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é B S E R V A T I O N S R E L A T I N G ТО NITROUS

AIR.

P A R T III.

EXPERIMENTS TEtfDÍNG TO ASCERTAIN ТЙЕ CON"
ST;TUENT PRINCIPLES OF NITROUS AIR:

AS the eircumftarices in which any kind of air ia
deeompofed tend to difcoVer its compofition, I
lhall under this head recite all the obfcrvation»
I have made of this kind;

S E C T I O N Í ;

ty the Diminution of nitrous Air by ßanding in
Water.

T) RING defirous of afcertainíng whether nitrouä
•*-* air tended, in any degree, to a fpontaneoua
decompofition by long ftanding only, without be-
*ng in contaft with any fubftance that could be
fuppofed to have an affinity with any corAituent

. II. в part
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part of it, I filled a large phial with this air, and
corked it very tight, keeping it for the moft part
with its mouth immerfed in a veflèl of water, but
afterwards neglected it, and fuffered the water to
evaporate. However, examining this air after
about two years, I found that it had the íàme power
of diminifhing common air that frefh-rnade nitrous
air has. It was alfo not more cafily decompofed
by agitation in water ; and I would obferve in this
place, that I have found great differences in the
réadinefs with which nitrous air is diminiihed, and
reduced to the ftate of phlogifticated air, by agi-
tation in water, or by fimply (landing expofed to
a confiderable furface of water j a difference de-
pending on the watery and the impregnations of it;
but I have not given fo much' attention to thefe
circumftances as to have difcovered the caufe of
them.

I have obferved that if nitrous air be agitated in
an open trough of water prefently after it is made,
or indeed after it has been kept fome weeks, it
will be reduced to a very fmall quantity, perhaps
one twentieth of its original, bulk j and it will then
be wholefome air. But I find that if it be kept
a very long time^ its conftituent principles, as we
may fay, acquire a much firmer confiftence, and.
that then a remarkably greater proportion of it be-,
pomes firft phlogifticated air, and then, by agita-
tion in water, wholefome air.

I once
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I once obferved the changes produced in two
quarts of nitrous air* one from iron, and the other
from copper^ made in November, 1773. On re-
moving from Wiltihire to Birmingham, I thought
proper to put an end to this procefs, when I found
no farther change in the bulk of theië two quan-
tities of air j that which had been produced from
iron ftill occupying two ihirds of its original dimen-
fions, and that from copper one half. I agitated
in water a portion of each of thefe quantities of
air, without producing any change in their bulk i
but they were both considerably improved by it,
fo that when mixed with equal quantities of freih
nitrous air, the meafures of the teil were 1.75.

This I confider as a pretty remarkable obferva-
tion, as it exhibits a change in the conftitution of
a body depending upon time only, and which it is
not yet in our power to produce by any other
agent or inftrument.

Both nitrous and inflammable air contain phlo-
gifton, and, as will be feen in its proper place,
they probably contain nearly equal quantities in
equal bulks; but as their properties are remark-
ably différent, their conftitution muft be différent
alfo; the phlogifton which enters into the com-
pofition of them both being combined in them in
a very different manner. In fome cafes nitrous
air parts with its phlogifton more readily than in-

В 2 * flammable
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flammable air, but in other refpefts inflammable
air is the more eafily decompofed of the two.
•The phlogifton of nitrous air immediately quits
it on the conta£fc of common air, when it is 'even
quite cold, whereas the phlogifton of inflamma-
ble air will not 'leave it to join the common air
except when it is veiy hot j but it will be feen that
inflammable air parts with its phlogifton to the
glafs of lead in the compofition of flint glafs in
circiimftances in which nitrous air undergoes no
•change whatever. I kept a quantity of nitrous
air in a tube of flint glafs, hermetically fealed,
•buried in hot fand, but not fufficient to melt the
glafs, • twenty days without any fenfible change in
the bulk or quality of thej air. • In the upper part
of one tube filled in this manner there was fomé-
thing like fmall ' cryftallteations, but they might
poffiblycome from a fmall quantity of the quick-
fdver accidentally left in the .tube. But whether
Tiitrous air will be decompofed by quickfilver in
this ftate of heat and confinement I did not try. In-
deed I did not examine whether what I faw were
properly cryftallizations, or not.

I kept both nitrous air and inflammable air
Very hot in contaft with quickfilver with liberty
to expand, and did not find that either of them
underwent any change. A quantity of nitrous air
I expofed feveral hours for three days to a degree

of
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of heat which kept the quickfilver in a ftate of
vapour, the firft and fécond days to the fame quick-
filver, and the third day to frefli quickfilver j but
the dimenfions of the air, and its property of af-
fefting common air, continued the fame. The
procefs is defcribed in the Introduction.

The addition of fteam of water to the nitrous
air in this ftate of heat and expanfion made Jao
difference in the rcfuk of the experiment, though
they continued together upon quickfilver more
than two hours. The fmall alteration that I found
in the nitrous air might be afcribcd to its having
been transferred from the trough of water to the
bafon of quickfilver in a bladder. I varied the
experiment by confining the nitrous air in a glafs
jar inverted in a pan of water, which I made to
boil, in order- that the hot fteam might pervade
the whole mafs of the air, which it effectually did,
as it appeared by its having expelled a very great
part of it. After the procefs, which continued
about an hour, the nitrous air had loft nothing of
its. power of diminiihing common air. On the
contrary, it feemed, to be rather improved than to
have' had its virtue impaired.

В
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S E C T I O N I I .

Of the Diminution of nitrous Air by Iron Filings
and Sulphur i and by a Solution of green Vitriol.

rT"'HE diminution of common air by a rnix^-
JL ture of nitrous air, is not fo extraordinary as

the "diminution which nitrous air itfelf is fubjeet to
from a mixture of iron filings and fulphur, made
into a pafte with water. This mixture, as I have
already obferved, diminiihes common air between
one' fifth and one fourth, but has no fuch efFecl
upon any kind of air that has been diminiihed,
and rendered noxious, by any other procefs ; but
when it is put to a quantity of nitrous air, it
diminiihes it fo much, that no more than one fourth
of the original quantity will be left.

The efFeet 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
ihort t/'me it advances fo rapidly, that in about an
hour almoft the whole efFedt will have taken place,
If it be fuflfered to ftand a day or two longer, the
air will ftill be diminiihed farther, but only a very
little farther, in proportion to the firft diminution.

The
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The glafs jar, in which the air and this, mixture
have been confined, has generally been fo much

heated in thb procefs, that I have not been able, to
touch it.

Nitrous air thus diminiihed has not fo ftrong $
fmell as nitrous air itfelf, but fmells juft like com-
mon air in which the fame mixture has flood ; and
it is not capable of being diminiihed any farther, by
a freih mixture of iron and brimftone.

Common air faturated with nitrous air is alfo
no farther diminiihed by this mixture of iron filings
and fulphur, though the mixture ferments with
great heat, and fwells very much in it.

To the experiments upon iron filings and ful-
phur in nitrous air, I muft add, that when a pot
full of this mixture had abforbed as much as it
could of a jar of nitrous air (which is about three
fourths *of the whole) I put freih nitrous air to it,
and it continued to abforb, till three or four jars
full of it difappeared j but the abforption was ex-
ceedingly flow at the laft. Alfo when I drew this
pot through the water, and admitted freih nitrous
air to it, it abforbed another jar full, and then
•ceafed. But when I fcraped off the outer fur-
face of this mixture, which had been fo long ex-
pofed to the nitrous air, the remainder abforbed
more of the air.

В 4 When
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When I took the top of the mixture which I
had fcraped off, and threw upon it the focus of a
Burning glafs, the air in which it was confined was
diminifhed, and became quite noxious ; yet when
I endeavoured to get air from this matter in a jar
full of quickfilver, I was able to procure little or
nothing.

Nitrous air is as much diminiihed both by iron
filings, and alfo by liyer of fulphur, when con-
fined in quickfilyer, as when it is expofed to
water.

There is a remarkably quick abforption of ni-
trous air by a folution of green yitriql, the parti-:
jculars of which are as follows.

Having diffolved a quantity of green vitriol,
and put it into, a phial, with its mouth inverted
in a*bafon of the fame, and having admitted a
quantity of nitrous ajr jtp it, I began to agftate the
folution, in the fame manner as jn the procefs for
impregnating water wjth fixed air ; when I obferve'd
that the nitrous air, in thefe circumftances, was
abforbed much more readily than fixed air is by
water. I even made a quantity of this folution
abforb more than ten times its bulk of nitrous
air, without any very fenfible approach to fatura-
tion. This folution became black by this procefs ;
but when a fmall part of it was viewed by tng

light
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light of a candle, placed beyond it, it looked red.
The tafte of the folution was acid, owing, no
doubt, to the mixture of nitrous acid, which it
had acquired, in confequence of the decompofition
of the nitrous air.

When this impregnated folution was expofed to
the open air, large green cryftals were formed at
the bottom of the vefiel, and all the black colour
intirely difappeared. But when thefe cryftals were
formed at the bottom of a very tall veflel, they
were much blacker, and did not even become green
oh being expofed afterwards to the open air, any
more than thofe which I expofed to nitrous air-itfelf
on quickfilver.

The changes of colour, and all the phenomena
of the cryftals, were evidently owing to the fpirit
of nitre contained in the nitrous air, and fet at
liberty in its decompofition. For a few drops of
the acid itfelf produced the fame effecb, in all re-
ipecb, on this folution.

Conceiving that the principal of thefe phenomena
muft have arifen from the affinity between nitrous
acid and iron, I agitated nitrous air in a natural
chalybeate water, when it prefently became of a
brownifh colour, which feemed to be a confirma-
fion of my fuppofition.

lalfo
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I alfo made another experiment in which die
nitrous acid might ihow its affinity to iron in a
manner fomewhat fimilar to this. I firft faturated
a quantity of water with fixed air, then with iron,
and afterwards impregnated it with nitrous air*
The refult of chis experiment was, that the folution
affumed a colour between green and yellow ; but
it did not abforb much more nitrous air than water
unimpregnated with fixed air, or with iron, would
have done.

The nitrous air which I had hitherto made ufe
of in thefe experiments was made from copper,
but when I uíèd that which was made from iron,
which is an ingredient in green vitriol, the effeÄ
was not at all different. The folution of the vitriol
abiorbed this nitrous air with the fame rapidity as
it did that, which was made from copper, and the'
fubfcquent phenomena were alfo, in all refpeob,
the fame.

I then agitated nitrous air in folutions of blue
and white vitriol, the former of which is known
to be compofed of copper, and the latter of zinc.
The refult was, that the colour of both thefe folu-
tions became prefently very dark, the former chang-
ing into a deep green, and the latter into a kind
of brown. Not more than between one half and
one third of the air (which was about one fourth

ï of
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of the contents of the phial I made ufe of) was
abforbed in either of thefe cafes, which is very far
jhort of the effect of the folution of green vitriol on
the fame kind of air.

It made no difference whether the nitrous air
was procured from iron or from copper, in any of
thefe experiments. For the folution of green vitriol,
as I have obferved, decompofed nitrous air made
from iron juft as readily as that which was made
from copper; and, on the other hand, the folu-
tions of blue and white vitriol were affected in the
very fame manner by nitrous air madç from cop-
per, as by that from iron.

The folution of white vitriol depofited a white
and flocculent matter, and then was tranfparent
like water; but, being impregnated with nitrous
air, it preíèntly became of as dark a colour as
when it had been impregnated before that depofit
was made.

Spirit of nitre dropped into the folution of blue
or white vitriol made little or no change in their
colour.

All the folutions of vitriol which had their colour
changed by the impregnation of nitrous air reco-
vered it again by expofure to the common air.
This was evidently effected by the efcape of that
phlogifton, which had contributed to the deepnefs

of
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of their colour. To afcertain this, I-. filled a phial
about three fourths full of the folutioa of green
vitriol, made black by the decompofition of nitrous
air, and after about a week, examining the air which
had been confined with it, I found it to be fo much
•phlogifticated, that one meafure of it and one of
nitrous air occupied the ipace of 1.92 meafuresi

Upon the whole, it feems t|aat the greater effect
of the folution of green vitriol in decompofing
nitrous air mu.il be owing to the ftronger affinity
between the fpirit of nitre and iron, than between
the fame acid and copper or zinc.

They feem to Ihow, however, that there is little,
if any martial earth in nitrous air, at leaft, that
fuch earth exifting in nitrous air is not combined
with phlogifton, or in a metallic Uate ; fince this
air is decompofed by the nitrous acid in it quitting
the phlogifton with which it was already combined,
in order to unite itfelfto the iron in the folution,
at the fame time that the phlogifton .which enter-
ed into the nitrous air contributes to blacken the
folution. It will, perhaps, however be .thought
extraordinary, that the nitrous acid fliould have a
ftronger affinity with iron than the vitriolic, which,
on this hypothefiSjit muft, in this particular cafe; have»

This 'effeft of the folution of vitriol on nitrous
air helps to explain a phenomenon, which I had,

often
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often obferved without underftandmg it. When
the water in my trough had got impregnated with
various metallic fubftances, that which was con-
tiguous 'to tKe mfohs air, in -jars Handing in it,
would be of a darker colour than the reft of the
water. This rriuft 'have b'een' in confequence of
the affinity between' the -phlbgifton in the nitrous
air and the metallic matter di'flblved in the water,'
'by means of fome acid that happened to be mixed
with it. At one "time, when-the water in my trough
was particularly foul, and feemed difpofed to make
a depofit, I impregnated pa'rt of it with nitrous air,1

and the water, by this means, prefently became of
a darker colour than before.

To determine whether the phenomena attend-
ing the impregnation of the'-folution of green vi-
triol with nitrous air depended, in any meafure,
upon the feemmg aßrtngency of that folution, and
of chalybeate waters, I impregnated a'quantity of
green tea, which is allo faid to be aftringent, -with
nitrous air, but no fenfible' change of colour was
produced m it. • <

In my firft publications I mentioned a varie-
ty of circumftances in which nitrous air is re-
markably dirmmihed, in feveral of which it paflès
through a ftate m which.a candle burns in it quite
natui ally/and fometimes with a much enlarged

flame,
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flame, and at laft becomes mere phlogifticated air.
In all thefe proceflès I took it for granted (not
having examined the air except when it was com-
pletely, or, at leaft, very nearly reduced to one of
the two ilates above-mentioned) that the approxi-
mation to its final ftate of phlogifticated air was
equable, fo that as foon as it began to be diminilh-
ed, it alfo began to lofe its power of affecting com-
mon air. I find, however, that, with refpeib to
feveral of the caufes of diminution, and perhaps all
•of them, the airpaflës very fuddenly from the ftate
in which it is perfect nitrous air, to the ftate above-
mentioned j but that the term at which this change
takes place is various, as fometimes two thirds,
and fometimes fourteen fifteenths of any quantity
on which the experiment is made, will have dif-
appeared before any fènfible change can be ob-
lèrved in the remainder. I have even fometimes
been inclined to think that its power of affecting
common air has been rather increafcd than dimi-
niihed at the beginning of thefe procefles.

I imagine, therefore, that, as foon as-either the
nitrous principle, or the phlogifton which enters
into the compofition of nitrous air, is feized upon
by any fubftance which has a ftronger affinity with
either of them than they have with each other, fo
much of the other principle as was combined with

ic
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it is precipitated, fo that the air which remains is
not at all altered from what it was, at leaft for a
confiderable time. It will appear, however, that
the flower the procefs is, the greater quantity of
nitrous air will be preferved in the ftate of phlo-
gifticated air, and the quicker the procefs, the
farther it will proceed before this change takes
place.

I entertained the firft fufpicion of my having
been miftaken in my former opinion when I was
examining fome nitrous air in which I had con-
fined a fowl, in order to preferve it as long as
poffible from putrefaction. For though this air
was greatly diminiihed in quantity, it affeflted com-
mon air quite as much as the beft nitrous air 1
had ever tried.

Being defirous of afcertaining this fact with ab-
folute certainty, with refpect to fome one caufe of
the diminution of nitrous air, I placed a pot of
iron filings and bnmßone in a jar of nitrous air, and
let it remain there a whole day, keeping it generally
warm, near the fire, the ingredients not being good
of their jjdnd, and not difpofed to ferment. As
the diminution proceeded, I kept taking from it
fmall portions of the air, by introducing into it
a fmall jar full of water ; which, being emptied
within the jar, I Withdrew, filled with the air .from
within it. Doing this occafionally, I obferyed no

change
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change of the quality of the air when it was re-
duced to one third of its original 'bulk, for it
retained its full power of diminiihing common,
air.

The next day I found it diminifhed to one
fourth of the whole, and then, a candle burned in
it in a .manner not to be diftinguiihed from the
burning of a candle in common air. But it was
not%ommon air ; for it was not at all diminiihed
by freih nitrous air, and it affeéted common air
fo little, that one meafure of it and one of com-
mon air occupied the Ipace of 1.85 meafures. It
had not acquired the! peculiar property of fixed
air, for it did not make lime water in the leaft de-
gree turbid, and it bore confiderable agitation in
water without being much diminiflied.

The diminutíoaiiof nitrous air by means of Jpirît
of nitre is effected in the fame manner ; and • as"
this diminution was made more quickly, on this
account, perhaps, it proceeded much farther before
I could perceive any change in it. In one ехрегь
ment of this kind, I thought the change took place
when the air was diminiihed to one twelfth of the
whole, but in another'cafe there was no change till
it was reduced to between one twelfth and an
eighteenth part, when it was completely phlogifti-
cated. In this mode of diminution I was not able
to find it in that ftate in which a candle could burn

4 Í»



Stil. IL N I T R O U S A I R . 17

in it. At another time when exactly one fifteenth of
the whole remained, it affected common air mani-
feftly lefs than frelh nitrous air; but here again,
when only one eighteenth remained it had loft all its
peculiar property.

The diminution of nitrous air by the folution of
green vitriol is effected according to the fame rule.
I decompofed nitrous air by expofing it to be ab-
forbed by the folution of green vitriol till about one

fourth of the original quantity remained, but it af-
fected common air as much as it had done before
any part of it was abforbed.

Such, alfo, is the manner in which nitrous air is
diminiihed in a bladder. Nitrous air reduced in this
manner from ten ounce meafures to .two and a half,
was fo much altered, that one meafure of it and
one of common air occupied the fpace of 1.75 mea-
fures. It then extinguiihed a candle without any
appearance of a blue flame. • When a little more of
it was abforbed by the fame procefs, I found the
remainder all phlogifticated air, not affecting com-
mon air in the leaft. Till the nitrous air was re-
duced, in this manner, to very near one fourth, it
cpntinued unchanged.

If, however, common air be mixed with nitrous
air, by which means it becomes in part phlogifti-
cated air, the fpirit of nitre will abforb the fuper-
nuous nitrous air only, and confequently leave the

. IJ. С remainder
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•remainder more diluted 'w'ith phlogífticatiíd air. ï
putameàfurè and a half of common air to Wò mea-
fures of nitrous air, to that one rheàfute of this
mixture and one of common air otctfpied thé'fpace
of 1.36 meafures. I then put fofne fp'îfït o'f nitrfe
to the mixture, and when it had ábforbed one third
of it, one meaiure of it and one 'of com'mon air
occupied thé fpace of 1.8 meafures.

I alfo introduced à piece of hot cb'Xfcoal 'irítò à
phial of nitfõús air Ъу whidh means biie ''half "of It
was abforbed, and found that the 'remainder 'had 'not
bit its power of dimmifbing cörflmön air in any
'fenfible degree. The ábforptión of all kinds'of air
'by charcoal is a very capital difcoVefy' of the 'ÁBbé
•Fontana, 'Whidh'he:hás beeh'iö obliging äs'to gîvfe
'me leave to'mention.

XVhen'nitrous -air 'has "bee'n kept à lölig 'time 'in
water, it is known'to be dirriihífliéd, and in this cafe
I fufpecl that'it lófes its Virtue gradually, 'being'lrh-
"paired ' from 'the 'firft. 1 hav'e'fotind, "however,. ' that
'by'lortg keeping'in perfectly 'ftagriatit wafer, the
fiirfáce of which'was éxpófèd to'the atmofphere3 and
without any change, except'to 'fupply 'the Wàfte'by
evaporation, it came to the ftate of p'h'logifticateil
air; but'by'what fteps'in'the procefs'l'omitted to
obferve, having'tâken it for granted'that this was
always equable.

On
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Qn the шЬ -of November ,1773, I £lkd two
qtfart .botdes with frelh made nitrous air, one from
iron, and the-other ,fFom<copper, and then fet-them
efide, with their necks immerfed in jars of water,
fttldinever agitated .the air or,the water in contai
with it, only-fupplyTing-the jars with irefti water as
I .-perceived ,it was -wanted Qn „the 29th of Sep-
tember-177 8, J examined the ftate,-of thefe bottles
of air, and found as follows. Of that Which had
Ь.адп made from.iron about -one half was abforbed,
ftad o£tha.t:from.the eopper;about a third 5 but both
pf :them wcri-equally -and -perfedly phlogifticated,
malcing no «iFervefcence with Common air, and ex-
tinguiíhing a candle. J-hat which-had been made
ffQm :copper did not make lime water turbid, and
the fame, J.doubt,not, would have been the,cafe
With the other, if. it (had I been tried* I did this from
a.fufpicjon, .that, fmce fixed air may be compofed
from the nitrous acid, niti-ous air, in fome of its
changes, might, in part, aflume that form, I had
not given much .attention to ithefe bottles of air, but
•I do not.think (they had been at all diminjflied the
laft,year, or the laft year anda half.

'Pyropborus alfo.decompofes.nitrous air, and pre-
fently reduces it to the .ftate of phlogiftiçated air.
Having put .a quantity of, it into .a glafs jar ftanding
inverted in quickfilver, I introduced fome nitrous air
to-it* when .the pyrophorus became jnftantly red

С 2 hot
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hot. What remained of the nitrous air had no ef-
fèft on common air, and extinguiflied a candle. АГ1
this change was effected at once. ' For though the
nitrous air continued in the jar a day and two nights
after it had been admitted to the pyrophorus, there
•was no farther change in its dimenfions.

Sirice pyrophonis fires pretty much alike in ni-
trous and in dephlogifticated air, thefe two very
different kinds of air muft contain fome -common
•element ; and this may be either water, or the1 aci-
dify ing principle. It is moft probable that nitrous
air contains both, though in a very different ftatc
of combination, and in different proportions than
thofe in which they exift in dephlogifticated air.

The willow plant, as I iliall obferve, abforbs ni-
trous air as well as every other kind of air. What
were the immediate ftates of it I did not note, but
when the air was reduced to one tenth of its bulk,
I found it to be mere phlogifticated air.

Nitrous air, as I have obferved, is prefently de-
compofed by a folutión of green vitriol in water,
\vhich, in confequence of it, becomes of a very
durk colour ; but becomes green again on being
expofed to the open air. In this and many other
properties, the effect is the fame as that of-mixing
a fmall quantity of fpirit of nitre with that folution.
Having impregnated a quantity of the folution in
tins manner, I heated it in a glafs phial, and found

that
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diät it gave out half its bulk of pure nitrous air,
but when it had loft its dark colour, it gave no air
at all by heat.

I have afterwards obferved this change of colour
to be a criterion of the prefence of a very fmall quan~
tity .of the martial faits in water. When a very little
of it has been accidently formed, in the courfe of
my experiments, and -mixed with the water in .my
trough, I have never failed to difcover. it by the
dark colour of the water in thofe jars which con-
tained nitrous air. This change of colour muft, as
I obferved before, have been produced by the phlo^
gifton of the nitrous air, the nitrous acid having no
fuch effeft. This was alfo the cafe with a folution
of copper in nitrous acid ; but the change was not
from blue to a darker colour, but into green.

I filled a jar, about an inch in diameter, and
twelve inches long, with that folution of copper in
fpirit of nitre which remains after making nitrous
atr, and which is of a beautiful blue colour. Then
inverting it in a bafon of the fame, I introduced to
it a quantity of nitrous air. After fome time I ob-
ferved that the air was confiderably dimmifhed, and
that all the furfaee of the liquid in contait with the
air, to the depth of about a quarter of an inch, was
of a beautiful green colour. This air kept dimi-
niíhing fome months, and the green colour of the
folution extended two or three inches within the lir-

Ç 3
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quid. At laft there remained only two fcvenths of
the original quantity of air j and, examining it in',
that reduced ftate, I found it to be mere phlogiftiv-
cated air. Had1 jt been examined in the interme-
diate ftate, it wouldy I doubt not, have beep found»
to be of that kind of air in which a candle will bunv
The experiment was begun on the 4th of October
4779, ari{* tne air was not examined till the aoth of
July 1780.

S E C T I O N III.

Of the Diminution óftoitrous Air by the elffiric Sfarb

ГТП H E electric фаг!с taken in pitrous air, dimi-
A njihes it to one fourth of its original quari-

tity, which is about the quantity of its diminution
by iron filings and fulphur, and alfo by liver of
fulphur without heai, The air is alfo brought by
electricity to the fame ftate as it is by iron filings an<4

not diminiihing connrrton air. If the
electric
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electric fparlv be taken inf it when 'it is confined by
water tinged with archil, it is pieíèntly changed from
blue to red, and that to a very great degree.

This experiment I haye fiequently repeated, irv
order to afcertaic moie particularly the quantity and
quality of the rcííduurrv In one experiment I re-"
duced half an ounce meaiur.e of nitrous air, in lefs
than half an ho;ur, to one quarter- of its bulk , buç
then one fourth of it was ftill nitrous, and the reft
phlogiihcated air. Receiving it m lime water, there
feemed^o be a flight p/ecipitation, but this cir-
cumftance will perhaps be explained in the following
expeiiment.

I took the eledtnc fpaik m a quantity of nitrous
air till there remained no more than one thud of
at,, and this was completely phlogiilica.ted, not af-
fecting common air at all, and extmguiihing a can-
dle. A white matter was formed with the mercury
over which the (park was, taken, which made the
water admitted to it extremely turbid. t At that
time I fuppofed that this white fubftance was mer-
curial nitre, cpnfiftmg of nitrous acid from the de-
compoied nitious air and mercury, í íhall now
examine it more particularly. Why there iliould
be more than ope third of this quantity of nifous
air left pure phlogifticated air, and not one fourth,
as jn the foimer experiment, I cannot tell.

С 4 Ь
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In another procefs I took the eleftric ipark in a
quantity of nitrous air, till it could be no more di-
miniihed ; when it was in proportion to its former
bulk, as loi to 24. Letting it Hand all night up-
on the mercury, it was increaled to the proportion
of ni to 24, feemingly by the acid uniting to the
mercury, and .generating more nitrous air, fince it
had that fmell. No water appeared after the pro-
cefs, and the water admitted to it acquired no acid
tafte, but an aftrjngent one, like water impreg-
nated with nitrous air. There was a white powder
formed, as in the former experiments.

Thinking to make water imbibe the acid from
the nitrous air, decompofed in this procefs, I took
the elecbic fpark in it with a finall quantity of wa-
ter over the mercury. But even this water did
not acquire any acid tafte, but only an aftringent
one.

It remains to be afcertained on what principles
die nitrous air is decompofed in this procefs. That
it is not by means of the beat communicated to it,
may, I think, be inferred from an experiment, in
which I made a quantity of nitrous air pafs through
a red hot tobacco 'pipe, without producing ^.ny
change in it. Neither does it feem to be the light
of the eleftric fpark, fince I have heated pieces of
crucibles in nitrous air by the fun beams, without
making any change in it.

Upon.
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Upon the whole, it may be moft probable that
this change depends upon phlogißon, as it is fimilar
to that which is made in nitrous air by the contact
of iron, and efpecially by heating iron in this air.
There is this difference, however, in the two pro-
cefles; that in-that with electricity the refiduum is
wholly phlogifticated air,, and the intermediate ftate
of dephlogifticated nitrous air is not found. At leaft
I have not obferved it.

I afterwards repeated with particular care this ex.
périment of decompofing nitrous air by the electric
ípark j from which it appears that, in this procefs,
though not in that of heating iron in it by the fun
beams, fome ticïd is really depofitcd from the air.
But it is fo; little, that it may perhaps be fuppofed
to have been contained'in it, as an extraneous fub-
ftance, not feparable from it by (landing in water.
It is alfo to be obferved that, in this procefs, I was
never able to produce . any dephlogifticated nitrous
air. Whenever the experiment was fufpended, the
air was always found to be either nitrous or phkb
gifticated.

In one experiment of this kind, to which I gave
particular attention, an ounce meafure and a half of
nitrous air was reduced to 0.4 of a meafure by elec-
tric explofions, taken in a vefiel of mercury, with
я little pure water on the furface of it ; an iron wire
introduced through the mercury, and into .the air,
being ufed for the purpofe of taking the explofion

at
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at a. proper diftance АГсев the greateft poffible
dmuautioa of the ajr I could perceive no change of
colour m the water, but after a few hours Handing
it had a pwcplifh colour> and after a day and night,
it was become of a deep, red> and very turbid, evi-
dently from the folution of the iron. The water
was. acid, to the tafte, but in the flighteft degree ima-
ginable , aadi I could perceive by the fmell of it,,
that there was a little nitrous air ftill contained in itt

though I could mot perceive any rednefs on expof-
ing the veflel'to the open air A lighted candle
being dipped into it, was immediately extinguifh-v
ed

There was. one circumftance which I cannot ea-
fily account for m this procefs, , After the diminu-
tion of the air would proceed no farther,! obièrved, as
before, that, after fome time, therc was an increafe of
the quantity of it, viz, about one tenth of an ounce
meafure, but after this the air was gradually con-r
trailed to its former dimenfions, without any far-
ther ufe of eleftncity

I repeated this experiment With the fame quantity
of nitrous air, and it was "dimmiihed m about the
fame propoition as m the preceding But examin-
ing the watei before it had been difcoloured by the
folution of the non, I could only perceive iome
aftrmgency m the tafte of it, though it reddened a
confiderable quantity of water tinged blue with the
juice of tuinfole. There was alfi? ftjll fomethmg

nitrous
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murons in the refiduum of iihis air. Fou being mix--
cd in equal quantities wichi common аш-, the ftaxi-
dard was about 1.8'.. It coBtauaed nor depfalogifti-
cated' nitrous air, as. it was mot fenfitdy dimimihedt
by agitation ш water.

Laftly, I nearly filled a phial, containing about fix
ounce meafures o£ nitrous aur, -confined by qiuek-
filver ; and taking the eleftnc fpark within it, it
was in about an hour djmmilhed about one half,
but after that very litde. The quickfilver was
much corroded, and a candle went out in the
remainder of the air. The diminution of common
air by the eleftric fpark requires a good deal of
time, but this procefs goes on very rapidly with ni-
trous air. I repeated die experiment -in a tube a
quarter of an inch in diameter, receiving the fpark
upon watei tinged blue with the juice of turnfole-j
and the diminution was fo quick, that the motion of
the water up the tube was conftantly "íènfible to
the eye. The water was deeply and permanently
red.

As the eleftnc Ipark cannot be fuppofed to com-
municate fo much phlogifton, as the heating of iron
by the fun beams, we may be better able by dus
procefs to afcertam the quantity of phlogifton con-r
tamed ш phlogifticated air, fince the refiduum pro-
bably contains all the phlogiiton belonging to the
anrous air from which it is made, and if we may

calculate
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calculate from the numbers in the former of thefe ex-*
periments) phlogifticated air muft contain about four
times as much phlogifton as an equal bulk of ni-
trous air ; or, as. appears by my, former experi-
ments, almoft four times as much as inflammable air
made from iron by oil of vitriol, or fteam, of which
one half is probably phlogifton, and the other half
water.

S E C T I O N I V .

Of tie nitrous Acidproduced from nitrous Air, ly л
Decomfoßtion with common, or .dephlogißicated Air.

TN order to complete the analyfis of nitrous air,
-I the nitrous acid which it is capable of forming
by means of pure air, and which is a principal in-
gredient in its compofition, ought to be more efpc-
cially attended to ; and it is not difficult, by means
either of common or dephlogifticated air, fo to de-
compofe it, as to collect almoft all the acid that it
can affift in forming. And could we apply any
certain meafure to afçertain the ftrength of this acid,
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we might meafure it in this as well as in any other
cafe.

It is well known that when nitrous air is mixed
with as much common air as it can completely phlo-
gifticatCj it is itfelf decompofed, and efpecially that
the acid which it affifts in forming, immediately ap-
pears in the form of a red vapour, which is abforb-
ed by water, if the decompofition be made over
water, or imbibed by alkaline or metallic fubftances,
if any fuch be at hand to unite with it. Now by
providing a given quantity of water to imbibe this
acid, formed by a known quantity of nitrous air, it
will be eafy to afcertain the quantity of nitrous acid
transferred to the water, by finding how much ni-
trous air that acidulated water will yield, by the fo-
lution of copper, or any other metal. In this man-
ner, at leaft, the ftrength of the acid maybe com*
pared with the ftrength of any other nitrous acid in
a fluid form.

