put a freth one in its place ; and found
that, after f{even days, the air was reftored to its
former wholefome ftate. This fat I confider as a
very remarkable one, and well deferving of a far-
ther inveftigation, as it may throw more light upon
the principles of vegetation, It is not, however,

7 afingle
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a fingle fa& ; for I had feveral inftances of the fame
kind in the preceding year; but it feemed {o very
extraordinary, that air fhould grow worfe by the
continuance of the fame treatment by which it had
grown better, that, whenever I obferved it, I con~
cluded that 1 had not taken fufficient care to fatisfy
myfelf of its previous reftoration.

That plants are capable of perfectly reftoring-air
injured by refpiration, may, I think, be inferred
with certainty from the perfe& reftoration, by this
means, of air which had pafled through my lungs,
1o that a candle would burn in it again, though it
had extinguifthed flame before, and a part of the
{ame original quantity of air ftill continued to do
fo. Of this one inftance occurred in the year 1771,
a {prig of mint having grown in a jar of this kind
of air, from the 245th of July to the 17th of Au-
guft following ; and another trial I made with the
{ame fuccefs the 7th of July 1772, the plant having
grown in it from the 29th of June preceding. In
this cafe alfo I found that the effe&t 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 confiderable time, without making any
fenfible alteration in it, v

Thefe proofs of a partial reftoration of air by
plants in a ftate of vegetation, though in a con-
fined and unnatural fituation, cannot but render it
highly probable, that the injurywhich iscontinually
done to the atmofphere by the refpiration of fuch
a number of animals, and the putrefaltion of fuch
mafles of both vegetable and animal matter, is, in
part at leaft, repaired by the vegetable creagog.

nd,
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And, notwithftanding the prodigious mafs of air
that is corrupted daily by the abovementioned caufes;
yet, if we confider the immenfe profufion of ve-
getables upon the face of the earth, growing in
places fuited to their nature, and confequently at
full liberty to exert all their powers, both inhaling
and exhaling, it can hardly be thought, but 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 obferved,,
faw fome of my plants in a very flourithing ftate,
in highly noxious air, was pleafed to exprefs very
great fatisfaction with the refult of the experi-
ments. In his anfwer to the letter in which I in-
formed him of it, he fays,

« That the vegetable creation thould reftore the
¢¢ air which is fpoiled by the animal part of it,
¢¢ looks like a rational fyftem, and feemsto be of
¢¢ a piece with the reft. Thus fire purifies water
-« all the weorld over. It purifies it by diftillation,
¢ when it raifes it in vapours, and lets it fall in
¢ rain; and farther ftill by filtration, when, keep-
¢¢ ing it fluid, it fuffers that rain to percolate the:
« earth, We knew before, that putrid animal fub-
¢ {tances were converted into fweet vegetables,
¢ when mixed with the earth, and applied as
¢ manure; and now, it feems, that the fame pu-
¢« trid {fubftances, mixed with the air, have a fimi-
¢« lar effe&t. The ftrong thriving ftate of your
“ mint in putrid air {eems to fhew that the air is.
“ mended by taking fomething from it, and not
“ by adding to it.”” He adds, «1I hope this will
¢ give {fome check to the rage of deftroying trees.

2 s¢ that
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¢« that grow near houfes, which has accompanied
¢ our late improvements in gardening, from an
¢¢ opinion of their being unwholefome. Iam cer-
¢« tain, from long obfervation, that there is no-
¢¢ thing unhealthy in the air of woods; for we
¢« Americans have every where our country habi-
< tations in the midft of woods, and no people on
« earth enjoy better health, or are more prolific.”

Having rendered inflammable air perfeétly in-
noxious by continued agitation in a trough of water,
deprlved of itsair, I concluded that other kinds of
noxious air might be reftored by the fame means;
and I prefently found that this was the cafe with
putrid air, even of more than a year’s ftanding. 1
thall obferve once for all, that this procefs has ne-
ver failed to reftore any kind of noxious air on
which I have tried it, viz. air injured by refpira=
tion or putrefaltion, air infeted with the fumes
of burning charcoal, and of calcined metals, air
in which a mixture of iron filings and brimitone,
or that in which paint made of white lead and oil
has ftood, or air which has been diminifthed by a
mixture of nitrous air. Of the remarkable effet
which this procefs has on nitrous air itfelf, an ac-
count will be given in its proper place.

If this procefs be made in water deprived of air,
either by the air pump, by boiling, by diftillation,
or if frefh rain water be ufed, the air will always
be diminithed by the agitation; and this is cer-
tainly the faireft method of making the experi-
ment. If the water be freth pump water, there
will always be an increafe of the air by agitation,
the air contained in the water being fet loofe, and

joining
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joining that which is in the jar. In this cafe, alfos
the air has never failed to be reftored ; but then it
might be {ufpected that the melioration was pro-
duced by the addition of fome more wholefome
ingredient.  As thefe agitations were made in jars
with wide mouths, and in a trough which had a
large furface expofed to the common air, I take it
for granted that the noxious efluvia, whatever
they be, were firft imbibed by the water, and
thereby tranfmitted to the common atmofphere.
Tn fome cafes this was fufficiently indicated by the
difagreeable fimell which attended the operation.

After 1 had made thefe expgriments, I was in-
formed that an ingenious phyfician and philofopher
had kept afowl alive twenty-four hour, ina quantity
of air in which another fowl of the fame fize had
not been able to live longer than.an hour, by con-
triving to make the air, which it breathed, pafs
through no very large quantity of acidulated water,
the furface of which wasnot expofed to the common
air; and that even when the water was not acidula-
ted, the fowl lived much longer than it could have
done, if the air which it breathed had not been
«drawn through the water. As I fhould not have
voncluded that this experiment would have fucceed-
ed fo well, from any obfervations that I had made
upon the fubje, I took a quantity of air in which
mice had died, and agitated it very ftrongly, firft in
about five times its own quantity of diftilled water, in
the manner in which I had impregnated water with
fixed air4 but though the operation was continued a
long time, it made no fcnm change in the pro-

rties of the air. I alfo repeated the operation with

Vor, LXI1I, Dd pump
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pump water, but with as little effet. In this cafe,
however, though the air was agitated in a phial,.
which had a narrow neck, the furface of the water in
the bafon was confiderably large, and expofed to the
common atmofphere, which muft have tended a little
to favour the experiment. In order to judge more
precifely of the effett of thefe different methods of
agitating air, I transfered the very noxious air,
which 1 had not been able to amend in the leaft de-
gree by the former method, into an open jar, ftand-
ing in a trough of water; and when I had agitated
it till it was diminifthed about one third,. I found it
to be better than air, in which candles had burned
out, as appeared by the teft of the nitrous air; and
a moufe lived in 2  ounce meafures of it a. quarter of
an hour, and was not fenfibly affeted the firft ten
or twelve minutes.

In order todetermine whether the addition of any
acid to the water, would make it more capable of
reftoring putrid air, I agitated a quantity of itin a
phial containing very ftrong vinegar; and after
that in agua firtis, only half diluted with water;
but, by neither of thefe procefles. was the air at all
mended, though the agitation was repeated at inter~
vals during a whole day, and it was moreover al-
lowed to ftand in that fituation all night.

Since, however, water in thefe experiments muft
have imbibed and retained a certain. portion of the
noxious effluvia, before they cauld be tranfmited to
the external air, I.do not think it imprebable butthat-
the agitation of the fea and large lakes may be of
fome ufe for the purification of the. atmofphere,
and the putrid magter contained in water may be

imbibed.
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imbibed by aquatic plants, or be depofited in fome
other manner,

Having found, by feveral experiments above-
mentioned, that the proper putrid efHluvium is fome-
thing quite diftinét from fixed air, and finding, by
the experiments of Dr. Macbride, that fixed air cor-
rets putrefattion ; I once concluded that this effe
was produced, not by ftopping the flight of the fixed
air, or reftoring to the putrefying fubftance the
very fame thing that had efcaped from it; and
which was the common vinculum of all its parts
(which is that ingenious author’s hypothefis) but
by an affinity between the fixed air and the putrid
effluvium. It therefore occurred to me, that fixed
air, and air tainted with putrefattion, though
equally noxious when {eparate, might make a
wholefome mixture, the one correcting the other ;
and I was confirmed in this opinion by, I believe,
not lefs than fifty or fixty inftances, in which air,
that had been made in the higheft degree noxious,
by refpiration or putrefation, was fo far {weetened,
by a mixture of about four times as much fixed air
that afterwards mice lived in it exceedingly well,
and in {fome cafes almoft as long as in common air.
I found it, indeed, to be more difficult to reftore
old putrid air by this means ; but I hardly ever
failed to do it, when the two kinds of air had ftood
a long time together, by which 1 mean about a
fortnight or three weeks.

The reafon why I do not abfolutely conclude
that the reftoration of air in thefe cafes was the
effe of fixed air, is that, when I made a trial of

the mixture, I fometimes agitated the two kinds
Dda2 of
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of air pretty ftrongly together, in a trough of
water, or at leaft paffed it feveral times through
the water, from one jar to another, that the {u-
perfluous fixed air might be abforbed, not fufpect~
ng at that time that the agitation could have any
other effe&t ; but having fince found that very vio-
lent, and efpecially long continued 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
wnftance the mere transferring of the air from one
veflel to another through the water, though for a
much longer time than I ever ufed for the mix-
tures of air, was of confiderable ufe for the fame
purpofe) ; I began to entertain fome doubt of the
efficacy of fixed air, for that purpofe. In fome cafes.
alfo the mixture of fixed air had by no means fo-
much effe& on the putrid air as, from the genera-
lity of my obfervations, I thould have expected.

¥ was always aware, indeed, that it might be
faid, that, the refiduum of fixed air not being very
noxious, fuch an addition muft contribute to mend
the putrid air; but, in order to obviate this ob-
je&ion, I once mixed the refiduum of as much
fixed air as I had found. by a variety of trials, to
be fufficient to reftore a:given quantity of putrid air,
with an equal quantity of putrid air, without mak~
ing any f{enfible melioration of it.

Upon the whole, 1 am inclined to think that
this procefs could hardly have fucceeded fo well as
it did with me, and in {o great a number of trials,
unlefs fixed air have fome tendency to corteét air
tainted with refpiration or putrefation; -and it is

: 5. _ perfettly



[ 205 ]

perfectly agrecable to the analogy of Dr, Mac-
bride’s difcoveries, and may naturally be expefted
from them, thatit thould have fuch an effeét.

By a mixture of fixed air 1 have made whole-
fome the refiduum of air generated by putrefac-
tion only, from mice plunged in water. This,
ene would imagine, @ priori, to be the moft nox-
ious of all kinds-of air. For if common air only
tainted with putrefattion be fo deadly, much more
might one expect that air to be fo, which was ge-
nerated from putrefaction only ; but it feems to be
nothing more than common air tainted with pu-
trefaction,. and therefore requires no other procefs-
to {weeten it  In this cafe, however, we feem to.
have an inftance of the generation of genuine com-
mon air, though mixed with {omething that is
foreign to it. Perhaps the refiduum of fixed air
may be another inftance of the fame nature.