The apparatus for this experiment is very fimple,
and very eafily applied. I firit provide a phial of
a convenient fize and form for the impregnation of
the water, which ought to be pretty large, in or-
der to decompofe a confiderable quantity of nitrous
air at one procefs -, and having fitted a cork to it, I
perforated the cork, fo as juft to admit the nozzle of
a fmall funnel, when it is thruft in pretty hard. I
then tie this cork in the mouth of a bladder large

enough.
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enough ítotcontáin -at Jeaft half as-much air .as the
phial. But if I ufe dephlogifticated air inftead of
.common aie, ifbr ihe decompofition of ithe ,-nitrous
air, : the rfoiadder. ought to contain ab.outifiv.eitim.es as
.-much asthetphial.

Jftheiprocefs be rnrade with .common-air, I.con-
•veyiinto the'bladder half as imuch citrous air .as
•the'phial ican contain.; and .taking rare ;tq dilpofc
.it'fo: that no water, that,may : be. in ithe bladder -can
get into the phial '(whidvis not difficult tomanagej)
i withdraw the funnel, and put-.the corlcofthe iblad-
•der into ithe ip'hial} .'then preffing.the:bkdder,-ajittle
'at'fifft, imorder to (forcea little-.o'fithe mttrous sûr
/out ofithe bladder iinto the .phial, tthe «fferve'feenee
•immediately -begins, and -.of .-murfc :tíie (diminution
•öftthe^aii'.m the phial.; tthe iconfequenee of which
is, ^'demand for more nitrous air from.-the!bbdder,
•toifupply-the.'place of.tliat which .had .dilappfiared.
This again produces a ftronger eiFervefeence.j and
^by: í his means, after rthe-rednefs -has.ijegun-.to.ap-
•peanin the-phial, ; all t the nitrous air .will preíèntly
be drawn out : of ; the = bladder, ;and .be decompofed
•within the phial; .and.all;the:acid .th/t.it.forms will
be imbibed by .the -.water :m:die:phial, .or by any
other-fubftance :diat mayrbe ^placed:there for die
purpofe.

Before I endeavoured to. afccrtain,; by this means,
the precife quantity of nitrous acid .furnilhed by a

given
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'nitrous air, î 'was Rifling to try
'bow 'ftronglyï could impregnate a -quantity of wa-
ter with the -nitrous acid in this manner -, and 1
iöund'thatl fcoiilä make 'four ounce meaîures'snU a
half 'of water receive all ihfe ac'id tiaat coiild be
'fupplied by 300 ounce meafures'df nitrous 'air ; ana
that then the water 'was become iquite blue. But
•water 'impregnated 'with the nitrous acid 'vapour
"either in this manner, or from 'the folutiondf 'metals
in'ftrong nitrous acid, adheres to it very /lightly,
undjcan hardly be prevented from maîdng-its efcape.
*It is impoflîble to pour water thus impregnated
'from one veflel to another, but the copious :геУ
fumes which iffue Transit, even when the water is
quite cölourlefs, ihew that it fuffers a great ''lofs öf
its acid. A quantity of the impregnated water which
Zgot in this experiment, equal in 'bulk -to a quantity
'of dlftilled water weighing 'four penny weights, be-
'th'g'powedvipon copper, yielded' only one ounce mea-
'furfe and "a quarter of nitrous air. The 'fame- quan-
tity of the ftroiig fpirit of nitre made in the common
way will yield twelve or fifteen ounce meafures. ;In
order to make, my principal experiment with more
a,ccuracyi I was taught by this tothink'irneceflary
to provide fuch a quantity of water as would be 'but
ilightly impiegnated, that 'the lofs by evaporation

be the lefs in proportion.

In
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In order to compare the quantity of nitrous acid
formed by a given quantity of nitrous air, with the
quantity of acid contained in an equal bulk of red
nitrous vapour procured by the folution of bifmuth,
I faturated á quantity of water in the method de-
fcribed above, with as much of the acid as was con-
tained in a pint phial of nitrous air ; and having
filled the fame phial with the red vapour, I put
into it the íãme quantity of water, to imbibe that
vapour j and then pouring all the water impreg-
nated with nitrons acid from the nitrous air, and af-
terwards that which was impregnated by the nitrous
vapour, upon equal quantities of copper, in a phial
fitted with a ground ftopper, I collected the ni-
trous air that they yielded, and found them to be ex-
a£bly the fame ; and this was one feventh of the
quantity of nitrous air by which the acid had been
formed; fo that, provided there was no lofs of the
acid in the procefs (and I am pretty well perfúaded
that the lofs could net have been at all confiderable)
it may be inferred from this experiment, that the
nitrous acid which is detained in the Jolt made by
the folution of copper, is fix times as much as can
be formed by the nitrous air procured by that fo-
lution.

In order to afcertain what quantity of nitrous
vapour I had get in the phial that was filled by
means of the folution of bifmuth, I filled the phial



Stä. IP. folTftOÜS AIÄ. 33

à fécond time in the fame manner^ as nearly as ï
*ould determine (but this eftimate is attended with
a good deal of uncertainty) and admitting water
to it, I found that a little lefs than one half entered
* .

it i that proportion of its contents having been
occupied by the nitrous vapour, and the remainder
by the commpn air diffufed through it. Confe-
quently, nitrou? air does not form quite half fo
much nitrous add as the fame bulk of red nitrous
vapour from the folution of bifmuth $ fuppofmg
that as much red vapour was contained in the phial
as can, at a medium, be thrown into it* Buc two
phials will look almoft equally red, fo as hardly to be
diftinguilhed by the eye, when one of them does not
contain much more than half as much as the other.

The faturation of water with nitrous acid from
nitrous air, by means of dephlogifticated air, makes
a 'pleafing experiment, on account of the great
quantity of nitrous air decompofed by this means
at one procefs, the quicknefs with which the de-
compofition is made, and the viftble effe<£t of the.
fudden impregnation од the water, For the fur-
face of it inflandy becomes, as it were, oily, de-
fcending in waves from the top to the bottom of
the water, while nitrous air iflues plentifully from
the bottom and fides of the vefièl i a moft remark-
able phenomenon, of which a full account will be
given in a proper place.

VOL. II. SEC-
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S E C T I O N V .

Of Water in nitrous Air.

'ТПНАТ water enters into the compofition of
-*• "nitrous air, is not improbable, becaufe it is

procured in fo great abundance from pure water
impregnated with phlogifticated ríitrous vapour,
and alio from its not being procured from copper,
and other metals, except in a very diluted folution
of the nitrous add.

That water enters into the conftitution of every
kind of air I alfo fuppofed, becaufe it certainly does
into that of imflammable, fixed, and defblogtfticatea
air. That nitrous air contains water, I have lately
found from the iron that is heated in it becoming
a proper finery cinder.

I had found before, that iron heated in nitrous
air acquired weight, and that what remained of
the air was phlogifticated air. Haying fince that
time repeated this experiment, and afterwards heat-
ed the iron, which was by this means increafed in
weight, in inflammable air, the iron loft its addi-
tional weight, and water was copioufly produced,
as in the fame procefs with finery cinder, or, as I
fometimes call it, fcale of iron.

As
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As ' nitrous air may be deprived of its water,-
and become phlogifticatéd air by heating iron in iti
I find that it undergoes the fame change by being
repeatedly tranfmitted through hot porous earthen
tubes, through which I fome time ago difcovered
that vapour will pafs one way, while the air con-
tiguous to the heated tube will pafs the other.

I firft tried this procefs with turnings of iron in
die tube, by which means the iron was readily
converted into finery cinder j but afterwards I found
that the fame change was produced in the nitrous
air by the hot tube only. The two bladders which
I made ufe of in diis experiment (and by the al-
ternate prefiure 'bf which I made die air contained
in them pafs-through the hot tube) became red,,
juft as any bkdder does that is filled with nitrous
air, and then expofed to the influence of the at-
mofphere till it becomes phlogifticatéd air, as may
be feen. in my former experiments. In this man-
ner I now always treat the bladders in which I
make experiments on air. -It prevents them from
putrefying, and gives them a firmnefs of texture
fimilar to tanning.

That nitrous air contains water, and that this
water can contribute to the formation of fixed air,
is evident from the following experiment. I heat-
ed five grains of charcoal of copper in eight, ounce
rneafures of nitrous air, till it was increafed to ten

D 2. ounce
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ounce meafures, and the charcoal had loft one
grain. Examining the air, I found about one
fifth of it to be fixed air, and the remainder
phlogifticated. It feems, therefore, that nitrous
air çonfifts of water, and fomething that may be
called the bafis of nitrous acid, or that fubftance
which, when united to dephlogifticated air, will
make nitrous acid; and this ieerns to be pure
phlogifton, fmce it is found, as the preceding ex-
periment ihews, in the pureft inflammable air.
May we not hence infer, that the nitrous is the
fimpleftofall the acids, and perhaps the bafis of
all the reft?

It is evident,' that more water than enters into
the compofition of nitrous air is neceflary for the
change of it into what I have called dephlogißicated
fiitrous -air, becaufe the contact of iron will not,
without water, produce that change in it.

Though fixed air, as I have ihewn, contains water
as well as nitrous air, it cannot be deprived of it,
and be decompofed, by the fame means j for I
have heated iron in it by a burning lens, and have
alfo made it pafs repeatedly through a hot earthen
tube containing turnings of iron, without producing
any change in it.

That nothing is necéíTary to the formation of
nitrous air befides phlogifticated nitrous acid and
water, is evident from the produ&ion of it by the

impreg-
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impregnation of pure water with phlogifticated
nitrous vapour, formed by the rapid folution of
bifmuth j an experiment which I have mentioned
before. However, to make it in a more unex-
ceptionable manner, I interpofed a glafs veflèl be-
tween that in which the folution was made, and
that in which the water to be impregnated with
the phlogifticated vapour was contained -, that whatr
ever of- the folution was diftilled over by the heat
of the procefs (which evidently occafioned the drop-
ping* of a blue liquor from the end of the tube
through which the vapour was 4elivered) might
be prevented from reaching the water. In thefc
circumftances, however, when nothing but the dry
phlogifticated vapour could enter the water, it be-
gan to fparkle, and yield nitrous air very copioufly,
as,foon as it had acquired a blue tinge from the
impregnation. This is a very ftriking experiment
to all perfons when they have feen it the firft
time.

Nitrous air is alfo produced by pouring a highly
coloured, or phlogifticated, nitrous acid into purç
•water, in which no metal or earthy matter is any
way concerned.

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

Of the Decompoßtion of nitrous Air by beating in it
Iron or Charcoal,

"VTITROUS air feems to contain more water
4- ^ than phlogifticated air. For when iron is
heated it, which, by getting water in this pròcefs,
becomes finery cinder, the nitrous air is converted
into phlogifticated air, as will be feen more dif-
tinftly hereafter. Hot charcoal has a fimilar effeit
upon it.

I dropped a piece of red hot charcoal into a
phial of .nitrous air, and immediately inverting it
in a bafon of mercury, the air was prefently reduced
to one fifth of the whole. Thus it continued,two
months, without any fenfible change ; after which
I found that the air that remained unabforbed did
not':affe£t common air, nor did the air that was
emitted,by the.charcoal, when it was plunged in
water; fo that, in both thefe cafes, the air feems
to .be intirely deprived of its peculiar properties,
and to become mere phlogifticated air.

Having heated iron in nitrous air, I proceeded,
со heat jn the fame air a piecç of charcoal, not

long
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long after it had .been fubjefted to a ftrong heat
.covered with fand. The fun not ihining imme-
diately after the charcoal was. introduced into the
vefiel of air (through thé mercury, by which it
was confined) part of die air was abforbed; but
on heatingi the charcoal the quantity was foqn in-
creafed. Having continued the procefs as long as
I thought neceflary, I examined the air, and found
it to be about as much as the original .quantity of
nitrous air, but it was аЦ phlogifticatèd air, ex-
tinguiihing a candle, and having no mixture of
fixed air in it. At one time> when I dipped a
lighted candle into it, I thought there was an ap-
pearance of its containing fomething inflammable,
but it was in the flighteft degree imaginable.
There was, however, evidently fomething inflam-
mable in the air expelled by water from this char-
coal afterwards,

f When I heated charcoal of copper in nitrous air,
there was-a frnall addition to it, of perhaps a twenr
tieth part; and being>examined, it was found to
contain two fevenths of its bulk of fixed air, and
the reft was phlogifticatèd. This change-in four
ounce meafures of the air was produced by the loft
of between one fourth and one half of a grain of
the charcoal, and the copper was evidently revived.

That fixed air ihould be produced in this expcri-
and not. in the preceding, is rather.extraor-

D 4 dinar/.
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dinaiy. In this circumftance it refembles the ex-
periment on the heating of charcoal of topper in
dephlogifticated air,

It is fomething remarkable that heating the féales
of iron in nitrous air, has the fame effeót as heating

•iron itfelf in it, but then much more time is requi-»
fite to produce the fame effect,

I heated a quantity of fcales of iron in nitrous
air .till two ounce meafures and feven tenths were
reduced to ' one ounce meafure and thirty five hun-
dredth parts, and then found it to be wholly phlo*
giiticated air, extinguiftiing a candle, and neither
affecting common air/ nor being affected by freih
nitrous air. During the procefs the furface of the
fcales on which the focus of the lens fell were af-
fected in a very peculiar manner, as if they were
fuperficially melted, the parts being in a ftate rc-
fembling that of ebullition, which continued a lohg
time on the fame fpot. No moifture was produced^
jn the procefs, as is the cafe when thefe fcales are
fceated in inflammable a}r.

When ï put the fcales which had been ufed in
this experiment into diluted .oil of yitriol, it be-
came white like milk, and very little air was pro-
duced, even by means of heat. I got, however, a
few bubbles} fo that with good management I
could juft be fuï-е that it was not fixed air, that it

not affeil nitrous air, nor was affected by it.
SEC-
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S E C T I O N VII.

Of volatile Alkali procured by Means of nitrous Air.

• TTAVING, for the purpofe o£ producing a
JL JL large quantity of that kind of nitrous air in
which a candle .burns with an enlarged, or with a
vivid flame, filied a large jar with pieces of iron
wire, and having repeatedly poxired upon them a
diluted folution of copper in the nitrous acid, at
length a thick incruftation was formed upon them;
and having no occafion to make uie of the jar
for feveral months, I took no notice of it till I
found the jar was burft by the fwelling of that
faline incruftation.

/The fubftance of this matter was generally red*
being the calx of iron ; but there was mixed with
it a quantity of green matter, which, when broken
had a ftrong fmell of volatile alkali. ' I then doubt-
ed whether this arofe from any of the materials I
have mentioned, or from fomething elfe which had
got into the jar, unknown to me. If the fprmer
were the cafe, which, however, at that time, I could
hardly fuppofe, I thought it to be not a .little re-
Hiarkablej but I have fmce had another oppor-

tunity
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tunity of obferving the fame fact} having examin-
ed a fécond jar filled with iron wire, which had
been treated in the fame manner, and found the
fame ftrong fmell of volatile alkali, Alfo I now
the lefs wonder at this fact, which puzzled me fo
much at the firft, as I find, in Mr. Keir's very
valuable notes to his tranflation of Mr. Macquer's
chemical dictionary, that volatile alkali has been
found in many earthy fubftances, and amongft
others, in ruß of iron diflilled.

It ihould feem that, in general, the calces of
metals contain lefs phlogifton than the metals tliem-
felves j and for this reafon I was originally led to
conclude, that nitrous air expofed to iron, which is
evidently turned to rußt or a calx in it, had received
pnlogifton from, the metal ; and I therefore termed
the nitrous air that had been fo treated phlogifticated
'nitrous air. I now think it moil probable that this
ruft of iron contains more phlogifton than the iron
itfelf, and that the nitrous air, in which, after this
procefs, a candle burns better than in common air,
is properly termed a dephlogißicated nitrous (tfr,
having parted with its phlogifton to the iron.

Having found that iron which had long rufted
in nitrous air, gave out a ftrong fmell of volatile
alkali, I afterwards repeatedly obferved the fame,
and alfo fqme other curious particulars relating tq
the experiment.

In
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In all the cafes in which I had before obferved
•this fmell .of volatile alkali', the iron had been ex-
pofed to the nitrous air a very long time. Buc
this efFe£t is produced much fooner by putting the
iron into a weak folution of copper in the nitrous
acid, fuch as remains after making nitrous air, and
fuch as I now commonly ufe in order to procure
dephlogifticated nitrous air. A phial containing
fome of this iron, which had been ufed not more
than once for this laft mentioned *purpofe, having
been kept clpfe corked about two months, was acci-
dentally broken} when fome pieces of the iron
were found covered with a green ruft, and thefe
had aftrong fmell of volatile alkali.

Time, however, is requifite to produce this ef-
fect. I put fome of this iron (which was of the
turnings) moift, from a folution of .copper in the
.nitrous acid, into a phial; and flopping it clofe,
Jeft it to ftand with its mouth immerfed in water.
At that time it had no fmell, nor had jt any a
.month afterwards; but examining it again after
two months, the fmell qf volatile alkali was pretty
ftrong.

Paving, in an early period of my experiments,
been much ftruck with the change of nitrous air,
in confequenceofthe contait of iron, I kept feve-
ral large bottles filled with fmall pieces of iron,
wj]ich I occasionally fupplied with nitrous air.

Thc
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The bottles ihould be ftrong ones, bccaufe the iron
in ruffing fwells, and is apt to break the phials,
though I do not know that this ever happened
except when the iron was quite dry. The con-
fequence of expofing nitrous air in this manner
had always been, in the firft place, a diminution of
fomething more than one third of the quantity oi
it, in -which ftate a candle would burn in it with
an enlarged flame j and when well waihed in water
it would be farther diminiihed about one half, when
the remainder would be phlogifticated air. I had
never obferved any increafe of air in thefe bottles,
though fome of them had been ufed a longe time.
But having neglected one of them about a year
(though the mouth of it had always been kept
immerfed in water) I cafually oblêrved, that bub-
bles, of air occasionally iflued from it. This fur-
prized me very much, as I imagined it had not
been half filled with air; and placing a veflel to
receive thefe bubbles, in about a week or ten days,
I got about the quantity of an ounce meafure.
It contained no fixed air, but was all ftrongly in-
flammable, and when J analized it, it appeared
to be of that kind into which alkaline air is con-
verted by heat.

It feems as if the phlogifticated air which is
ultimately produced, in this procefs, had been de-
cTompofed in thefe circumftances, fo as to form this

i inflam-
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inflammable air, but on what principle this fhould
take place, I cannot imagine.

In order to make a companion between the
mflarnmable air/ produced from this'bottle, and
that which had been made from alkaline air, I ex-
ploded equal meafures of each of them with equal
quantities of the fame dephlogifticated air, the ftan-
dard of which was 0.3. When I made the ex-
plofion with the inflammable air from alkali, the
firft diminution was to i.a, and with that from
the bottle it was i.i. Of the former refiduum the
ftandard was i . i j and of the latter 0.98. Neither
of them contained any portion of fixed air. On
the whole, the refemblance between thcfe two kinds
of air was fo great, and the difference between
them fo fmall, that they may be concluded to have
had the fame origin, and the fame conftitution.
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S E C T I O N VIII.

General Objervations on the conßituent Principles of
nitrous Air.

is no kind of air, the conftituent
A principles of which íèemed to be more clear-

ly afcertained than thofe of nitrous air, by thoíè
philofophers who admitted the doctrine of phlo-
gifton. We took it for granted, that it confifted
of nitrous acid and phlogifton. In an early period
of my experiments I endeavoured to afcertaih the
quantity of acid contained in it. Mr. Kirwan has-
done the feme, and Mn Cavendilh alfo has con-
fidered it as containing a very concentrated nitrous
acid. I had no doubt on the fubjecT: till I read
the work of Mr. Metherie, who aflerts that nitrous
air contains no proper nitrous acid, but only one
of 'the, elements of it, the other being dephlogifti-
cated air, which had before been confidered by Mr.
Lavoifier as the principle of all acidity.

Among other obfervations in fupport of lus af-
fertion Mr. Metherie has the following. Nitrous
air burned together with inflammable air, produces
no nitrous acid, p. 145. T hough nitrous air is obtained

from'
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from a folution of mercury in nitrous acidj almoft all
the acid is found in the folution, p. 146. Nitrous air
abforbcd by marine acid, docs not make aqua regiai
P-15 3- He is of opinion that a fmall portion of the ni-
trous acid being decompofed, furnilhes a pure air, fo
altered that, uniting with inflammable air, it changes
it into nitrous air, p. 150.

As to this bypotbeßs of Mr. Metherie, I can-
not fay that I well underftahd its but, being ftruck
with his obfervaiwns, I began to review the experi-
ments which I had formerly made on this kind of
,air, and could not recolle£t any of them in whicli
it appeared that real nitrous acid was produced,
except when nitrous air was combined with de-
phlogifticated air, befides the experiment in which
it was decompoied by the elefbric fpark, which
furniihes a ftrong objection to this hypothefis. In
every other view Mr. Metherie's theory appeared
to me not improbable, and led me to make the
following experiments, which though not decifively
m favour of it, may deferve confideration. They
will at leaft ihew that, if there be all the elements
of nitrous acid in nitrous air, they muft, together
with an additional portion of phlogifton, exift in
the phlogifticated air that is formed in the pro-
cefles.

When nitrous air is decompofed by iron, or by à
mixture of iron and fulphur, I have obferod that

the
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the water over which the procefs is made, acquires
no acidity by it ; but 1 had fuppofed that all the
acid had been feized by the iro». Having by me
a conflderable quantity of this iron, which had been
reduced to a perfect ruft in nitrous airj and which
I knew muft have imbibed more than its weight
of this air, I thought .that I might get the acid out
of it by diffillation, if it contained any. But a
quantity of this ruft of iron, carefully diftilled in an
earthen retort, yielded neither nitrous air, nor ni-
trous acid, at leaft many quantity that could favour
the common hypothefis. For befides the air (of
which an account will be given in its proper place)
fome ounces of this ruft yielded only a few drops of
liquor, which was not fenfibly acid to the tafte, and
when poured into a little water, tinged blue with
the juice of turnfolë, barely turned it red. Butib
flight a degree of acidity as this might have come
(and I have no doubt did come) from the union
of nitrous air with thofe bubbles of common air
which could not be excluded from the yeflels con-
taining the iron, in the many times in which I
changed the air, when I fupplied them from time
to time with freih nitrous air; fo that the great
rtiau of nitrous acid which ought to have been de-
jpofited дп this iron muft have been concealed in
the phlogifticated air, which is generally about
one- fourth of the original quantity of nitrous air.

This
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Thiá brown ruft (become fo by expoiîire to the airç
which it imbibes) became black by the expulfion
of its air and water,' and exaítíy refémbled th'at:iron
ore which is found in the form of a black fand.

I then endeavoured to decohipofe' nitrous air by
heating iron in it with a burning lens ; and in this
procefs I fücceeded much beyond my expectation.
For the air. was prefentiy diminiihed in quantity,
while; the iron became of a darker colour, was
fometimes melted into balls, and gained eonfider-
ablë weight It had no appearance, however^ of
containing any nitrous acid, and yet water tinged
with the juice of turnfole introduced into the veflel,
and agitated in it after the procefs, never changed
its colour*

In the firft experiment the original quantity of ni-
trous air was diminiihed to about one third, and
after this it was ihcreafed. But then I found that
when I had got to the extreme of diminution, there
began to be an addition made of inflammable air.
from the iron; for this was evidently fo. It was
alfo obfervable that there was either fome pure air^
or dephlogifticated nitrous air, in what remained of
this procefs. For when a meafure of this refiduum
Was mixed with an equal meafure of common ni-
trous airj they were reduced to 1.7. I fufpeft*
however^ that this was owing to a quantity of de-
phlogifticated nitrous air being formed by this ргол

Voí.4H. E cefs,
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сей, as it i& fimilar to the ruftiag qf jrqn in nitrqijs
air*

In another procefs of this kind, I reduced fix
ounce mcafures of this air to three, and this was
wholly phjogifticatçd air, extinguilhing a candle.
J alfo heated iron in {even ounce metres and. a
half of nitrous air, till it was reduced to 3.7 mea-
fures, when it appeared to be perfectly phlogifticated
air. The iron had then gained two grains and a
quarter in weight, and at this time I obferved that
there was not the leaft appearance of moißure pro-
duced in the courfe of the experiment.

. Then, recollecting that, in my former experi-
ments, Homberg's pyrophorus had taken fire in
nitrous air, I made a quantity of this fubftance, and
repeated the experiment with the greateft carç.
But when nitrous air was decompofed by this means,
I faw no reafon to think that any nitrous acid had
been formed. In this procefs the nitrous air is rea-
dily diminiihed to about one half of its bulk, after
which nothing nitrous is found in it, but a portion
of dephjogifticated nitrous air ; as appears by its
being much more readily abforbed by agitation in
water than nitrous air is. But neither the air, nor
any thing that can be expelled from the pyrophorus,
difcoyers any .ßgn of containing nitrous acid.

Having faturated a quantity of pyrophorus with
nitrous air in an earthen tube, which by this means

became
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became very hot, I admitted water to it} and dif-
tillmg the pyrophorus with this water, the liquor
that came from it would not change the colour of
the juice of turnfole j and the air which came af-
terwards was of the fame kind with that which is
always expelled from pyrophorus after it has been
burned in the open air> viz. partly fixed air, and
partly inflammable.

I lhall juft mention fome farther particulars of
another experiment of this kind, though it was made
long before I had the views which led to thofe now
mentioned. Having faturated about two ounce
meafures of Homberg's pyrophorus with nitrous air.
I obferved that it had imbibed about four times its bulk
of the air. This pyrophorus was of a kind that did
not burn readily in the nitrous air, or I believe in
common air, without external warmth. Having
withdrawn it from the nitrous air, it took fire again»
but with more external heat. Then putting it into
an earthen retort, I expelled from it ninety ounce
meafures of air, a very fmall proportion of which
was fixed air. T he former portions of it extinguiih-
ed a candle, and were of the itandard of 1.7, and
the latter of 1.55, burning with a lambent blue
flame. Three days after this, being taken out of
the retort (the mouth of which had been all the time
immerfed in mercury) a fmall part of it took fire.
I obferved it then weighed 416 grains, and the next

it weighed 438 grains,
E 2 Then
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There is fomething very remarkable in this fub-
ftance burning equally well in two fuçh very dif-
ferent kinds of air a&( nitrous and dephlogiftí-
cated.

In my forrher experiments I found that the juice
of turnfole became red by being impregnated with
nitrous air< I found, however, that this muft have
been owing to fome extraneous acid that was mixed
with it. For when I took nitrous air that had flood
long in water, and transferred it into a veiTel of
mercury, I impregnated with it water tinged with
the juice of turnfole, without producing any change
in its colour.
/ I have alfo obferved that alkaline air admitted to
nitrous air, made a whitiih cloud in it. But this
rnuft have been owing to the fame éaufe ; the ni-
trous air in that experiment having been probably
frelh made. For in the nitrous air which had been
long confined by water, the mixture of alkaline air,
did not produce the leait cloud. I perceived, how-
ever, that after the two kinds of air has been toge-
ther a, day or two, there was a fmall quantity of a
very deeply tinged blue liquor in the fpace between
the mercury and the glafs j which ihows that there
was copper difiblved in the nitrous air, arid that it
continued there after the extraneous acid was fepa-
rated from it, . On this copper the volatile alkali
had feized.

Not-
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Notwithftanding thefe refults, when the eleftric
fpark was taken in the very fame nitrous air, with
which the preceding experiments were made, the
juice of turnfole by which it was confined, prefently
became red. This circumftance deferves to be
examined with care, as it feems to be decifively in
favour of the nitrous air containing all the neceflary
elements of nitrous acid.

Е З S E C -
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P A R T I V .

OF DEPHLOOISTICATEP NITROUS AIR,

S E C T I O N I .

Of the Btfcovery of dephlogißicated nitrous Air, by
expofmg Iron to nitrous Air.

S fixed air united to water diflolves iron, I had
the curiofity to try whether fixed air alone

would do it ; and as I then fuppofed nitrous air to
be of an add nature, as well as fixed air, I, at the
fame time, expofed a large furface of iron to both
the kinds j firft filling two eight ounce phials with
nails, and then with quickfilver, and after that dif-
placing the quickfilver in one of the phials by fixed
air, and in the other by nitrous air -, then inverting
them, and leaving them with their mouths immerfed
in bafons pf quickfilver.

In
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îh ïheiè drcumftatices the two phials ftood about
two months, when no fenfible change at all was pro-
duced in the fixed air, or in the iron whiclvhsid been
e*pofed to it, but a moft ïemarkable, and moftun-
expefted change was made in the nitrous air j and
in purfuing the experiment, it was transformed into
a fpecies of *ir, with properties which, at the rime
of my firft publication on this iubjeft, I Ihould not
have hefitated to pronounce impofllble, k>iz. air in
which a candle burns quite naturally and freely, and
which is yet in the higheft degree noxious to animals,
infomuchthat they die the moment they arc put
into it ; whereas, in general, animals live with little
fenfible inconvenience in air in which candles haVe
burned out. Such, however, is nitrous air, after it
has been long cxpofed to a large furface of iron.

It is not lefs extraordinary, that a ftill longer con-
tinuance of nitrous air irt chefe circumftances (but
how Img depends upon too many, and too minute
circumftances to be afcertained withexacbefs) makes
it not only to admit a. candle to burn in it, but en>-
ables it to burn with an enlarged flame, by another
Aame (extending every where to an equal diftance
from that of the candle, and often plainly diftin-
guiihable from it) adhering to it. Sometimes I
have perceived the flame of the candle, in thefe cir-
cumftances, to be twice as large as it is naturally,

fometimes not lefs than five or fix times larger ;
E 4 and



í£ OBS PAVAT.! DNS ON P(l& ff.

and yet without any thing like an eifphßon, as in the
firing of the weakeft inflammable airr

Nor is the farther progrefs in the tranfmutation of
nitrous air, in thefe circUmftances, lefs remarkable.
For. when it has been brought to the ftate laft men-
tioned,, the agitation of it in freih water almoft in-
ftantly takes oiFthat peculiar kind of inflammability,
io that it extinguiflies a candle, retaining its noxioqs
quality. It.alib fome.times retains its power of dir

minifhing common air in a very great degree.
Nitrous: air treated in the manner aboyé тепшэд-г

ed, is diminifhed about one fourth by ftanding in
quickfilver ;. and water admitted to it will abforb,
about half the remainder ; but if water only, and.
no quickfilver, be.nfedfrom the beginning, the ni-
trous air will be diminiihed much faster and farther \
fo that not more than one fourth, one fixth, or one
tenth of the original quantity will remain.

The water which has imbibed this nitrous air ex-
pofed to iron is remarkably green, alfo the phial
containing it becomes deeply, and, I believe, jnde,-
libly tinged, with green j and if the water be put into
another veflel, it presently depofits a confiderable
quantity of matter, which when dry appears to be
the earth or ochre of iron.

Inftead of ufing iron, I introduced a pot of liver
of ßlfhur into a jar of nitrous air, and prefently

. foupd, that what I had before done by means pf
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iron in fix weeks, or two months, I could do by
Uver of fulphur in lefs than twenty four hours, efpe^.
cially when the procefs was kept warm.

When the procefs. js in waçer with iron, the time
in which the diminution is accompliihed is exceed-
ingly various j being fometimes. completed in a.few
days, whereas at other7 times it has acquired a week
or a fortnight. Some kinds of iron allb produced
this efíèft much fooner than others, but on what
circumftançes this différence depends I do riot
know.

S E CÍ»
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S E C T I O N I I .

Of dephlogißicated nitrous Air, produced by the Solu-
tion of Metals in nitrous Acid.

ГТПНЕ folution of iron in fpirit of nitre is known
Л- to produce nitrous air ; but when all the ni-

trous air is produced in this manner, without foreign
heat, if a candle be applied to the folution, more
air will be procured -, and this will be pofieiTed of
the peculiar kind of inflammability mentioned in the
preceding fedtion. But I firft met with this air by
diflblving iron in water, • firft impregnated with vi-
triolic acid air, and then with nitrous vapour, as
will be mentioned in its proper place. The firft
produce of this folution was nitrous air ; but apply-
ing the flame of a candle, when no more air could
be got without it, air was produced in which a can-
dle burned with a natural flame.

It was upon obferving this, that. I tried the fame
experiment after the termination of the common fo-
lution of iron in fpirit of nitre ; when, by this means,
I got,1'by a dire6t procefs, fuch a kind of air as I
had brought nitrous air to be by expofmg it to iron,

or liver of fulphur -, for on the firft trial a candle
ï burned
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burned m ît with a much enlarged flame. At an-
other time the application of a candle to air produced
in this manner, was attended with a real* though
nota loudexplqfion-, and immediately after this, a.
greenilh coloured flame defcended from the 'top to
the bottom of the veflel in which the air was con-
tained. In the'next produce of air 'from the fame
procefs the flame defcended blue and very rapid,
from the top to the bottom of the veflel.

When nitrous air is produced from iron, the qua-
lity of it, I doubt not, is always the fame, though
there is a cafe in which I do not wonder that fome
perfonshave been deceived s having got phlogifti-
cated air when they expeóted nitrous t not confider-
ing, that expofur« to a large furface of iron deconv
pofes nitrous air, as my former experiments ihewj
changing it at firft into a fpecies of air in which a can-
dle will burn, and then into phlogifticaied air. This
procefs, however, required a confiderable time j but
the following experiment ihews that this effect may
be produced very foon.

I filled an eight ounce phial with fmall nails, then
with water, into which I put a very fmall quantity
of nitrous acid, juft enough to make it produce uirj
and then fome was yielded in which a candle went
out. Alfo this acid water poured off from the
iron, gave a confiderable quantity of air, in the
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heat of boiling water, and this was all phlogifti-
.cated air.

Ufing more ipirit of nitre, I obferved, that,
thpugh the production of air was pretty, copious*
as was manifeft by the bubbles formed at the bot-
$om of the phial, and rifing to the top, there was
no increafe of the whole quantity of air in the phiaL
£xamining the air in this ftate of the procefs, I
found that, it had very little power of diminilhing
common air, and that a candle burned in it with
fL vivid,flame, which is the intermediate ftate of
ihjs air, , before.,it becomes phiogifticated air. I
imagine, therefore, that in all thefe cafes, a proper
nitrous air is firft produced,/and that it-is afterwards,
by. means of the iron to which it, is-expofed, changr
ed into that fpecies of air in which a candle caij
burn, and; laftly into phiogifticated air, which ex-.
tinguiihes a candle.

I. have alib procured .this kind, of air in a direct
procefs by the folution of %j.nc and 'tin.

ï completely faturated a quantity of fpirit of
iiitfce, With zinc. This folution, .while it was .hot
was fluid, but when it was cold it refembled fi
whitiih jelly. Diftilling this jelly to drynefs, in
a glafs veflel, and receiving the air that came from
;t in-three parts, I obferved that the firft was the
common air m the phial, very IjtUe phiogifticated;

which
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which ftiews that, after the common folittibn of th'is
metal, 'without additional heat, very little phlogif-'
ton remains in the folution. The fécond portion
was twice ás good as common air, 'and : the .third
was as pure as any that I had «ver met with.

At another lime that I repeated this experiment^
I received the^airHn more portions; bufthe gene-
ral refult was the fame, except that between the.
phlogifticated and the pure air, there was a quan-
tity of that kind of nitrous air in which a candle
burns with an enlarged flame. That it was pre-
cifely the fame kind of air that was procured by
the direót folution of zinc defcribed above was
evident, becaufe after that vapour (which is always,
the caufe of this peculiar phenomenon) was waihed
but of it, it neither affected common air, nor was
affefted by nitrous air ; being the fame ^thing with
that .which I have termed phlogifticated air, and
which is alway the bafis of this peculiar kind of
nitrous air.

This remarkable fait feems to prove that this
fpecies of air-contains lefs phlogifton, in proportion
to its bulk, than phlogifticated air, and confequently
that the vapour which is the caufe of this peculiar
property, and which is readily imbibed by water,
partakes chiefly of the nature of the nitrous acid,
for, in all thcfe proceflès, every produce of air has

lefs
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kfs and Ids phlogifton, till we came to the laft,
which contains the leaft poffible. Alfo this kind
of air coming between the phlogifticated and the
pure air feeras tp. ihew that, if that which confti-
tutes the enlarged, Дате be phlogifton contained
in the air itfeif (and indeed it can hardly admit of
any other fuppofmon) it muft be in a ftate not
perfeiUy-combined with that nitrous acid vapour,
We fee alfo that this diffufion of phlogifton, and
the loofeningof its connexion with the other con-
ftituent parts of the .air is that ftate of it which irrb
mediately precedes its, total difappearing. For im-
mediately after this kind of air, we find the next
produce to have no phlogifton at all.

Left this, intervention of the dephlogifticated ni-
trous air between the other kinds of air, and the
pureft of all, Ihould have been occafioned by fome
accident, I carefully repeated the experiment, and
found it in the fame place a fécond time. Having
diflblved a quantity of zinc in a quantity of one
fourth fpirit of nitre and three fourths water, dif-
tilling the folution to dryneis, and receiving the
produce in four portions, the firft was only the com-
mon air expelled from the phial, and not fenfibly
injured; the fécond was depblogißicated nitrous air
(as we may caU that kind of nitrous air in which
a candle burns with an enlarged flame) the third

was
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was dephlogifticated air, about four times as pure
as common air ; and the fourth was as pure as any
that I have ever examined.

In order to afcertain the quantity of air produced
by the folution of zinc in fpirit Of nitre, in a more
facisfafitory manner than I had. been able todo at
firft, I fufpended a lump of zinc within the mouth
of a large phial, in the bottom of which was a
quantity of ftrong fpirit of-nitre j and when I had
placed them under the receiver of an air-pump,
I carefully exhaufted the air, and Лед, by means
of the apparatus for a collar of leathers, I let down
the zinc into the acid. Immediately upon this
there was a moft prodigious tiffèrvefcence ; but,
the veflel into which it was made being very large,
no part of the fluid efcaped out of it.

By this means I got' a very confidcrable quan-
tity of air; and when I examined it, it appeared
to be the very fame thing with nitrous air expofcd
to iron or liver of fulphur, and fuch as I had got
in the kft-mentioned experiment by means of heat
from the direót folution of iron ; and the great heat
attending this effervefcence might anfwer the fame
purpofe as the foreign heat of the candle in the
cafe of the iron, viz. expelling the acid with more
force, and throwing it into a ftatc into which it
was not ftriftly combined with phlogifton.

The
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Thé aîr thus procured diminiihed -common air
half as much as nitrous air would have done i

owing, I fuppofe, to half of'it being properly ni*
trous airj and'the remainder nitrous vapour vncorrt-
bined With' phlogifton, and diffufed through - the
nitrous" air. One third of this air was readily ab*
Ibrbed by water, which is another circumftance in
.favour of its containing an acid vapoury and a
candle burned in it with an enlarged flame, almoft
twice as large as its own proper flame, very vivid>
and furrounded with another flame of a blue co-
lour. With a very flight agitation in water, this
air extinguiihed a candle ; the water having, by this
means, probablyi abforbed the acid vapour that
was diffufed through it.

In order to afcertain the quantity as well as the
quality of the air produced in this manner, I dif-
iolved four penny-weights of zinc in very ftrong
fpirit of nitre, contained in a glafs phial with a
ground ftopper, when I got about eight ounce-
meafures of air, which I took at twice j but neither
part of this produce either affefted common air^
or was afFefted by nitrous air j and though part
of it was abforbed by water, it did not make lime
water turbid. Alfo no candle would burn in it*
But I did not examine this air till about two hours
after it was generated, when a confiderable part of
It, was abforbed by water. Had I made a trial of

it
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it immediately after it was produced, and before
any part of it had been abforbed by water, I make
no doubt but a candle would have burned in it.
For when I repeated the experiment, and tried both
parts of the produce immediately, a candle burned
with an enlarged flame .in the former, and with â
natural flame in the latter.

At other times, however, I have got nothing of
the peculiar kind of air above-mentioned, but only
ftrong nitrous air from feemingly the fame pro-
cefsj and I was not able to determine, on what
circumftances die different refults depended. I once
thought that I had got this dephlogifficated nitrous
air, when I ufed a very large quantity of fpirit of
nitre, much more than was necelïàry to diflblve
the zinc, but at other times this expedient failed
me. When I had taken the air at different times,
I found the laft produce more nitrous than the firit.
But I once divided the produce into five parts>
and found all of them nearly equally, and all very
ftrongly nitrous.

It will be feen that in the folution of tin, which
I find to contain very little phlogifton, this air is
always produced, as wiil appear when I come to
recite the phenomena attending the folution of this
metal in the nitrous acid, among other metals that
yield dephlogifticated air.

VOL. II. F When,
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When, after all the uncertainty of the preceding
trials, I ufed only a very weak fpirit of nitre, in the
folution of zinc-(with a view to produce air in
about the fame quantity as it had been yielded by
means of the water impregnated firft with vitriolic
acid air and then with nitrous vapour) I got no
other than this kind of air in which a candle burn-
ed with an enlarged flame; and the air was of the
very urne kind from the beginning to the end of
the procefs.

I obferved that when I had juft diflolved all the
metals in fpirit of nitre, tin yielded nitrous air
as well as the reft. But had I profecuted the
experiment, I ihould have found'that the proper
nkrous air which it yields is in very fmall quantity,
and that the greateft part of the produce is that kind
of nitrous air in which a candle burns • with an en-
larged flame. This metal alfo yields no fixed air ;
but feveral of the circumilancea attending this folu-
tion, being pretty, remarkable, and I having varied
then pretty much, it may not be amifs to recite
fome of them.

Tin did not diflfolve fo as to yield air in ftrong
fpirit of nitre, but was aíFeíted by it in the manner
that Mr. Macquer defcribes. With an equal quan-
tity of water and fpirit of nitre, it difiolved with
great violence, and five penny-weights fix grains
yielded about fifteen ounce meafures of air, about

one
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one fifth of which was abforbed by water/ being
the nitrous vapour, fo often mentioned above, dif-
fufed through the air. • Before this part was waih-
cd out, a candle burned in the air naturally; but
when this part had been abforbed by the water,
a candle went out in it. The former part of the
produce, which was three fourths of the whole, was
but flightly nitrous; for two meafures of common
air and one of this occupied the fpace of two mea-
fures and a half ; and the laft part was proper
phlogifticated air, neither affecting common air,
nor being affected by nitrous air. Had I taken
the produce in imall portions, the firft produce
would, I doubt not, have been proper nitrous air,
as I.had firft found. I particularly obferved that
no part of this air, though readily abforbed by
water, made lime water turbid, fo that it contained
no fixed air.

After this, diftilling the refiduum to drynefs, in
a glafs phial with a ground ftopper, I got about
twelve ounce meafures of air, in four parts ; of
which a portion of each, and efpecially at the firft,
was readily abforbed by water, but without making
lime water turbid. When this, ingredient was
waihed out, the air which had lodged within- the
phial was phlogifticated. Then the firft portion
°f the proper produce of the materials was com-

F a mon
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mon air, 'thé fécond twice as good, and the remain-
ing portions were exceedingly, pure.

Putting more fpirit of nitre upon the refiduum,
I got only about twice its bulk of air, and part of
this was fixed air ; and in all refpefts this procefs
-feemed to refemble that .with flint. After this I
weighed the refiduum, and found it to be five penny-
weights two grains.

The phenomena attending the folution of tin
being fo very remarkable, I repeated .it feveral
times, with a confiderable variation of circum-
ftances ;. and the following appeared to me to be
worth reciting. . I diflblved a quantity of tin in a
quantify of fpirit of nitre, diluted with an equal
quantity of water; when the .folution was at;firft
very-flow, but afterwards very, rapid. In the courfe
of the. procefs I feveral times took a fmall quantity
of the air to lime water, but it was not made in
the leaft degree turbid, though a fmall part of the
air was abforbed by it.

I received the whole produce in four-parts, and
found thac .the firft was fo far nitrous, that two
meafures of common air and one of this occupied
the fpace of .two meafures and a half j the fécond
was a little more nitrous ; in the third the fame
meafures occupied the fpace of two meafures and
a quarter j but in the laft the air was lefs nitrous,

the
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the fame mixture occupying the fpace of two mea-
fures iind three fourths. Towards the middle of
the procefs, the ,air was very white, and continued
fo a long time. N. B. In the firft of the portions
of air above-mentioned a candle burned very bright,
and with a crackling noife j in the fécond and third
it burned with a large flame, and very filéntly, a
blue flame being very diftinflly perceived furround-
ing the central white (lame. The fourth extinguiihed
a candle/

When I could get no more air without addi-
tional heat, I applied the flame of a ' candle, and
afterwards of two candles ; and then took about
half as much air as I had got before, in fix portions j
of which the firft was nitrous, in about the fame
degree as the laft part of the former produce j the
fécond was fo much nitrous, that two meafures of
common air and one of this occupied the fpace of
two meafures and one fixth ; the third hardly af-
fefted common air at all; the fourth was twice as
good as common air ; and the fifth and íixth poç-
tions, which were four times the quantity of the
preceding, were highly dephlogifticated. N. B. The
third, fourth, and fifth portions were exceedingly tur-
bid ; but the laft was quite clear, coming very flowly.-

In thefe two procefies, with and without foreign
lieat, we fee a pretty regular gradation from the
moft impure to the moft pure kind of air,

F3 SEC-
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S E C T I O N H I .

Of Je-phlogißicated nitrous Air produced in the Diminu~
iion of nitrous Air by Iron Filings and Sulphur,
and aljo by Liver of Sulphur*

rT^HE fiift remarkable diminution of nitrous
-*• air that 1 obferved was occafioned by the

fermentation of iron filings and fulphur, made into
a pafte with water. This procefs is attended with
much heat, the diminution of the air is exceedingly
rapid, and whenever I examined the air that re-
mained, it always appeared to be fimply phlogifti-
cated air, neither affecting common air, nor be-
ing affected by nitrons air, and extinguiihing a
candle. And in this laft-mentioned property it
differed from nitrous air diminifhed by iron only,
or by liver of fulphur, in which a candle burned
with an enlarged flame before it was agitated in
water. I have fince, however, obferved that ni-
trous air diminiihed by iron filings and fulphur
does not really differ from that which is diminiilied
by the other proceffes ; but that this procefs being
made in a largo quantity of water, either the fuper-
fluous nitrous acid vapour, the fuperfluous phlo-

gifton,
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gifton, or both, were always abforbed before the
experiment was made. This I difcovercd by re-
peating the procefs with more care and attention,
in the following manner.

Having introduced a' pot of iron filings and ful-
phur into a large jar of nitrous air, I examined the
ftate of the air in all the ilages of its diminution,
from the time that the fermentation began till it
could be diminifhed no more by that procefs. In
order to get a fmall quantity of the air, without
moving the jar, or difturbing the apparatus con-
tained in it, I fattened a fmall phial, or a piece of
glafs tube, to the end of a ftiff wire ; and filling it
with water, I put it up into the veflël, with its
mouth downwards ; when, the water running out,
it would necefiarily be filled with the air of the jar,
which I could then with the fame cafe withdrawj
and examine.

Proceeding in this manner, I found that, in the
laft ftage of the diminution of this air, and not
before, a candle burned in it with an enlarged
flame. This procefs, therefore, exactly refembles
that with iron only or liver of fulphur, only that
m this cafe the air muft be examined very foon,
before the water can have had an opportunity to
aft upon it. For wht-n I tried part of the fame
^ir the next morning (when, without any agitation,

of it had been abforbed by water) it extin-
F 4 guiflied
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guiihed a candle j having, in the .mean time, be-
come mere phlogifticated air.

I transferred another quantity of nitrous air
from quickfilver, in which the procefs was made,
to lime water, but it did not make it in the leaft
turbid. Indeed, but little of this air was abforb-
ed by water, and a candle .burned in it only naturally,
without any enlargement of the flame. It had
been diminiihed to about one third of its bulk in
the quickfilver.

I ihall now proceed to note other phenomena
attending this procefs, which the philofophical reader
will eafily perceive may be of great ufe in the
analyfis of the ipecies of air, as well as help to ex-
plain the procefs itfelf. In order to determine
whether the acid, or pblogißon, of the nitrous air
(for I then .thought it contained both) had been
feized upon in this procefs, I made it over a quan-
tity of very pure water; thinking that, ifitihould
acquire any acidity, it would fliew that the phlo-
gifton only had been feized ; but that if it ihould not
have become acid, it would appear that the decom-
pofition had been effected by the acid vapour having
been feized, and the phlogifton left. And the re- '
fuit feems to determine this queftion in favour of
the latter fuppofuion. For when the procefs was
over, I examined the water with the greateft atten-
tion, and found not the leaft appearance of acidity

in
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Jn .it. It did not even turn the juice of turnfole
red.

In the experiment above .recited, concerning the
diminution of nitrous air by iron filings and ful-
phur over a quantity of pure water, I firft obferved
a pretty large depofit of a browniih kind of matter,
from the water over which this procefs had been
made. If this be really the ochre of the iron em-
ployed in it, it will ihew that the earth of the metal
-had been volatilized by the heat of the fermenta-
tion.

That liver of fulpbur alfo decompofes nitrous air
by feizing upon its acid vapour feems to be proved
by the following experiment. I put fome pieces
of liver of fulphur to two quantities of nitrous air
confined by.quickfilver, and I obferved that, in
about ten hours, between one third and one half of
the air in each of them was abforbed. The next
day I admitted water to one of them, but no part,
of the ,air was abforbed, and after it had pafled
feveral times through water, a candle burned in it
with an enlarged flame, crackling very much. Alfo
a candle burned in the veiy fame manner in die air
contained in the other vefíel, which I had not made
to pafs through water.

The water over which the decompofition is made
does pot acquire the leaft acidity, not even difcover-
able by the juice of turnfole. In this cafe, alfo,

' Ltherq
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there was an earthy precipitate, exactly as in the
procefs with the iron filings and fulphur.

I had at one time fome fufpicion, that, as part of
this kind of air is readily abforbed by water, exactly
like fixed air, it might be, in part, real fixed air,
and precipitate lime in lime water. But in the
preceding experiments, as well as upon other oc-
cafions, I particularly attended to this circum-
ftance, without ever obferving it to have any füch
effect.

I endeavoured to decompofe nitrous air by means
of fulphur only ; making ufe of a burning mirror
und quickfilver for that purpofe, which, however,
is not an eafy operation.

By this means, continuing the. procefs a long
time, I made the fulphur not only melt, but alfo
become very black, and fmoke very much in the
nitrous air ; and, in confequence of it, the air was
confiderably diminiihed, and had loft its power of
diminifhing common air in fome degree. Had
the operation been continued much longer, the di-
minution would, no doubt, have been more com-
plete, and the nitrou« air have become nothing
more than phlogifticated air, as in other fimilar
procefies. That this diminution alfo was effected
b,y means of the abforption of the nitrous vapour was
pretty evident, becauic the mercury was not fenfibly
affected by it. For if that had been the cafe-, there

would
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have been an acceffion of more nitrous air
from that folution.

I have mentioned a cafe, in which nitrous air,
after having been expofed to iron, became not only
partially inflammable, admitting a candle to burn
in it with an enlarged flame, bup was even fired
with an explofion, like inflammable air from metals
by oil of vitriol. I have fince met with a more
remarkable fad of the kind.

At the latter end of September 1778, I had put
a pot of iron filings and fulphur into a jar of ni-
trous air, which, in the courie of fcveral days, was
diminiihed by it in the ufual proportion. From
that time till the beginning of December, it had
continued without any change. that I had perceived;
but about that time, imagining it was increafed in
bulk, I took exact notice of the dimcnfions of it,
and prefently found that the quantity was certainly
increafing. Upon the whole, I concluded that it
had increafed about one fixth of its bulk, from the
ftate of its greateft diminution. On the nth of
December I examined it, and found it to be proper
inflammable air, being fired witli many exploitons
when tried in the ufual manner, but they were not
fo vigorous as thofe with freih made inflammable
air from iron and oil of vitriol.

After this, on the lath of December, I put a pot
°f iron filings and fulphur to another quantity of

ï nitrous
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nitrous air, and on the 4th of February following ft
had increafed in bulk about one third, and then
burned with exploitons like the former. But a
quantity of nitrous air expofed to the effluvium of
liver of iulphur, the very fame time, never increafr

ed at all after the period of its utmoft diminution
and was mere phlogifticated air.

5 E C T I O N IV.

Of dephlogißicated nitrous Air> •procured Ъу Iron, and
a> Solution of Coffer) in nitrous Acid.

A FTER many trials, I fucceeded in a method
•**• of producing this aii-, when I expected
quite a diffèrent refuk. As iron will precipitate
copper from a folution of it in fpirit of nitre,
and I had obferved air to be generated in this pro-
ceís j I imagined that by putting iron into that fo-
lution of copper in fpirit of nitre, I ihould get more

nitrous
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nitrous air, and with lefs expence. But inftead of
this, I procured what I ihould much more have
wilhed for, viz, this new ipecies of nitrous air. But
before I hit upon this, I fucceeded in the method of
changing frelh nitrous air into this fpecies of it, in a
remarkably ihort fpace of time.

Having at hand a phial filled with nails, which
had often been employed, in diminiih ing nitrous air,
I filled it up with a diluted folution of copper in ipirit

of nitre, and left it all night. I then difplaced the
liquor by nitrous air, and in about two hours the
whole quantity was diminiihed one half, and a can-
dle burned in the remainder with an enlarged flame.

In this experiment I collected no air from, the
iron itfelf ; but now, with the view that I have

mentioned above, I filled the phial containing the
nails with the folution of copper in fpirit of nitre,
and inverting it, the next morning I found the phial
full of air, and it was not proper nitrous air, as I
had expedited, but that fpecies of it in which a can-
dle burns. In this cafe it burned quite naturally,
and without any enlarged flame.

The quantity of this peculiar fpecies of nitrous air
that may be procured in this manner, and from the

fame materials, viz. without changing either the
iron or the folution of copper, is aitonifhing. I
made however, a pretty full trial ,of it, in a jar.which

I had
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I had thruft full of long pieces of iron wire, on pur-
poíè to expoíê as much of the furface of the iron
as I poffibly could, to any kind of air that I ihould
afterwards put into it. This jar, which held about
a pint and a half, I filled with the diluted folutiou
of copper, and inverted it in .a bafon of the fame
Iblution ; when, at the firft, the jar was quite, filled
with this air in a few hours.

However, having got as much of this air as I
wanted, I obferved that more air was ftill gene-
rated ; and inverting the jar every day, after I had
filled it with the fame folution of copper that had
been expelled by the generated air the preceding
day, it never failed to produce a jar full of that air
every day for at leaft a fortnight, befides what
efcaped towards the beginning of the procefs from
the mouth of the jar, as foon as it was full, and
which I never collected.

I had imagined that, in time, the quality of this
air would change, but to the very lait it yielded air
of the fame kind in which a candle burned, not only
naturally, but in a very vivid manner. If, however,
I fuffered the air to continue long in the jar, I al-
ways found it to be phlogifticated air ; which, in-
deed, is the ftate to which this fpecies of air is al-
ways reduced by long expofure in the fame circum-
ftances in which it is generated ; the water either

abforbing
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abforbing the dephlogifticated vapour, as it may be
called, or this vapour getting faturated with рЫо-
gifton.

It was Ibmething remarkable, that a phial of
nails which had often been ufed to diminiih nitrous
air, wh'en filled with water only, yielded phlogifti-
cated air. I at firft filled this phial with inflamma-
ble air, and had obferved a confiant addition to it.
It required, however, the warmth of a fire, when
the phial was filled with water, to make it produce
any confiderable quantity of phlogifticated air.
Thefe nails had probably a quantity of nitrous vapour
mixed with their ruft, which might continue to adt
upon them ; and tlu's air, in its nafcent ftate, might
be nitrous, but afterwards become phlogifticated,
according to the ufual courte of this procefs.

After I had written the above, I produced this
kind of air much more readily than in the method
there defcribed, -viz. by applying heat to the vefiel
in which it is produced. But Г fliall .firft obferve
that, immediately after producing a quantity of this
air, in the manner before directed, I filled the vefiel
up with water inftead of the folution of copper j and,
in about two days, the vefiël (which was a phial,
containing near a quart) produced about three
ounce mealures of air, and it was phlogifticated airi
extinguifhing a candle.

Then
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Then, pouring out the water, I filled it again
with the folution of copper, and put into a pan of
water, which I heated till it boiled ; when, by means
of a cork and bent glafs tube, &c. I received from
it about a quart of air, the firft part of whicTi was
phlogifticated. (owing perhaps to its having been in
a ftate of yielding that air immediately before this
procefs) but afterwards it was a proper dephlogifti-
cated nitrous air, admitting a candle to burn in it
quite naturally.

My original procefs for procuring dephlogifticated
nitrous air requiring much time, I now always pro-
cure^it by diflolving turnings of iron in a dilute fo-
lution of copper in the nitrous acid (the fame that
remains from making nitrous air) mixing with it
again about an equal quantity of water. Without
this precaution, though the iron will at firft be ailed
-upon v£ry flowly, yet the mixture will at length
grow fo hot, as actually to boil, and the procefs will
be exceedingly troublefome. It will be neccflary,
however, previoufly to heat the folution of copper,
in order to expel from it all fuperfluous nitrous acid,
chough the keeping in it pieces of copper might an-
iwer the fame purpofe. Without one or other of
theib precautions, part of the air procured by dif-
iolving iron in it will, be proper nitrous air j but
with this precaution, the whole of it will be fuch as

nitrous
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nitrous air is reduced to by expofmg common ni-
trous air to iron, that is, one third of it will gene-
rally be abforbed by water, and the remainder will
be proper phlogifticated air.

S E C T I O N v .

®f the Separation of the furs depblogifticated fiifroui
Air from the phlogifticated Air with which it was
mixed) and the Properties of it>

TLTAVING, in the manner mentioned above,
*• ••• procured a mixture of dephlogifticated nitrous
air and phlogifticated air, the former will be ren-
dered pure by agitating the mixture in water, which
^Ш imbibe it, and leave the phlogifticated part un-
abforbed.

A given quantity of water j I find, will take lip
about one half of its built of this dephlogifticated ni-
trous air $ and it does it almoft as readily as water
imbibes fixed air. The water thus faturated with

VOL. II. G the
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thé air muft be heated, and then the dephlogifli-
çated nitrous air will be expelled pure, and may be
received in veflels containing mercury. I obferved,
however, that as this kind of air much refembles
fixed air, in its properties of being imbibed by wa-
ter, and in being expelled from it again by heat, it
does fo alfo in this farther property, that all
the air which has been actually incorporated with the
water, will not be imbibed by water again. But
the proportion of this part is much greater in this
kind of air than in fixed air. For in this cafe I
have found it to be as one to ten -, whereas in fixed
air it is as about one to thirty or forty. This refi-
duum being examined, was found to be air par-
tially phlogifticated, the ftandard of it being about
1.4, fo that a candle will juft burn in it ; but the
quality of this refiduum is not always the fame. The
refiduum of fixed air is generally much purer, viz.
of the ftandard of i.o.

I obferved, tha.t when water fully impregnated
with this dephlogi{ticatjed nitrous air is exppfed to the
atmofphere, it very foon parts with it, much fopner
than water impregnated with fixed air.

I mixed pure deplogifticated nitrous air with all the
Other kinds pf air that I haye made, but ij: did not
unite with any of them ; and no fenfible change was
made in it by any of them, or by any of them in iç ;
except that dephlogifticated air was injured, being

ï reduced
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reduced from the ftandard of 0.3 to. 0,8. But this
was, no doubt, by the addition of that part of this
air which is not mifcible with water, and is con-
fiderably phbgifficated.

In this pure kind of dephlogifticated nitrous air л
ca,ndle burned better than in common air, but not
fo well as I have frequently known it to'do, as it is
origina,% produced mixed with phlogifticated air t
whiçft íee,m.S to Д16^ that fome change is made in it
by being incorporated with water. When it was
mixed with inflammable air, they were exploded to-
gether wjth violence, very much like a, mixture of
inflammable and dephlogifticated air ; but a mauie
dieçl iça it as quickly as in fixed air.

^hat it is, a mixture of pure nitrous air that is
the caufe of this thjn blue flame with which the
central flame in my former experiments is fometimes
furro.unded, is, I thjnk, evident from the following
experiment,. Haying a quantity of this air in, which
Ц candle burned with a ftrong and bright flame, 1
mixed nitrqus air with it> and then the candle burned
in it with the ufual enlargytl flame, a Uluifli flange
furrounding the former.

In o^rcler to afcertain more exactly the degree of
purity to which I could bring this air, I impreg-

n.ated a quantity pf fnow wa.çer with it, and expel-r
%S i,n 4ga.ÍA by heaç, I found that only оде fixth of
Yfhat had been expelled from the water, would not
be jrjtibib.ec^ by w^er again ; fo, that, in this method,

G г it
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it may be procured in a ftate of confiderable pu-
rity.

Having a quantity of air in this ftate, and having
found that a candle burned very well in it, I put a
moulé into it ; but it would have died very foon if
I had not withdrawn it. This was on the lyth of
March, 1781. But on the 21 ft of the fame
month, I put another moufe into the veiy fame
air, and was furprized to find that it continued
perfectly at its eafe five minutes. To be quite
fure with refpedt to the other properties of this
air, I withdrew the moufe while it was quite vigor-
ous, and found that a candle burned very well in
it, but it was not in the leaft affected by nitrous
air. In this very fingular cafe, nitrous air fails to
be a teft of the refpirability of air. The air made
ufe of in this experiment had been kept in a cup of
mercury, but fome water was in the veflel along
with it, and this water had imbibed a little of the
air. This, however, was .the only cafe in which I
have found a moufe to live in this kind of air, and
therefore, though I cannot account for it, I do not
lay much ftrefs upon it.

I then expelled more of this air, from fome wa-
ter that had been impregnated with it on the ï yth day
of March, but a moufe died in it, and almoft as foon as
it would have done in any other kind of noxious air.

It was natural to fulpecl:, that there might be
fomething acid in this air. But though ic was rea-

dily
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clily abforbed by water tinged blue with the juice of
turnfole, it made no change in its colour. Neither
was there any thing alkaline in it. For when the
flighted tinge of red was given to this liquor by an
acid, the blue colour was never in tl*e leaft degree
reftoredby its impregnation with this kind of air.

The fame thing may indeed be inferred from its
pot incorporating with either acid or ' alkaline air.
In the experiment with the latter it appeared that
this dephlogifticated nitrous air is lighter than com-
mon air. For mixing it with alkaline air, and then
putting acid air to it, the white cloud formed by
their union was almoft wholly in the lower part of
the vefiel. But it is not fo much lighter as inflam-
mable air is found to be by the fame experiment,
For in this cafe the white cloud never reaches the
top of the vefiêl ; where the inflammable air ap-
pears to remain intirely unmixed with the alkaline
air.

Thinking that, though dephlogifticated air ready
formed might not affect, or be affected by, dephlo-
gifticated nitrous air, it pofiibly might in its firft
formation ; to try this, I revived mercury from red
precipitate in this air. But the operation proceeded
juft as ic would have done in vacuo, the mercury
being revived very readily, and dephlogifticated air
produced, without affe&ing, or being affected by,
the deplilogifticated nitrous air,

G 3 No
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No lëfs remarkable was the rëfult of heating
malleable iron in this air. For the bulk of the air
was increafed, and yet afterwards no part of it was
imbibed by water. It was all phlogifticated airj
without any mixture of fixed air. It feems, there-
fore, as if this kind of air wanted nothing but phlo*
gifton to make it phlogifticated air, and nothing
but the principle of heat, to make it dephlogifti-
eated air.

This experiment happening to draw my particular
attention, I repeated it very often,, and always had
the fame refult, though with variations, depending
on the quantity of the air, and the heat I was able
to apply. If this was fufficientto melt the bits of
iron, the effect was produced very quickly. As the
particulars may be of ufe to future experimenters, I
ihall recite fome of diem.

Of three ounce meafures and a half of dephlo- -
gifticated nitrous air, two ounce meafures remained
unabforbed by water after heating malleable iron in
it. During the proçefs, the veflel had been full of
•whitiih fumes. What remained of the air was of
the ftandard of 1.7, and extinguiihed a candle.

Throwing the focus of the lens about five mi-
nutes on fome filings of iron in this kind of air, the
quantity was increafed one tenth. Afterwards water
abforbed about one fixth of it, and the remainder
çxtinguifhçd a candkv, being of the ftandard of 1.8.

1 repeated
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I repeated the experiment with caft iron turnings,
and had the fame refult. About one fifth was added
to the quantity, water abforbed about the lame pro-
portion of it, and the remainder was of the ftan-
dard of 1.85. Some little common air may be
fuppofed to have been introduced into the veflel
along with the turnings or ihavings of iron, but this
could not be much; and in all thefe experiments
the addition produced in the procefs was a very
fmall part of what remained unabforbed by water ;
io that there can be no doubt but that this operation
produces a real change in the quality of the air, ren-
dering it almoft wholly phlogifticated.

In order to produce this effect, the heat muft be
very confiderable, or the pieces of iron very fmall,
fo that they muft at leaft be red hot. For when I
ufed whole caft iron nails, on which I fuppofe the
heat of my lens could not make lufficicnt impreffion,
the efffcit of applying it an hour and a half, and with
a very good fun, was very inconfiderable í the pro-
portion of that part of the air which was immifci-
ble with water, being only increafed in the propor-
tion of fifty to twenty feven.