Fixed air is equally diffufed through the whole
mafs of any quantity of putrid air with which it is
mixed; for dividing the mixture into 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 incor-
porate, as inffammable air, and air in which brim--
ftone has burned..

If fixed air tend to correét air which has been
injured by animal refpiration or putrefaétion, lime--
kilns,, which difcharge great quantities of fixed air,.
may be wholefome in the neighbourhood of popu-
lous cities, the atmofphere of which muft abound
with putrid effluvia.. I fhould think alfothatphy-

ficians might avail themfelves of the application.
of
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of fixed air in many putrid diforders, efpecially as
it may be f{o eafily adminiftered by way of clyfter,
where it would often find its way to much of the
putrid matter. Nothing is to be apprehended from
the diftention of the bowels by this kind of air,
{ince it is fo readily abforbed by any fluid or moift
fubftance. Since fixed air is not noxious per fe, but,
like fire, only in excefs, I do not think it at all ha-
zardous to attempt to breathe it. It is however
eafily conveyed into the ftomach, i natural or
artificial Pyrmont water, in brifkly fermenting li-
quors, or a vegetable diet. It is poflible, however,
that a confiderable quantity of fixed air might be
imbibed by the abforbing veflels of the fkin, if the
whole body, except the head, thould be fufpended
over a veflel 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 effe®. Being
no phyfician, Irun no rifk by throwing out thefe

random, and perhaps whimfical, propofals.
Having communicated my obfervations on fixed
air, and efpecially my {cheme of applying it by way
of clyfler in putrid diforders, to Mr. Hey, an in«
genious {urgeon in this town, a cafe prefently oc-
curred, in which he had an opportunity of giving
it a trial ; and mentioning it to Dr. Hird and Dr,
Crowther, two phyficians who attended the pa-
tient, 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
4 patient



[ 207 ]

patient drink plentifully of liquors ftrongly impreg--
nated with it. The event was fuch, that I requefted.
Mr. Hey to draw up a particular account of the cafe,
defcribing the whole of the treatment, that the pub~
lic might be fatisfied that this new application of
fixed air is perfe&ly fafe, and alfo have an oppor-
tunity of judging how far it had the effet which I
expefted from it; and as the application is new,
and not unpromifing, Ifhall beg leave to fubjoin his.
letter to me on the fubje&t, by way of Appendix to
thefe papers.

V.

Or AIR IN WHICH A MIXTURE OF BRIMSTONE
AND FILINGS OF IRON HAS. §TOOD.

Finding inr Dr: Hales’s accountof” his experiments,
that there was a great diminution of the quantity of
air in which a mixture of powdered brimftone and
filings of iron,mad¢ into a pafte with water,had ftood,
Irepeated thie experiment; and found the diminution
greater than I had expefted. The diminution of
air by this procefs is made as effetually, and as ex-
peditioufly, in quickfilver as in water; and it may
be meafured with the greateft accuracy, becaufe there
1s neither any previous expanfion nor increafe of the
quantity of air, and becaufe it is fome time before
it begins to have any fenfible effe@®. The dimi-
nution of air by this procefs is various; but I have

generally
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generally found it to be between % and  of the
whole,

Air thus diminithed is not heavier, but rather
lighter than common air; and though lime-warer
does not become turbid when it is expofed to thig
air, it is probably owing to the formation of a felenitic
falt, as was the cafe with the fimple burning of brim-
ftone abovémentioned. That fomething proceeding
from the brimftone ftrongly affets the water which
is confined in the f{ame place with this brimftone, is
manifeft from the very ftrong fmell that it has of the
volatile {pirit of vitriel. 1 conclude the diminution
of air by this procefs is of the fame kind with the
diminution of it in the other cafes, becaufe when this
mixture is put into air which has been previoufly
diminifthed, either by the burning of candles, by
refpiration, or putrefaction, though it never fails to
diminifh it fomething more, it is, however, no far-
ther than this procefs alone would have done it.
If a freth mixture be introduced into a quantity of
air which had been reduced by a former mixture,
it has little or no farther effeét.

I obfetved, that when a mixture of this kind was
taken out of a quantity of air in which a candle had
before burned out, and in which it had ftood for {e-
veral days; it was quite cold and biack, as it always
becomes in a confined place ; but it prefently grew
very hot, {moaked copioufly, and fmelled very of:
fenfively 5 and when it was cold, it was brown, like
the ruft of iron.

I once puta mixture of thiskind to a quantity of
inflammable air, made from iron, by which means
it was diminithed . or %, inits bulk; but, as faras

Icould
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I could judge, it was ftill as inflammable as ever.
Another quantity ef inflammable air was alfo redu-
ced in the fame proportion, by a moufe putrefying
in it; but its inflammability was not feemingly
leflened.

Air diminifhed by this mixture of iron filings and
brimftone, is exceedingly moxious to animals, and
I have not perceived that it grows any better by
keeping in water. The fmell of it is very pun-
gent and offenfive. ) ] |

The quantity of this mixtare 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 quantity of air (which was
generally about twenty ounce meafures) was as great
with the {malleft, as with the largeft quantity. How
fmall a quantity is neceffary to diminith a given
quantity of air to a maximum, 1 have made no ex-
periments to afcertain.

As foon as this mixture of iron filings, with brim-
ftone and water, begins to ferment, it al{o turns black,
and begins to {well, and it continues to do fo, till it
occupies twice as much fpace as it did at firft ; and
the force with which it expands is great; but how
great it is I have not endeavoured to determine.

When this mixture is immerfed in water, it gene-
rates no air, though it becomes black, and fwells.

Vor, LXIL Ee Vi, Or
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VI,
OfF N1TRrRovus AI1R.

Ever fince I firft read Dr. Hales’s moft excellent
Statical Effays, I was particularly firuck with that
experiment of his, of which an account is given,
Vor. I. p. 224, and Vol. II. p, 280; in which
common air, and air generated from the Walton
pyrites, by {pirit of nitre, made a turbid red mix-
ture, and in which part of the common air was ab-
forbed ; but I never exp:éted to have the fatisfaltion
of feeing this remarkable appearance, fuppofing it to
be peculiar to that particular mineral. Happening
to mention this fubject to the Hon. Mr. Cavendifh,
‘when I was in London, in the {pring of the year
1772, he faid that he did not imagine but that
other kinds of pyrites might anfwer as well as that
which Dr. Hales made ufe of, and that probably
the red appearance of the mixture depended upon
the {pirit of nitre only. This encouraged me to
attend to the fubje&t ; and having no pyrites, 1 be-
gan with the folution of the different metals in {pirit
of nitre, and catehing the air which was generated in
the folution, I prefently found what I wanted, and
a good deal more.

Beginning with the folution of brafs, on the 4th of
June 1772, 1 ficft found this remarkable fpecies of
air ; one effeé of which, though it was cafually ob-
ferved by Dr. Hales, he gave but little attention to;
and which, as far as I know, has pafled altogether
unnoticed fince his time, infomueh that no name has
been given toit, I therefore found myfelf, contrary

to
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to my firlt refolution, under an abfolute neceflity of
giving a name to this kind of air myfelf. When I
fir(t began to {peak and write of it to my friends, I
happened to diftinguifh it by the name of nitrous air,
becaufe T had procured it by means of fpirit of nitre
only; and though I cannot fay that I altogether like
the term, becaufe this air 1s not got from all the me-
tals by the fame fpirit, ncither myfelf nor any
of my friends, to whom T have applied for the pur-
ofe, have been able to hit upon a better; fo that
fam obliged, after all, to content myfolf with it.

I have found that this kind of air is readily pro-
cured from iron, copper, brafs, tin, filver, quickfil-
ver, bifmuth, and nickel, by the nitrous acid only,
and from gold and the regulus of antimony by aqua
regia. ‘The circumftances attending the {olution of
each of thefe metals are various, but hardly worth
mentioning, in treating of the properties of the air
which they yicld, which, from what metal foever it
i1s extralted, has, as far as I have been able to ob-
ferve, the very fame properties.

One of the moft confpicuous properties of this kind
of air is the great diminution of any quantity of com-
mon air with which 1t is mixed, attended with a tur-
bid red, or deep orange cclour, and a confiderable
heat. TheTmell ofit, alfo, is very ftrong, and re-
markable, but very much refembling that of fmoking
{pirit of nitre.

The diminution of a mixzture of this and common
air i1s not an equal diminution of both the kinds,
which is all that Dr. Hales could obferve, but of the
common air chiefly, though not wholly. For if ane
meafure of nitrous air be put to two meafures of

Ee 2 Lcommon
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common alr, ina few minutes (by which time the
effervefcence will be over, and the mixture will have
recovered its tranfparency) there will want about one
ninth of the original two meafures. I hardly know
any experiment that is more adapted to amaze and
furprize than this is, which exhibits a quantity of
air, which, as it 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 diminifhed
by it. If, after this full faturation of common air with
nitrous atr, more nitrous air be put to it, it makes an
addition equal to its own bulk, without producing
the leaft rednefs, or any other vifible eflet.

That this diminution is chiefly in the quantity of
common air, is evident from this obfervation, that if
the {malleft quantity of common air be put to any
larger quantity of nitrous air, though the two toge-
ther will not occupy fo much fpace as they did fepa-
rately, yet the quantity will be ftill larger than that
of the nitrous air only. One ounce meafure of com-
mon air being put to near twenty ounce meafures of
nitrous air, made an addition to it of about half an
ounce meafure. ‘This, however, being a much greater
proportion than the diminution of common air, in the
former experiment, feems to prove that part of the
diminution in the former cafe is in the nitrous air.
Befides, it will prefently appear, that nitrous air is
fubjet to a moft remarkable diminution ; and as
common air, in a variety of other cafes, fuffers a di-
minution from one fifth to one fourth, I conclude,
that in this cafe alfo it does not exceed that propor-
tion, and therefore that the remainder of the dimi-
aution refpe&ts the nitrous air. .

{i
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fn order to judge whether the water contributed
tothe diminution of this mixture of nitrous and
common air, I made the whole procefs feveral
times in quickfilver, ufing one third 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 {o great as when the mix-
tures had been made in water, there remaining one
feventh more than the original quantity of com-
mon air. This mixture ftood all night upon the
quickfilver ; and the next morning I obferved that
it was no farther diminifhed upon the admiffion of
water to it, nor by pouring it {feveral times through
the water, and letting it {tand in water two days.
Another mixture, which ftood about fix hours on
the quickfilver, was diminifhed a little more upon
the admiffien of water, but was never lefs than
the original quantity of common air. In another
cafe, however, in which the mixture ftood but a
very fhort time in quickfilver, the farther dimi-
nution, which took place upon the admiffion of
water, was much more confiderable; fo that the
diminution, upon the whole, was very nearly as
great as if the procefs had been intirely in water.
It 1s evident from thefe experiments, that the di-
minution 1s in part owing to the abforption 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 con-
ftitution, by which it is afterwards incapable of

being abforbed by water,
In order to determine whether the fixed part of
common air was depofited in the diminution of it
by

-
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by nitrous air, I inclofed a veflel full of lime wa.
ter in the jar in which the procefs was made, but
it occafioned no precipitation of the lime; and
whcn the veflel was taken out, after it had been
in that fituation a whole ‘day, the lime was eafily
precipitated by breathing into it as ufual.