But the circumftance to which I happened to give
the greateft attention with reípeót to this kind of air,
was the change that is made in it by heat, or light. For
fuch muft be the agents, when bits of clean cruci-

G 4 bles,
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bles, or retorts, are heated by a burning lens in any
kind of air. The confequence of this procefs al-
ways was both an increafe of that part of the air
which will not unite with water, and alfo rendering
it purer than before, approaching nearer to the ftatè
of atmofpherical air ; exactly like the refult of tak-
ing the electric fpark in fixed air. I frequently flop-
ped in the middle of this procefs, and always found
thele effects to be more confiderable the longer I
continued jt. I ihall give the particulars of tliofe
experiments only, on which I place the greateil de-
pendence.

Having impregnated a quantity of boiled water
with dephlogifticated nitrous air, I found that the air
expelled from it was again abforbed by water, in the
proportion of 0.7 to i o.i, and the ftandard of this
refiduum was 1.7. I then heated in it pieces of
crucibles which had been juft before made red hot,
introducing them into the air by means of a forceps j
and after heating them an hour and a half, in a very
hot fun, found that a portion of the air was then un-
abforbed by water, in the proportion of four to fe-
ven, and the ftandard of the refiduum was 1.55.
J refumed the experiment with what remained of the
air, and continued it half an hour longer, when the
proportion of the part that was not abforbed by' wa-
,ter, was to the other as twenty fix to forty, and the
ftandard of this refiduum was 1.45. No moifture

ever
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ever appeared in the infide of the veflel, and there
was no fenfible change in the quantity of the air.

In a portion of the fame dephlogifticated nitrous
air that was ufed in the former experiment, I heated
bits of crucibles, which, after being dipped in wa-
ter, had only been dried, though they had been
made very hot in the fun. In the couríê of this
procefs, much water appeared in the veflel, expelled
no doubt from the earthen ware ; and after the pro-
cefs had been continued an hour and a half, the
part of the air that was unabforbed by water, was
to the reft as 4.5 to 7, and the ftandard of it was
1.45-

Examining a quantity of dephlogifticated nitrous
air, in a portion of which I was about to heat bits
of dry crucibles over mercury, I found that by agi-
tation in water 80.5 meafures of it was reduced to
3.5 meafures, and the ftandard of this refiduum was
1.58. But ofthat portion of the fame air in which
bits of crucibles had been heated about an hour in
all, fixty three meafures were only reduced to twenty
one, and the ftandard of this refiduum was 1.38.
On this occafion I obierved that the infide of the
glafs veiTel was pretty thickly coated with a black
matter. Indeed, in the former experiments, it had
always acquired a dark incruftation -, but I did not
know whether it might not have come from the
earthen ware. I think it highly probable, that it

was
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was mercury fuper-phlogiilicated, as every other
black incruftation in procefles in which mercury was
ufed has been. 11 is probable, however, that fome
phlogifticated matter pafled from the air to the
mercury, which would of courfe render the refi-
duum more phlogifticated, though I do not per-
ceive how it ihould follow that it fliould thereby
render it lefs mifciblê with water. But whatever
proportion of phlogifton be necefiary to make any
kind of air mifcible with water, any change in that
proportion may make it lefs mifcible with it.

In thefe refpecb this change in the conftitution of
dephlogifticatecl nitrous air, very much refembles
that which is made in fixed air, both by the elcclric
fpark, and alfo by heating bits of crucibles in it ; an
account of which has been given before.

I endeavoured to afcertam whether this change
in the conftitution of dephlogifticated nitrous air
was produced by mere heat, without light, by heat-
ing the air in earthen tubes or retorts, when their
mouths were immerfed in mercury j but, to my
great difappointment, I found that all kinds of air
heated in this manner, came out common air, or
rather air a little phlogifticated. In faft, the
earthen vefifels, in that degree of heat to which í ex-
pofed them, muil have been rendered pervious to air,
though they were glazed infide and outfide, and were
perfectly air tight both before and after the experiment.

But
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But this moil effectual change that I 'was able
to make in this kind of air, was bringing it to a
ftate in which I doubt not it was refpirable, by
means of the electric fparlc. Taking this fpark,
or making fmall exploitons, in 0.4 of an ounce
meafure of dephlogifticated nitrous air, it was ren-
dered wholly immifcible with water, and of the
ftandard of 1.45.

From this experiment it ihould fecm, that there
is in this fpecies of air fomething that is capable
of being converted into pure air. This, indeed, is
fufficiently indicated both by a candle burning per-
fectly well in it, and alfo by pyrophorus fpöntane-
oufly kindling in the nitrous air from which it is
formed. A judicious profecution of thefe experi-
ments may therefore throw light upon the nature
of both the kinds of air, and of combuftiön alio.

This kind of air, however, though a candle burns
io well in it, will not kindle pyrophorus. I put á
fmall cupful of the pyrophorus into a quantity of
this kind of air, and let it remain there a confider-
able time, without perceiving any fehlible effect j
but when I took it out, and put it into a vefiel
containing nitrous air, it took fire immediately.

In the courfe of thefe experiments wich the fuiij
I obferv'ed a remarkable fource of fallacy, with re-
Грей to the incrcafe of the quantity of air confined
by mercury, when there is fo much moifture in the

infide
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infide as to be fubject to fudden dilations and com-
preflions. For a confiderable quantity of com-
mon air would get into the iniide of the veiTel,
when there was the depth of an inch of mercury on
the outfide of it, and of two or three inches within.
In thefe circumftances I have feen more than an
ounce meafufe of the external air gain admiiïïon in
leis than one minute. This muft have been occa-
fioned by the mercury never being in perfect con-
tact with glafs ; fo that when the mercury was in
a flate of undulation, the air that was confined be-
tween jt and the glafs was continually protruded,
and more air from the atmofphere was forced into
its place, by the fame preßure which fupported the
column of mercury within the glafs. This effect
I prevented by having a quantity of water upon
the mercury, on the outfide of the veflel. For this
would be in perfect contact with the glafs ; and in
this cafe I never found eitjier air or water to gee
into the vefiel to difturb my experiment.

I took the electric fpark in a quantity of dephlo-
gißicatcd nitrous air, till, without any perceivable
change in its quantity, it was become immifcible
with water. Then, admitting diftilled water to it,
there was no dcpofit made, though 1 could perceive
a white incruftation quite round the infide of the
glaís vefíel, contiguous to the mercury by which
the air was confined. But admitting to it the water

in
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in my trough, which happened to have mixed with
it various folutions of iron, there was a copious
white precipitate. This fubftance I had got once
before, and found that by expofure to a red heat
it became of a brown colour, and adhered firmly
to the pieces of earthen ware on which it was heat-
ed, thereby appearing to be ochre. The white-
nefs may have been occafioned by the mercury.

S E C T I O N V I .

Of Iron that has been tifed to diminifl) nitrous Air,

Т Ж Г H E N the iron nails or wires, which I
» » have ufed to diminiíh nitrous air, had done

their office, I laid them afide, not fufpeéting that
they could be of any other philofpphical ufe;' but
after having lain expofed to the open air almoft a
fortnight, having, for fome other purpofe, put fome
of them into a veflel containing common air, ftand-
ing inverted, and immerfed in water, I was fur-
prized to obferve that the air in which they were
confined was diminifhed. The diminution pro-

ceeded



ÇA O B S E R V A T I O N S ON Part IF.

ceeded ío faft, that the procefs was completed in
about fwenty four hours ; for in that time the air
was diminifhed about one fifth, fo that it made no
effervefpence with nitrous air, and was therefore,
nq doubt, highly noxious, like air diminiihed by
any other procefs.

This experiment I repeated a grea,t number
of times, with the fame phials, filled with nails
or wires that have been fuffered to ruft in nitrous
air, but their power of diminiihing common air
grows leis and lels continually. How long it will
be before it is quite cxhaufted I cannot tell. This
diminution of air I conclude m nil arilè from the
phlogifton, with which the iron was overcharged
by extracting it from the nitrous air, which it
thereby left dcphlogifticated. With this addition
of phlogifton it would powerfully attract the de-
phlogifticated air in the atmofphere, and confe-
cjuently leave the remainder phlogifticated.

Having a quantity of iron that was reduced to
a perfect ruß in thefe proccfles, \ had the curiofity
to'heat it in an earthen crucible, in order to examine
the air that might be expelled from it, and the
refult was as follows. From ten ounces of this
ruft, I got about 180 ounce meafures of air, mix-
ed at firft with much fteam. The firft fixty ounce
itteafures were chiefly fixed air, with a" phlogifti-
cated refîduum, of the ftandard of 1.7. rf he re-

mainder
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mainder came much more flowly, requiring ab,out
four JiQurs continuance of heat. This containe4
no mixture of fixed air, and was ~fo pure, that ц
candle burned in it pretty well, being of the йцп-
clard of 1.32. The matter was reduced f.o one
mafs, Jike iron, ftrongly attached by the magnet.
But, indeed, the ruft itfelf had been fo before the
procefs.

Jt feems probable,, that the dephlogifticated Щг
troys vapour is contained in this ruft, and tfyat with
the addition of the principle of heat it becomes
proper dephlogifticated air. Or this dephlogjfti-
cated air might be that which by long expofure to
the atmpfphcrc jt had extracted from it. It has
{эееп feen that that iron which has been expofed to ni-
trous ajr will diminifh common air, and leave ic

In order to compare this kind of ruft of jron
w.ith that whicl) is formed by expofure to the at-
mofphere, I took four ounces of the latter: and>
by the fame treatment, got from ic iSo ounce
meafures of air, about one half of which was fixed
air, with a refiduum of the ftandard of ï .7 ; but
the bulk of it was inflammable, burning with a
lambent blue flame.

To a quantity of this ruft I put oil of vitriol with
only two equal parts of water, and obferved that it was
but weakly ailed upon, and that much heat was necef-

fary
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fary to effeíl the folution of it. During the procels
muchèlack matter was formed, and the inflammable air
produced had an ofFenfive fmell. In thefe reipefts
this iron feemed to approach to the nature of cafl
iron-, but when it was melted by a burning lens
in the open air, the parts of it were not difperfed
like thofe of caft iron.

As yet I have feen no iron fo far affèdted by this
procefs, though it is in a ftatc that eafily crumbles
to powder, as not to be able to decompoie more
nitrous air, and almoft as readily as freih iron.

I lhall juft mention one experiment in which
this rufted iron, and freih iron, were made ufe of.
The nitrous air had been put to each of them ori
the ayth of Auguft, and they were both examined
on the 18th of Oftober; when, in both cafes, the
air was found to be diminiihed to about one third,
and a candle burned with equal brilliancy in both.
Water then abforbed about one half of each of
them, and the remainder extinguiihed a candle.
Neither of them had in the fmalleft degree the
property of freih nitrous air.

SEC-
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S E C T I O N VIÎ.

Cefervations more particularly relating to the Conftiiu-
lion of depblogißicated nitrous Air.

Y conjectures concerning the conftitutiôn of
this kind of air will be found to have been

various. But having difcovered it at one time in
a continued procefs, of the folution of zinc in fpirit
of nitre, always to come between the phlogifticated
and dephlogifticated air, I fuppofed it to contain
lefs phlogifton than phlogifticated air, and more
than die dephlogifticated air; and therefore as it
has fome properties of a genuine dephlogifticated

•air, I am inclined, on the whole, to call it a de-
phlogißicated nitrous air.

Since a candle burns in this kind of air, and an
animal dies in it, I think we are authorized to
íày, that it is of fuch a conftitutiôn, as to be cap-
able of receiving phlogifton in a very great degree
of heat, perhaps not fhort of a red heat, but not
in that degree which is compatible with 'animal
life. It is well known that many fubftances in
chemiftry can act upon one another, when they are
hot, which do not at all affect one another when

VOL. II. H they
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they are cold. This, therefore, may be the calé
with this kind of air, and fubftances containing
phlogifton.

That this ipecies of air is really a dephlogifti-
cated nitrous air, and not a phlogifticated air, as
I had originally fuppofed, is more evident from its,
being produced from nitrous air by the Jcales of
iron, which fly off when it is hammered, and which
are iron partly reduced to a calx. I filled a phial
with theíè íjcales, and then filling it up with mer-
cury, djilodged the mercury with nitrous air. I.n
this ftate the phial continued near three weeks í
when I found the air diminifhed, I did not note
how much, but a candle burned in the remainder
juft. as if the nitrous air had been expoftd to iron.
Thefe fcales wanting much phlogifton to make
them iron, mufl be in a ftate more ready to receive
than to give phlogifton to nitrous air.

Water is abfolutely necefíary to this decompofi-
tion of nitrous air, when it is effected by iron. I
had decompofed it before, either by previouily fill-
ing the veiTels that were to contain the nitrous air
with water, or with mercury, though it had always
required much longer time when mercury was
ufed. The reafon of this difference I did not then
know ; but I now perceive that it was owing to die
fmall quantity of moißiire in the velïcl containing
•the mercury.

Suf-
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Sufpecting the influence, of 'water in this pro-
cefs, I procured a number of very clean fmall
needles, and having made a phial, and alfo a proper
quantity of mercury, perfectly clean and dry, Í
put the needles into the phial j and filling it up
with mercury, introduced the nitrous air. This
phial continued in the fame ftate fix or eight months,
without the leaft fenfible change in'the fpace occu-
pied by the air. I therefore concluded that no
change had taken place in it, and therefore intro-,
duced a few drops of water; after which I per-
ceived, in a day or two, that the air was diminifh-
ed, and the diminution proceeded till about one
third of the air had difappeared. In this ftate
the phial continued feveral months more; when,1

obferving no farther change, I examined it, and
found that a candle would not burn in it, which
I had expefted it would have done j as I imagined
there was not water fufficient to imbibe that part
of the air which had enabled af candle to burn in
it; and how this part of the air ihould disappear,
or be converted into phlogifticated air, without
water, I could not tell. In another experiment
the refult was feemingly different.

On the 26th of May, 178-2, I examined a quan-
tity of nitrous air, which had been confined by
mercury with iron ihavings from the 27th of Auguft
preceding, when I found one half of it abforbed,

H 2 and
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and a Candle burned in the remainder better than
in common air, though a moufe died in it; and
yet this air had remained feveral months in the
fame ftate, with refpeft to quantity, in which it was
when I examined it; fo that I concluded it would
never have extinguiihed a candle, in confequencc
of any longer continuance in that ftate. In this
cafey however, ' there was no fenfible quantity of
water at all}- whereas in the other there were a
few drops. Water, therefore, may contribute to
this change in the air, independently of its abjorb-
ing any part of it. When I agitated this air in
water, iomething more than one half was abibrbed,
and the remainder extinguiihed a candle.

But, perhaps, the more probable inference from
this experiment may be that, in time, all the de-

phlogifticated nitrous air is imbibed by the iron,
fo that nothing befides the phlogifticated air will
be left in the veflel ; though there was no appear-
ance of this being the cafe in the experiment with
the needles ; as the air did not continue to diminifh
longer than uJiial, and there remained two thirds
of the original quantity of phlogiilkated air. This,

therefore, rather looks like a change of the dephlo-
gifticated nitrous air into phlogifticated air, by the
addition of phlogifton from the iron.

Another experiment I made with a view to afcer-
tain the degree of diminution at which the nitrons

air
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air begins to be decompofed. On the i4th of
• May, I put twenty four ounce meafures of nitrous
Air into a quart bottle, previoufly filled with pieces
of iron, that had before been rufted in this pro-
cefs. On the i8th there were only feventeen ounce
meafures of air, and it was not at all changed ; on
the sift there were thirteen ounce meafures, and
on the 31 ft four ounce meafures, of which half
was then abforbed by water, and the remainder was
phlogifficated air. This was the greateit diminu-
tion that I remember to have obferved in this
procefs. But having neglefted it from the sift
to the 31 ft, I did not find the time at which the
decompofmon firft took place; but in general 1
believe it is when about one fourth of the quantity
is remaining, and that the change takes place pretty
fuddenly, for I do not remember ever to hay«
found it in a middle ftate.

H 3 BOOK
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B O O K I V .

OF D E P H L O G I S T I C A T E D A I R .

P A R T I .

OF THE SOURCES OF DEPHLOGISTICATED AIR,

S E C T I O N I .

An Account of the Difcovery of dephlogißicated Airt

and its general Properties.

'"Г'ШЕ contents of this fecTion will furniih a very
A ftriking illuftration of the truth of a remark,

•which I have more .than once made in my philo-
fophical writings, and which can hardly be too
often repeated, as it tends greatly to encourage phi-
lofophical inveiligations ; viz. that more is owing
to what we call (bailee, that is, philofophically Ipeak-

ing,
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ing> to the obfervation of events ariftng f r от unknown
caufeS) than to any proper deftgn, or preconceived
theory in this bufmefs. This does not appear in the
works of thofe 'who Write fynthetieally upon thefe
fubjedts ; but would, I doubt not, appear very
itrikingly in thofe who are the moft celebrated for
their philofophical acumen, did they write analyti-
cally and ingenüoufly.

For my own part, I will frankly acknowledge,
that, at the commencement of the experiments re-
cited jn this fection, l Was fo far from having formed
any hypothefis that led to the difcoveries I made in.
purfuing them, that they would have appeared very
improbable to me had I been told of them ; and
when the decifive faits did at length obtrude them-
felves upon my notice, it was very fiowly, and
with great hefitation, that I yielded to the evidence
of my fenfes. And yet, when I re-confider the
matter, and compare my laft difcoveries relating
to the conftitution of the atmofphere with the
firíl, I fee the clofeft and the eafieft connexion
between them, fo as to wonder that I ihould
not have been led immediately from the one to
the other. That this was not the cafe, I attribute
to the force of prejudice, which, unknown to our-
felvesj biafles not only 'our judgments, properly fo
called, but even the perceptions of our fenfes j for
we may take a maxim fo ftrongly for granted, that

II 4 the
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the plaineil evidence of feníè will not entirely
change, and often hardly modify, our perfuafions -,
and the more ingenious a man is, the more effec-
tually he is entangled in his errors ; his ingenuity
only helping him to deceive himfelf, by evading
the force of truth.

There are, I believe, very few maxims in philor

fophy that have laid firmer hold upon the mind,
than that air, meaning atmofpherical air (free from
various foreign matters, which were always fuppofed
to be diflblved, and intermixed with it) is a ßmple
elementary fubßance, indeftructible, and unalterable,
at leaft as much fo as water is fuppofed to be. In
the courfe of my inquiries, I was, however, foon
fatisfied that atmofpherical air is not an unalterable
thing j for that, according to my firft hypothefis, thp
phlogifton with which it becomes loaded from bodies
burning in it, and animals breathing it, and various
other chemical procefles, fo far alters and depraves it,
as to render it altogether unfit for inflammation, re-
/biration, and other purpolès to which it is fubfervient;
and I had difcovered that agitation in water, the pro-
cefs of vegetation, and probably other natural pro-
ceflès, reftore it to its original purity. But I own I
had no idea of the poffibility of going any farther in
this way, and thereby procuring air purer than the
beil common air. I might, indeed, have naturally
imagined that fuch would be air that ihoiild contain

lefs
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lefs phlogifton than the air of the atmofphere ; but
I had no idea that fucli a compofmon was poflible.

In my firft publication on the fubject of air, I
mentioned that which I had got from nitre, and
the account I then gave of it demonftrates it to
have been dephlogifticated air, but I had not pur-
fued that experiment, nor was it of. any ufe to me
in die following courfe. It may be worth while,
however, to recite what I then obferved, which
was as follows.

All the kinds of factitious air, I then obferved, on
which I had made the experiment, were highly noxi-
ous, except that which is extradited from nitre, or
alum ; but in this even a candle burned juft as in
common air. In one quantity which I got from
nitre a candle not only burned, but the flame
was increafed, and fomething was heard like a hif-
fmg, fimilar to the decrepitation of nitre in an
open fire.

The air was extracted from thefe fubftances by
heating them in a gun barrel, which was much cor-
roded and foon fpoiled by the experiment. What
effect this circumilance had upon die air I did not
confider.

At the time of my firft publication, I was not
pofleired of a burning lens of any confiderable force ;
and for want of one, I could not pofiibly make
many of the experiments that I had projected, and

which,
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•which, in theory, appeared very promifing. I had,
indeed, a mirror of force fufficieht for my purpofe.
But the nature of this infiniment is fuch, that it
cannot be applied, with effect, except upon fub-
fiances that are capable of being fufpended, or reft-
ing on a very (lender fupport. It cannot be directed
at all upon any fubftance in the form of powder, nor
hardly upon any thing that requires to be put into
a veflèl of quickfilver ; which appears to me to be
the moil accurate method of extracting air from a
great variety of fubilances, as was explained in the
introduction to this work. But having afterwards
procured a lens of twelve inches diameter, and twen-
ty inches focal diftance, I proceeded with great ala*
crity to examine, by the help of it, what kind of
air a great variety of fubilances, natural and facti-
tious, would yield, putting diem into the velîèls
reprefented fig. a, PI. IV. which I filled with
quickfilver, and kept inverted in a bafon of the
fame. Mr. Warltire, a good chemift, and lec-
turer in natural philofophy, happening to be at
that time in Calne, I explained my views to him,
and was furnifhed by him with many fubilances,
which I could not othcrwife have procured.

With this apparatus, after a variety of other ex-
periments, an account of whicli will be found in its
proper place, on the ift of Auguft, 1774, I en-
deavoured to extract air from тег сиг ш$ calcinât its f er
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Je; and I prefendy found that, by means of this
lens, air was expelled from it very readily. Hav-
ing got about three or four times as much as die
bulk of my materials, .1 admitted water to it, and
found that it was not imbibed by it. But what fur-
prized me more than I can well expreß, was, that
a candle burned in this air with a remarkably vi-
gorous flame, very much like that enlarged flame
with which a candle burns in nitrous air, expoíèd
to iron or liver of fulphur \ but as I had got nothing
like this remarkable appearance from any kind of
air befidcs this particular modification of nitrous air,
and I.knew no nitrous acid was ufed in the prepara-
tion of mercurius cakinatus, I was utterly at a lois
how to account for it.

In this cafe, alfo, though I did not give fufficient
attention to die circumftance at that time, the flame
of the candle, befides being larger, burned witli more
fplendor and heat than in that fpecies of nitrous
air ; and a piece of red hot wood fparkled in it, ex-
aftly like paper dipped in a folution of nitre, and it
confumed very fail; an experiment which I had never
thought of trying with dephlogifticated nitrous air.

At the fame time that I made the лbovomention-
ed experiment, I extracted a quant i ty of air, with
the veiy fame property, from the common red pre-
cipitate, which being produced by a folution of mer-
cury in fpirit of nitre, made me conclude that this

j peculiar



IO8 O B S E R V A T I O N S ON Part I.

peculiar property, being fimilar to that of the mo-
dification of nitrous air above mentioned, depended
upon fomething being communicated to it by the
nitrous acid j and fince the mercurius calcinates is pro-
duced by expofing mercury to a certain degree of
heat, where common air has accefs to it, I likewife
concluded that this fubftance had collected fome-
thing of nitre, inthatftate of heat, from the atmof-
phere.

This, however, appearing to me much more ex-
traordinary than it ought to have done, I entertained
fome fufpicion that the mercurius calcinatus, on which
I had made my experiments, being bought at a
common apothecary's, might, in faob, be nothing
more than red precipitate -, though, had I been any
thing of a practical chymift, I could not have en-
tertained any fuel) fufpicion. However, mentioning
this fufpicion to Mr. Warltire, he furniihed me
with fome that he had kept for a fpecimcn of the
preparation, and which, he told me, he could war-
rant to be genuine, This being treated in che fame
manner as the former,, only by a longer continuance
of heat, I extracted much1 more air from it than from
the other.

This experiment might have fatisfied any mo-
derate fceptic ; but, however, being at Paris in the
October following, and knowing that there were
feveral very eminent chymifts in that place, I did

not
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omit the opportunity, by means of my friend
Mr. Magellan, to get an ounce ofmercurius calcina-
tus prepared by Mr. Cadet, of the genuinenefs of
which there could not poffibly be any fufpicion j and
at die fame time, I frequently mentioned my fur-
prife at the kind of air which I had got from this
preparation to Mr. Lavoifier, Mr. le Roy, and fe-
veral other philofophers, who honoured me with
their notice in that city ; and who, I dare, fay, can-
not fail to recolleet the circumftance.

At the fame time, I had no fufpicion that the air
which I had got from the mercurius cakinatus
was even wholefome, fo far was I from knowing
•what it was that I had really found j taking it for
granted, that it was nothing more than fuch kind of
air as I had brought nitrous air to be by the pro-
cefies above mentioned ; and in this air I have
obíèrved that a candle would burn fometimes quite
naturally, and fometimes with a beautiful enlarged
flame, and yet remain perfectly noxious.

At the fame time that 1 had got tive air above
mentioned from mcrcurws calanatus and the red
precipitate, I had got the fame kind from red lead
or minium. . In this procefs, that part of the minium
on which the focus of the lens had fallen, turned
yellow. One third of the air, in this experiment,
was readily abforbed by water, but, in the remain-

der,
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der, a candle burned very ftrongly, and with a crack-
ling noife.

This experiment with red lead confirmed me
more in my fiifpicion, that the mercurius calcinatus
muft have got the property of yielding this kind of air
from the atmofphere, the procefs by which that pre~
paration, and this of red lead is made, being fimi-
lar. As I never make the leaft fecret of any thing
that I obferve, I mentioned this experiment alfo,
as well as thofe with the mercurius calcinatus, and.
the red precipitate, to all my philofophical acquaint-
ance at Paris, and elfewhere ; having no idea at that
time, to what thefe remarkable faob would lead.

Prefently after my return from abroad, I went
to work upon the mercurius calcinaius, which I had
procured from Mr. Cadet ; and,, with a very mo-
derate degree of heat, I got from ibme of it, an
ounce meafiire of air, which I obfervedto be not
readily imbibed, either by the fubftance itfelf from
which it had been expelled (for I fuffered them to
continue a long time together before I transferred
the air to any other place) or by water, in which I
fuffered this air to ftand a confiderable time before I
made any experiment upon it.

- In this air, as • 1 had expected, a candle burned
wjth a vivid flame ; but what I ob&rved new at
this time (Nov. 19) and which furprized me no

kfs
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Jefs than the fa£t I had difcovered before, was, that,
whereas a few moments agitation in water will de-
prive the modified nitrous air of its property of ad-
mitting a candle to burn in it ; yet, after more than
ten times as much agitation as would be fufficient
to produce this alteration in the nitrous air, no fen-
fible change was produced in this. A candle ftill
burned in it with a ftrong flame ; and it did not, in
the leaft, diminilh common air, which I had ob-
ferved that nitrous air, in this ftate, in fome mealure,
does.

But I was much more furprized, when, after
two days, in which this air had continued in contact
with water (by which it was dirniniihed about one
twentieth of its bulk) I agitated it violently in wa-
ter about five minutes, and found that a candle
ftill burned in it as well as in common air. The fame
degree of agitation would have made phlogifticated
nitrous air fit for refpiration indeed, but it would
certainly have extinguiihcd a candle.

Thcfe faóts fully convinced me, that there muft
be a very material difference between the conftitu-
tion of the air from mcrcurius cakinaius, and that of
dephlogifticated nitrous air, notwithstanding their
refemblance in fome particulars. But though I did'
not doubt that the air from mcrcurius cakïnatus was
fit for rcfpiration, after being agitated in water, as
every kind of air without exception, on which Г had

tried



O B S E R V A T I O N S ON ЛаП Л

tried the experiment, had been, I ftill did not luf-
pe£t that it was refpirable in the firft inftance ; fo
far was I from having any idea of this air being,
what it really was, much fuperior, in this reipeft,
to the air of the atmolphere.

In this ignorance of the real nature of this kind of
air, I continued from this time (November) to the
ï ft of March following; having, in the mean time,
been intent upon my experiments on the vitriolic
acid air, and the various modifications of air pro-
duced by fpirit of nitre. But in the courfe of
this month, I not only afcertained the nature of this
kind of air, though very gradually, but was led by
it, as I then thought, to the complete difcovery of
the conftitution of the air we breathe.

Till this firft of March, ' 1775, I had fo little fuf-
picion of the air from mercurius cakinatusy&cc. being
wholeiome, that I had not even thought of apply-
ing to it the teft of nitrous air ; but thinking (as my
reader muft imagine I frequently inuft have done)
on the carydle burning in it after long agitation in
water, it occurred to me at laft to make the experi-
ment; and putting one meafure of nitrous air to
two meafures of this air, I found, not only that it
was diminiihed, but that it was diminiihed quite as
much as common air, and that the rednefs of the
mixture was likewife equal to that of a fimilar mix-
ture of nitrous and common air.

After
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After this I had no doubt but that the air from
mercurius calcinatus was fit for refpiration, and that
it had all the other properties of genuine common
air. But I did not take notice of what I might
have obferved, if ï had not been fo fully pofiefled
by the notion of there being no air better than com-
mon air, that the rednefs was really deeper, and the
diminution fomething greater thart common air
would have admitted.

I now concluded that all the conftituent parts of
the air were equally, and in their proper proportion,
imbibed in the preparation of this fubftance, and
alfo in the procefs of making red lead. For at the
famé time that I made die above mentioned ejpe-
rimcnt on the air from mercurius cakinatus, I Jike-
wiíè obferved that the air which I had extradée!
from red lead, after the fixed air was waihedout of
it, was of the fame nature, being diminiihed by ni-
trous air like common air i but, at the fame time,
1 was puzzled to find that air from the red precipi-
tate was diminiflied in the fame manner, though
the procefs for making this fubftance is quite differ-
ent from that of making the two others. But to
this circumftance I happened not to give much at-
tention.

I wifh my reader be not quite tired with the fre-
quent repetition of the word/wrpr/z?, and others of
fimilar import j but I muft go on in that ftyle a lit-

VOL. II. I tic
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tie longer. For the next day I was more furprized
than ever I had been before, with finding that, after
the above mentioned mixture of nitrous air and the
air from mercurius calcinatus, had flood all night
(in which time the whole diminution muft have taken
place j and, confequently, had it been common
air, it muft have been made perfectly noxious, and
intirely unfit for refpiration or inflammation) a can-
dle burned in it, and even better than in com mort
air.

I cannot, at this diftance of time, recoiled: what
it was that I had in view in making this experiment ;
but I know I had no expectation of the real iilue of
it. .Having acquired a confiderable degree of rea-
dinefs in making experiments of this kind, a very
flight and evanefcent motive would be fufficient to
induce me to do it. If, however, I had not hap-
pened, for fome other purpofe, to have had a lighted
candle before me, I ihould probably never have
made the trial ; and the whole train of my future-
experiments relating to this kind of air might have
<been prevented.

Still, however, having no conception of the real
caufe of this phenomenon, ï confidered it as fome-
thing very extraordinary ; but as a property that
was peculiar to air extracted from thefe fubftances,
and adventitious ; and I always fpoke of the air to
«ny acquaintance as being fubftantially the fame

thing
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thing with common air. I particularly remember
my telling Dr. Price, that I was myfelf perfectly
fatisfied of its being common air, as it appeared to
be fo by the teft of nitrous air 5 though, for the fa-
tisfadtion of others, I wanted a mouíê to make the
proof quite complete.

On the 8th of this month I procured a moufe, and
put it into a glafs vefîèl, containing two ounce mea-
fures of the air from mercurius calcinatus. Had it
been common air, a full grown moufe, as this was,
would have lived in it about a quarter of an hour.
In this air, however, my moufe lived a full half
hour ; and though it was taken out feemingly dead,
it appeared to have been only exceedingly chilled ;
for, upon being held to the fire, it prefently revived,
and appeared not to have received any harm from
the experiment.

By this I was confirmed in my conclufion, that
the air extracted from mercurius calcinai u s> &c. was
at leafi as good as common air ; but I did not cer-
tainly conclude that it was any better ; becaufe,
though one moufe would live only a quarter of an
hour in á given quantity of air, I knew it was
not impoffible but that another jnoufe might have
lived in it half an hour; fo little accuracy is therein
this method of afcertaining the goodnefs of air : and
indeed I have never had recourle to it for my own
fatisfaction, fince the difcovery qf that moil ready,

12 accurate,
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accurate, and elegant teft that nitrous air furniflies,
But in this cafe I hud a view to publiihing the
moil generally-íàtisfaclory account of my experi-
ments that the nature of the thing would admit of.

This experiment with the moufe, when I had re-
flected upon it fome time, gave me fo much fufpi-
tion that the air into which I had put it was better
than common air, that I was induced, the day after,
to apply the teft of nitrous air to a fmall part of that
very quantity of air which the moufe had breathed
fo long ; fo that, had it been common air, I was fa-
tisfied it muft have been very nearly, if not altoge-
ther, as noxious as poffible, fo as not to be affedled
by nitrous air ; when, to my furprize again,. I found
that though it had been breathed fo long, it was ftill
better than common air. For after mixing it with
nitrous air, in the ufual proportion of two to one, it
was diminilhed in the proportion of four and a half
to three and a half; that is, the nitrous air had
made it two ninths lefs than before,, and this in a
very ihort fpaceoftime; whereas I had never found
that, in the longeft time, any common air was re-
duced more than one fifth of its bulk by any pro-
portion of nitrous air, nor more than one fourth by
any phlogiftic procefs whatever. Thinking of this
extraordinary fa£t upon my pillow, the next mom-
ing I put another meafure of nitrous air to the fame
mixture, and, to my utter aftoniihment, found that

it
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it was farther diminifhed to almoft one half of its
original quantity. I then put a third meafure to it ;
but this did not diminifh it any farther ; but, how-
ever, left it one meafure lefs than it was even after
the rnoufe had been taken out of it.

Being now fully fatisfied that this air, even after
the moufe had breathed it half an hour, was much
better than common air ; and having a quantity of
it ftill left, fufficient for the experiment, viz. an
ounce meafure and a half, I put the moufe into it ;
when I obferved that it feemed to feel no fliock up-
on being put into it, evident figns of which would
have been vifible, if the air had not been very whole-
fome j but that it remained perfectly at its cafe an-
other full half hour, when I took it out quite lively
and vigorous. Meaiuring the air the next day, I
found it to be reduced from one and a half to two
thirds of an ounce meafure. And after this, if I
remember well (for in my regißer of the day I only
find it noted, that it was cmßderably diminifoed by
nitrous air) it was nearly as good as common air.
It was evident, indeed, from the moufe having been
taken out quite vigorous, that the air could not
have been rendered very noxious.

For my farther fatisfaftion I procured another
moufe, and putting it into lefs than two ounce mea-
fures of air extracted from mercurws calcinatus and
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air from red precipitate (which, having found them
to be of the &me quality, I had mixed together)
it lived three quarters of an hour. But not having
had the precaution to fet the veflël in a warm placCj,
I fuipect that the moufe died of cold. However, as
it had lived three times as long as it could proba-
bly have lived in the fame quantity of common air,
and I did not expeób much accuracy from this kind
of teft, I did not think it neceflary to make any more
experiments with mice.

Being now fully fatisfied of the iuperior goodnefs
of this kind of air, I proceeded to meafure that de-
gree of purity, with as much accuracy as I could,
by the teft of nitrous air ; and 1 began with putting
one meafure of nitrous air to two meafures of this
air ; as if I had been examining common air ; and
now I obferved that the diminution was evidently
greater "than common air would have fuffered by
the fame treatment. A fécond meafure of nitrous
air reduced it to two thirds of its original quantity,
and a third meafure to one half. Sufpefting that
the diminution could not proceed much farther, I
then added only half a meafure of nitrous air. By
this it was diminiihed ftill more, but not much,
and another half meafure made it more than half of
its original quantity ; fo that, in this cafe, two mea-
fures pfthis air took more than two meafures of ni-

trous
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trous air, and yet remained lefs than half of what it
was. Five meafures brought it pretty exaftly to
Us original dimenfions.

At the fame time, air from the red precipitate was
diminiihed in the fame proportion as that from
iliercurius calcinates, five meafures of nitrous air be-
ing received by two meafures of this without any
îhcrealê of dimenfions. Now as common air takes
about one half of its bulk of nitrous air, before ic
begins to receive any addition to its dimenfions from
more nitrous air, and this air took more than four
half meafures before it ceafed to be diminiihed by
more nitrous air, and even five half meafures made
no addition to its original dimenfions, I concluded
that i twas between four and five times as good as
common air. It will be feen that I have fmce pro«
cured air purer than this,

J 4 5 .E C.



I2O p B S E R V A T I O N S ON РоГ/ J.

S E C T I O N I I .

Qf the Production of dephlogißicated Air> by Means of
S fir if of Nitre qnd the Calx of Lead.

T>EING now fully fatisfied with refpeft to the
-U nature o( this new Ipecies of air, viz. that, be-
ing capable of taking more phlogifton from nitrous
air, it therefore originally contains lefs of this prin-
ciple j rny next inquiry was, by what means it
comes to be fo pure, or philofdphically fpeaking, to
be io much dephlogißicated ; and fince the red lead
yields the fame kind of air with mercurius calcina-
tus, though mixed with fixed air, and is a much
cheaper material, I proceeded to examine all the
preparations of lead, made by heat in the open air,
to fee what kind of air they would yield, beginning
with the grey .calx, and ending wjth litharge.

The red lead which I «fed for this purpofe yield-
ed a confiderable quantity of dephlogifficated air,
and very little fixed air. In this experiment two
meafures of nitrous air being put to one meafure
pf this air, reduced it to one third of what it was at

fail,'
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firft, and nearly three times its bulk of nitrous air
made very little addition to its original dimenfions ;
fo that this air was exceedingly pure, and better than
any that I had procured before.

One quantity of red lead, which I procured, had
a yellòwiíh cair, and had in it feveral pieces intirely
yellow. I tried it with the burning lens in quick -
Jfilver, and found that it yielded very little air, and
with great difficulty ; requiring the-application of
.a very intenfe heat. With an equal quantity of ni-
trous air, a part of this air was reduced to one half
of its original bulk, and three meafures and a half
faturated it. The air, therefore, was very pure,
and the quantity that it yielded being very fmall, it
proved to be in a very favourable ftate for afcer-
taining on what circumftances its acquiring this air
depended.

My object now was to bring this red lead, which
yielded very little air, to that ftate in which other
Ted lead had yielded a confiderable quantity -, and
talcing it, in a manner, for granted, in confequencc
of the reafoning intimated above, that red lead mufl
imbibe from the atjmofphere fome kind of add, in
order to acquire that property, I took three feparate
half ounces of this frefli made red lead, and moiften-
cd them till they made a kind of pafte, with each
pf the three mineral acids, viz. the vitriolic, the ma-
fine, and the nitrous j and as I intended to make

the



122 O B S E R V A T I O N S O tf Part T.

the experiment in a gun barrel, left the iron ihoukl
be too much affefted by them, I dried all thefe
mixtures, till they were perfectly hard ; then pul-
verizing them, I put them feparately into my gun
barrel, filled up to the mouth with pounded flint,
•which I had found by trial to yield little, or no air
when treated in this manner. I had alfo found
that no quantity of air, fufficient to make an ex-
periment, could be procured from an equal quan-
tity of this red lead by this procefs.

Thofe portions of the red lead which had been
moiftened with the vitriolic and marine acids be-
came white ; but that which had been moiftened
with the nitrous acid, had acquired a deep brown
colour. The mixtures with the nitrous and marine
acids dried pretty readily, but that with the vitriolic
acid was never perfectly dry ; but a great part of
it remained in the form of a foftiih pafte.

Neither the vitriolic nor the marine acid mix-
tares gave the leaft air when treated in the man-
ner above-mentioned j but the moment that the
compofition into whicli the nitrous acid had enter-
ed became warm, air began to be produced ; and
J received the produce in quickiilver. About one
ounce meafure was quite tranfparent, but prefently
after it became exceedingly red ; and being fatif-
fied that this rednefs was owing to the nitrous acid
vapour having diflblved the quickfllver, I took no

4 more
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more dian two ounce meafures in this way, but
received all the remainder, which was almoft two
pints, in water. Far the greateft part of this was
fixed air, being readily abforbed by water, and ex-
tinguilbing a candle. There was, however, a con-
fiderable refiduum, in which the flame of a candle
burned with a crackling noife, from which I con-
cluded that it was true dephlogifticated air.

In this experiment I had moiftened the red lead
with fpirit of nitre feveral times, and had dried it
again. When I repeated the experiment, I moiften-
ed it only once with the fame acid, when í got
from it not quite a pint of air ; but it was almoit
all of the dephlogifticated kind, about five times
as pure as common air. N. B. All the acids made
a violent effervefcence with die red lead.

Though there was a difference, in the refult of
thefe experiments, I was now convinced that it was
the nitrous acid which the red lead had acquired
from the air, and which had enabled it to yield
die dephlogifticated air, agreeably to my original
conjecture. Finding alfo, as will be íèen in the
following íêction, that the fame kind of air is pro-
duced by moiftening with the Ipirit of nitre any
kind of earth that is free from phlogifton, and treat-
ing it as I had done the red lead in the laft-men-
tioned experiment, there remained at that time
ло doubt in my mind, but that atmofpherical air,

or
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or the thing that we breathe, conßfts of the nitrous
acid and earib, with fo much phlogifton as is ne-
ceflâry to its elafticity ; and likewife fo mucli more
as is required to bring it from its ftate of perfeót
purity to the mean condition in which we find it.

From the following experiments it will appear
that the quantity of dephlogifticated air depends
upon the quantity of the ipirit of nitre made ufe
of in the procefs, the quantity of fixed air being
nearly the fame in all the cafes,

From an ounce of red lead, heated in a gun bar-
rel, I got about an ounce meafure of air, which
all together was worfe than common air; an effect;
which I attribute, in a great meafure, to phlogifton
difcharged from the iron. The production of air
in this cafe was very flow.

From an ounce meaiure of the fame red lead,
diluted witli half Ipirit of nitre and half water, I
got twelve ounce meafures of air, the laft produce
of which was highly nitrous. Half of this quan-
tity was abfbrbed by water, and the remainder was
twice as good as common air.

From an ounce of the fame red lead, diluted
with the fame ipirit of nitre, without water, I got,
by the lame treatmcAt, about thirty ounce meafures
of air, about one eighth of which was abforbed by
water, while the reft was highly dephlogifticated,

From
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From the fame quantity of red lead, moiftened
with twice the quantity of the fame fpirit of nitre,
I got about fixty ounce meafures of air, a very
imall part of which was abforbed by water, and
die. reft was as highly dephlogifticated as that in
the laft experiment.

The produce of air was quicker, with the fame
degree of heat, in proportion as the quantity pro-
duced was greater ; and in the laft procefs the air
was very red in the infide of the vefitl that received
tt, for a confiderable time.

For this purpofe I tried, with fuccefs, flowers of
%inc} chalk, quick lime, ßacked Ume, tobacco fife clay,
flint and Mujcovy talck, with other fimilar ftibftances,
which will be found ro comprize almoft all the kinds
of earth that are efièntially diftiníb from each other,
according to their chemical properties.

I was the more confirmed in my idea of fpirit
of nitre and earth conftituting refpirable air, by
finding, that when any of thelê matters, on which
I had tried the experiment, had been treated in the
manner above-mentioned, and they had thereby
yielded all the air that could be extracted from
them by this procefs; yet when they had been
moiftened with freih fpirit of nitre, and were treated
in the fame manner as before, they would yield as
much dephlogifticated air as at the firft. ТЫ*

may
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may be repeated till all the earthy matter be ex-
haufted. It will be fufficient to recite one or two
fafts of this kind from my regifter.

April 18, I took the remains of the frefli made
red lead, out of which a great quantity of dephlo-
gifticated air had been extracted, and moiftening
about three quarters of an ounce of it a fécond time
with fpirit of nitre, I got from it about two pints
of air, all of which was nearly fix times as pure
as common air. This air was generated very fail,
and the glafs tube through which it was tranfmitted
was filled with red fumes ; the nitrous acid, I fup-
poíè, prevailing in the compofition of the air, but
being abforbed by the water in-which it was after-
wards received.

In this, and many other procefles, my reader
will find a great variety in the purity of the air
procured from the fame fubftances. But this will
not be wondered at, if it be confidered that a fmall
quantity of phlogiftic matter, accidentally mixing
with the ingredients for the compofition of this air,
depraves it. It will alfo be unavoidably depraved,
in fome meafure, if the experiment be made in a
gun barrel, which I commonly made ufe of, when,
as was generally the cafe, it was fufficiently exait
for my purpofe, on account of its being the eafieft, and
in many refpecb, the moil commodious inftrument.

The
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The reafon of this is, that if the produce of air
be not very rapid, there will be time for the phlo-
gifton to be difengaged from the iron itfelf, and
to mix with the air. Accordingly I have feldom
failed to find, that when I endeavoured to get all
the air I poffibly could from any quantity of ma-
terials, and received the produce at different times
(as for my fatisfaction I generally did), the laft
was inferior in purity to that which came firft.
Not unfrequently it was phlogifficated air ; that is.
air fo charged with phlogifton, as to be perfectly
noxious. If, therefore, any perfon íhall propofe tç
make dephlogifticated air, in large quantities, he
ihould have an apparatus appropriated to that pur*-
pofe; and the greateft care ihould be taken to
keep the inftruments as clear as poffible from all
plúogiftic matter, which is the very bane of purity
with refpect to air, they being exactly plus and<
jpinus to each other.

In thefe experiments I was led into an error by
not giving fufficient heat to the mixture of red lead
and vitriolic acid, or rather by ufmg a gun barrel.
Had I been then in pofieffion of the excellent earthen
tubes with which Mr. Wedgwood now furniihes
me, I ihould have got as pure depluogifticat^d air
from the vitriolic, as. thfi nitrous, acid.

SEC-
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A more -particular Account of fome Proceffes for lhe
Production of dephlogißicated Air^ in order to de-
termine what Kind of Earth was moß frofer ta
mix with nitrous Acid for the Purpofe.

'TTAVING feen fufficient reafony as I at firft
-П thought, to conclude that refpirable air соль
lifts of nitrous acid and earthy my object, in all
this courfe of experiments, was fimply to find -what
kind of earth was moil proper for this purpofe, or
which had' the moft aptnefs to form this peculiar
union with the nitrous acid. Upon the whole, I
think it will appear that the metallic earths, if they
be free from phlogifton, are the moil proper, and
next to them the calcareous earths ; but that' a very
great difference in the production of this kind of air
depends upon a variety of circumftances in which
the experiments are made.

The pureft air that I at that time procured was
from flowers of zinc, moiftened, as in the other
procefles, with fpirit of nitre, and put. into a glafs
phial, with a ground-ilopper and tube. At firft
I defpaired of getting any air at all from the pro-
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cefs ; but at length it came in a prodigious torrent,
and was fo cloudy, that the burfting of every bub-
ble, after it had pafled through the water, refem-
Ыеа the burfting of a bag of flour. The tube
through which it was trarifmitted was exceedingly-
red,, and. in fome degree, the infide of the receiver
tpo, as might be perceived amidft the thick cloud
that filled it. This cloudineis of the newly-gene-
rated air, I have often perceived in die procefs
with red lead, but never in fo great a degree ás
in this café.

The quantity of air procured was nearly three
pints, from about half an ounce meafure of the
flowers of zincj and it was fo highly dephlogifti-
cated, that it took three times its bulk of nitrous
air before its dimenfions were increafcd. When it
had got only twice its bulk of nitrous air, it was
reduced to lefs than one fifth of its original quan-
tity. The laft produce came very flowly, and was
hot quite fo pure. The flowers of zinc, which I
nfed in this experiment, formed a very hard and
brittle fubftance, when mixed with fpirit of nitre,
and dried. After the procefs it fwellcd, and broke
the phial into many pieces.

Next to the metallic earths of lead and zinc, I
found the calcareous earths the moil proper for the
production of dephlogifticated air ; but I had no
opportunity of trying any great variety of them-

VOL. И. К The
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The belt that I did try was chalk. Having fatu-
rated half an ounce of it with diluted fpirit of nitre,
and drkd it, I got from it, in a gun barrel, more
than a pint of air, which was highly dephlogifti-
cated. I began to receive this produce in quiclc-
ffiver, the confequence of which was, that the nitrous
acid, coming over ig the form of vapour, difiblved
the quickfilver, and made nitrous air; but a cruft
being formed upon the furfâce of it, prevented the
folution of more, and the air continued red a long
time.

From another ounce meafure of chalk, treated
in the fame manner, I got about a quart of air.
What 1 took firft was considerably nitrous, two
meafures of common air and one of this, occupy-
ing the fpace of two meafures and a half. The
fécond pint was dephlogifticated ; fo that two mea-
fures of it, and five of nitrous air, occupied the ipace
pf two meafures. The l'ait was lefs dephlogifti-
cated, being about one half better than common
air. At this time the air was generated with pro-
digious rapidity ; the glafs tube through which it;
was tranfmitted was exceedingly red ; and wheh,
in changing the veflèls, fome of the vapour efcaped
into the air, it had the reddeft appearance of any
thing that I had ever feen of the kind.

Having faturated half an ounce of exceedingly
good quick-lime with diluted fpirit of nitre, dried

it,
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it, and put it into a gun barrel, I got from it about
a pint and half of air, the firft part of which was
fo far dephlogifticated, that it required .an equal
meafure of nitrous air to faturate it. The fécond
vas no better than common air, and the third was
equal to the firft. In this procefs the air was pro-
duced very irregularly, fometimes coming in great
quantities, and at other times the water would ruib.
back into the tube.

I repeated the experiment with quick-lime, in a
glafs phial and tube, when the whole quantity was
fo pure, that it required twice its bulk of nitrgus
air to faturate it. The produce of air, in this ex-
periment, was as irregular as in the preceding.

It is fufficiently evident from thefe experiments,
that dephlogifticated air is produced by means of
all kinds of earth mixed with fpirit of nitre, only
that a greater quantity of air is produced from
fome than from others j the advantage in this re-
fpefl: being on the fide of the metallic and calcare-
ous earths. The reafon, though I was not then
aware of it is, that thofe earths, by their affinity to
the nitrous acid, retain it till it can be afted upon
by the fire. For in all cafes it is the acid only,
and not the earih, from which the air comes.

I would obferve, that this procefs feems to furniih
a pretty accurate teft, perhaps the moil accurate
hitherto known, of the prefence of phlogifton in

К 2 bodies,.
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bodies. Nitrous air contains To much phlógifton,
that I think it cannot be produced unlefs the mate-
rials themfelves contain it in a very confiderable
degree. Whereas, if the air be highly dephlo-
gifticated, I think it may be confidered as the moit
fatisfaftory proof we are yet acquainted with, that
the fubftance contains no phlógifton at all.

I had at this time made trial of no more than
two of the metallic earths, viz. thoíê of lead and
zinc. The reafon why I did not proceed any far-
ther in this way was, that I knew not how to pro-
cure the earths of the feveral metals in a ftate
tolerably free from phlógifton, without which I was
well aware they would have yielded nitrous or phlo-
gifticated air, and not dephlogifticated.

But I afterwards hit upon a method of coming
at the pure earth of all the metals, with the leaft
trouble pofiible, alfo of determining the quantity
of phlógifton they each contain, with the quantity
of pure earth which remains after all the phlógifton
is expelled, and the quality of it, with refpeil to what
I then thought its convertibility into air. This is effect-
ed by diflblving the metals completely, and diftilling
the folution to drynefs in a glafs vcflel, then employ-
ing more fpirit of nitre, till as much as I pleafe of it be
converted into air. If much phlógifton do not adhere
to the calx of the metal, pure air will be procurei at
the very firft diftillation ; but if die earth be very im-

pure,
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pure, by containing much .phlogifton, the whole of
the firft produce will be nitrous, or phlogifticated
air, and pure air may. not be procured till the
fécond or third procefs. It was from copper that
I firft procured air in this manner, as will be related,
prefently when I come to treat of air from that
metal. But I chufe, for the fake of better order,
to begin with my accounts of the more perfeif
metals, before I mention the more imperfect' ones,
and I ihall relate all the appearances, though fome
of them are not to the prefent purpofe.

I diflolved a quantity of gold in aqua regia, and
found that it had loft four grains in weight. During
this folution ,it yielded an ounce meafure of air,
mixed with a good deal of acid vapour ; for when
lime water was admitted to it, though it did not
become in the leaft degree turbid, it abforbed more
than half of the air. After this. I diftilled the folu-
tion to dryncfs, and got from it abou.t half an ounce
meafure of air, half of which, judging by die fame
appearances, was acid vapour, and the remainder
pufe dephlogifticated air. A browniih powder re-
mained, which, being collected as carefully as I
could, weighed three grains ; fo that the air above-
mentipned had been produced from one grain of
gold only, and probably fomething lefs. The pow-
der that remained was pure gold, being foluble in
aqua regia) as \ found fome months afterwards,

K This
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This íòlution of gold was made in the common
aqua regia, confiftjng of one fourth of marine acid
and three fourths of Ipirit of njtre j and it was re-
markable that when I made another folution of
gold in that kind of aqua regia which I made by
impregnating marine acid with nitrous vapour,
(which is a much more powerful rnenftruum for
gold than the common aqua regia, yet containing
lefs fpirit of nitre) fo great a quantity of the air
procured from the folution was not dephlogifti-
cated. The particulars of this procefs were as
follows.

I diflolyed a pennyweight of gold in this new,
but more powerful kind of aqua regia ; and drilling
the folution to drynefs, in a glafs phial, with $
ground ftopper, I got from it about eight ounce
rhealures of air, which did not make lime water
turbid, but was fo much abforbed by water, that
not more than one fourth of an ounce meafure was
left ; and this was not better than common air, bup
it might be a little depraved by fome part of thp
acid vapour ftill remaining in it. When this pro-
cefs approached to drynefs, the recipient was filled
with an exceedingly thick and white cloud« la
this experiment alio the refiduum was intirely d$-
folved by freih aqua regia.

In fome of thefe experiments I imagined that all
the refiduum was not wholly diflolved by aqua
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regia, but the quantity undiflblved was exceedingly
fmall, and might be fome impurity in thé gold that
ï made ufe of. However, that a real calx of gold
was produced in thefe experiments, is, I think, pro-
bable, from the tinge given to the glafs in which
the procefs was made, which, when the heat was
confiderable, was partly purple, and partly a dark
gold colour, which no acid would touch. But I!

muft obferve, that a very flight tinge of the fame
colour I once obferved to be given to a glafs vefle!
of the fame kind, in which tittre only had been
melted.- I am not, therefore, abfolutely füre that,
in the former caie, the tinge was given by the gold,
though I think it by much the moft probable fupr

pofmon.
From four pennyweights fix grains ofjilver dif-

folved in the nitrous acid, diluted with one third
part of water, I got five ounce meafu res of nitrous
air ; and removing the veflel to a fand heat, I got
a little very pure air, without any mixture of fixed
air $ but the veflel breaking, I cannot tell how
much more might have been procured.

I poured diluted fpirit of nitre upon quickjilver,
till I had got about three ounce meafures of nitrous
air without the application of heat \ when pouring
out the undiflolved quickfilver, I put the folution,
together with the cryftals (a third part of the veflel
being filled with them) into a fand heati when I

К 4 goi
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got firft forty ounce mcafures of nitrous air, and
immediately after that about the fame quantity of
the pureft dephlogifticated air. During the rapid,
production of this air, it was exceedingly white, and,
the tube through which it wa$.; conveyed, was very
red with, the redundant nitrous vapour. Towards
the end of the procefs the tube was tranip^rent, and,
colou rlefs, • though the air burft in white clouds
within the recipient.

The firft time that I : procured dephlogifticated
air from coffer, was from the ca|x of that metal,
which remained after I had diflblved a quantity of
h*in oil of vitriol in order to procure vitriolic acid
air, and of which I had a pretty large quantity;
having generally preferred this metal for that pur-
pofe. This fubftance, when it was well dried,
was white ; but on putting ipirit of nitre upon it,
and drying it again, it became green. From this
fubftance, thus prepared, making ufe of a gun bar-
rel, I got about twenty times ics bulk of air, of
which about one half was fixed air, being readily
abforbed by lime water, and making it turbid;
•and the refiduum of the firft portion was nitrous
air, but that of the laft dephlogifticated.

In this manner I procured dephlogifticated air
from a calx of copper previoußy formed, pouring
fpirit of nitre upon it, as I had done before on red
íead, and the flowers of zinc; but I afterwards ef-
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fected the fame thing in an eafier manner, viz. by
diftilling to drynefs the very folution of copper
from which I had juft before produced- nitrous air ;
which I at firfl did with a view to afcertain whe-
ther there was any fixed a\r in that folution. It is
well known that the folu.tion of copper in ipirit of
nitre yields only nitrous air; but forne confidera-
tions had led me to iufpect that there might be
fixed air in that folution, difcoverable 'by a boiling
heat, in the manner in which I had applied it, in
order to expel fixed air from water and various
other fluids.

With this view I filled a large phiaj with this
folution, having a confiderab.le quantity by me, re-
maining from moil of my experiments on nitrous
^ir j having made it a rule, as much as poffible, to
throw nothing away, if I could make room for it.
No fixed air, however, was procured from this fo-
lution in the manner that I had expected ; but con-
tinuing to make it boil, and fupplying it with freih
liquor, as the preceding evaporated, I at length got
into the phial all the folid materials of a very lar^e
quantity of that folution ; and when it approached
to drynefs, air came from it in very great abun-
dance. I might have caught, I believe feveral
quarts. A confiderable quantity I did collect, and
found about half of it to be fixed air ; and the re-
Jiduum dephlogifficared. The air was exceedingly

cloudy.
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cloudy, and mixed with much red vapour. After
the procefs there remained a black powder.

To this black founder I applied more fpirit of пЛ
tre, when it prefently became very hot, and fumed ;
and being dried again aflumed a green colour, at-
tracting much moifture from the air. Being again
made thoroughly dry, I put it again into a gun bar-
rel, and with a ftrong heat, got from it about two
pints of air, which I received in three portions, and
obferved that one half of each was fixed air, the re-
fiduum of the firft and laft nitrous, and that of the
middle dephlogifticated. That the laft refiduum
was nitrous, I attribute to the gun. barrel, efpeci-
ally as the air came very flowly. After this procefs
very little of the black powder remained.

Having got a quantity of nitrous air from iron,
in the ufual manner, that is, in a phial with a ground
ftopperand tube, where the common air had no ac-
cefs to it, I immediately took the refiduum, with-
out giving it an opportunity of getting any thing by
communication with the external air -, and, in a red,
fand heat got from it about the fame quantity of air
that it had before yielded of nitrous air. One half
of this was fixed air, precipitating lime in lime wa-
ter, and being readily abforbed by water, and the
remainder was altogether nitrous.

It is evident from this experiment that iron con-^
tains more phlogifton than copper. The cork, in-

deed>
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deed, which I made ufe of in extracting this air,
was evidently corroded in the experiment, and
might contribute a little, both to the fixed and the
nitrous air} but the fame cork had been ufed be-
fore in the experiment with the copper, which,
notwithftanding this circumitanccj had yielded the
pureft air,

Being determined, if poffible, to ехЬац/i the
phlogifton in the calx of iron, by the addition of
more fpirit of nitre, I repeated the procefs ; and
ufing now a glafs phial with a ground ftopper, in a
fand-heat, as before, I got three ounce meafures
of air, which was highly dephlogifticated* A fmall
part of this air, however, was evidently, fixed air,
making lime water turbid.

The bulk of the refiduum was ffill of the fame
dark brown colour with die common ruft of iron }
but towards the neck of the phial a part had been
fublimed of a light red colour, and above that again,
was a powder of an exceedingly beautiful yellow, to
appearance exactly like fulphur.

I have not made trial of all the /emi-metals ; hav-
ing hitherto confined my experiments to zinc, bif-
mutb and antimony', all of which yield a confiderable
quantity of pure air by a direct procefs, bifmuth
being not much inferior to zinc in this relpect ; but

I have not made any accurate companion of them.

Putting
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Putting the fait formed by the fpirit of nitre and
bifrriuth into a glafs veflfel, and diftilling to diynefs,
with a fand-heatj I procured from it about twenty
times its bulk of air, in the firft part of which there
was fome fixed air j but all the refiduum was pure
dephlogifticated air, efpecially at the laft.

Having poured a quantity of flrong fpirit of nitre
upon fome powder, and fmall fragments of antimony,
the whole was reduced, after fome days, to a whi.tiih
fubftance, of a pretty thick confidence, without
yielding any air. A quantity of this folution I put
into a glafs veflèl, and with a very ftrong fand-heat
I got from it about ten times its bulk of air, about
one third of which was fixed air, being readily ab-
forbed by water, and making it turbid, and the re-
mainder'was dephlogifticated. Towards the end of
the procefs the proportion of the fixed air was, as is
ufual, very fmajl, and the dephlogifticated air was of
the pureft kind.

SEC-



. 1У. PEPHLOGiSTlCATED AIR. 141

S E C T I O N I V .

Of the Production of dcpblogißicated dir from the i>i-
triolic Acid and Metals.

A S I have been, perhaps, more than any other
•**• perfon, indebted to what are commonly called
accidents (I mean with reipect to us j for, in the ge-
neral plan of nature, and with refpect to that great
Being who conducts and appoints every thing, there
cannot be any fuch thing as accident) fo have I been
very often prevented by other accidents from mak-
ing valuable difcoveries, to which I had made near
approaches. This was remarkably the cafe with
reipect to the production of dephlogifticated air
from fubftances containing the vitriolic acid. For
had I, in what I improperly fuppofed to be an expe-
rimentam cruas, made ufe of the calx of perhaps any
other metal befides lead, on which^the vitriolic acid
has no proper action, I could not have failed to hit
upon what the better genius of Mr. Landriani
brought him acquainted with. Having, as I ob-
ferved before, got a quantity of red lead which was
in a ftate to give little or no air of itfel£ I got pure

air
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air from it, in great abundance, by means of the
nitrous acid, but none at all by means of the vi-
triolic or marine acid. I therefore concluded, that
the nitrous acid, and not either of the other mi-
neral acids, enters into the compofition of dephlo-
gifticated, or atmofpherical air.

It was not till after I had made the experiments
before recited on manganefe, and other mineral fub-
ftances, that I thought of fubjefting green vitriol,
and other faline matters, to the fame trial. Ic is
true I had tried them before; but the method
was not adequate to the pnrpofe. And though I
had even got a fmall quantity of air confiderably bet-
ter than common air from Roman -vitriol, I had con-
cluded that " there muft certainly have been fome
" nitrous acid in that Roman vitriol." In this caie,
therefore, as in the experiments with nitre and
alum, I had made a difcovery without being fen-
fible of the value of itj or indeed underilanding it.
Nor, when I refumed my experiments on vitriol,
had I any expectation of getting from it any thing
befides fixed air and water. However, having eve-
ry thing at hand, a very flight motive was iufficient
to induce me to include this among other articles
deftined for the fame procefs.

In this manner, therefore, without expecting the
actual refult, on the 24th of November 1777, I
put an ounce of green vitriol into a glafs veflel, and

with



ScR. IV. DEPHLOGISTICATED AIR. 143

with a fand heat got from it, at firft, after the com-
mon air was expelled, and the vapour of the water
combined with it was come over, a little fixed air ;
then, after fome interval, a large quantity of vi-
triolic acid air ; the refiduum of which was at firft
hardly perceivable, but was afterwards confiderable,
and chiefly fixed air. When the refiduum was ftill
more confiderable, I found that it was diminiihed
by nitrous air. At length it had no mixture of vi-
triolic acid air, but was very turbid, and appeared
to be pure dephlogifticated air, except that, at the
laft, it was not quite fo pure as before. Of this
dephlogifticated air, I collected ten ounce meafures.
What remained in the glafs vefiel was fix penny-
weights, of a'purplifh coloured ochre.

Notwithftanding this evident production of a con-
fiderable quantity of dephlogifticated air from green
vitriol, which is a combination of iron and the vi-
triolic acid, I ftill fulpecled, as in the caie of the
Roman vitriol mentioned before, that, by expofure
to the common atmofphere, or in fome other un-
known manner, this vitriol, which had been bought
at a common Ihop, might have got fome mixture
of fpirit of nitre. I therefore made a quantity of
vitriol myfelf, by diflolving iron filings in oil of Vi-
triol, diluted with water. This vitriol, treated 'as
the former had been, yielded air of all the fame
kinds, and in the fame proportions, as in- the pre-

ceding
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ceding experiment j the dephlogifticated air, аз
then, being very turbid, and exceedingly pure.
The firft air that came over was the common air
in the veffel, a little phlogifticated. A very frnall
quantity of fixed air was ftill obferved in the reíí-
duum of the vitriolic acid air, but none after the
dephlogifticated air was procured.

In making the vitriol for all the above mentioned
experiments, I had taken care that the cryilals Ihould
be formed at the bottom of a deep glafs veflel, fo
as to have no vifible communication with the ex-
ternal air j and I had alfo covered the vefiel as care-
fully as I could during the procefs, and had fpent
as little time as poffible in conveying the vitriol from
the veflel in which it was formed intq that in which
it was to be diftilled. I determined, however, to
avoid the fmall objection to which this trifling ex-
pofure to the air was liable, and therefore next
made the diftillation in the fame retort in which
the folution had been made, and in continua-
tion of the fame procefs, fo that all communication
with the external air was moit effectually precluded.
. For this purpofe I difíolved fix pennyweights

four grains of iron in diluted Newman's oil of vi-
triol, and diftilling to drynefs in a retort with a long
neck, I got from it, after the common air was ex-
pelled, a fmall quantity of fixed air, a prodigious
quantity of vitriolic acid air, and likewife about

twenty
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twenty two ounce meafures of the pureft dephlo-
gifticated air.