Itisexceedingly remarkable that this eff‘ervefcencc
and diminution, occafioned by the mixture of ni-
trous air, is peculiar to common air, or air fit for
refpiration; and, as far as I can judge, from a
great number of obfervations, is at leaft very
nearly, if not exa&tly, in proportion to its fitpefs
for this purpofe; fo that by this means the good-
nefs of air may be diftinguithed much more accu-
rately than it can be doue by putting mice, or any
other animals, to breathe init, This was a moft
agreeable difcovery to me, as I hope it may be an
uleful one to the public; efpecially as, from this
time, 1 had no occafion for fo large aﬁock of mice
as I had been ufed to keep for the purpofe of thefe
experiments, ufing them only in thofe which re-

uired to be very decifive ; and in thefe cafes I have
feldom failed to know beforehand in what manner
they would be affected.

It is alfo remarkable that, on whatever account
air is unfit for refpiration, this fame teft is equally
applicable. Thus there is not the leaft efferve-
{cence between nitrous and fixed air, or inflamma-
ble air, or any {pecies of diminithed 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 pofleflion of a pro-
digioufly large fcale, by which we may diftinguith

1 very
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very {mall degrees of difference in the goodnefs
of air. I have not attended much to this circum-
ftance, having ufed this teft chiefly for greater
differences ; but, if I did not deceive myfelf, 1
have perceived a real difference in the air of my
ftudy, after a few perfons have been with me in
it, and the air on the outfide of the houfe. Alfoa
phial of air having been fent me, from the neigh-
bourhood of York, it appeared not to be fo good
as the air near Leeds; that is, it was not dimi-
nifhed {fo much by an equal mixture of nitrous air,
every other circumftance being as nearly the fame
as I could contrive. It may perhaps be poflible,
but I have not yet attempted it, to diftinguith
fome of the different winds, or the air of different
times of the year, by this teft.

By means of this teft I was able to. determine
what I was. before in doubt about, v:%. the kind as
‘well as the degree of injury done to air by candles
burning in it. I could not tell with certainty by
means of mice, whether it was at all injured with
refpet to refpiration ; and yet if nitrous air may
be depended upon for furnithing an accurate teft, it
muft be rather more than. one third worfe than
common air, and have been diminithed by the
fame general caufe of the other diminutions of air.
For when, after many trials, I put one meafure
of thoroughly putrid and highly noxious air, into
the fame veflel with two meafures of good wholc-
fome air, and into another veflel an equal quan-
tity, vsz. three meafures of air in which a candle
had burned out; and then put equal quantities of
nitrous air to each of them, the former was di-
minifhed rather more than the latter. It agrees

with
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with this obfervation, that burned air is farther
dimininifhed both by putrefadtion, and a mixture
of iron filings and brimftone; 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 phlogifton, as
to be able to extinguifth 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 conduéted.
As, for fome time, I chiefly made ufe of copper
for the generation of nitrous air, I firft afcribed
this circumftance to that property of this metal,
by which it burns with a green flame; but I was
prefently fatisfied that it muft arife from the fpirit
of nitre, for the effe&t is the very {fame from which-
ever of the metals the nitrous air is extratted, all
of which I tried for this purpofe, even filver and
gold. A mixture of oil of vitriol and {pirit of
nitre in equal proportlons diflolved 1ron, and the
produce was nitrous air; but a lefs degree of fpirit
of nitre in the mixture produced air that was in-
flammable, and which burned with a green flame.
It alfo tinged common air a little red, and dimi-
nithed 1t, though not much.

The diminution of common air by a mixture of
nitrous air, is not fo extraordinary as the diminu-
tion which nitrous air itfelf is fubje& to from a
mixture of iron filings and brimitone, made into a
pafte with water. ‘This mixture, as I have already
obferved, diminithes common air between one
fifth and one fourth, but has no fuch effe& upon

7 any
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any kind of air that has been diminifhed, and ren-
dered noxious by any other procefs; but when it
is put to a quantity of nitrous air, it dimi-
nithes it fo much, that no more than one fourth
of the original quantity will be left. The effect
of this procefs is generally perceived in five or fix
hours, about which time the vifible effervefcence
of the mixture begins; and in a very thort time
it advances fo rapidly, that in about an hour almoft
the whole effet will have taken place. If it be.
fuffered to ftand a day or two longer, the air will
ftill be diminifhed farther, but only a very little
farther, in proportion to the firft diminution. The
glafs jar, in which the air and this mixture have
been confined, has generally been {fo much heated
in this procefs, that I have not been able to
touch it.

Nitrous air thus diminifhed has not the peculiar
{mell of nitrous air, but fmells juft like common
air in which the fame mixture has ftood; and it
is not capable of being diminithed any farther, by
a freth mixture of "iron and brimftone.

Common air faturated with nitrous air is alfo
no farther diminithed by this mixture of iron
filings and brimftone, though the mixture fer-
ments with great heat, and fwells very much
n 1t.

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 faturated
with nitrous air, differs in fpecific gravity from
common air, or, at leaft, fo little, that I could

VoL, LXIL Ff not



[ 218 ]

not be fure of it, fometimes about three pints of
it feeming to be about half a grain heavier, and at
other times as much lighter than common air.

Having, among other kinds of air, expofed a
quantity of nitrous air, to water out of which 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 ob-
fervations, I found that 12 of the whole was ab-
forbed. Perceiving, to my great furprize, that {o
very great a proportion of this kind of air was
mifcible with water, I immediately began to agi-
tate a confiderable quantity of it, in a jar {tanding
in a trough of the fame kind of water; and with
about four times as much agitation as fixed air re-
quires, it was {o far abforbed by the water, that
only about one fifth remained. This remainder
extinguithed flame, and was noxious to animals.
Afterwards I diminifhed a pretty large quantity of
it to one eighth of its original bulk, and the re-
mainder ftill retained much of its peculiar fmell,
and diminithed common air a little. A moufe
alfo died in it, but not fo fuddenly as it would
have done in pure nitrous air. In this operation
the peculiar fmell of nitrous air is very manifeft,
the water being firft impregnated. with the air,
and then tranfmitting it to the common atmof-
phere.

This experiment gave me the hint of impreg-
nating water with nitrous air, in the manner n
which I had before done it with fixed air; and I
prefently found that diftilled water would imbibe
about one tenth of its bulk of this Kind of air, a;nd

that.
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that it acquired a remarkably acid and aftringent
tafte from it. ‘The {fmell of water thus impreg-
nated is at firft peculiarly pungent. 1 did not
chufe to fwallow any of it, though, for any thing
that 1 know, it may be perfe&tly 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 whitith fume, {uch
as fometimes iffues 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 fituation, it ftill retained its peculiar tafte;
but when it had ftood all night pretty near the
fire, the water was become quite vapid, and had
depofited a filmy kind of matter, of which I had
often colleted a confiderable quantity from the
trough in which jars containing this air had
ftood. This I fuppofe to be a precipitate of the
metal by the folution of which the nitrous air was
generated. I have not given fo much attention to it
as to know, with certainty, in what circumftances
this depofit is made, any more than I do the mat-
ter depofited from inflammable air abovementioned ;
for 1 cannot get it, at leaft in any confiderable
quantity, when I pleafe ; whereas [ have often
found abundance of it, when I did not expe& it
at all.

The nitrous air with which I made the firft im-
pregnation of water was extracted from copper ; but
when I made the impregnation with air from quick-
filver, the water had the very fame tafte, though
the matter depofited from it feemed to be of a dif-
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ferent kind ; for it was whitifh, whereas the other
had a yellowifh tinge. Except the firft quantity
of this impregnated water, I could never deprive
any more that I made of its peculiar tafte. I have
even let fome of it {ffand more than a week, in
phials with their mouths open, and fometimes
very near the fire, without producing any altera-
tton In it.

Whether any of the fpirit of nitre be properly
contained in the nitrous air, and be mixed with
the water in this operation, I have not yet endea~
voured to determine. This, however, may pro-
bably be the cafe, as the {ptrit of nitre is in a con--
fiderable degree. volatile,

It will pernaps be thought, that the moft ufe-
ful, if not the moft remarkable, of all the proper-
ties of this extraordinary kind of air, is its power
of preferving animal fubftances from putrefae-
tion, and of reftoring' thofe that are already
putrid, which it poflefles in a far greater degree
than fixed air. My firft obfervation of - this was
altogether cafual. Having found nitrous air to
fuffer {o great a diminution as I have already men-
tioned by a mixture of iron filings and brimftone,
I was walling to try whether it would be equally
diminithed by other caufes of the diminution of
common air; efpecially by putrefaion; and for
this purpofe I put a dead moufe into a quantity of
it, and placed it near the fire, where the ten-
dency to putrefaétion was very great, In this
cafe there was a confiderable diminution, vs%. from-
5. to 35 ; but not fo great as I had expeéted, the

antifeptic power of the nitrous air having checked
the
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the tendency to putrefattion; for when, after a
week, I took the moufe out, I perceived, to my
very great furprize, that it had no offenfive fmell.

Upon this 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, ftand-
ing in the ufual temperature of the weather, in
the months of July and Auguft of 17723 and
after 25 days, having obferved that there was little
or no change in the quantity of the air, I took the
mice out; and, examining them, foundthem both
perfeétly {weet, even when cut through in all
places. That which had been put into the air
when juft dead was quite firm ; and the flefh of the
other, which had been putrid and foft, was ftill
foft, but perfeétly {weet.

In order to compare the antifeptic power of this
kind of air with that of fixed air, I examined a
moufe which I had inclofed in a phial full of fixed
air, as pure as I could make it, and which I had
corked. very clofe; but uporr opening this phial in
water, about a month after, I perceived that a
large quantity of putrid effluvium had been gene-
rated ; for 1t ruthed with violence out of the phial ;
and the fmell that came from it, the moment the
cork was: taken out, was infufferably offenfive.
Indeed Dr, Macbride fays, that he could-only reftore
very thin pieces of putrid flefh 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 fubje&, this re.
markable antifeptic power of nitrous air might
poflibly be applied to various ufes, perhaps to the.

prefervation
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prefervation of the more delicate bigds, fithes, fruits,
&c. mixing it in different proportions with com-
mon or fixed air. Of this property of nitrous air
anatomifts may perhaps avail themfelves, asanimal
fubftances may by this means be preferved in their
natural foft ftatc; but how long it will anfwer for
this purpofe, experience only can thew.

I calcined lead and tin in the manner hereafter
defcribed in a quantity of nitrous air, but with
very little fenfible effe® ; which rather furprized
me; as, from the refult of the experiment with the
iron filings and brimiftone, T had expected a very
great diminution of the nitrous air by this procefs,
the mixture of iron filings and brimftone, and the
calcination of metals, having the fame effect upon
_ common air, both of them diminifhing it in nearly
the fame proportion.

Nitrous air is procured from all the proper me-
tals by fpirit of nitre, except lead, and from all
the femi-metals that I have tried, except zinc. For
this purpofe I have ufed bifmuth and nickel, with
{pirit of nitre only, and regulus of antimony and
platina, with aqua regia.

I got little or no air from lead by fpirit of nitre,
and have not yet made any experiments to afcer-
tain the nature of this folution, With zinc I have
taken a little pains.

Four penny weights and feventeen grains of zinc
diffolved in {pirit of nitre, to which as much water
was added, yielded about twelve ounce meafures of
air, which had, in fome degree, the properties of
nitrousair, making a {light effervefcence with com-

mon air, and diminithing it about as much as ni-
trous
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trous air, which had been itfelf diminithed one half
by wathing in water, The fmell of them both was
alfo the fame; fo thatI eoncluded it to be the fame
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 the folution boil in a fand heat. Some air
came from it in this ftate, which feemed to be the
fame thing,as nitrous air diminithed about one fixth,
or one eighth, by wathing in water. When the
fluid part was evaporated, there remained a brown
fixed {fubftance, which was obferved by Mr, Hel-
lot, who defcribes it, Ac. Par. 1735, M. p. 33.
A part of this I threw into a fmall red hot cruci-
ble; and covering it immediately with a receiver,
ftanding in water, I obferved that very denfe red
fumes rofe from it, and filled the receiver, This
rednefs continued about as long as that which is
occafioned by a mixture of nitrous and common
air ; the air was alfo confiderably diminifhed within
the receiver. ‘This fubftance, therefore, muft cer-
tainly have contained within it the very fame
thing, or principle, on which the peculiar pro-
perties of nitrous air depend. It is remarkable,
however, that though the air within the receiver
was diminifhed about ons fifth by this procefs, it
was itfelf as much affe¢ted with a mixture of ni-
trous air, as common air is, and a candle burnt in
it very well. This may perhaps be attributed to
fome effet of the fpirit of nitre, in the compofition
of that brown f{ubftance.

Nitrous air, 1 find, will be confiderably dimi-
nifhed in its bulk by ftanding a long time in wa-

ter,



[ 224 ]

ter, about as much as inflammable air is dimi-
nifhed in the fame circumftances. For this pur-
pofe I kept for fome menths a quart bottle full of
each of thefe kinds of air ; but as different quanti-
ties of inflammable air vary very much in this re-
{pe&t, it.is not improbable but that nitrous air may
vary alfo.

From one trial that I made, 1 conclude that ni-
trous air.may be kept in a bladder much better than
moft other kinds of air. The airto 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 aday or two the
bladder became red, and was much contra&ted in
its dimenfions. ‘The air within it had loft very
little of its peculiar property of diminithing com=
anon air.

1 did not endeavour to afcertain the exaét quan-
tity of nitrous air produced from given quantities
of all the metals which yield it; but the few ob-
fervations which 1 did make for this purpofe I thall
recite in this place:

dwt. gr.
6 o of filver yielded 173 ounce meafures
5 19 of quickfilver 4%
1 2% of copper 14%
2 o of brafs 21
o 20 of iron 16
1 5 of bifmuth 6
o 12 of nickel 4

VIl OF
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VIL

OF AIR INFECTED WITH THE FUMES OF BURN=
ING CHARCOAL,

Air infeCed with the fumes of burning charcoal
is well known to be noxious; and the Honourable
Mr. Cavendifh favoured me with an account of fome
experiments of his, in which a quantity of common
air was reduced from 180 to 162 ounce meafures,
by pafling through a red-hot iron- tube filled with
the duft of charcoal. This diminution he afcribed
to fuch a deftruction of common air as Dr, Hales
imagined to be the confequence of burning. Mr.
Cavendith alfo obferved, that there had been a gene-
ration of fixed air in this procefs, but that it was
abforbed by fope leys. This experiment I alfo re-
peated, with a {mall variation of circumftances, and
with nearly the fame refult.

Afterwards, I endeavoured to afcertain, by what
appears to me to be an eafier and a more certain me-~
thod, in what manaer air is affe¢ted with the fumes
of charcoal, viz. by fufpending bits of charcoal
within glafs veflels, filled to a certain height with
water, and ftanding inverted in another veffel of
water, while I threw the focus of a burning mirror,
or lens, upon them. In this manner I diminithed a
given quantity of air one fifth, which is nearly in
the fame proportion with other diminutions of air.

Some fixed air feems to be contained in charcoal,
and to be fet loofe from it by this procefs; for if I
made ufe of lime-water, it never failed to become

Vor, LXII, Gg turbid,
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turbid, prefently after the heat was applied. This was
the cafe with whatever degree of heat the charcoal had
been made. If, however, the charcaalhad notbeen made
witha very confiderable degree of heat, there never failed
to be a permanent addition of inflammable air pro-
duced ; which agrees with what 1 obferved before,
that, in converting dry wood into charcoal, the greateft
part is changed into inflammable air. I have fome-
times found, that charcoal which was made with the
moft intenfe 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 diminifh the air in which the focus
of a burning mirror was thrown upon it; a quantity
of inflammable air equal to the diminution of the
common air being generated in the procef§; whereas,
at other times, 1 have not perceived that there was
any generation of inflammable air, but a perfect
diminution of common air, when the charcoal had
been made with a much lefs degree of heat. This
fubject deferves to be farther inveftigated.

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,
from a generation either of fixed or inflammable air,
but I fuppofe of the former. Thus it ftood without
any alteration a whole night, and part of the following
day ; when lime-water, being admitted to it, it pre-
fently became turbid, and, after fome time, the
~whole quantity of air, which was about four ounce
meafures, was diminifthed one fifth, as before. In
this cafe, I carefully weighed the piece of charcoal,
which was exactly two grains, and could not find

that
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that it was fenfibly diminithed in weight by the
operation.

Air thus diminifhed by the fumes of burning char-
coal not only extinguifhes flame, but is in the higheft
degree noxious to animals; it makes no effervefcence
with nitrous air, and is incapable of being diminithed
any farther by the fumes of more charcoal, by a
mixture of iron filings and brimftone, or by any other
caufe of the diminution of air that I am acquainted
with.

This obfervation, which refpefts all other kinds
of diminithed air, proves that Dr. Hales was mif-
taken in his notion of the abforption of air in thofe
circumftances in which he obferved it. For he fup-
pofed 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 ; whereas all my
obfervations not only thew that air, which has once
been fully diminithed by any caufe whatever, is not only
incapable of any farther diminution, either from the
fame or from any other caufe, but that it has likewife
acquired new properties, moft remarkably different
from thofe which it had before, and that they are,
in a great meafure, the fame in all the cafes. Thefe
circumftances give reafon to fufpe, 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.

Gg2 VIII.
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Vi1,

OF THE EFFECT OF THE CALCINATION OF MEw
TALS, AND OF THE EFFLUVIA OF PAINT MADE
WITH WHITE-LEAD AND OIL, ON AIR.

Having been led to {ufpect, from the experiments
which I had made with charcoal, that the diminu-
tion of air in that cafe, and perhaps in other cafes
alfo, was, in fome way or other, the confequence
of its having more than its ufual quantity of phlo-
gifton, it occurred to me, that the calcination of
metals, which are generally fuppofed to confift of
nothing but a metallic earth united to phlogifton,
would tend to afcertain the fa&, and be a kind of
experimentum cructs in the cafe,  Accordingly, I fuf-
pended pieces of lead and tin in given quantities of
air, in the fame manner as I had before treated the
charcoal ; and throwing the focus of a burning mir-
ror or lens upon them, in fuch a manner as to make
them fume copioufly, I prefently perceived a dimi-
nution of the air. In the firft trial that. I made, I
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 inflammable air, or fome other perma-
nently elaftic matter, but that, the effet of the
calcination of metals being fimply the efcape of phlo-
gifton, the caufe of diminution was alotie and un-

controuled,
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The air, which I had thus diminithed by calcina-
tion of lead, I transferred into another clean pbial,
but found that the calcination of more lead in it had
no farther effe¢t upon it. This air alfo, like that
which had been infe&ted with the fumes of charcoal,
was in the higheft degree noxious, made no effer-
vefcence with nitrous air, was no farther diminithed
by the mixture of iron filings and brimftone, and was
not only rendered innoxious, but alfo recovered,
in a great meafure, the other properties of common
air, by wathing in water.

It might be fufpected that the noxious quality of
the air in which lead was calcined, might be owing
to fome fumes peculiar to that metal; 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 yellowith tinge, and an exceedingly pungent fmell
and tafte, pretty much, as near as I can recolle&, for
1 did not compare them together, like that over
which brimftone has been frequently burned. Alfo
a thin and whitith pellicle covered both the furface
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 incruftation,
that the fun beams could not be tranfinitted 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 metals were not fo
eafily melted or calcined as they were in freth air;
for the air being once fully faturated with phlogitton,
may not {o readily admit any more, though it beonly
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to tranfimit it to the water, I alfo fulpe@ed that
metals were not eafily melted or calcined in inflam-
mable, fixed, or nitrous, air, or any kind of di-
minithed air. None of thefe kinds of air fuffered
any change by this operation ; nor was there any pre-
cipitation of lime, when ‘charcoal was heated in any
of thefe kinds of air ftanding in lime-water,

Query. May not water impregnated with phlo-
gifton from calcined metals, or by any other method,
be of fome ufe in medicine? The effeét of this im-
pregnation is exceedingly remarkable ; but the prin-
ciple with which it is impregnated is volatile, and
entirely efcapes in a day or two, if the f{urface of
the water be expofed to the common atmofphere.

It fhould feem that phlogifton is retained more
obftinately by charcoal than it is by lead or tin ; 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 effect
upon it; whereas, in the fame circumftances, lead
and tin may ftill be calcined. The air, indeed,
can take no more; but the water receives it, and the
fides of the phial alfo receive an addition of incruft-
ation. ‘This is a white powdery fubftance, and well
deferves to be examined. I fhall endeavour to do it
at my leifure. _

Lime-water never became turbid by the calcina-
tion of metals over it; but the colour, {mell, and
tafte of the water was always changed, and the
furface of it became covered with a yellow pellicle,
as before.

When this procefs was made in quickfilver, the air
was diminithed only one fifth ; and upon water being

3 admitted
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admitted to it, no more was abforbed ; which is an
effe fimilar to that of a mixture of nitrous and
common air, which was mentioned before.