Being now fufKciendy fatisfied that pure oil of vi-
triol would always yield dephlogifticated air with
iron, it only remained to try whether the ochre re-
maining from the former experiment, from which
air had been procured, would yield more air with
more oil of vitriol, which is the cafe with red lead
and fpirit of nitre.

Accordingly, I put more oil of vitriol to this re-
fiduum (obferving that it became very hot by this
mixture, as red lead does with fpirit of nitre) and
then, with a red heat, in a glafs retort, it yielded a
quantity of vitriolic acid air, no fixed air, but twen-
ty four ounce meafures of dephlogifticated air j when>

the retort being melted, a good deal of the air was
neceiTarily loft j for the produce of air had not be-
gun to flacken when this accident happened -, and
removing the retort from the fire, I found only
about half of the matter turned red, while the re-
mainder was white. From this circumftance I con-
cluded, that before I had not got more than half
the air that it would have yielded. . Refuming die
procefs in a gun barrel, I actually got about as
much air as I had done before.

I had not now the leaft doubt remaining but that
the acid of vitriol, at leaft with iron, is capable of
properly generating dephlogifticated air, as well as

VOL. II. L the
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the acid of nitre with lead, or any other fubftancö
whatever.

To complete my experiments on the vitriolic
acid and iron, 1 took half an ounce of the common
ruft of iron, fuch as is ufed by apothecaries ; and
pourihg upon it a quantity of that acid, obferved
that it imbibed it very eagerly, and became of á
-dark -and almoft a black colour. Then ufing ä gun
barrel, I got from it two or three pints of air, all of
which was fixed air, but with a large refiduum,
about a third of the whole, phlogifticated air.

As the common ruft of iron contains a good deal
of phlogifton, I did not expecl: any better refult
from this experiment. But having, in fome mea-
fiire, purified it by this procefs, I put more oil of
vitriol to what remained of the ruft of iron, and then
I got from it only a little fixed air, and fixteen ounce
meafures of dephlogifticated air.

Having got an indifputable production of pure air
from iron, by means of the vitriolic acid, it was na-
tural for me to proceed to fimilar experiments on
other metals, with the fame acid. And, in the firft
place, I made the proper trials with the two re-
maining kinds of vitriol, the blue, into which copper
enters, and the white, which is compofed of zinc'i
and having now no doubt remaining with refpcét to
the purity of the vitriolic acid which enters into the
compofition of thcfe kinds of vitriol, I contented

myfelf
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ftiyíelf with ípecimens bought at the íhops, and did
iiotthinkit neceflàry to take the trouble to compofe
them myfelf.

From about half an ounce of blue vitriol, in a glafs
veflèl, I got a little fixed air, and one ounce mea-
fure of dephlogifticated air. The veflel breaking»
I put the materials into a gun barrel, and then got
from them about twenty five ounce meafures of de-
phlogifticated air, with hardly any more fixed air.
The greateft part of this air was veiy turbid.

To finiih my experiments on the three vitriols^ I
took an ounce of calcined white vitriol, and, with a
gun barrel, I got from it a great quantity of vitriolic
acid air, fome fixed a)r, with five ounce meafures
of dephlogifticated air. At another time^ from one
ounce of this kind of vitriol, but uncalcined, I got

4>nly about two ounce meafures of air, part of which was
fixed airç and part dephlogifticated air i not reckon-
ing a great quantity of vitriolic acid air, which came;
as ufiialj before the dephlogifticated air.

I did not think it of much confequence to my
pUrpofe to go through all the metals with this pro-
cefs, and therefore only made a trial of fuch as I
happened to have at hand.

I diflblved an ounce of quickfilver, purified by
agitation in water^ in pure vitriolic acid, in a green
glafs retort. During the diftillation to drynefs the
retort broke ; but collecting the materials as well

L 2 as
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as I could (in which perhaps one tenth of the whole
might be loft) I put them into a frelb retort, and,
expofing them to a red heat, got from them a great
quantity of vitriolic acid air, a good deal of fixed air,
and about fifty ounce meafures of dephlogiftkated
air.

During the procefs the foltition boiled violently in.
the form of a red liquor, while the upper part of
the retort was coated with a whitiih fort of matter.
As the heat reached this coating, it alfo became redj
and during the whole procefs that which evaporated
was collected on the fides of the retort, and then de-
fcended to the bottom, like drops of blood, or red
ink, fo as to make a very pleafing appearance.
After the procefs, a very little. reddiih matter re-
mained at the bottom and on the fides of the retort,
which, as well as that which was collected at the
neck of the retort, became white when it was cold.
Very little of the quickfilver was revived.

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

Air procured from other Subßances>
containing vitriolic Ada.

an ounce of calcined alum, prepared
fome months before, I got about fix ounce

meafures of air, all quite as good as, or better than,
common air, and without any fixed air in it. The
proceis was in a gun barrel, and the refiduum of the
alum was very hard. This I moiftened with oil of
vitriol, ftill keeping it hard and dry ; and, in a gun
barrel, it yielded again two or three ounce meafures
of air, chiefly fixed air, and at laft fome that was
about as good as common air. After this it was
remarkable that this matter abforbed air, perhaps
about an ounce meafure in all. This I obferved
twice, and it may be worth while to inveftigate this
circumftance a little farther.

I afterwards made one experiment in order to af-
certain the quantity of this pure air, that a given
quantity of alum could be made to yield. For this
purpofe I put one ounce and fourteen pennyweights

L 3 of
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of calcined alum into an earthen retort, and by
means of a reverboratory furnace I extracted from
it one hundred ounce meafures of air, a fmall part
of which was fixed air, and the reft fo pure, that
with two equal quantities of nitrous air, the mea-
fures cfthe tcft were i.o.

The water in which this air was received was
ftrongly impregnated with vitriolic acid air. This
air containing much phlogiilon, and in a ftate in
which it can be imparted to air, was, no doubt,
the reafon why the air in this cafe was not fo pure as
that which is obtained from nitre. Otherwife this
would be the cheapeft and beft method of procuring
dephlogifticated air.

Collecting what remained of the alum, it weighed
fifteen pennyweights, and ftill had the tafte of alum,
though not very ftrongly. More heat would pro-
bably have expelled all the acid, and confequently,
would have procured more dephlogifticated air. Alio
had the air been quite pure, it would, no doubt,
have been much more in quantity. If the weight of
the alum, and of the refiduum after this procefs be
compared, it will be found that this one hundred
ounce meafures of air occafioned the lofs of only
nineteen pennyweights, that is, not quite an ounce
of the alum, and fmce the one hundred ounce mca-
fures of dephlogifticated air would weigh about fixty

fix
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fix grains,. the Weight of the vitriolií àcid'a'jr> 'with
which the water Was impregnated, may be-estimated
at fixteen pennyweights fix grains.

Another time I got fixty ounce meafures of air
from an ounce of alum, which is in about the iame
proportion as in the former experiment. But it
had been fo well calcined previous to tins procefs,
that fome of the air had probably been expelled in,
that operation ; and ftill what remained tailed very
fenfibly of alum. This air being examined, the
meafures of the teil, with two equal quantities of
nitrous air, were 1.4. There was hardly the kail
ienftble quantity of fixed air produced.

It is eafy to conceive, that till-any fubftance be
completely dephlogifticated, it cannot yield dephlo-
giiticated air ; and it is fomethjng remarkable, that
a. red colour iliould be the criterion of dephlogiftica-
tion, both,in the calx of iron, and of mercury»
Accordingly, when mercury is diflblved in ipirit of
nitre, the produce is pure nitrous air, not only dur-
ing die folution itfelf, but alfo during the applica-
tion of heat to the yellow concrete mafs, that ^
formed by the evaporation of the folution j and no
dephlogifticated air is produced till the red preci-
pitate is completely formed. But the action of heat
upon this red fubftance is always followed by the
production of pure air, as much as from die preci-
pitate per fe.

L 4 f'
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It is alfo evident from this experiment, that the
air produced in it does not come from the atmof-
phere, which has been conjectured with refpect to
fome of the procelTes for procuring dephlogifticated
airj but muft have been contained in the ingre-
dients, viz. fpirit of nitre.

To half ah ounce of quick lime, I put oil of vi-
triol till it weighed one ounce four pennyweights,
when it made a hard mafs. This I pounded, and
putting it into a gun barrel, I got from it, in all,
about ten ounce meafures of air, the greateft part
of which was fixed air; but towards the laft, when
the heat was as great as I could make it, in a com-
mon fire, urged with a pair of bellows, the refi-
duum was as good as common air, or rather better.
This air came over very turbid.

I concluded from many experiments on fub-
-ftances containing marine acid, that it differs
eflentially from both the vitriolic and nitrous in this,
that it cannot, by any combination whatever, be
made to yield dephlogifticated air, at leaft with the
'degree of heat that I was able to apply. But
other perfons have procured it by means of this
acid, as Mr. JLandriani, who firft fucceeded in
this procefs, and then Mr. Bertholet. I have now
procured this air by means of the acetous acid, and

'though the fact is but of little confequence, and the
expe-



. V. DËPHLOOISTICATED AIR.

çxperiment was made with another view, it may not
be amifs to recite the particulars of it.

Having mixed half an ounce of radical vinegar
with two ounces of calcined whiting, I got from it,
by heat, in an earthen retort, 350 ounce meafures
of air, of which about one third was fixed air, but
more than this in the firft portions, and lefs in the
laft. The ftandard of the refiduum in the firft
portions was 1.66, in the fécond 1.42, and in the
third 1.38 ; which was very near the purity of com-
mon air. The whiting then weighed 760 grains.
I then put a quarter of an ounce more radical vine-
gar to it, and without taking any account of the
quality of the air, only obierved that I got 120
ounce meafures from it, and that the refiduum
weighed 730 grains. After this I put to it a quar-
ter of an ounce more of the fame acid, and got from
it 140 ounce meafures of air, of which the laft por-
tion had in it no fixed air, and was considerably bet-
ter than common air ; but of the exact ftandard of
it I find no note. The whiting then weighed 489
grains. The air had always been very turbid,
which accounts for the continual lofs of weight in
thefe proceiTes.

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

Of tie Extraflim of dephhgifticalcd Air f r cm
Mineral Subftances.

\ 7Í JITH no other view than to try what kind,
.V V and proportion of air, different fubftanccs

would give in a red heat, I entered upon the ex-
amination of manganefe. Of this I procured a quan-
tity finely pounded j and from an ounce of it I
got, in a red fand heat, forty ounce meafures of air,
part of which, in every portion, was. fixed air, and
at firft almoft wholly £o ; but four fifths of the laft
was the pureft dephlogifticated air. Even the firft
that came over, which was the common air in .the
veflel, was not in the leaft phlogifticated. The
manganefe had loft one pennyweight and a half
of its weight, and was not to be diftinguifhed in
colour (which was black) from what it had been
before. A confiderable quantity of water came
öVer during this procefs.

That manganele ihould give fixed air did лot
at all furprize me ; fince there are few earthy fub-
ftances that do not contain more or left of it ; but
J did not at all expeft the dephlogifticated air ; as,

ï before



1. DEPHLOOISTICATED AIR. 155

before I had imagined that the nitrous acid was
neçeflary to the production of it, or at leaft the
influence of the atmofphere, which I fuppofed might
depofit the acid that entered into its compofition,
and which I concluded to be the nitrous. On the
contrary here was pure air from a fubftance which,
for any thing that appeared, had always been in
the bowels of the earth, and never had had any com-
munication with the external air; and yet it ex-
actly refembled red lead, both in yielding fixed air,
and dephlogifticated air ; and it is known that red
lead, like the precipitate fer Je cannot be made but
in contact with the open air.

I next made trial of fome lapis calaminaris, firit
pounding it very finely, then putting an ounce of it
into one of the fmall long necked* retorts already
mentioned, and with a red hot fand heat I got
from it 306 ounce meafures of air ; and making
allowance for the lofs of air in changing the veflèls
in which I received it, &c. I believe I may ftate
the whole produce at 316 ounce meafures,. the
whole of which was fixed air, except four ounce
meafures j and, what I did not at all expect, the
refiduum, after the fixed air had been extracted
from it by water, appeared to be nearly as good
as common air. For one meafure of it and one
ef nitrous air occupied the fpace of one meafure

and
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and a quarter. Had the proper refiduum of fixed
air been well extracted, the remainder would pro-
bably have been dephlogifticated air. What re-
mained of the lapis calaminaris weighed thirteen pen-
nyweights fix grains, and had a lighter colour than
before. This produce of air I took at. different
times, but the refiduum of the laft portion was but
little better than that of the firft.

Spirit of nitre made no effervefcence, and pro-
duced no heat, in mixing with the lapis calaminaris.
It alfo made no change of colour in it, and a very
little of the acid was fufficient to make it fenfibly
moift ; in all which refpedts it differs very remark-
ably both from red lead, and from manganefe.

I next proceeded to the examination of the
mineral fubftance called wolframy from the mines
of Cornwall. This I pounded, efpecially the black
part of it, and treating it, in all refpefts, as
I had done the lapis calaminaris, I procured
from an ounce of it, not more than about an
ounce meafure of air, a little of which was fixed
air, but the remainder was about the ftandard
of common air. It required a great and long
continued heat to extract this air, and I had nearly
defifted from the procefs before any of it came.
After the procefs the wolfram was, to all appear-
ance, the fame as before. Perhaps a greater degré*

Pf
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of heat> in veiTels proper for iuftaining it, would
have produced a greater quantity of air.

Thefe experiments fug'gefted to me that, poffibly,
the expulfion of dephlogifticated air from thefe,
and other mineral fubftances; might affift in fuftain-
ing fubterraneous fires. For phlogifton fet loofe
in the diflolution of all bodies by ignition muft be
received by fome other fubftance, as it is not a
thing thatj as far as we know, can exift, except in
combination with other ilibftances ; and we do not
know of any thing that can combine with it lb
readily as air -, and therefore we find that nothing
can burn but in contact with air, and with change
of air.

When, indeed, phlogifton is fet loofe in the pu-
trefactive proccfs, air is not abfolutely neceflàry.
For, in that caie, it may be communicated to
water, and probably to other fubftances fluid or
iblid. It does not, therefore, certainly follow, that
there can be no combuftion without air, though it
be probable j becaufe phlogifton may be able to
efcape without the help of air in one way, though
not in another. The folution of the phenomena
of fubterraneous fires would certainly, however, be
much eafier on the fuppofition of their fupplying
their own pabulum, by means of dephlogifticated
air, contained in fubftances expofed to their heat.

I there-
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I therefore defired Mr. Landriani, who, being in
Italy, had a good opportunity of making inquiries
on the fubjecl:, to inform me whether any of thofe
fubitances, and particularly manganefe^ be found
in their volcanos ; and his änfwer makes it rather
probable that thofe fires are} in part, fuftained by
this means. The extraót of his letter, tranflated
from the Italian, is as follows.

" With refpeel to what you defire to be inform-
" ed of, concerning the volcanic produRionst there
" is found in the zolfatara of Pozzuolo a great
<f .quantity of martial vitriol; but I do not know
" that there is any rrianganefe, or lapis calarriinaris,
" found there. . The Abbé Fortis, who has- lately
'* examined the extinguiihed volcano of Verona,
" aflures me that, befides martial vitriol, he has
" found a quantity of manganefe there. -Sig;
*f Volta, having repeated the experiments that ï
" communicated to him, has lately informed- me^
i{ that he has found dephlogifticated air in calcined
*£ roche alum, a fubftance which is found in great
*f quantities in all volcanos; fo that it is out of
** doubt, that fubterraneous fires are continually
" fed with dephlogifticated air, diflodged from
" fubftances proper for fupplying it."

It is very probable, that other mineral fubftanceb
may contain dephlogifticated air as well as theie ;

яле).
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and it is certainly very well worth while to add this
procefs to the chemical analyfes of them. Whether
the iubftance be converted into air, «or whether it
contain the air, in a condenfed or combined ftate,
like fixed air in chalk, it is ftill of importance to
know what kind of air they may be made to yield
by heat í and in time we may be able to afccrtam
the true origin of fuch air.

PART
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P A R T I I .

OF THE P R O P E R T I E S AND USES OF DEPHLOCJS

TICATED AIR.

S E C T I O N I .

Of Comhißion and Refplration in defblogtßicated Air*

T Have not made many experiments on the mix-
-•- ture of dephlogifticated air with the other kinds
of air, becaufe the analogy which it bears to com-
mon air is fo great, that I think any perfon may
know before-hand, what the refult of fuch experi-
ments would be. It is pleafing, however, to ob-
íêrve how readily and perfectly dephlogifticated air
mixes with phlogifticated air, or air injured by
refpiration, putrefaction, &c. each tempering the
otherj fo that the purity of the mixture may be
accurately known from the quantity and quality of

the
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the two kinds of air before mixture. Thus, if one
meafure of perfectly noxious air be put to one
meafure of air that is exactly twice as good as com-
mon -air, the mixture will be about the ftandard of
common air.

I obfcrved alfoj in making this experiment, that-
aftçr mixing one meafure of each of thefe kinds
of air, they made exactly two meafures; fo that
there was neither any increafe nor diminution of
quantity in confequence of the mixture, as,is the
effect of mixing nitrous air with either comnion or
dephlogifticated air.

It may hence be inferred, that a quantity of very,
pure air would agreeably qualify the noxious air of
a. room in which much company ihould be cpn-
fjuned, and which íhould be fo fituated, that it could
ftot be conveniently ventilated ; fo that from being
offtnfiye.and unwholefome, it would almoft in--
ftantly become, fweet and wholefome. This air,
might be brought into the room in caiksj or a la-
borajory might be conftrufted for generating the
air, and throwing it, into the room as fait as it
<ЬоцН be produced. This pure air would be fuf-
ficiencly cheap for the purpofe of many aflemblies,
and a very little ingenuity would be fufficient to
redyce the Riheme into praolice.

My Deader will not wonder, that, after having
afcertained the fuperior goodnefs of dephlogiftic&ted

VOL. II. M air
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air by mice;íiviríg in it, and the other teils «dböVö-
méntiohed, I íhouM have -thé curiofity to tafte it
m'yfelf. I have gratified that curfofAy, by breath^
irtg i t , 'drawing-it through ä glafs fyphon, and, by
this means, I reduced a large jar full of it to the-
ftahdard of common air. Thrf feeling of it- te my
lungs was not íènfibly different fi-om that of cOrrv-
mon air ; bi7t-1 farreie?! that my bfeaft felt peeii^
liatly light and éály for iome timfe а-fterwárds. Who-
can tell -but that, in time, this pòfcé -air щау'Ье-
cöme a fafhionable article in ltfóíiífyk Hitherto
only two mice and myfelf have had die privilege-
df''breathing it.

• Some of my friends have exprefled a little doubt
about thé certainty of the teft 'of nitrôi» aíf, -a*, a-
mcafure of the wholefomends of íefpirâbíé' air ih1

general, and of dephlogifticated air in particular-.1

To this I can only fayy that every thing I have yet-
obferved leads me to depend upon the accuracy e£
this teft, with refpeót to dephlogifticated as well
as common air j and, according to what 1 ihould
think to be the faireft method of computation de-
phlogifticaied air ferves even longer Tor refpiTarioW
than, from this method of examining ity I 'ihould
have conjeftured a priori.

The moft natural method, as I ibould- thihk,
for eftimating the purity of air, and thereby judg-
ing of the time that any given quantity of it would

fuiHce
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fuffice for the purpofe of refpiration, would be to
find the quantity of phlogifton that is required to
íàturate it, or which comes to the fame tiling, the
quantity of nitrous air that is required to bring it
to the ftate of perfectly phlogifficated air. But a
moufe will live much longer in a given quantity of
dephlogifticated air, than in this proportion, witli
refped to common air ; owing, I fuppoíè, to the
animal not throwing out equal quantities of phlo-
gifton in equal times, but much lefs at the laft,
when the vital powers are languid, than at the
firft.

I have a glafs veffel which I have made ufe of
in all my experiments with mice, from the begin-
ing of my refearches into this fubjeit, a confider-
able time before I had difcovered nitrous air. In
this veflel, which was a tall beer glafs, and
which holds about two ounce meafures of air
when a moufe of a middle fize is confined in it,
I never knew it to live longer than half an
hour, and in general they have not furvived twenty
minutes. Suppofmg, however, the full time for
л moufe's breathing the common air contained in
this vefiH to be half an hour, I fhould not have
expected that a ipecies of air which required only
four times as much nitrous air to faturate it, would
fnffice for the refpiration of the fame animal more
than four times as long; and therefore that; in this

M a
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vefiel of dephlogifticated air, which at a medium
requires about that proportion of nitrous air to
faturate it, a moufe might live about two hours.
But I believe that mice in general will live con-
fiderabiy longer in that quantity of dephlogifticated
air.

I lately put a young moufe into that very veflèl,
filled with dephlogifticated air, fuch as when mixed
with two equal quantities of nitrous air, the meafures
of the teit were 0.55. It continued there near three
full-hours ; and being taken out alive, the air was found
to be fo far from being phlogifticated, that it was ftill
confiderably better than common air j for, with an
equal quantity of nitrous air, the meafures of the
teft were 1.05. Perhaps this moufe being languid,
in confequence of its confinement, did not phlo-
gifticate the air fo fail as it would have done had
it been more vigorous. But then this may in
general be expefted to be the cafe with all mice,
in the fame fituation.

I once obferved, that I cpuld never make mice
Jive in dephlogifticated air till they had completely
phlogifticated it, and I could not, at the titne of
writing that article, aflign any fufficient reafon for
the facb Being unwilling to leave this difficulty
unfolved, I repeated the experiment} and putting
a vigorous moufe into about ten ounce meafures
of this air, it continued fome,, hours feemingly at its

cafe,



SeSf. /. DÍPHLOGISTICATED AIR. 165

cafe, but died while the air was fo pure, that, with
two equal quantities of nitrous air, the meafures of
the teil were confiderably lefs than i.o.

I then put another young moufe into the re-
mainder of the air, and it alfo continued at its eafc
two or three hours ; but then feemed to be expiring,
its refpiration being very languid, and > fo flow, that
I feveral times concluded it was abfolutely dead.
I did not at firft fufped that it could be affefted
by cold, when other mice lived very well in a wire
cage in the fame room ; for it had foon become
quite dry after pafiing through the water, and had
never ihewn any fign of uneafinefs. But bringing
it near the fire, when the heat was about eighty or
ninety degrees (though I removed it occaiionally
when it itemed to be uneafy on that account) it
lived feveral hours longer, and when it died the
air was as completely phlogifticated as common
air is generally found to be when mice have died
in it.

This experiment fully fatisfied me, that it was
nothing in the dephlogifticated air itfelf that was
the reafon that mice could not live in it. I ob-
ferved before, that a moufe is a tender animal, and
after paffing through water, requires a confiderable
degree of warrmh j but I did not fufpeft that it
required fo much, and fuch a ccntinuance of it, as
I found in this particular cafe.

M j I caffly
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l eaíily conjectured that inflammable air would
explode with more violence, and a louder report,
by the help, of dephlogifticated than of common
air; but the effect far exceeded my eicpecbtions,
and it has never failed to furprize every perfon be-
fore whom I have made the experiment.

Inflammable air requires about two thirds of
common air to make it explode to the greateft ad-
vantage -, and if a phial, containing about an ounce
meafure and a half, be ufed for the experiment, the
explofion with common air will be fo fmall, as not
to be heard farther than, perhaps, fifty or fixty
yards; but with little more than one third of highly
dephlogifticated air, and the reft inflammable air,
in the fame phial, the report will be almoft as loud
us that of a fmall piftol; being, to judge by the ear,
not kfs than forty or fifty times as loud as with
common air.

The orifice of the,phial in which this experiment
js made, ihould not much exceed a quarter of an
inch, and the phial ihould be a very ftrong one;
otherwife it will certainly burft with the explofion.
The repercuifion is very confiderable ; and the heat
produced by the explofion very fenfible to the hand
that holds it. I have fometimes amufed myfelf
with carrying in my pocket, phials thus, charged
With a mixture of dephlogifticated and inflamma-
ble air, confined either with common corks or

ground
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ftoppers, and I have perceived no differ-

in die explofion, after keeping ,them a long
tjme, and carrying them to .any dii^ance,

T-he dipping of a lighted candle into a jar filled
.with dephlogifticated ajr is alone a very beau.tifu.1
<xperiment. The ftrength and vivacity of die flame
is ftriking» and the , heat produced by the flame ip
-thefe circumilances -is alfo remarkably great. Bu,t
this experiment is more pleafing, wheji the air is

only little more than fwice ,as good as common air;
.for when it is highly dephlogiilicated, the candle
»Ьцг-ns vyith a crackling по\&, as if ic was full qf
fpme cQvnbuftible matter.

It ,may;be inferred, from the very great е?ср^о,-

fions m.ade in dephlogifticated air, that, were it
ррШЬДе tp five gun-powder in it, Ids than a tenth

part of the charge, in all cafes, would fuffice; the
forpe.pf an explofion in th}s kind of air, far exceed-
ing what might have been expected from the purity

-of it, as ihcwn in other kinds of trial. But i do
not fee how it is poffible to make tliis application
of it. I flwuld not, jiowever, think it difficult to
.confine gun-powder in bladders, with the intcr-
•uices of the grains filjed with this, initead of com-
mon air ; and fuch bladders of gun-powdt4r might,
perhaps, be ufed in mines, or .for blowing up rocks,
iin digging for metals, &c.

M 4 Nothing,
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Nothing, however, would bë ealîer than to aug-
ment the force of fire to a prodigious degree, by
blowing it with dephlogifticated air inftead of com-
mon air. This í have tried, in the prefenee of my
friend Mr. Magellan, by filling a bladder with it,
and puffing it, through a fmall glafs tube, upon a
piece of lighted wood ; but it would be very eafy
to fupply a pair of bellows with it from a large
refervoir.

Poffibly much greater things might be effected
by chemifts, in a variety of reipecls, with the pro-
digious heat which this air may be the means of
affording them. I had no fooner mentioned the
difcovery of this kind of air to my friend Mr.
Michel], than this ufe of it occurred to him. He
obferved that poflibly platina might be melted by
means of it. Thelê conjectures have been abun-
dantly verified by the experiments of Mr. Lavoifier
and others.

From the greater ftrength and vivacity of the
flame of a candle, in this pure air, it may be con'-
jedured, that it might be peculiarly falutary to the
Jungs in certain morbid cafes, when the common
air would not be fufficient to carry off the phlogiftic
putrid effluvium fait enough. But, perhaps, we
may allb infer from thefe experiments, that though
pure dephbgifticated air might be very ufeful as a
mcdidne, it might not be fo proper for us in the

ufual
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tifual healthy ftate of the body ; for, as a candle
burns out much fafter in dephlpgifticated than in
common air, fo we might, as may be faid, live out
too faßt and the animal powers be too foon ex*
haufted in this pure kind of air. A moralift, at
leaft, may fay, that the air which nature has pro-
vided for us is as good as we deferve.

Whether the air of the atmofphere was, in re-
mote times, or will be in future time, better or
worle than it is at prefent, is a curious fpeculation ;
but I have no theory to enable me to throw any
light upon it. Philofophers, in future time, may
eafily determine, by comparing their obfervations
with mine, whether the air in general preferves the
very fame degree of purity, or whether it becomes
more or lefs fit for refpiration in a courfe of time ;
and alfo, whether the changes to which it may be
fubjcdt are equable, or otherwife ; and by this means
may acquire datay by which to judge both of the
paft and future ftate of the atmofphere. But no
obfervations of this kind having been made in
former times, all that any perfon could now ad-
vance on this fubjecl: would be little more than
random conjecture. If we might be allowed to
form any judgment from the length of human lift;
in different ages, which feems to be the only datum
that is left us for tins purpole, we may conclude

that,
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that, in gençraj, the air <>/*!# atmqfpheie has> :for
priany ages, preferred the fame Degree of purity.
This datum, however, is by no means fufficien,t for
an accurate folution çf the problem.

S E C T I O N I I .

Of the very great Purity of fome defbkgißicated Air.

T T appears from my firft obfervations on the pro-
JL perties of dephlogifticated air, that, in general,diat
when two equal meafures of nitrous air are mixed
with one meafure of it, the whole is reduced to,half
a meafure, and fometimes, when I thought.it pe-
culiarly pure, to one fixch of a meafure. I have
fince, on one particular occafion, produced this Idnd
of air in a ftate of fo mpch greater purity as appeared
very extraordinary to-myíèlf, and 1 doubt not' will
be thought fo by others.

Having, for a purpofe that has been mentioned in
^the account of my obfervations on fixed air, kept a
folution of mercury in fpirit of nitre for ftrveral

months,
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months, in a phial with a ground ftopper, I put it
into a retort with a long neck, and, in a fand heat,
received in the firft place, the nitrous air it yielded,
and then without removing the retort from the fire,
the dephlogiilicated air. Ufmg both the nitrous and
dephlogifticated air of die fame produce, J obferved
that two meaiures of the former and one,of the lat-
ter mixed together, occupied, after tlje effervefcence
was over, the fpace of no more than three hundred
parts of a meafure.

It was impoffible for me to be miftaken with re-
fpeiit to this remarkable fail ; for the tube in which
I meafured the refiduum was fo long, in proportion
to the capacity of the phial which I uíèd as a mear-
fure, that a hundredth part of a meafure exceeded
the eighth of an inch. Repeating the experiment,
I found that two meafures of nitrous air were rather
more than fufficient to faturate one meafure of the
dephlogifticated air ; fo that, poffibly, had die for-
mer experiment been made with more circumipcc-
tion, the diminution, extraordinary as it was, would
have been fomewhat greater. Indeed it cannot be fup-
poied, that exaffly two meafures of ni trous ai r íliould
be the precife quantity that would produce the
greateft diminution. It ihould alfo be confidered,
that a fiTuill portion of air might be yielded by the
water in which the experiment was made.
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Upon the whole, therefore, I am inclined to think
that, were it poffible to make both the nitrous and
dephlogifticated air in the greateft purity, and then
to mix them in fome exaft proportion, the aerial

form of them both would be entirely deftroyed, the

whole quantity feeming to difappear, as in the mix-
ture of alkaline and acid air. But whereas a white
faline fubftance is the immediate vifiblc refult of this
mixture, there is no vifible produce from the other,
the whole, whatever it be, being diflolved in the

water ; fo that, this would probably be the more
ftriking phenomenon of the two ; and the mixture

of acid and alkaline air never fails to excite a good
deal of aftoniihment, eipecially when they are pre-
viouily made, and contained in feparate veiTels,
and then fuddenly mixed together, by transferring
them from one vefibl to another in a trough of quick-
iilver.

SEC.
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S E C T I O N III.

Of procuring dephlogißicated Air in large Quantit\e$t

and especially ß-om Nitre.

TMAGINING that the difcovery of dephlogifti-
A cated air might prove a very ufefbl one, if a
quantity of it could be made very cheap, as it would
be eafy enough to contrive methods, by which it
might be breathed, provided it ihould be thought
advifeable, in certain morbid ftates of the lungs and
animal fyftem ; I have had various fchemes for pro-
ducing it in large quantities, by cheap proceflès ;
but none that I have tried have as yet anfwered. I
do not, however, defpair j and fome perfon of a
happier invention, giving that attention to the fub-
jeft which it feems to deferve, may be more for-
tunate.

The cheapeft' method of procuring dephlogifti-
cated air in large quantities that we are yet acquainted
with, is to extrait it from nitre by means of heat ;
and in general no more has been got from an ounce
of nitre than about too ounce meafures of air. The
reafon of which has been, that, in order to get it
pure, glafs "jejjels have been ufed ; and after a parc

of
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of the acid has been expelled, the remaining alkali
lias diflblved the glafs, and the procefs has of courie
terminated. But by means of Mr. Wedgwood's ex-
cellent earthen retorts, I have been able to get fuch
quantities of this air from nitre, as to myfelf, and
all my friends, appeared very extraordinary.

From two ounces of nitre, in an earthen retort, and
with an intenfe white heat, raifed by fuch a furnace
as Dr. Black has conftrufted, I got at firft five hun-
dred ounce meafures of air, the whok confiderably
dephlogifticated, and with very little fixed air.
With die firft produce the meafures of the teft were
0.7 ; but die laft part of the produce саше flowly,
and the meafures were 1.3, which fhews that the
air was confiderably injured by fomeçhing in die re-
tort. .For the air procured by this procefs in glals
is more pure, the meafures of the teft being gene-
rally lefs than 0.5.

What remained in the retort was a dark green or
blue fubftance, extremely acrid to the tafte, and dcli-
quefcent, weighing, when it was taken out of the
retort, about eighteen pennyweights. The аи-
would have weighed about thirteen pennyweights,
and the water of cryftallization, which is eighteen
parts in 11 o of the water, fix pennyweights anda
half, fo that three pennyweights remain to be ac-
counted for of die two ounces. This laft was, in
part, an acid vapour diffufed through the air, and

not
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rtot incorporated with it ; for whenever I emptied
any of the veflels of this air, I perceived a very pun-
gent fmell. Part of the lofs alfo was the labite cloud
with which the air was often filled when it was pro-
duced.

From the fame quantity of purißed nitre, in one
of Mr. Wedgwood's retorts, I got 787 ounce mea-
Aires. The airprocured in this manner is never of
tho pUreft kind 5 and the ilandard of this, from the
finft to tile laft, with two equal meafurcs of nitrous
air, was only 1.25. I concluded this procefs fa
that the air was very little turbid, and yet there
was lomething acid difcovered by the fmcll in every
portion of it. In another procefs I got 7 96 ounce
mcafuresof air, and the retort was diflolved before
thoprocefa was completed. But the largeft quan-
tity that I ever got from two ounces of nitre was
812 ounce meafures, and this was purer than any
I had got before in this way, the ftandard of die
greateil part of at being 0.95, though at the very
laft 1.5. In all cafes I have obferved, that the purer
the'air is, the greater is the quantity. For it can
only be rendered impure by fome phlogiftic matter
uniting -jpith the pureft part of it, and forming, in
many cales, as I am inclined to think, phlogifticated'
air., In this experiment the lofs in die nitre was 531-
grains. The air would have weighed fomething
more than 487 grains, fo that more than one half

a of
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of the weight of the nitre was reduced to the form
of air j and there remained thirty four grains for the

water of cryftallization, &c.
In thefe experiments it was a matter .of fome con-

fequence to determine whether any acid remained in
the nitre after all the air was come over 5 and as the
vitriolic acid has a granger affinity with the bafe of
the nitre, there appeared to be no better method of
determining this, than to put oil of vitriol to it, and
endeavour to make nitrous acid. Accordingly, in
the former procefles, I had always been able to get
nitrous acid, or nitrous air, from what remained of
the nitre, after the dephlogifticated air was expelled
from it. Thus from half an ounce of the faline
refiduum which remained from one of the preceding
proceiTes, I got nine ounce meafures of nitrous

air.
To thefe circumftances I gave particular atten-

tion in my future experiments. To that which re-
mained of the laft mentioned experiment, in which
I procured 812 meafures of air from two ounces of
nitre, I put oil of vitriol and water. But though it
was expofed to heat till the water was diftilled over,
I did not get half an ounce meafure of air rqpre than
the veflel contained ; and this was dephlogifticated.
Confequently, all the nitrous acid had been expelled
from this nitre.

The
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The colour of the alkaline matter to which die ni-
tre was reduced in thefe earthen retorts, was a deep
green, owing, perhaps, to fomething of the earth in
the retort j for in a porcelain vefiel, I, at one time,
had it perfectly white.

At Mr. Watt's requeit, I endeavoured to afcer-
tain the quantity of acid that was expelled from ni-
tre, in procuring the dephlogifticated air from it.
To do this, I put two ounces of purified nitre into
a glafs retort, and receiving the air in 300 ounce
meafures of water, only filled each recipient half
full, and agitated the air very much in the water,
in order to make the water imbibe as much as pof-
fible of the acid that it contained. However, not-
witliftanding this agitation, every veflel of the air re-
tained a ftrong fmell of the acid.

I afterwards examined a portion of this water, by
expelling air from it, and did not find it to contain
more air than water generally does, but what I did
get from it was confiderably phlogifticated.

VOL. II, N SE C-
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S E C T I O N IV.

Of the White Matter depoftlcd in the Produftion of

dechlogiflicated Air.

Y N the rapid production of all kinds of air from
A earthy materials, I have frequently obferved
that there is a quantity of fuperfluous white matter
depofited in the cold water in which it is received.
This earth feems to have been held in folution in the
air while it was hot, becaufe it was then quite tranf-
parent, and did n?t become turbid till k was cool ;
and this was one reafon why I once thought that an
earth is the proper bafis of all fuch kinds of air.
For if fome earth be certainly held in a proper folu-
tion, fo as to make a conffituent part of the air
while hot, as its tranfparency feems to prove, and
it be only depofited by cold, fome of the earth muft,
I thought, be retained by it in every degree of heat,
and therefore in the temperature of the atmofpherc.
And perhaps no degree of cold can deprive it of all
the earth that it contains. If it fhould, I íhould
have imagined that, as nothhg but the acid principle
would remain, it would th en, like any other acid

air>
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c/r, become liable to be immediately abforbed by

water.
This earthy matter when incorporated with the air,

I imagined to be then the fame thing, from whatever
fubftance the air had been produced, being di-
verted of every thing that was peculiar to the fubftance
from which it had been expelled; juft as the acidifying
principle, in the compofition ofdeplilogifticated air, is
probably the fame tiling, whether the air had been
produced from materials containing fpirit of nitre,
or oil of vitriol. If this reafoning be true, we fhould,
I thought, be in poflèffion of a method of obtaining
a truly primitive earth, or an earthy principle com-
mon to all earths, and all metallic calces whatfo-
ever, fince dephlogifticated air may, as J had ibewn,
be produced from them all. The following obfer-
vations, however, may perhaps lead to a contrary
cojicluiion, or, that earth depofited from dephlo-
gifticated air produced from different materials, has
not, in all refpecb, the fame properties.

Having collecbd fome of the white powder dif-
fufed through a quantity of dephlogifticated air,
procured from minium and fpirit of nitre, I obferv-
ed that when it was dry, it was of a grey colour,
and that it was not, at leaft immediately, afFefted
by fpirit of fait. When it was heated in a glafs
tube, by means of the flame of a candle and a blow-
pipe, it fumed copiouily, and covered the infide of

N a the
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the tube with a white fubftance ; that which was
not fublimed becoming black. When it was laid
upon a red hot iron, it fmoked very much, and
became of a brown colour. But in none of its forms
was it quickly affected by fpirit of fait, though after
twelve hours this acid did acquire an orange colour,
both from the black and the brown matter.

At the fame time I had by me a quantity of
white matter which, as I believe, had been collected
in a fimilar manner, when I procured dephlogifti-
cated air from red precipitate ; but having loft the
label, I could not be abfolutely certain. This mat-
ter was perfectly white when dry, and bore a red
heat without any lènfiblc change, nor was it affected
by fpirit of fait.

I once collected a quantity of this fubftance, and
found that it continued in the form of a white pow-
der. It made no effervefcence with fpirit of nitre,
but feemed to be in part, though not wholly, dif-
folved in it.

PART
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P A R T Ш .

MISCELLANEOUS OJîStRV ATIOfJS R E L A T I N G TO

P E r i I L O G I S T I C A T E D AIR.

ï. Of the Detonation of Nitre.

ГТПНЕ difcovery of dephlogifticated air throws
-*• great light on many very important fads in

chemiilry, but upon none more than upon that
very difficult and ftriking one, of the detonation of ni-
tre, concerning which the moil improbable con-

jectures had been advanced by the moil eminent
philofophers and chemifts. This detonation is the
fudden inflammation produced by the contact of va-
rious fubftances containing phlogiilon and nitre,
when either of them is red hot. The hypothefis

that has been thought the moil fatisfoctory is that of
N 3 Mr.
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Mr. Macquer, who fuppofes that, in thefe circurrb
itances, an union is formed between the pure nitrous
acid and phlogifton, fimjlar to that which is formed
between the vitriolic acid and phlogifton in the com-
pofition of fulphur, He therefore fuppofes that, in
this cafe, a nitrous fulphur is formed, and that this
fubftance is of fo inflammable a nature, that it cannot
cxift a moment without actual ignition.

But I would obferve that, fuppofing this hypo-
thetical nitrous fulphur to be actually formed, yet if
it refemble other combuftible fubftances, the vitri-
olic fulphur for inftance, or any other whatever, in
a property that is common to them all without ex-
ception, it cannot be inflamed but in contact with
air ; which, according to conclurions clearly drawn
from my experiments, and all other obfcrvations, is
fatu rated with phlogifton by the procefs, and when
faturated can take no more, let the fubftance that is
heated in it be ever fo combuftible -, and confequent-
ly, in thofe circumftances, all inflammation muft
be impoffible. Whereas Mr. Macquer acknow-
ledges, that this nitrous fulphur is capable of the
moft violent inflammation in the clofeft vefiels,
where there is no accefs of air, and it is well known
that compofitions of gunpowder are made to burn
even under water.

Now the doctrine of dephlogifticated air fupplies
the eafieft folution imaginable of this very difficult

phenomenon,
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phenomenon. For it appears that the nitrons
acid cannot be heated to a certain degree,
without producing dephlogifticated air ; by the
help of which all combuftible fubftances burn
with the greateft violence, much more than
they can be made to burn with in common air.
Here then, I fuppofc that the moment the acid
of nitre, contained in the nitre, and the earth
of the coal, for example, thrown into it be-
come red hot, in contact with each other, dephlo-
gifticated air is produced j and in this air the re-
mainder of the charcoal, being likewife red hot,
burns with the violence that is obfervable in the
experiment; while, at the fame time, other por-
tions of the nitrous acid are forming more dephlo-
gifticated air; and thus the detonation continues,
till.ail the charcoal, or all the nitre, is confumed,-
the acid not being loß, as fome chemifts expreß
it, but entering into the compofition either of the
dephlogifticated air, or of fome other kind of air,
that may be generated in the procefs.

Let any perfon but attend to the phenomena of
the detonation of charcoal in nitre, and that of the
dipping a piece of hot charcoal into a jar of de-
phlogifticated air, and I think it will be impoffible
for him not to conclude that the appearances arc
the very fame, and muft have the fame caufc.

N 4 There
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There is the fame intenfe incandefcence, and the
fame rapid confumption of the charcoal in both
caies ; and this is evidently owing to the eagernefs,
as I may fay, with which this fpecies of air, the
moft free from phlogifton itfelf, fcizes upon the
phlogifton of other bodies, in a fufficient degree of
heat. Such appearances cannot be produced in
common air, which, being more than half faturated
with phlogifton already, can take but little more;
and therefore, to produce an appearance any thing
refembling them, we are obliged to fupply the fire
with a current of freih air thrown into it by bel-
lows. But fupplying a fire in the fame manner
with a current of dephlogiiticated air, which J have
fometimes done, has a moft aftonifhing effect of
the fame kind.

I ihall conclude this article concerning detona-

tion, with an account of a very ftriking experiment
that I made with Hpmberg's pyrophorus. I put
a quantity of it into one of the fmall jars which I
tife for experiments on air in quickfilver; then,
filling up the veflel with quickfilver, 1 inverted it
in a bafon of the fame, and threw up dephlogifli-
cated air at different times. It always occafioned
a fudden and vehement accenfion, like the fiaihing
of gunpowder, and the air was greatly diminiíhcd,
as might have been forefeen.

-2. Of
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2. Of the Formation vf Precipitate per ff.

Precipitate per fe is much more eafily procurée!
in dephlogifticated than in common air, and pro-
bably not at all in phlogifticated air ; this air not
being capable of taking any phlogifton from mer-
cury, without which the calx cannot be formed.

I expofed equal quantities of the fame quick-
filver, in equal glafs tubes, of about two feet and a
half long, and an inch and a half in diameter, but
narrower towards the top, to a fand heat, for one
day, one of the tubes containing phlogifticated, and
the other dephlogifticated air, both hermetically
fealed. In the refult, the mercury in the tube con-
taining the dephlogifticated air was completely co-
vered with a coating of precipitate per fe -, but the
mercury in the other tube was not fenfibly altered.
When the procefs had been refumed, and con-
tinued four days, I opened the tubes, and found
the dephlogifticated air fomeching worfe than it
had been, but by no means fo much fo as I had
expedted ; but the phlogifticated air was not at all
altered. The quantity of precipitate in the dephlo-
gifticated air was trifling.

I then repeated the fame experiments with com-
mon air, but in two days no precipitate was form-
ed. With more time there probably would I U I V P

5 been
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been fome. But this was fufficient for my purpofe,
viz. to afcertain the difference that would be pro-
duced by different kinds of air in this procefs, ac-
cording to the quantity of phiogifton which they
contained.

Perhaps ùvz precipitate per Je may, by this means,
be made in much lefs time, and with much lefs
expence, than it now is.

3. Of the ruß ing of Metals in Air.

It is generally thought, I believe, that metals
expofed to the open air are corroded, and contract
ruft, by means of fome acid vapour contained in it.
I thought it poffible, however, that very pure air
might have fuch an affinity with phiogifton, as to
deprive fome metals of it, without the aid of any
acid. To try this, I filled an eight ounce phial
with very dry clean nails, and then with quick-
filver, which I difplaced by very pure and dry de-
phlogifticatcd air, and left it inverted in a bafon of
quickfilver on the 131)1 of April, 1778. On,
the 26th of January, 1779, I found that one tenth
of the whole quantity of air was gone, the quick-
filver having rifen fo high in the phial, í there-
fore took it for granted, though I could not per-
ceive any ruft on the nails, thet my conjecture was
well founded ; that the air has been diminiihed by

means
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means of phlogifton from the iron, and that in time,
if the quantity ihould be fufficient, the ruft will be
apparent. This air being examined on the aoth
of July, 1780, was found not to be diminifhed
any farther. It was alfo a little worfe than it had
been when it was put into the phial, and the nails
were very clean and without ruft.

4. Of the Formation of Nitre,

Before the difcovery of dephlogifticated air it
was generally fuppofcd by chemifts, that nitrous acid,
by which common nitre is formed, exifts in the at-
mofphere as an extraneous fubftance, like water, and
a variety of other fubftances, which float in it, in
the form of effluvia j but fince there is no place
in which nitre may not be made, it may, with more
probability be fuppoíèd, that nitre is formed by a
real decomfofition of the air itfelf, the bafes that are
prefented to it having, in fuch circumftances, a near
affinity with pure air, which is the principal ingre-
dient in it.

B O O K
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B O O K V .

OBSERVATIONS ON PHLOGISTIC ATED AIR*

P A R T I .

PROCESSES BY WHICH GOOD AIR IS NOT INJURED,

AND NOXIOUS AIR NOT RESTORED.

of the firft objefts of my experiments on
atmoffberical air, after fome relating to fixed

air, was the caufe of the change made in its pro-
perties by a variety of procefles, which, becaufe I
firft concluded that the principal agent was phlo-

* It will be fecn, that the reafon why I called the fpecies of air,
which is the fubjeft of this book, fhhgißicated, was my fuppofition
of its being atmofpherical air, afliflcd by phlogifton. But whe-
ther this be the cafe, or the air of the atmofphcrc confift of two
diftinct parts, and fubftanccs containing phlogifton, attraft one of
llicfc, viz. the dephlogi/licatcd, and leave the other, this other part
may ftill be called phlos'iflicated air, fo that no miftakc will be oc-

by the ufc of the term.

gifton,
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gifton, I termed pblogißic. But before I relate any
of them, it may not be amifs to recite the circum-
ftances in which air is not changed, notwithftanding
it either had been apprehended, or might naturally
be imagined to be io, in them.

S E C T I O N I .

Of Air not beingfenßbly injured by Heat, or by offenfive
•putrid Subßances,

T T had been advanced by the Count de Saluzes,
•A that air is injured by beat, and reitored by cold,
cfpecially by froft. But though I made the expe-
riments with all the attention of which I was capa-
ble, I did not find thefe to be the effeíb of mere
heat or cold.

It has been obferved both by myfelf and others,
that air exceedingly offenfive to the noftrils, is not
always properly phlogißicated, fo as to be diftinguifh-
ed by the teft of nitrous air. For though it may be
crue that phlogifton is the thing that conftitutes

Jute!/,
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Jmell, or at leaft that it is in fome manner efièntial
to it, that phlogifton which fenfibly afícéb the ol-
fadlory nerves, may be attached to fomething that
is only diffufed through the air, and not properly in-
corporated with it. For when this air, fo exceeding-
ly ofFenfive to the noilrils, is made to pafs through
a body of water, this phlogifton is entirely feparated
from it, and leaves the air through which it was dif-
fuíêd, and which it had feemed to contaminate,
quite pure and inoffènfive.

In order to make full proof of the truth of this
oblèrvation, andalfo with the farther view of trying
whether the quantity of phlogifton contained in an
animal fubftance might be fo far exhaufted by pu-
trefying in quickfilver, as to be unable to phlogtf-
ticate common air, I confined a large piece of the
tendon of a neck of veal, and likewife a whole moufe,
in feparate vefiels of quickfilver, fome time in Sep-
tember, 1779; and when they had yielded all the
air that I could perceive they would yield, and of
•which an account has already been given, I took
what remained of them both in the April follow-,
ing, and putting them into a jar of common air,
containing about feven ounce meafurcs, I examined
this air after two days, and did not find it fenfibly
injured, though the fubftanccs were very ofFenfive
to the noitrils. After keeping diem, however, in

the
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the fame jar about two months longer, I found the
air to be phlogifticated.

Notwithftanding this, I make no doubt but that
in length of time thefe Jubilances would have loft all
their power of phlogifticating air. But whether
this property, or that of yielding an offenfive fmell»
would have gone firft, I -had no opportunity of ob-
ferving, in confequencc of removing my habitation,
by which I was obliged to put an end to the pro-
cefs. It appeal's, however, fufficiently, that very
much of the power of thefe putrefying fubftances
to phlogifticate air was gone before they ceafed to
be offenfive, though it is probable they were not
fo highly offenfive as they had been before.

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

Of the Air that has been ßtppofed to come through the
Pores of the Skin, and of the EffeRs of the Per-
Jfiration of the Body.

T T cannot be thought extraordinary, that when
•*• it has been imagined that air is extracted from
the moil compact bodies, as gold, by means of the
air pump, it fhould be thought to iflue from the
human fkin. It was alfo very natural to imagine,
that fince refpiration injures and phlogifticates air,
the •perforation of the body, fenfible and infenfible,
fhould do the fame -, and they who fuppofe that
phlogifton converts common air into fixed air,
muft of courfe imagine, that the air contiguous to
the ikin is continually undergoing this change. Dr.
Ingenhoufz aflbrts the former, and Mr. Cruikfliank,
after Sig. Mofcati, the latter. On both thefe fub-
jcíbs I íhall make fome animadverfions, and like-
wife a few experiments which I think will be deemed
conclufive, on the fubjecl: of perlpiration, and fuf-
ficient to confirm what I have advanced with re-
fpecl to it.

Dr. Ingenhoufz not only fuppofes that air is con-
tinually uTuing from die human ikin ; but he took

pains
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pains to collect k, in a considerable variety of cir-
cumftances, of which he has given a particular ac-
count. This I took the liberty to tell him I had
no doubt was a deception ; the air that he found
not having come from the ßin, but from the water
in which it Was plunged} and both the quality.of
the air that he found, and the circumftances in
which he procured it, left me no doubt upon the
fubjecV ït was juft that mixture of fixed air and
ipartially phlogifticated air, that pump water, which
he recommends for the purpofe, generally abounds
with. The bubbles of air rifmg and fwelling at
the fame part of the ikin is by no means any proof
that the air came from the ikin ; for that is always
the cafe with air ifluing from water, the air bub-
bles never rifmg within the water itfelf, but always
from fome other body immerfed in it. All the
phenomena he has defcribed may be feen with a
piece of metal, or glafs, plunged in water contain-
ing air, in an exhaufted receiver j in which cafe it
is eafily fliown, that the air does not come from
the pores of the metal, or of the glafs, but from
the water itfelf. For if the water contain no air,
and the furfaces of the metal and of the glafs be
carefully wiped, that appearance cannot be pro-
duced.

He fays that water exhaufted of its air is not pro-
per for this experiment, becaufe it readily abforbs

VOL II. O all
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all the air as fail as it iflues from the Îkin. But
if the experiment be made in water at all, this
muft be the only unexceptionable manner of making
it; and water by no means abforbs any kind of air
fo fail as he describes this to iflue from the ikin,
and efpecially fuch a kind of air as he defcribes,
a great proportion of which is air partially phlogifti-
cated. It requires a long time before water, in a
quiefcent ftate, will take up any fenfible quantity
of fuch air as this. Befides, there is nothing that
we know of the human frame, that would lead any
perfon to fufpect that air ever iflues from the Ikin.
Where are the air vejjeh for that purpofe? and
what is their origin, or connexion with other parts
of the fyilem ? The prefent ftate of anatomy in-
dicates nothing on this fubjeft.

To fatisfy my friend, not myfelf, I told him I
would make an experiment, which I did not doubt
would convince him of his miftake in this relpe6l j
I did it in the following manner. I boiled a quan-
tity of rain water, in order to expel from it all the
air it might contain, and then fat with my naked
arm plunged in a vefíèl filled with it, after care-
fully wiping off, under water, all the bubbles of
air that adhered to it. But though I continued to
fit in this manner a full half hour, not a finale
bubble of air made its appearance afterwards.

After
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After this I need not fay any thing to my
friend's ingenious obfervations on the air which he
took the pains to colleft from the ikins of old and
young perfons, and his laudable endeavours to re-
move a popular prejudice concerning the unwhole-
fomenefs of the former, and the wholefomenefs of
the latter kind of air.

Mr. Cruil^ihank's experiments, if they could be
depended upon, would both prove that fixed air
is compofed of common air and phlogifton, and
that the perfpiration of animal bodies, in a healthy
ftate, has the fame effeft upon air that breathing
it has, viz. phlogifticating it, and making it noxious,
•which is contrary to the experiments of which
I ihall prefently give an account; by which it
appears that the air under my arm-pits, and near
other parts of my body, was never lefs pure than
the external air. The Abbe Fontana alfo told me,
that he had always found the fame refult in experi-
ments made upon himfelf. But Mr. Cruikihank
fays (in the fécond edition of his Letter to Mr.
Clare., printed in Mr. Clare's Treatife on Abfcefles)
that, after he had confined his leg in a glafs veflel,
fo as to prevent all communication with the ex-
ternal air, lime water poured into it immediately
afterwards, came out a little turbid. But this he
would probably liave found to be the cafe with a

О г fmalJ
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fmall quantity of lime water, poured into, and out
of* any veflèl of the fame fize, on account of the
great furface of the fluid that muft, in thofe cir-
tumftances, have been expofed to the common
atmolphere ; in confequence of which it is always-
known to attract fixed air.

However, partly to examine this matter more
thoroughly, and with a variation that I had thought
of, I repeated the experiments on my own perlpira-
tion in various ways, and they all confirmed what
ï advanced before, viz. that ehe perfpirable matter
has no fuch effect upon the air, but leaves it as
wholefome, that is, as fit for reipirationj as ever,
judging by the teil of nitrous air, which, however,
Mr. Cruilcihank does not fay that he ever applied
in this cafe.

Purfuing his fteps, I fattened a moift ox's blad-
der, containing about a quart of air,, clofe about
itny ancle, fo that my foot, clean waíhed and warm,
us his was, was expofed to it ; and I fat near the
fire, fo as to keep my foot properly Warm a full
•hour. After this I carefully withdrew my foot
from the bladder, without changing the air; and
•applying the teil of nitrous air, the air in the blad-
der appeared to be of the fame degree of purity
with the external air ; the meafures of the tell, ap-
plied in the fame manner to both, bang 1.26. 1

alfo
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alia admitted part of tlús air to Цте water, and
obferved that it did not make it in the frnalleft de-
gree turbid.

Willing to give more time to this experiment,
that the opportunity of this perfpiration phlogifti-
.cating the air might be the greater, I once more
faftened the bladder about my foot, juft before I
went to bed, and flept with it all night> keeping
myfelf fufficiently warm, from eleven to half paît
fix in the morning, when the bladder was quite
ilry. However, carefully moiftening it, and efpe-
•cially where it was faftened to my ankle, I with-
drew my foot, without changing the air, and im-
mediately examined it. The quantity contained in
the bladder was forty ounce meafures. It did not
affect lime water, and with refpeft to purity was
of the fame ftandard with common air ; the mea-
lures of the teft with the nitrous air I happened to
make ufe of, being in both cafes 1.3.

I cannot therefore but fee reafon to conclude,
.as I did before, that it is only refplration, and not
the perjpiration of the body that injures соттод
air.

I have fat an hour witli my arm щ a trough
of very warm water, and my warnn hand in a
glafs jar placed with its mouth in the water (my
hand, of courfe, perfpiring, though infenfibly, all
.that time) but when I examined the air within the

О л jax
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jar immediately afterwards, it appeared not to have
been the leaft injured by the procefs.

But what I expefted to produce a much more
fenfible change in the air was the perfpiration un-
der the arm-pits, after walking, or ufing much
exercife. For this purpofe, I have fometimes
taken phials of warm water, and poured it out,
when I had introduced my hand as carefully as
poffible into the place -, but at other times I have
put open phials, with perforations in the bottoms,
and alfo open glafs tubes, three or four inches long,
the orifices of which were fuch as that I could eafily
cover them with my thumb or finger. This ap-
pearing to be the faireft method of all, I made
rhe greateft ufe of it. For the air within the open
tube muft certainly, in the courfe of an hour or
two, become of the fame quality with the air on
the outfide of it. In thefe trials alfo, I have pre-
ferred walking to any other kind of exercife, though
I have tried feveral methods ; becaufe, in walking,
little or no motion is given to the air about the
arm j and it is very eafy to introduce one's hand,
and, covering both the ends of the tube at the
fame time, to be quite fure that the air within the
tube is in that ftate to which the perfpiration of
the body had reduced it. But ftill, after walking
a long time, and making myfelf purpofely as hot
as poffible, I have never found the air within the

tubes
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tubes in the leaft degree worfe than the external
air j but, as I have fometimes thought, a little
better.

The experiment of this kind that I made with
the moil care was in pretty hot weather, on the 4th
of June, 1778. I put fuch tubes as I have men-r
tioned above under each of my arms, and after
firft working with a fpade, and then walking about
three miles, in which exercifes I purpofely made
myfelf exceedingly hot, I withdrew the tubes with
as much care as a good deal of experience had
taught me, and I found that one meafure of this
air and one of nitrous air occupied the fpace of
1.267 meafures j when the fame experiment being
made with the beft external air on the fame day,

the meafures were 1.28. Every circumftance in
the application of the teft was, as near as I could
make it, the very fame in both cafes.

О 4 S E C -
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S E C T I O N III.

Of Air which has been expofed to Steam, and of that
which is found in the hollow Parts of Jonie Plants.

T 7"ERY early in the courfe of my obfervations
» concerning air, I found that the agitation of

any kind of noxious air in water purified it to a
certain degree, as alfo that the agitation of pure
air in water depraved it fo much, as to bring it
to about the fame ftandard, viz. that in whi,ch a,
candle juft goes out. It might, therefore, be
thought, that ßeam, or the vapour of water, inti-
mately diffufed through a quantity of noxious air,
would much fooner imbibe the phlogifton witl>
which it was charged; and feveral perfons have
even thought that the melioration of air by vegeta-
tion may be owing to the exhalation of moifture
from plançs in a vegetating ftate. I was very
willing to adopt that idea myfelf, in preference to
my own, which was that plants imbibe the phlo-
gifton with which the air is overcharged into their
Jubflance, and convert it into their proper nouriih-
ment. But when I tried the effecb of fteam on
phlogiuiçated air, with as much attention as I could

give
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give to the experiments, I never found that it was
at all mended by the procefs.

ï firft took a quantity of air that had been plilo,-.
gifticated by a mixture of iron filings and fulphur,
and introducing into it the end of a glafs tube,
communicating with, a phialj which I bad filled
with water, I kept it in a boiling heat, about a
quarter of an hour, in which time the ftearp had ef-
fectually pervaded the mafs of air, having made the
jar in which it was contained thoroughly hot, and
having expelled three fourths of it. But what re-
mained of this air was no more diminiihed by
nitrous air than it had been before,

Afterwards \ lèverai times filled jars with air
phlogifticated with nitrous air, and alfo by other
means ; and placing them, inverted, in pans of
water, made the water boil a long time, till a great
part of the air ,was expelled by the fteam, but I
never found the air fo expofed to fteam to be at
all mended by it. Common air was always fen-
libly injured by this procefs, as might have been
expected from my former experiments.

I am willing to think, however, from the ob-
fervation of Mr. Arden, an intelligent lecturer in
natural philolbphy, who firft mentioned the obfer-
vation to me, as his own, that fteam, or the vapour
of water, may unite with fomething or other that
m,akes air oftenfive, and help to fweeten it ; or, au

leaíl,
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Jeaft, that throwing- a quantity of fteam into a room
in which the air is offenfive, may promote a change
in the air, io as to be an eafy and valuable remedy
in fuch cafes. He mentioned to me feveral experi-
ments of his own, as well as the obfervations of
other perfons, that make it very probable.

Having examined the ftate of the air confined in,
the Madders ofßß>es, l had the curiofity to examine
that which was confined in certain hollow places in
plants, where it has no vifible accefs to the external air.
For this purpofe I tried the air contained in the
pods of the bladder Jena, and alfo in the ftalks of
onions, but did not find that in either of thefe cafes,
it was at all fenfibly different from the common
air j being diminilhed by nitrous air in the fame ркь
portion.

P A K T
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P A R T I I .

OF PROCESSES BY WHICH AIR IS RENDERED

UNFIT FOR RESPIRATION OR COMBUSTION.

S E C T I O N I .

Of Air expoßd to a Mixture of Sulphur and Filings
of Iron, to Liver of Sulphur and Pyrophorus.

EADING in Dr. Hales's account of his ex-
periments, that there was a great diminution

of the quantity of air in which had been expofed,
a mixture of powdered fulphur and filings of iron,
made into a pafte with water, I repeated the expe-
riment, and found the diminution greater than I
had expeóted. This diminution of air is made as
f ffcftually, and as expeditioufly, in quickfdver as in

water ;
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water ; and it may be mcafured with the greateft
accuracy, becaufe there is neither any previous ex-
panfion, or increafe, of the quantity of air, and be-
caufe it is fome time before this procefs be-
gins to have any fenfible effect. This dimi-
nution of air is various j but I have generally
found it to be between one fifth and one fourth of

the whole.
Air thus diminilhed is not heavier, but rather

lighter than common air.
I conclude that the diminution of air by this pro-

cefs 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 previotiflydiminifned, either
by the burning of candles, by refpiration, or putre-
faftion, though it never fails to diminifh it fome-
thjng more, it is, however, no farther than this
procels alone would have done it. If a frcih mix-
ture be introduced into a quantity of air which had
been reduced by a, former mixture, it has little or

но farther effe<5b.
I once obferved, 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 íèver-al days, it was quite cold and black, as it
always becomes in a confined place ; but it preiently
grew very hot, fmoakcd copioufly, and fmelled

very
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Veïy offenfiVely j and when it was cold, it was brown,
like the Wft of iron.

Air diminilhed by this mixture of iron filings and
fulphur, is exceedingly noxious to animals, and I
have not perceived that it grows any better by
keeping in water. The fniell of it is at firft very
pungent and offenfive, which mnft be owing to a
quantity of vitriolic acid air generated in the pro-
cefs.

The quantity of this mixture which I made ufe of
in the preceding experiments, was from two to four
ounce meafures j but I did not perceive, but that
the diminution of the quantity of air (which was ge-
nerally about twenty ounce meafures) was as greac
with the fmalleft, as with the largeft quantity. How
finall a quantity is necelfary to diminifli a given
quantity of air to a maximum, I have made no expe-
riments toafcertain.

As foon as this mixture of iron filings with ful-
phur and water, begins to ferment, it alfo turns
black, and begins to fwell, and it continues to do
fo, till it occupies twice as much fpace as it did at
firft. The force with which it expands is great ;
but how great it is I have not endeavoured to de-
termine.

When this mixture is immerfed in water, it
generates no air, though it becomes black, and
Iwells.

Common
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Common air, I find, is diminilhed, and rendered
noxious, by liver offulphur. The diminution in
this cafe was one fifth of the whole, and afterwards,
as in other fimilar cafes, it made no efíèrvefcence
with nitrous air.

I found alfo, after Dr. Hales, that air is diminiihed
by Hombergs pyrophorus.

S E C T I O N I L

Of Air infefted -with the Fumes of burning Charcoal.

AIR infedted with the fumes of burning char-
•**• coal is well known to be noxious; and
Mr. Cavendiih favoured me with an account
of fome experiments of his, in which a quan-
tity of common air was reduced from 180 to 162
ounce meafures, by paffing through a red-hot iron
tube filled with the duft of charcoal. This diminution
he afcribed to fuch a deßruSiion of common air as
Dr. Hales imagined to be the confequence of burn-

i ing.
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ing. Mr. Cavendiih alfo obferved, that there had
been a generation of fixed air in this procefs, but
that it was abforbed by foap leys. This experi-
ment I alfo repeated, with a fmall variation of cir-
cumftances, and with nearly the fame refult.