The preceding experiments on the calcination of
metals fuggefted to me a method of explaining the
caufe of the mifchief which is known to arife from
freth paint, made with white lead (which I fuppofe
is an imperfet calx of lead) and oil. To verify
my hypothefis, I firft put a fimall pot full of this
kind of paint, and afterwards (which anfwered much
better, by expofing a greater furface of the paint) I
daubed feveral pieces of paper with it, and put them
under a receiver, and obferved, that in about twenty-
four hours, the air was diminithed between one fifth
and one fourth, for I did not meafure it very exaétly.
This air alfo was, as I expected to find it, in the
higheft degree, noxious ; it did not effervefce with
nitrous air, it was no farther diminifhed by a mix-
ture of iron filings and brimftone, and was made
wholefome by agitation in water deprived of all air.

I think it appears pretty evident, from the preced-
ing experiments on the calcination of metals, that air
is fome way or other diminithed in confequence of
being highly charged with phlogifton, and that agi-
tation in water reftores it, by imbibing a great part
of the phlogiftic matter. That water has a confider-
able affinity with phlogifton, is evident from the
ftrong impregnation which it receives from it. May
not plants alfo reftore air diminithed by putrefaction,
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 fubftance, confifts of inflammable
air, or fomething that is capable of being converted

into
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into inflammable air ; and it feems to be as probable
that this phlogiftic matter may have been imbibed by
the roots and leaves of plants, and afterwards in-
corporated into their fubltance, as that it is altogether
produced by the power of vegetation. May not this
phlogiftic matter be even the moft eflential part of
the food and fupport of both vegetable and animal
bodies ?

In the experiments with metals, the diminution of
air feems to be the confequence of nothing but a
faturation with phlogifton; and in all the other cafes
ef the diminution of air, I do not fee but that it
may be effected by the fame means. When a vege-
table or animal fubftance is diffolved by putrefattion,
the efcape of the phlogiftic matter (which, together
with all its other conftituent parts, is then let loofe
from it) may be the circumitance that produces the
diminution of the air in which it putrefies. It is
highly improbable that what remains after an animal
body has been thoroughly diflolved by putrefattion,
thould yield fo great a quantity of inflammable air,
as the dried animal fubftance would have done.
Of this I have not made an actual trial, though I
have often thought of doing it, and ftill intend to
do it; but I think there can be no doubt of the
refult. Again, the iron, by its fermentation with
brimf{tone and water, is evidently reduced to a calx,
fo that phlogifton muft have efcaped from it. Phlo-
gifton alfo muft evidently be fet loofe by the ignition
of charcoal, and is not improbably the matter which
flies off from paint, compofed of white lead and oil.
Laftly, fince fpirit of nitre is known to havea very
remarkable affinity with phlogifton, it is far from

being
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being improbable that nitrous air may alfo produce
the fame effe&t by the fame means.

To this hypothefis it may be objeCted, that, if
diminifhed air be air faturated with phlogifton, it
ought to be inflammable; but this by no means
follows, fince its inflammability may depend upon
fome particular mode of combination, or degree of
affinity, with which we are not acquainted. Befides,
inflammable air feems to confift of fome other prin-
ciple, or to have fome other conftituent part, befides
phlogifton and common air, as is probable from that
remarkable depofit, which, as I have obferved, 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 ex-
tinguifhes a common candle, if it could be conveni-
ently applied. Air that is inflammable, I obferve,
extinguifhes red hot wood ; and indeed inflammable
fubftances can only be thofe which, in a certain de-
gree of heat, have a lefs affinity with the phlogifton
they contain, than the air, or fome other contigyous
fubftance, has with it; fo that the phloegifton only
quits one fubftance, with which it was before com-
bined, and enters another, with which it may be
combined ina very different manner. This fubftance,
however, whether it be air or any thing elfe, being
now fully faturated with phlogifton, and not being
able to take any more, in the fame circumftances,
muft neceflarily extinguifh fire, and put a ftop to
the ignition of all other bodies, that is, to the farther
~efcape of -phlogifton from them.

That plants reftore noxious air, by imbibing the
phlogifton with which it is loaded, is very agreeable to

Vor. LXII, H h the
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the conjeCures of Dr. Franklin, made many years
ago, and exprefled in the following extract from the
laft edition of his Letters, p. 346.
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¢ I have been inclined to think that the fluid fire,
as well as the floid asr, is attraGted by plants in
their growth, and becomes confolidated with the
other materials of which they are formed, and
makes a great part of their fubftance ; that, when
they come to be digefted, and to foffer in the
veflels a kind of fermentation, part of the fire, as
well as part of the air, recovers its fluid aGtive ftate
again, and diffufes itf€lf in the body, digefting and
feparating it ; that the fire fo reproduced, by di-
geftion and’ feparation, continually leaving the
body, its place is fupplied by frefh quantities,
arifing from the continual feparation; that what-
ever quickens the motion of the fluids in an ani--
mal quickens the feparation, and re-produces-
more of the fire, as exercife; that all the fire
emitted by wood, and other combuttibles, when
burning, exifted in them before, in a folid ftate,
being only difcovered when féparating ; that fome
foffils, as fulphur, fea-coal, &c. contain a great
deal of folid fire; and that in fhort, what efcapes
and is diffipated in the burning of bodxcs befidés
water and earth, is generally the air, and fire, .
that before made parts of the folid.”

IX.

OF AIR PROCURED BY MEANS OF SPIRIT OF SALT,

Being very much ftruck with the refult of an ex-

periment of the Hon. Mr. Cavendifb, related Phil.

Tran{,
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Tranf. Vol. LVL p. 157. by which, though, he
fays, he was not able to get any inflammable air
from copper, by means of {pirit of falt, he got a
much more remarkable kind of air, v72. one that
loft its elafticity by coming into conta&t with water,
I was exceedingly defirous of making myfelf ac-
quainted ‘with it. ‘On this account, I began with
making the experiment in quickfilver, which I never
failed to do in any cafe in which I fufpeed that air
might either be abforbed by water, or be in any other
manner affeGted by it; and by this means I prefently
ot a much more diftin& idea of the nature and

effe@s of this curious folution.

Having put fome copper filings into a fmall phial,
with a quantity of fgirit of falt; and making the air,
which was generated in great plenty, on the appli-
cation of heat, afcend into a tall glafs veffel full of
quickfilver, and ftanding in quickfilver, the whole
produce continued a confiderable time without any
change of dimenfions. I then introduced a
{mall quantity of water to it, when about three
fourths of it (the whole being about four ounce
meafures) prefently, but gradually, difappeared, the
quickfilver rifing in the veflel. I then introduced a
confiderable quantity of water; but there was no
farther diminution of the air, and the remainder I
found to be inflammable.

Having frequently continued this procefs a long
time after the admiflion of the water, I was much
amufed with obferving the large bubbles 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

Hh 2 through
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through the water. 'They made, however, a conti-
nual, though flow, increafe of inflammable air.

Fixed air, being admitted to the whole produce of
this air from copper,. had no fenfible effe upon it.
Upon the admiffion of water, a great part of the

“mixture, which, no doubt, was the moft fubtle
kind of air from the copper, prefently difappeared ;
another part, which I fuppofe to have been the fixed.
air; was abforbed flawly ;- and in this particular cafe
the very fmall permanent refiduum did not take fire ;
but it is very poffible that it might have done fo, if
the quantity had been greater.

Lime-water being admitted to the whele produce
of air from copper became white; but this I fufpet
to have arifen from fome other circumftance than the
precipitation of the lime which it contained..

The folation of lead in the marine acid is attended
with the very fame phznomena as the folution of
copper in the fame acid; about three fourths of the
generated air di(appearing on the contadt of water;
and the remainder being inflammable.

The folutions of iron, tin, and zinc, in' the marine.
acid, were all attended with the fame phznomena 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 con-
ta& with water. ‘The remainder of the air from
iron, in this cafe, burned with a green, or very light
blue flame.

I had always thought it fomething extraordinary
that a fpecies of air fhould lofe its elafticity by the
mere conta® of any thing, and from the firft fuf-

pected that it muft have been imbibed by the w:;]ter
that
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that was admitted to it; but fo very great a quantity
of this air difappeared upon the admiffion of a very
fmall quantity of water, that I could not help con-
cluding that appearances favoured the former hy-
pothefis, I found, however, that when I admitted
a much fmaller gunantity of water, confined in a
narrow- glafs-tube, a part only. of the air difappeared,
and that-very flowly, and that more of it vanithed
upon the admiffion of more water. This obfer~
vation put it beyond a doubt, that this air was pro-
perly imbibed by the - water, which, being once fully
faturated with it, was not capable of receiving any
more. The water thus impregnated tafted very
acid, even when it was much diluted with other
water, through which the tube containing it was
drawn. It even diflolved iron very faft, and gene-
rated inflammable air. This laft obfervation, toge-
ther with another which immediately follows, led:
me to the difcovery of the true nature of this re-
markable kind of air, as it had hitherto been called.
Happening, at one time, to ufe a good deal of
copper and a fmall quantity of fpirit of falt, in the ge=
neration of this kind of air, I was furprized to find that.
air was produced long after, I could not but think that
the acid muft have been faturated with the metal;
and I alfo found that the proportion of inflammable
air to that which was abforbed by the water con-
tinually diminifhed, till, inftead of being one fourth .
of the whole as I had firft 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 falt; and prefently making
the experiment with the acid only, without any cop-

4 per,
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per, or metal of any kind, this air was immediately
produced in as great plenty as before; fo that this
remarkable kind of air is, in fa, nothing more
than the vapour, or fumes of fpirit of falt, 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. This vapour, however, feems to
lofe its elafticity, in fome meafure, gradually, unlefs
it fhould be thought to be affected by the quick-
filver, with which it is in conta; for it was always
diminifhed, more or lefs, by ftanding.

This elaftic acid vapour extinguithes flame, and is
much heavier than common air; but how much
heavier, will not be eafy to afcertain. A cylindrical
glafs veflel, about three fourths of an inch in dia~
meter, and four inches deep, being filled with it,
and turned upfide 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 flamein this experiment; for both
before the candle goes out, and alfo when it is firft
lighted again, it burns with a beautifully green, or
rather light blue flame, fuch as is feen when com-
mon falt is thrown into the fire.

When this elaftic vapour is all expelled from any
quantity of fpirit of falt, which is eafily perceived
by the vapour being condenfed by cold, the re-
mainder is a very weak acid, barely capable of dif~
folving iron.

Being now in the pofleffion of a new fubje® of
experiments, viz. an elaftic acid vapour, in the
form of a permanent air, eafily procured, and

effe@ually confined by glafs and quickfilver, with
which

3
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which it did not feem to have any affinity; I im-
mediately began to introduce a variety of fub-
ftances to it, in order to afcertain its peculiar pro-
perties and affinities, and alfo the properties of thofe
other bodies with refpe to it.

Beginning with water, which, from preceding
obfervations, I knew would imbibe it, and be-
come impregnated with it; I found that 2% grains
of rain water abforbed three ounce meafures of this
vapour, after which it was increafed one third in its
bulk, and weighed twice as much as before; fo
that this concentrated vapour feems to be twice as
heavy as rain water. Water impregnated with it
makes the ftrongeft {pirit of falt that I have feen,
diffolving iron with the moft' rapidity. Confe-
quently, two thirds of the beft {pirit of falt is no-
thing more than mere phlegm or water.

Iron filings, being admitted to this vapour, were
diffolved by it pretty faft, half of the vapour dif-
appearing, and the other half becoming inflammable
air, not abforbed by water. Putting chalk to it,
fixed air was produced.

I had not introduced many fubftances to this va-
pour, before I difcovered that it had an affinity with

hlogifton, fo that it would deprive other fubftances
of it, and form with it fuch an union as conftitutes
inflammable air; which feems to fhew, that inflam-
mable air univerfally confifts of the union of fome
acid vapour with phlogifton.

Inflammable air was produced, when to this
vapour I put fpirit of wine, oil of olives, oil of
turpentine, charcoal, phofphorus, bees-wax, and
even fulphur. This laft obfervation, I own, fur-

prized
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rized me ; for, the marine acid being reckoned the
weakeft of the three mineral acids, 1 did not think
that it had been capable of diflodging the oil of
vitriol from this fubftance; but I found that it had
the very fame effe€t both upon alum and nitre; the
vitriolic acid in the former cafe, and the nitrous in
the latter, giving place to the ftronger vapour of
{pirit of falt.

The ruft of iron, and the precipitate of nitrous air
made from copper, alfo imbibed this vapour very
faft, and the little that remained of it was inflame
mable .air ; which proves, that thefe calces con-
tain phlogifton. It feems alfo to be pretty evi-
dent, 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 circumftances attend the ab-
forption of this vapour of {fpirit of falt, by the fub-
ftances above-mentioned, 1 fhall briefly mention
them.

Spirit of wine abforbs this vapour as readily as
water itfelf, and is increafed in bulk by that means.
Alfo, when it is faturated, it diffolves iron with as
much rapidity, and ftill continues inflammable.

Oil of olives abforbs this vapour very flowly, and,
at the fame time, it turns almoft black, and becomes
glutinous. It is alfo lefs mifcible with water, and
acquires a very difagreeable fmell. By continuing
upon the furface of the water, it became white, and
its offenfive fmell went off in a few days.

Oil of turpentine abforbed this vapour very faft,
turning brown, and almoft black. No inftammable

air was formed, till I raifed more of the vapour th;n
the
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the oil was able to abforb, and let it ftand a confi-
derable time; and ftill the air was but weakly in-
flammable. The fame was the cafe with the oil of
olives, in the laft mentioned experiment; and it
feems to be probable, that, the longer this acid va-

our had continued in contact with the o¢il, the more

hlogifton it would have extracted from it. It is
not improbable, but that, in the intermediate ftate,
before it becomes inflimmable air, it may be nearly
of the nature of common air.

Bees-wax abforbed this vapour very flowly. About
the bignefs of a hazel-nut of the wax being put to
three ounce meafures of the vapour, the vapour was
diminifhed onehalf in two days, and, upon the admif=
fion of water, half of the remainder alfo difappeared,
"This air was firongly inflammable.

Charcoal abforbed this vapour 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, {moked, and gave light in the vapour of {pirit
of falt, juft as it would have done in common air
confined. It was not fenfibly wafted after continuin
about twelve hours in that ftate, and the bulk of the
vapour was very little diminithed. Woater being ad-
mitted to it abforbed it as before, except about one
fifth of the whole, which was but weakly inflame
mable. »

Putting feveral pieces of fulphur to this vapour,
it was abforbed but flowly. In about twenty-four
hours about one fifth of the quantity had difappeared ;
and water being admitted to the remainder, very little

Vor. LXII. li more
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more was abforbed. The remainder was inflammable,
and burned with a blue flame.

Nowithftanding the affinity which this vapour of
fpirit of falt appears to have with phlogifton, it is not
capable of depriving all bodies of it. I found that
dry wood, crufts of bread, and raw fleth, very
readily imbibed this acid vapour, but did not part
with any of their phlogifton to it, All thefe fub-
ftances turned very brown, after they had been fome
time expofed to this vapour, and tafted very ftrongly
of the acid when they were taken out ; but the fleth,
when wathed in water, became very white, and the
fibres eafily feparated from one another, even more
than they would have done if it had been boiled or
roafted.

When I put a piece of faltpetre to this vapour, it
was prefently furrounded with a white fume, which
{oon filled the whole veflel, exactly like the fume
which burfts from the bubbles of nitrous air, when
it is generated by a vigorous fermentation, and fuch
as is {feen when nitrous air is mixed with this vapour
of {pirit of falt. In about a minute, the whole quan-
tity of vapour was abforbed, except a very fmall quar.
tity, which might be the common air that had
lodged upon the furface of the fpirit of falt within
the phial,

A piece of alum expofed to this vapour turned yel-
low, abforbed it as fait as the faltpetre had done, and
was reduced by it to the form of a powder. The
furface both of the nitre and alum was, I doubt not,
changed into common falt, by this procefs. Comimon
falt, as might be expeed, had no effet whatever on
this vapour,

From
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- From confidering the affinity which this vapour
has with phlogifton, I was induced to try the effect
of a mixture of it with nitrous air.  Accordingly, to
two parts of this vapour, I put one part of nitrous
air, and, in about twenty-four hours, the whole was
diminithed to fomething lefs than the original quan-
tity of the vapour, and was no farther diminithed by
the admiffion of water. Holding the flame of a
candle-over this air, the lower part of it burned green,
but there was no fenfible explofien. At different
times I colle&ed 22 ounce meafures of this mixture
of air; but, upon agitating it in rain-water, it was
prefently diminifhed to 1§ ounce meafures. In this
ftate it effervefced with nitrous air, and was confi-
derably diminifhed by it, but not {o much as com-
mon air. Some allowance, no doubt, muft be made
for the fmall quantities of common air, which lodgéd
on the top of my phials, when I raifed the fume from
the fpirit of falt; but, from the precautions that I
made ufe of, I think that very little is to be allowed
to this circumftance ; and, upon the whole, I am of
opinion, that this experiment is an approach to the
generation of common air, or air fit for refpiration,

I bad alfo imagined, that if air diminithed by the
procefles above-mentioned wasaffeéted in this man-
ner, in confequence of its being faturated with phlo-

ifton, a mixture of this vapour might imbibe that
phlogifton, and render it wholefome again; butl put
about one fourth of this vapour to a quantity of air
in which metals had been calcined, without making
any fenfible alteration in it. - I do not, however, in-
fer from this, that air is not diminifhed by means of
phlogifton, fince the air, like fome other fubftances,
- lia may
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may hold the phlogifton too faft, to be deprived of it
by this acid vapour.

I fhall conclude my account of thefe experiments
with obferving, that the eleftric fpark is vifible in
the vapour of fpirit of falt, exactly as it is in common
air; and though I kept making “this fpark a confi-
derable time in a quantity of it, I did not perceive
that any fenfible alteration was made init. A little
inflammable air was prcduced, but not more than
might have come from the two iron nails which L
made ufe of in taking the fparks.

X.
MisceLLANEOUS OBSERVATIONS.

Many of the preceding obfervations relating to
the vinous and putrefactive fermentations, I had
the curiofity to endeavour to afcertain in what
manner the air would be affe€ted by the acetous
fermentation. For this purpofe L inclofed a phial
full of {mall beer in a jar ftanding in water, and
obferved that during the firft two or three days
there was an increafe of the air in the jar, but
from that time it gradually decreafed, tillat length.
there appeared to be a diminution of ‘about % of
the whole quantity. During this time. the whole
- furface of it was gradually covered with. a fcum,
beautifully corrugated.. After this there was an
increafe of the air till' there was more than the
original quantity ; but this muft have been fixed
air, not incorporated with the reft of the mafs; for,
withdrawing the beer, which 1 found to be four,
after it had ftoad 18.0r 2a days under the jar, and

pafling
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paffing the air feveral times through cold water,
the ariginal quantity was diminifhed about ;. In
the remainder a candle would not burn, and a
moufe would have died prefently. The {mell of
this air-was exceedingly pungent, but different from
that of the putrid effluvium. A moufe lived per=
fe&tly well 1n this air, thus affe®ted with the ace-
tous fermentation; after it had ftood feveral days
mixed with four times the quantity of fixed air.

All the kinds of fadtitious air on which I have
yet made the experiment are highly noxious to
animals, except that which is extracted from falt-
petre, or alum; but in this even acandle busned juft
as in common air. In one quantity which I gotfrom
falt-petre a.candle not anly burned, but:the flame
was increafed, and fomething was heard like a
hiffing, fimilar to the decrepitation of nitre in an
open fire. This experiment. was made when the
air was freth made, and while it probably con-
tained fome particles. of nitre, which would have
heen depofited afterwards. The air was extralted
from thefe fubftances by putting them. intoa gun.
barrel, which wasmuch corroded and foon fpoiled by
the experiment. What effe& this circumftance
may have had upon the air I have not confidered.

November 6, 1772, I had the curiofity to exa-.
mine the ftate of a quantity of this air,. which had
been extralted from falt-petre above a year, and
which at firft was perfe&ly wholefome ; when, to
my very great furprize, I found that it was be-
come, in the higheft degree, noxious, It made
no effervefcence with nitrous air, and a moufe died
the moment it was put into it. I had not, how-
cver, wafhed it in rain water quite ten minutes

(and
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{and perhaps lefs time would have been fufficient)
when 1 found, upon trial, that it was reftored to
its former pcrfe&ly wholefome ftate. It effer=
vefced with nitrous air as much as the beft common
. air ever does, and 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 faéts, relating to air extradted from
nitre, appear to me to be very extraordinary and
important, and, in able hands, may lead to confi-
derable difcoveries.

“T'here are many fubftances which impregnate the
air in a very remarkable manner, but without
making it noxious to animals. Among other things
I tried volatile alkaline falts, and camphire, the
latter of which I melted with a burning glafs, in
air inclofed in a phial. The moufe which was put
into this air {heezed and coughed very much, efpe-
cially aftet it was taken out; but it prefentlv re
covered, and did not appear to have been fenfibly
injured.

Havirg made feveral experiments with a mixture
of iron ﬁlm"\ and brimftone, kneaded to a pafte
with water, I had the curiofi ity to try what would
be the effect of {ubftituting brafs duft in the place
of the iron filings, The refult 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 meither
tenfibly increafed tor decreafed, but the nature of
it was changed, for it extinguifhed flame, it would
have Ll]l«:‘d a moufe prefently, and was not reftored
bv fixed air, which had been mixed with it feveral

da_\. 8.
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I have frequently mentioned my having, at one
time, expofed equal quantities of different kinds of
air in jars ftanding in boiled water. The common
air in this experiment was diminifhed four fevenths,
and the remainder extinguithed flame. This ex-
periment: demonftrates  that water does not abforb
air equally, but that it decompefes it, taking one
part, and leaving the reft. To be quite fure of
this fa&, I agitated a quantity of common air in
boiled water,. and when I' had reduced it from ele-
ven ounce meafures to feven, I found thatit extin-
guifhed acandle, 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 I have found this effe@ take place at other
very different degrees of diminution. This dif-
ference I attribute to the differences in the ftate of
the water with relpet to the air contained in it;
for fometimes it had ftood longer than at other
times before I made ufe of it. I.alfo ufed diftilled
water, rain water, and water out of which the air
had been pumped, promifcucufly with rain water,
I even doubt not but that, in a certain ftate of the
water, there might be no fenfible difference in the
bulk of the. agitated air, and yet at the end of the
procefs it would extinguith a candle, air.being fup-
plied from the water in the place of that part of
the common air whiclrhad been abforbed. .

It is certainly a little extraordinary that the very
fame procefs thould fo far mend putrid air, asto re-
duce it to the ftandard of air in which candles have
burned out ; and yet that it fhould fo far injuie com-
mon and wholefome air, as to reduce it to about

the -
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the fame: ftandard : but fo the fa& certainly is. If
air extinguifh flame in confequence of its being
previoufly faturated with phlogifton, it muft, in
this cafe, have been transferred from the water
to the air,

Too a quantity of common air, thus diminifhed
by agitation in water, till it extinguithed a candle,
I put a plant, but it did not fo far reftore 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 ftate than air in which
candles had burned out, and which had never
failed to be reftored by the fame means. I had
no better fuccefs with a quantity of permanent
‘air; which I had colleéted from my pump water.
Indeed thefe experiments were begun before I
was acquainted with that property of nitrous air,
which makes it fo accurate a meafure of the good«
nefs of other kinds of air; and it might perhaps
be rather too late in the year when I made the
experiments. Having neglected 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 efferve{cence with nitrous
air.

I found that a pint of my pump water con-
tains about one fourth of an ounce meafure of aig,
one half of which was afterwards abforbed by
ftanding in freth pump water. A candle would
not burn in the air, but a2 moufe lived m it very
well.  Upon the whole, it feemed to be in about
the {ame ftate as air in which a candle had burned

out. i
As
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I once imagined that, by mete {tagnation, ait
ight become unfit for re{plranon, or at leaft for
tht burning of candles; but if this be the cafe,
and the change be produced gradually, it muft
require a long time for the purpofe. For on the
22d ofSeptember 1772, L examined a quantity of
common air, which had been kept in a phial,
without agitation, from May 1771, and found it
to be in no refpe&t worfe than freth air, even by
the teft of the nitrous air.

The cryftallization of nitre makes no fenfible
alteration in the air in which the procefs is made.
For this purpofe 1 diflolved as much nitre as a
quantity of hot water would contain, and let it
cool under a receiver, ftanding in water,

November 6, 1772, a quantnty of inflammable
air, .which, by long keeping, had come to ex-
tinguifh flame, I obferved to {mell very much like
common air in which a mixture of iron filings
and brimftone had ftood. It was not, however,
quite {o ftrong, but it was equally noxious.

Bifmuth and nickel are diffolved in the marine
acid with the application of a confiderable degree
of heat; but little or no air is got from cither of
them; but, what I thought a little remarkable,
both of them fmelled very much like Harrowgate
water. This {fmell I have met with feveral times
in the courfe of my experimen*s, and 1n procefles
very different from one another.

“As T generally made ufc of mice in the ex-
periments which relate to xeipnatx:)n, and fome
perfons may chufe to repeat them after me, and

purfue them farther than I have done; it may be
Vor. LXIL Kk of
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of ufe to them to' be informed, that I kept them
without any difficulty in glafs receivers, open at
the top and bottom, and having a quantity of
paper, or tow, in the infide, which fhould be
changed every three or four days; when it will
be moft convenient alfo to change the veflel, and
wafh it. But they muft be kept in a-pretty exaét
temperature, for either much heat or much cold
kills them prefently. The place in:which I have
generally kept them is a fhelf over the kitchin
fire place, where; as it is ufual in Yorkfhire, the
fire never goes out; fo that the heat varies very
little; and I find it to- be at a medium about 4o
degrees of Fahrenheit’s thermometer. When they
had been made to-pafs through the water, as they
neceflarily muft be, in order to a change of air,.
they require, and will bear a very confiderable de-
ree of heat, to warm and dry them.

I found, to my great {furprize, in the courfe cf
thefe experiments, that mice will live intirely
without water; for though I have kept fome of
them for three or four months, and have offered
them water {everal times, they would never tafte
it; and yet they continued in perfe® health and
vigour. Two or three of them will: live very
peaceably together in the fame veflel 5 though I
had one inftance of one moufe tearing another
almoft in pieces, though there was plenty of
provifions for both of them..

The apparatus with which the principal of
the preceding experiments- were made is exceed-
ingly fimple, and cheap. The drawing annexed
(Tas. IX.) exhibits a view of every thing that is
moft important in it..

Al
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A is an oblong trough, about eight inches
deep, kept nearly full of water, and B, B are jars
ftanding in it, about ten inches long, and two and
a half wide; fuch as I have generally ufed for
ele&rical batteries.

C, C are flat ftones, funk about an inch, or half
an inch, under the water, on which veflels of any
kind may be conveniently placed, during a courfe
‘of experiments.

D,D are pots nearly full of water, in which
Jars or phials, containing any kind of air, to which
plants or any other fubftances may be expofed,
and having their mouths immerfed in water ; fo
that the air inthe infide can have no communication
with the external air.

E is a {inall glafs veflel, of a convenient fize for
putting a moufe into it, in order to try the whole~
fomenefs of any kind of air that it may contain.

F is a cylindrical glafs veflel, five inches in length,
and one in diameter, very proper for trying whe=
ther any kind of air will admit a candle to burn
in it.  For this purpofe a bit of wax candle, G,
may be faftened to the end of a wire, H, and
turned up in fuch a manner as to be let down into
the veflel with the flame upwards. The veflel
thould be kept carefully covered till the moment
that the candle i1s admitted to it. In this manner
I have frequently extinguithed a candle above
twenty times in one of thefe wveflels full of air,
though it is impoflible to dip the candle into it,
without giving the external air an opportunity of
mixing with it, more or lefs.

Kkaz Iis
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I is a funnel of glafs or tin, which is neceflary
for transferring air into veflels which have narrow
mouths. i

K is a glafs {yphon, which is very ufeful for
drawing air out of a veflel which has its mouth
immerfed in water, and thereby raifing the water
to whatever height may be moft convenient. I'do
not think it by any means fafe to depend upon a
valve at the top of a veflel, which Dr. Hales very
often made ufe of; for, fince my firft difappoint-
ments, I have never thought the communication
between the external and internal air fufficiently
cut off, unlefs glafs, or a body of water, or, in
fome cafes, quickfilver, have intervened betweerr
them.

L 1s a piece of a gun barrel, clofed at one end,.
havipg the ftem of a tobacco-pipe luted to the
other. To the end of this pipe I fometimes faften-
ed a flaccid bladder, in order to receive the air dif-
charged from the fubftance contained in the bar-
rel ; but, when the air was generated flowly, I com-
monly contrived to put this end of the pipe under
a veflel full of water, and ftanding with its mouth
inverted in another veflel of water, that the new
air might have a more perfe&t feparation from the
external air than a bladder could make,

M is a fmall phial containing fome mixture that
will generate air.  This air paffes through a bent
glafs tube inferted into the cork at one end, and
going under the edge of the jar N at the other;
the jar being placed with part of its mouth pro-
jeting beyond the flat ftones C C for that pur-.
pofe.
A AN
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AN A PPENDTI KX,

Countaining an account of fome experiments
made by Mr. Hey, which prove that there
is no oil of vitriol in water impregnated
with fixed air extralted from chalk by oil
of vitriol ; and alfo a letter from Mr. Hey, to
Dr. Pneﬁley, concerning the effe&ts of
fixed air applied by way of clyfter,

EXPERIMENTS TO PROVE THAT THERE IS NO
OlL OF VITRIOL IN WATER IMPREGNATED
WITH FIXED AIR.

It having been fuggefted, that air arifing from
a fermenting mixture of chalk and oil of vitriol
might carry up with it a fmall pertion of the
vitriolic acid, rendered volatile by the a& of fer-
mentation ; I made the following experiments, in-
order to difcover whether the acidulous tafte,
which water impregnated with fuch air affords,
was owing to the prefence of any acid. or only to
the fixed air it had abforbed.

ExperiMENT 1.

I mixed a tea-fpoonful of {yrup of wviolets with
an ounce of diftilled water, faturated with fixed
air procured from chalk by means of the vitriolic
acid 3 but neither upon the firft mixture, nor after

2 - ftanding
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ftanding 24 hours, was the colour of the fyrup at
all changed, except by its fimple dilution,

ExperimenT 1L

A portion of the fame diftilled water, unim-
pregnated with fixed air, was mixed with the
{yrup in the fame proportion: not the leaft differ-
ence in colour could be perceived betwixt this

.and the above mentioned mixture.
ExperimexT IIL

One drop of oil of vitriol being mixed with a
pint of the fame diftilled water, an ounce of this
water was mixed with a tea-fpoonful of the {yrup.
This mixture was very diftinguifhable in colour
from the two former, having a purplifh caft, which
the others wanted.

ExpEriMENT IV.

The diftilled water impregnated with fo fmall 2
‘quantity of vitriolic acid having a more agreeable
taite than when alone, and yet manifefting the
prefence of an acid by means of the {yrup of vio-
lets; T fubjected it to fome other tefts of acidity.
It formed curds when agitated with foap, lathered
with difficulty, and very imperfe&ly; but not the
leaft ebullition could be difcovered upon dropping in
{pirit of {al ammoniac, or {olution of falt of tartar,
though I had taken care to render the latter free
from cauflicity by impregnating it with fixed air.

Ex-
5
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ExperiMENT V.

The diftilled water faturated with fixed air neither
effervefced, nor thewed any clouds, when mixed with
the fixed or volatile alkali.

ExperimeNnT VI

No curd was formed by pouring this water upon
an equal quantity of milk, and boiling them toge-
ther,

ExperimenT VII.

When agitated with foap, this water produced
curds, and lathered with fome difficulty ; but not {o
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
curdling. 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
impregnated with fixed air: the latter caufed a
fironger curd than any of the others above-men-
tioned.

ExperimenT VIIIL
Apprehending that the fixed air in the diftilled
water occafioned the coagulation, or feparation of
the oily part of the foap, only by deftroying the
caufticity of the Zxivium, and thereby rendering the
Kk 4 union
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union lefs perfeét betwixt that and the tallow, and
not by the prefence of any acid; I impregnated a
frefh parcel of the fame diftilled water with fixed
air, which had pafled through half a yard of a wide
barometer tube filled with falt of tartar ; but this
water caufed the fame curdling with foap as the former

had done, and appeared in every refpett to be exadtly
-the fame.

ExperimenT IX.

Diftilled water faturated with fixed air formed a
white . cloud and precipitation, upon being mixed
with afolution of faccharum faturni. 1 found like-
wife, that fixed air, after pafling through the tube
filled with alkaline falt, upon being let into a phial
containing a folution of the metallic {alt in diftilled
water, caufed a perfect {feparation of the lead, in form
of a white powder; for the water, after this precipi-
tation, thewed no cloudinefs upon a frefh mixture of
the {ubftances which had before rendered it opaque.

A Letter
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A Letter from Mr. Hey to Dr. PriESTLEY, con-
cerning the Effeéts of fixed Air applied by way
of Clyfter.

Leeds, Feb. 15th, 1772,
Reverend Sir,

Having lately experienced the good effects of
fixed air in a putrid fever, applied in a manner, I
believe, not heretofore made ufe of, I thought it
proper to inform you of the agreeable event, as
the method of applying this powerful correttor
of putrefaltion took its rife principally from your
obfervations and experiments on factitious air;
and now, at your requeft, I fend the particulars
of the cafe 1 mentioned to you, as far as concerns
the adminiftration of this remedy.

Janvary 8, 1772, Mr. Lightbowne, a young
gentleman who lives with me, was feized with a
fever, which, after continuing about ten days,
began to be attended with thofe fymptoms that
indicate a putrefcent ftate of the fluids.

18th, His tongue was black in the morning
when 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 been fo for fome days:
his pulfe beat 110 ftrokes in a minute, and was
rather low: he was ordered to take twenty five
grains of Peruvian bark with five of tormentill
root in powder every four hours, and to ufe red
wine and water cold as his common drink,

Vor. LXIL L1 19th,
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1gth, T was called to vifit him early in the
morning, on account of a bleeding at the nofe
which had come on: he loft about eight ounces
of blood, which was of a loofe texture: the
hemorrhage was fupprefled, though not without
fome difficulty, by means of tents made of foft
lint, dipped in cold water ftrongly irmpregnated
with tin&ure 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-
minifhed by drinking : his teeth were furred with
the {ame 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
almoft inceffantly muttering to himfelf : he took
this day a {cruple of the Peruvian bark with ten
grains of tormentill every two or three hours:
a ftarch ¢lyfter containing a drachm of the com-
pound powder of bole, without opium, was given
morning and evening : a window was fct open in
his room, though it was a fevere froft, and the

floor was frequently fprinkled with vinegar.
2oth, He continued nearly in the fame ftate:
when rouzed from his dozing, he generally gave
a {enfible anfwer to the queftions atked him; but
he immediately relapfed, aad repeated his mutter-
ing. His fkin was dry, and harfh, but without
petechie. He fometimes voided his urine and
Jfeces into the bed, but generally had fenfe enough
to atk for the bed-pan: as he now naufeated the
bark in fubftance, it was exchanged for Huxham’s
tincture,



[ 259 ]

tin&ure, of which he took a table-fpoonful 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 requeft-
ed to rinfe his mouth with water to which a little
honey and vinegar had been added. His loofenefs
rather increafed, and the flools were watery,
black, and feetid : It was judged neceflary to mo-
derate this difcharge, which feemed to fink him,
by mixing a drachm of the zheriaca Andromachi
with each clyfter,

21ft. The fame putrid {ymptoms remained, and
a fubfultus tendinum came on : his {tools were more
foetid 5 and fo hot, that the nurfe affured me fhe
could not apply her hand to the bed-pan, imme-
diately after they were difcharged, without feeling
pain on this account : The medicine and clyfters
were repeated.

RefleCting upon the difagreeable neceflity we
feemed to lie under of confining this putrid matter
in the inteftines, left the evacuation thould deftroy
the vis viie before there was time to corre& its
bad quality, and overcome its bad effeGs, by the
means we were ufing; I confidered, that, if this
putrid ferment could be more immediately cor-
reCted, a ftop would probably be put to the flux,
which feemed to arife from, or at leaft to be en-
creafed by it; and the fomes of the difeafe would
likewife be in a great meafure removed. I thought
nothing was fo likely to effe& this, as the intro-
duction of fixed air into the alimentary canal,

Llz2 which,
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which, from the experiments of Dr. Macbride, and’
thofe you have made fince his publication, appears.
to be the moft powerful correftor of putrefaction.
hitherto known. I recolleed what you had recom--
mended to me as deferving to be tried in putrid dif-
cafes, I mean, the inje&tion of this. kind of air by
way of clyfter, and judged that in the prefent cafe
fuch a method was clearly indicated.

The next morning I mentioned my refletions: to
Dr. Hird and Dr. Crowther, who kindly attended
this young gentleman at my requeft, and propofed
the following method of treatment, which, with
their approbation, was immediately entered upon.
We firft gave him five grains of ipecacoanha, to
evacuate in the moft eafy manner part of the putrid
colluvies: he was then. allowed to drink freely of
brifk orange-wine, which. contained a good. deal of
fixed air, yet had not loft its fweetnefs: the tinGure
of batk was continued. as before; and the water,
which he drank along with it, was impregnated
with fixed. air from. the atmofphere of alarge: vat of'
fermenting wort, in the manner I had learned from
you: inftead of the aftringent, air alone was injected,
colleCted from a fermenting 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 exr
cept water and his medicine: two bladders full of
air were thrown up in the afternoon..

23d. His ftools were lefs. frequent;. their heat
likewife and peculiar fwfor were confiderably. dimi-
nifhed: his muttering was much abated, and the
fubfultus tendinum had left him. Finding that part
of the air was rejected when given with a bladder.in.

the;’



[ 261 ]

the ufual way, I contrived a method of injeting it
which was not fo liable to this inconvenience, I
took the flexible tube of that inftrument which is
ufed for throwing up the fume of tobacco, and tied
a fmall bladder to the end of it that is conneéted
with the box made. for receiving the tobacco, which
I had. previouily taken off from the tube: I then put
fome bits of chalk into a fix ounce phial until it ‘was
half filled ; upon thefe I poured fuch a quantity of
ail 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 faftened to the other end
of the tube, was introduced into the azus before the
oil of vitriol was poured upon the chalk. By this
methad the air pafled gradually into the inteftines
as it was generated ; the reje@ion of it was in a great
meafure prevented ; and the inconvenience of keep~
ing the patient uncovered during the operation was
avoided.

24th, He was fo much better, that there feemed
to be no neceffity for repeating the clyfters: the
other means were continued. 'The window of his
room was now kept fhut.

25th, All the fymptoms of putrefcency had left
him; his tongue and teeth were clean; there re-
mained no unnatural blacknefs or fzfor in his ftools,
which had now regained their proper confiftence ;
his dozing and muttering were gone off; and the
difagreeable odour of his breath and perfpiration was
no longer perceived. He took nourithment to-day,
with pleafure; and, in the afternoon, fat up an hour
in his chair,

His
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His fever, however, did not immediately leave
him; but this we attributed to his having caught cold
from being incautioufly uncovered, when the win-
dow was open, and the weather extremely fevere ; for
a cough, which had troubled him in fome degree
from the beginning, increafed, and he became like-
wife very hoarfe for feveral days, his pulfe, at the
fame time, growing quicker : but thefe complaints
alfo went off, and he recovered, without any return
of the bad fymtoms above-mentioned.

I am, Reverend Sir,

Your obliged humble fervant,

W™ Hey.

O&ober 29, 1772,

Fevers of the putrid kind have been fo rare in this
town, and in its neighbourhood, fince the com-
mencement of the prefent year, that I have not had
an opportunity of trying again the effects of fixed air,
given by way of clyfter, in any cafe exaétly fimilar
to Mr. Lightbowne’s. I have twice given water fa-
turated with fixed air in a fever of the putrefcent
kind, and it agreed very well with the patients.
To one of them the aérial clyfters were adminiftred,
on account of a loofenefs, which attended the fever,
though the ftools were not black, nor remarkably
hot or feetid.

Thefe
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Thefe clyfters did not remove the loofenefs, though
there was often a greater interval than ufual betwixt
the evacuations, after the injetion of them. The
patient never complained of any uneafy diftention of
the belly from the air thrown up, which, indeed, is
not to be wondered at, confidering how readily this
kind of air is abforbed by aqueous and other fluids,
for which fufficient time was given, by the gradual
manner of injeCting it. Both thofe patients recovered,
though the ufe of fixed air did not produce a crifis
before the period on which fuch fevers ufually ter-
‘minate. They had neither of them the opportunity
of drinking fuch wine as Mr. Lightbowne took after
the ufe of fixed air was entered upon; and this, pro-
bably, was fome difadvantage to them.

I find the methods of procuring fixed air, and im-
pregnating water with it, which you have publifhed,
are preferable to thofe I made ufe of in Mr. Light-
bowne’s cafe.

"The flexible tube ufed for conveying the fume of
tobacco into the inteftines, I find to be a very con-
venient infltrument in this cafe, by the method be-
fore-mentioned (only adding water to the chalk, be-
fore the oil of vitriol is inftilled, as you dire@): the.
injetion of air may be continued at pleafure, without
any other inconvenience to the patient, than what
may arife from his continuing in one pofition during
the operation, which fcarcely deferves to be men-
tioned, or from the continuance of the clyfter-pipe
within the anus, which is but trifling, if it be not
thaken much, or pufhed againft the reGum,

When 1 faid in my letter, that fixed air appeared
to be the greatelt correftor of putrefallion hitherto

L1 4 known,
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known, your philofophical refearches had not then
made you acquainted with that moft remarkably an-
tifeptic property of nitrous air. Since you favoured
me with a view of fome aftonifhing proofs of this, I
have conceived hopes, that this kind of air may like-
wife be applied medicinally to great advantage.

W. H.

A CorRrRECTION.

Upon re-examining Dr. Hales’s account of his
experiments to meafure the diminutien of air by re-
fpiration (Statical Effays, Vol. L. p. 238, 4th edition),
Ifind an error of the prefs, of 3 for ' ; {o that the
diminution of air by refpiration, though very various,
is, I believe, always confiderably lefs than by putre-
fattion, or feveral other caufes of diminution. But
though I have mentioned this diminution as equal to
feveral others, nothing material depends upon it
the quality of the air thus diminifhed being, in ail
refpets, the {ame, notwithftanding the caufe of in-
creafe (which, as I have obferved, in this and other
cafes, co-operates with the caufe of diminution) be
greater than I had fuppofed.

I did not endeavour to meafure the quantity of the
diminution of air by refpiration, as I did that by
other caufes ; becaufe I imagined that it had been
done {fufficiently by others, and efpecially by Dr.
Hales.

XX, An
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