I alfo endeavoured to afcertain in what manner
air is affèfted with the fumes of charcoal, by fuf-
pending bits of charcoal within glafs veflels, filled
to a certain height with water, and ftanding inverted
in another vefiel of water, while I threw the focus,
of a burning mirror, or lens, upon them. In this
manner I diminilhed a given quantity of air one
fifth, which is nearly in the fame proportion with
other diminutions of air.

If, inftead of pure water, I tiled time water in
this procefs, it never failed to become turbid by
the precipitation of the lime, which could only be
occafioned by fixed air, either difcharged from the
charcoal, or formed by fomething efcaping from it,
and fomething in the common air.

There was the fame precipitation of lime, in this
procefs, with whatever degree of heat the charcoal
had been made. If, however, the charcoal had
not been made with a very confiderable degree of
heat, there never failed to be a permanent addition
of inflammable air produced $ which agrees with
what I had obferved before, that, in converting

dry
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dry wood into charcoal, .the greateft part is changed
into inflammable air.

To make the preceding experiment with ftill
more accuracy, I repeated it in quickfilver ; when
I perceived that there was a fmall increafe of the
quantity of air, probably from a generation of in-
flammable air. Thus it flood without any altera-
tion a whole night, and part of the following day ;
when lime water being admitted to it, it prefently
became, turbid, and, after fome time, the whole
quantity of air, which was .about four ounce mea--
fures, was diminiihed one fifth, as before.

Air thus diminiihed by the fumes of burning
. charcoal, not only extinguiihes flame, but is in the
higheft degree noxious to animals ; it makes no ef-
fervefcence with nitrous air, and is incapable
of being diminiihed any farther by the fumes of more
charcoal, by a mixture of iron filings and fulphur»
or by any other caufe of the diminution of air that
I am acquainted with.

This obfervation, which refpe&s all other kinds
of diminiihed air, proves that Dr. Hales was mil-
taken in his notion of the abforption of air in thofe
circumftances in which he obferved it. For he fup-
poíèd 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

4 failed
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failed to produce a farther diminution ; whereas all
my obfervations ihew that air, which has once been
fully diminifhed by any caufe whatever, is not only
incapable of any farther diminution, either from the
fame or from any other caufc, but that it has like-
wife acquired new properties, moft remarkably dif-
ferent from thofc which it had before, and that they
are, in a great meafure, the fame in all the cafes.
Thefe circumftances give reafon to fufpeét, that the
caufe of diminution is, in reality, the fame in all
the cafes.

S E C T I O N III.

0/ the EffeSl of the Cakbuttim of Metals.

TT AVING been led to fufpeft, from the experi-
4- A ments which I had made with charcoal, that
the diminution of air in that cafe, and perhaps jn
other cafes alfo, was, in fome. way or other the
confequence of its having more than its uilial quan-
tity of phlogifton, it occurred to me, that the cal-

Voi. II. P cínation
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cination of metals, which are generally fuppofed to
confift of nothing but a metallic earth united to phlo-
gifton, would tend to afcertain the fait, and be a kind
of experimentum crucis in the caie,

.Accordingly, I fufpended pieces o£ lead amd tin
.in given quantities of air,, in the fame manner as I
had before treated the charcoal ; and throwing the
focus of a burning mirror or lens upon them* fo as
to make them fume copiouily, I prefen-tly perceived
a diminution 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 obíêrved before, and which I
account for, by íúppofing that, in other cafes, there
was not only a cauíè of diminution, but caufes of ad-
dition alio, either of fixed or inflammable air, or
fome other permanently elaftic matter, but that the
effeot of the calcination of metals being fimply the
efcape of phlogiitofl, the cauíè of diminution was
я!опе and uncontrolled. I c appears, however, from
the experiments of Mr. Lavoiijer, that the dephlo-
gifticated part of common air is imbibed in this
procefs, and'from my own later experiments, that
the phlogifton of the metals uniting with another
part of it makes fixed air.

The air, .-which I had thus diminiihed by calcina-
tion of lead, I transferred into another clean phial,
but-found that the calcination of more lead in it

(or
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(or at le'aft the attempt to make a farther calei,
nation) had no farther effect upon it. This air alfo,
like that which had been infected with the fumes of
charcoal, was in the higheft degree noxious, made
no effèrvefcence with nitrous air, and was no farther
diminifhed by the mixture of iron filings and
fulphur.

It might be fufpected that the noxious quality
of 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 yellowilh tinge, and an exceedingly pungent fmell
and tafte, pretty much (as near as I can recollects
for I did not compare diem together) like that over
which fulphur has been frequently burned. Alfo
a thin and whitifli pellicle covered both the furfâce
of the water, and likewife the fides of the phial in
which the calcination was madej infomuch that,
without frequently agitating the water, it grew fo
opaque by'this conftantly accumulating incruftation,
that the fun-beams could not be transmitted through
it in a quantity fufficient to produce the calcination.

Lime-water never became turbid by the calcina-
tion of metals over it, the calx immediately feizing
the fixed air that was formed, in preference to the
lime in the water ; but the colour, fmell, and tafle

P a ' o f
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of the water were always changed, and the furfacc
of it became covered with a yellow pellicle, as before*

When I was. making the experiments on the ex-
traction of inflammable air from iron, I found^
that, if the quantity of air was confiderable, the
throwing of the focus of the burning leris upon iron-
filings inclofed in it, had no other effeä: than to di*
miniih the air, and make it noxious; which it did to
as great a degree as the calcination- ofleador tin had
done: for after this it made no effervefcence, and
was no farther diminiihed, by- nitrous air. .After
this, I make no doubt, but that if the proCefs had
been continued a fufficient time, there would hâve
been an increale of the quantity of air, by the pro-
duction of inflammable air; but the firft effect of
the difcharge of phlogiftpn from the iron was the
phlogifticating and dirmnifhing of the common air. •'

I even found that air would be injured by having
iron confined in it for a confiderable time. To try
this, I filled a phial, containing common air, full of
nails, the i8th of December, 1773, and left it in-
verted in a veflcl of v/ater till the ad of March, 1775,
when I found that it was dimimihed one-fifth of its
bulk, and was not in the k-aft diminilbed by a mix-
ture of nitrous air ; fo that it 'muft have been per-
fectly noxious.

s к с.
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S E C T I O N I V .

Of Air m which Candies have burned.

ПГ^НЕ diminution of the quantity of air in which
A a candle, or fulphur, has burned out, is va-

rious j but I imagine that, at a medium, it may be

about one fifteenth, or one fixteenth of the whole ;
which is one third as much as by animal or vegetable
fubftances putrefying in it, by the calcination of
metals, or by any of the other caufes of the com-

plete diminution of air, which will be mentioned

hereafter.
I firft thought, that flame difpofed the common

air todepofitthe fixed air it contains -, for if any
lime-water be expofed to it, it immediately becomes
turbid. This is the cafe, when wax candles, tallow
candles, chips of wood, fpirit of wine, ether, and

every other fubftance which I have yet tried, ex-
cept fulphur, is burned in a clofe glafs veflt-1,

ftanding in lime-water. Tliis precipitation of fixed
air (if this be the caff) may be owing to fomething

emitted from the burning bodies, which has .ï
ftronger affinity with the other conftituent parts of
the atmofpherc.

P 3 If
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If fulphur be burned in the fame circumftances,
the lime-water continues tranfparent, but ftill there
may have been the fame precipitation, or formation
of fixed air -, but that, uniting with the lime and the
vitriolic acid, it forms a felenetic fait, which is folu-
ble in water. Having evaporated a quantity of wa-
ter thus impregnated, by burning fulphur a great
number of times over it, a whitifh powder remained,
which had an acid tafte j but repeating the experi-

' ment with a quicker evaporation, the powder had nq
acidity, byt was very much like chalk. The burn-
ing of fulphur but once over a quantity of lirqe wa-
ter, will affectif in fuch a manner, that breathing in-
to it will not make it turbid, which otherwife it al-
ways prefently does.

Dr. Hales fuppofed, that by burning fulphur re-
peatedly in the fame quantity of air, the diminution
would continue without end. But this I have fre-
quently tried, and not found to be the cafe. Indeed,
when the ignition has been imperfect in the firft in-
ftance, a fécond firing of the fame fubftance will in-
çreafe the effect of the firft, &c. but this progrefs
foon ceafes,

In many cafes of the diminution of air, the effect
is not immediately apparent, even when it ftands in
water ; for fometimes the bulk of air will not be
much reduced, till it has paflëd feveral times
through a quantity of water, which has thereby a

I better
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better opportunity of abforbing that part of the air,
which had not been perfectly detached from the reft.
I have fometimes found a very.great reduction of a
mafs of air, in confequence of paifing but once
through cold Vater. • If the air has Hood in quick-
filver, the diminution is generally inconfiderable, till
it has undergone chis operation, there not being any
fubftance expofed to the air that could abforb any
part of it.

I could not find any confukrable alteration in$he
fpecific gravity of the air, in which candles, or fuU
phur, had burned out. í am fatisfied, however, thai
it is not heavier thae common aj'Vwhich mufthave
been maniitft, if.fo great a Штдафод of die quantity-
had been owing, as Dr. Hales and others fupppfed,
to the elafticjty of the whole mafs being unpaired.
After making jcveral trials for this purpolc, I cpn-
duded that air, thus diminiíhed ia bulk, is rather

than срдююп air.

P 4 SEC-
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'S E C T I O N V.

Of Лпгта! Subßances putrefying in Air.

T Ж THEN a moufe putrefies in any given quantity
V V of air, the bulk of it is generally increafed for

a few days ; but in a few days more it begins to
ihrink up, and in about eight or ten days, if the
•weather be pretty warm, It will be found to be di-
minifhed one fixth, or one fifth of its bulk. If it do
not appear to be diminiihed after this time, It only
requires to be paflèd through water, and the diminu-
tion wjtll not fail to be fenfible. I have fometimes
known almoft the whole diminution to take place,
upon once or twice paffing through the water, The
fame is the cafe with air, in which animals have
breathed as long as they could. Alfo, air in which
candles have burned out may almoft always be far-
ther reduced by this meaqs.

I have' put mice into veflels which had their
mouths imrnerfed in quickfilver, and obferved that
the air was not much contracted after they were
dead or cold j but upon withdrawing the mice, and
admitting lime-water to the air, it immediately be-

came
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came turbid, and was contracted in its dirnenfions as
ufual.

I tried the fame thing with air tainted with putre-
faelion, putting a dead moufe to a quantity of com-
mon air, in a veflèl which had its mouth immerfcd
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 iocreafe of
the air perhaps about one twentieth. After this, it
flood two days on the quickfilver, without any fenfi-
ble alteration ; and then admitting water to it, it be-
gan to be abforbed, ^nd continued fo, till the original
quantity was diminiihcd about one fixth. If, inftead
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 venel ftanding in water, it will not
become turbid, and provided the accefs of the com-
mon air be prevented, it will continue lime water,
I do not know how long ; but if a moufe be left
to putrefy in the vefil'l, the water will depofit all
as lime in a few days.

The air that is difchargcd from putrefying fub-
ftances feems, in fomc cafes, to be chiefly fixed air,
xvith the addition of fome other effluvium, which ,
bas the power of dimuiiihing common air. The

reJemblancc
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yefembhnce between the true putrid effluvium and
fixed air in the following experiment (which was as
decifnrc as I could poffibly contrive it) appeared to
be very great; indeed, much greater than I had
«Sxpefted. I put a dead moufe into a tall glafs
vefíèl, and having filled the remainder with quick-
filver, and ict it, inverted, in a pot of quickfilver,
I let it ftand about two months, in which time die
putrid effluvium iffuing from die motife had filled
the whole veflèl, and part of the diffolved blood,
•which lodged upon the furface of the quickfilver,
began to be thrown out. I then filled another
glafs veflèlj of the fame fize and fliape, with as
pure fixed air as I could make, and expoíèd them
both, at the fame time, to a quantity of lime water.
In both cafes the water grew turbid alike, it rofe
equally fail in both the veflels, and Jikewife equally
high; fo that about the fame quantity remained
«nabforbed by the water. One -of thefe kinds of
air, however, was exceedingly fweet and pleafant,
and the other infufferably oftenfive. In general,
However, I found fome portion of the air from pu-
trefying animal fubftances to be inflammable ; апЛ
and it was probably the fame in this cafe.

Putrid cabbage, green or boiled, infecb the air
in the very fame manner as putrid animal fubftances.
Air thus tainted is equally contracted in its dirnen-

fions.
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fions, it equally, «xtínguiíhes flame, and is equally
noxious to animals ; but they affeft the air very
differently, if the heat that is applied to them be
confiderable.

S E C T I O N V I .

Of the Effeft of the Cakes of Copper and Iron, and
alfo of Mercury on Air.

QEVERAL properties of metallic calces may be
O difcovered by their expofure to the common
air. J have made fome obfervations which may
be pkafing and fatisfaftory with refpedl to thofe of
copper and iron. They prove that the blue colour
acquired by the former, and the red colour acquired
by the latter, are owing to the dephlogiftication of
them. For thefe colours cannot be affumcd by
them but in 'the open air, and the air to which
they are expofed is more or kfs phlogifticated by
this means.

I diffolved copper in a folution of fal-ammoniac,
and confined the fohmon in a phial with a ground

Hopper.
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ftopper. After a day or two,,, when thé folution
was become thoroughly blue, I examined the air
within the phial, and found it to be confiderably
worfe than it had been. For one meafure of it
and one of nitrous air occupied the fpace of 1.33
meafures ; when the common air at the fame time
was diminifhed by the nitrous air fo much, that
the fame quantities occupied the fpace of little
more than i.i meafure. At another time I co-
vered a phial containing a quantify of this folution
with a fmall jar (binding ,in a trough of water, and
found, after a few days, though not more than half
the folution, beginning from the top, had turned
blue, that the air to which it had been expofed was
almoft completely phlogifticated.

Pouring a diluted folufion of pearl aflies into 3,
diluted folution of green vitriol with a funnel, than
the common air within the phial might mix as
little as poflible with the open air, the precipitate
was at firft of a light blue ; but by expofure to .the
air it became firft of a deep indigo blue, and then
a red.

Covering a quantity of this blue precipitate con^
tamed in a glafs cup, with a glafs jar ftanding in
water, Г obferved that, after two or three days,-all
the furface of the precipitate, though covered with,
water, was become red. When I ftirred it up, all
below the furface was as blue as ever. In this,

ftate
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ftate I examined the air, and found it fenfibly phlo-
gifticated, though not to a great degree.

Having made another blue precipitate of iron,
I poured it into a fmall retort, and turning ic
every way, to give all the infide a coating of it, I
expofed it to the heat of the fire, till it was become
partially red (for 1 did not perceive it would be-
come wholly fo) and, examining the air in the in-
fide, I found that' one meafure of it and orte of
nitrous air occupied the fpace of 1.3 meafures;
when the fume quantities of common air and the
fame of nitrous air occupied the fpace of 1.24
meaftifes.

Laftly, to giv'e the calx of iron more time to
afFe6b the air, I made the mixture in a phial which,
I left half full of air ; and in a few days the furface
of the water was covered with a red pellicle, and
fome time afterwards the furface alfo of the pre-
cipitate at the bottom of the plml} which had been
of a deep blue, was become red. After waiting
three weeks, I examined the air, and found it fo
much phlogiilicated, that one meafure of it and
one of nitrous air occupied the фасе of 1.55 mea-
fures.

Having alfo солгсч! the i n fide of a glafs tube
with the green precipitate, I let it ftand near three
weeks with its orifice immerfed in water, in whicb
time it had become nearly red ; and then examiw-

ing
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ing the air, I found no fixed air in it (which might
have been fufpefted to come from the pearl albes
efpecially; and thus to have injured the air, with-
out any proper phlogiftication) and one meafure of
it and one of nitrous air occupied the ipace of 1.45
meafures. In this experiment, therefore, there was
a proper phlogiftication of the common air, without
its receiving any tiling from the alkaline faits.

It is not a little remarkable, that this change of
colour will take place though the precipitate be
covered with a large body of water. I have found
it when ic was covered to the depth of eleven inches,
which is that of the trough in which I ufually make
my experiments. It was at firil all blue, the next
day I found the furface completely red, when the
bottom was as deep a blue as ever. This reíèm-
bles the property of Jerum in my experiments on
blood. For as that liquor admits phlogifton to país
from the blood to the air, fo water permits phlo-
gifton to pafs from this precipitated calx to the air,
and, as appears from later experiments, permits the
calx to become fatunited with dephlogifticated air.

The refult of thefe experiments will be different
according to the degree of faturation in the foJu-
tion, and perhaps according to other circumftancfs.

At the fame time that í got the deep blue pre-
cipitate, with which I made lèverai of the experi-
ments above-mentioned, I mixed a quantity of the

futunued
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faturated folutions, both of the vitriol and of the
pearl aih.es, in an open jar, and the whole became
red at once, without my being able to perceive any
previous blue colour at all Sometimes the pre-
cipitate will be white, or grey, efpecially when the
folution of the iron is poured into that of the
alkali. In this cafe the firit change is to a very light
blue, then to a deeper blue, and laftly to a red.

In the experiments above-mentioned the air be-
came phlogifticated in confequence of the liquor
to which it was expofed acquiring colour; whereas
in the following it was injured at the fame time
that the liquor laß its colour. I took a quantity of
ipirit of fait made yellow by various impregnations,
and then made it colourleis by liver of fulphur.
After this I inverted the phial with common air
in it, and let it ftand about a week, obferving that
in two days it had recovered its original yellow
colour -, and the air appeared to be fo much in-
jured, that one meafure of it and one of nitrous ,
air occupied the fpace of 1.9 meafures. The phkb
gifton that produced this effect came probably from
the liver of fulphur.

I accidentally met with a much better method
of making the experiment with the calx, by means
of lime water, than that mentioned above.

The trough in which I make my experiments
on air being at one time very foul, with various

metallic
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•metallic folutions, efpecially in confequence of hav-
•ing difiblved iron in fpirit of nitre, for the pro-
duction of nitrous air, and other purpofes, and it
not having been convenient to change the water,
I continued to ufe it in that ftate -, when cafually
pouring a little lime water into it, I obferved that
a precipitate of a very deep blue colour was form-
ed. It was fo beautiful, that, having been obliged
to leave my experiments, for the fake of a fmall
excurfion to Bath, before I faw any farther into it,
I remember, telling a friend whom I met there,
'that I thought it poflible that I had accidentally
difcovered a new and cheap method of making
•Pruflian blue. However my dream of a difcovery
vaniihed on my return home, when I obferved the.'
bottom of my trough covered with a very lively
red. But when I turned it up, I found the red
was only fuperficial, and that the precipitate under-
neath was of as deep a blue as ever.

I then repeated the experiment in fmall jars,
phials, &c. and was much better pleafed with the
refult than 'when I had made ufe of a folution of
alkali in order to make the precipitate. Here
the lime is feized by the acid, as it was before by
«he alkali ; and in both cafes the calx of the iron
is fet at liberty, and depofited in a phlogifbicateci
•ftate. But it readily parts with its phlogifton if
pure air be at hand, even though feparated from

it
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it by â body of water, of, I believe, any depth.
Thefe experiments íhew that water, though capa-
ble of receiving phlogiiton, is not capable of re-
taining it in the prelence of air, which appears to
have a much ftronger affinity with it.

It may not be improper to mention again in
this place, in fpeaking of the effect of metals on air,
that iron that has been fuffered to ruft in nitrous
air diminiihes common air very faft.

In a fubfequent part of this work I íhall íliow
that there is no air in quickfilverj as has gene-
rally been imagined, and that all the air which
is difcovered in boiling it in a glafs tube, is only
that which had been concealed, and comprefled,
between the quickfilver and the glafs. Having
for this purpofe collected a fmall quantity of this
air, I found it to be common air, being dimi-
niihed by nitrous air. But the quantity being
fmall, and not having applied a very accurate mea-
fure, I afterwards repeated that experiment with
more precaution, and find fuch air to be in fome
degree phlogifticated.

I firft filled a tall thin tube, about an inch in
diameter, with quickfilver ; and, expofing the up.
per part of it to a degree of heat that converted it
into vapour, in the manner reprefented PI. III.
fig. 4, and confequently effectually fetting at liberty
all the air that was confined between the quickfilver

VOL. II. C and
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and the glafs, I collected and examined that air,
and found it not to be diminilhed by nitrous fo
much as common air is.

I then repeated the experiment by throwing up
a quantity of common air, and expofing it to heat
mixed with the vapour of quickfilver, and let it
continue in that ftate four or five hours. After
this I perceived that the air was confiderably dimi-
niihed in bulk; and, examining it, I found that
one meafure of it and one of nitrous air occupied
the ipace of 1.66 meafures. The air, therefore,
in the former experiment, not having been pure air,
is no proof of its having been incorporated with
the quickfilver j fince common air mixed with it,
in the ftate of vapour, receives phlogifton from it.
This proves that mercury, like other metals, im-
bibes pure air, and by this means would in time
become precipitate ferfe.

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

Of the E/eft of Oils, ÖV. on Air.

г | ^ H E preceding experiments on the calcination
JL of metals fuggefted to me a method of ex-

plaining the caufe of the mifchief which is known

to arjfe. from frefli paint, made with white lead

and oil.
To verify my hypothefis, I firft put a fmall pot

full of this kind of paint, and afterwards (which
anfwered much better, by expofing a greater fur-
face of the paint) I daubed feveral pieces of paper
with it, and put diem under a receiver,- and ob-

íèrved, that in about twenty four hours, the air was
diminiihed between one fifth and one fourth, for
I did not meafure it very exactly. This air alfo
was, as I expected to find, in the higheft degree
noxious. It did not effervefce with nitrous air, it
was no farther diminiihed by a mixture of iron
filings and fulphur, and was made wholefome by
agitation in water deprived of all air.

Air is diminiihed by a cement made with one
half common coarfe turpentine, and half bees-wax.
This was the refult of a very cafual obfervation.

QJÏ Having,
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Having, in an air-pump of Mr. Smeaton's cort-
ftruftion, clofed that end of the fyphon-gage, which
is expofed to the outward air, with this cement
(which I knew would make it perfectly air-tight)
inftead of fealing it hermetically ; I obferved that,
in a courfe of time, the quickfilver in that leg kept
continually rifing, fo that the meafures I marked
upon it were of no ufe to me ; and when I opened
that end of the tube, and clofed it again, the fame
confequenee always took place.. At length, fuf-
pefting that this effeet rnuft have arifen from the
bit of cement diminhbing the air to which it was
expofed, I covered all the infide of a glafs tube
with it, and one end of it being quite cloíèd with
the cement, I íèt it perpendicular, with, its open
end immeríèd in a bafon. of quickfilver j and was
prefently fatisfied that my conjecture was well
founded ; for, in a few days, the quickfilver rofe
ib much within the tube,, that the air in the infide
appeared to be diminiihed about one fixth»

To change this air I filled the tube with quick-
filver, and pouring it out again,. I replaced the tube
in its former fituationj when the air was diminiihed
again, but not fo fail as before. The fame lining,
of cement dirmnilbed the air a third time. How
long it will retain this power I cannot tell. This
cement liad been made feveral months before I

made
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made this experiment with it. I muft obferve,
however, that another quantity of this kind of ce-
ment, made with a finer and more liquid turpen-
tine, had not the power of diminifhing air, except
in a very fmall proportion. Alfo the common red
cement lias this property in the fame fmall degree.
Common air, however, which had been confined
in a glafs veflèl lined with this cement about a
month, was fo far injured that a candle would not
burn in it. In a longer time it would, I doubt not,
have become thoroughly noxious.

I before obferved that air, which had been ex-
pofed to the effluvia of the common red cement^ was
injured by it. For this purpofe, I had covered all
the infide of a phial with it, and placed it, inverted,
in a velTel of water. Since that rime I have re-
peated, or rather continued the experiment, letting
the fame vefiel ftand about nine months in that fitu-
ation j when, upon «xamining it, I found it was
climinifhed one fifth of its bulk, and that it was not
at all affected by nitrous air.

Having had fo much to do with red lead^ in the
courfe of my late experiments, I had the curiofity
to try what would be the effect ofthat procefs by
which the grey calx of lead is converted into red
Jead. The fimple calcination of lead, I knew to
be the difcharge of phlogifton, by which the air
Contiguous to it is diminiihedj and, as far as I
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have had an opportunity of obferving, the continu-
ance of the fame procefs, by which the grey calx
is converted into red lead, is of the fame nature,
viz. a farther difcharge of phlogifton, and confe-
quently a diminution of the air. For I threw the
focus of a burning lens upon a fmall quantity of
the grey calx of lead, placed under a receiver ftand-

ing in water; and though this operation did not
make it abfolutely red lead, it gave it a reddifli
tinge j and I found, by the teft of nitrous air, that
the air in which the experiment was performed was

confiderably injured, being not nearly io much af-
fected by nitrous air as common air is. In fact, the
calx of lead imbibes dephlogifticated air from the
atmofphere, as does the vapour of mercury in the
experiment above-mentioned.

Spirit of wine, which affects nitrous air in я
manner fimilar to the effect that oil of turpentine
has upon it, affects common air alfo in a fimilar
manner, and in both cafes alfo in a much lefs de-
gree. When I agitated a quantity of common air
in fpirit of wine, it was not much injured, but was
fenfibly affected, as appeared by its not being quite
fo much diminiihed by nitrous air as it would have
been before.

Though ether be an oil, I do not find that it lias
any power of parting with its phlogifton to com-
mon air, fo as fenfibly to injure it. To a phial half

filled



. VII. PHLOCISTICATED AIR 23!

filled with water I put a fmall quantity of ether,
and then inverted the phial in a bafon of water, fo
that the air within the phial was expofed to die in-
fluence of the ether. Things being thus circum-
ftanced^ I obferved that, after fome time, the air
was diminiihed about one third ; but being examin-
ed after it had continued a month in this fituation,
and all the ether had difappeared, the air was not
íènfibly changed. It was diminiihed as much as
before by nitrous air, and was not in the leaft de-
gree inflammable. The reafon of its apparent di-
minution could only be this, that the firft effect of
ether, as I obferved a long time ago, is to double
the bulk of any kind of air into which it is intro-
duced ; but that, in all thefe cafes, part of the in-
creafe always difappears, probably by the abforp-
tion of part of the vapour of the ether diffufed"
through it.

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

Of the Power of Oil of ïurpentine, both to phlogißi-
cate and abforb Air.

T Have obferved that oil of turpentine has the
A power notronly of diminhbing, and phlogifti-
cating, but alfo of actually abforbing a very great
proportion of common air, in a manner that is very
remarkable.

The firft time that I expofed common air to the
influence of oil of turpentine (which was about the
fame time that I was trying its effects upon nitrous
air, and which I was led to do in confequence of
obferving its remarkable power of decompofing
that kind of air) I found that when I placed a phial
of oil of turpentine with its mouth in a bafon of
the fame, leaving about one fourth of the contents
of the phial of common air, it was very confiderably
diminiihed, and without any agitation, in a few
hours, fo that it extinguilhed a candle. It had a
ftill greater effect in diminiihing dephlogifticated
ajr. At another time oil of turpentine, applied in
the fame manner, abforbed more than three fourths
of a quantity of common air j and fome oil of tur-

pentine,
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pentine, which had before imbibed a very large
quantity of nitrous air, alfo diminiihed common
air, but not in fo great a degree.

My reader will not wonder that I was exceed-
ingly furprized at this power of oil of turpentine
to abforb fo great a proportion of common air, in
the above-mentioned experiment, when lie recollecb
that in no former cafe, had I ever found that com-
mon air was diminiihed more than one fourth by
any phlogiftic procefs. But that oil of turpentine
would do much more than this, ï had repeated
proof. I have one memorandum of a quantity of
oil of turpentine abforbing five fixths of a quantity
of common air. The refiduum in this experiment
1 examined very particularly, and found it to be,
in all refpedb, the fame thing that I have deno-
minated pblogißicated air-, for it did not make lime
water turbid, was not affected by nitrous air, and
extinguished a candle. At the fame time four
fifths of a quantity of dephlogifficated air was ab-
ibrbed by the fame fluid, and the remainder ex-
tinguiihed a candle ; and, I doubt not, would have
appeared, if it had been examined, to have been
completely phlogifticated.

After this I was exceedingly puzzled to find that
I could not make a quantity of oil of turpentine ab-
ibrb more than one fourth of the common air to
which it was expofed. .Even long iiw-e, and agitation,

hud
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had no more effrft; and yet this was of the very
fame oil of turpentine that I had made uic of before.
But reflecting on the prodigious difference in thefe
refults, it occurred to me that, poffibly, the oil of tur-
pentine, in the ftace in which Ijirft madeufe of it,
might have been deprived of all air ; and being,
perhaps, capable not only of imparting phlogifton to
air, and thereby of diminifhing it in the ufual propor-
tion, butalfo of imbibing the air mjubßanoe, it had, in
the former cafe, produced both thefe effccb ; where-
as having fince that time been much expofed to the
open air, it had become faturated with it, and there-
fore could have no effect of imbibing, but only of
phlogifticating air, and conlequently of diminiihing it
•one fourth, which was the utmoft extent of other
purely phlogiftic proceflès.

In order to afcertain this, I placed a quantity of the
fame oil of turpentine under the receiver of an air-
pump ; and, exhaufting it, prefently found that it dif-
charged air in great plenty ; and immediately after
this expofmg a quantity of common air to it, in the
manner mentioned above, I found that, in the fpace
of a day, one half of it was abforbed.

In order to try whether other effential oils had the
property of phlogifticating common air, as well as oil
of turpentine, I carefully took out the corks of three
phis.!s, two of which contained oil of mint, and the
other oil of cinnamon ; and found that pieces of red-

hot
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hot wood were inftantly extinguiíhed in them all ;
fo that I was fully fatisfied that the air was phlogifti-'
cated, without conveying it into other phials through
water, which would have been attended with the lofs
of the oils.

Being employed at the fame time in making ex-
periments on taußic alkali, and other fubftances, to
afcertain their eflfecb on feveral kinds of air, I placed
under the fame receiver of the air-pump a quantity
of oil of turpentine, oîcauflic alkali, and of dißilled
water-, and found that they all contained a good
deal of air : and then, nearly filling equal phials with
each of thefe fluids, and inverting them in bafons of
the fame, fo that equal quantities of common air
were left in all the phials, expofed to equal furfaces,
and equal quantities of the feveral fluids ; I obferved
that the oil of turpentine immediately and vigoroufly
abforbed the air, fo that in a few hours it had imbib-
ed about one half of the whole quantity cxpoied to it,
while the water had imbibed but very lirtle, and the
cauftic alkali none at all that I could perceive.

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

Of the Effeu of Spirit of Nitre on Air.

T have fufficient proof, that the nitrous acid, both
A when combineras it generally is, with water, and
likewife when exhibited in the form of vapour, or
air, is fo loaded with phlogifton, as to be capable of
diminiihing both the common air, and the nitrous
air, which are expofed to it. This I thought to be a
fadt of a pretty extraordinary kind; it appeared fo
much fo to me, that I had expected the very contra-
ry effect from the experiments that I made upon it ;
having imagined that, fince the nitrous acid conlti-
tutes the pureft of all the kinds of air, common air
wanted nothing more than a greater proportion of this
acid to become dephlogiftcated air ; and thus I was
in hopes of being mailer of a procefs, by which I
could not only reftore vitiated air to its original pu-
rity, but even improve the purity of common air it-
felf.

But when I had got my phials with ground-ftop-
pers, I introduced the tube of one of them, into

r which
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which I had put fome ftrong fpirit of nitre, under the
edge of a fmall jar, filled with air that had been in-
jured by putrefaction, about a year before ; and,mak-
ing it boil, forced the hot fumes to rife into, and
mix with it, for a confiderable time, till the acid
feemed to be almoft expelled from it; but I could
not perceive that the air was fenfibly altered by this
operation. It was no more diminilhed by nitrous
air than it had been before.

Then it occurred to me that I had, at that very
time, a very good opportunity of afcertaining the ef-
fect of the fumes of fpirit of nitre on common air, by
means of a quantity of ftrong fmoking fpirit of
nitre, contained in a large phial, one fourth part of
which was full, and which had not been opened
for half a year ; fo that all the incloled air, which
was three fourths of the contents of the phial, had
been expofed to the vapour of the Ipirit of nitre
all that time. \

By lofing the fpirit of nitre, I might have tranf-
ferred this air into another vefiel; without any mix-
ture of common air; but not chufing to do that, I
poured it into another phial, by which means I got
a mixture, three-fourths of which was the air from
the phial, and one-fourth atmofpherical air, for
which I had to make an allowance. Examining
this mixcure by the teil of nitrous air, I found that

two
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two meafures of it, and one of nitrous air, occupied
the fpace of two meafares and a half, and a candle
would not burn in it; fo that the fpirit of nitre muß,
as I then thought, have imparted phlogifton to the
air which had been expofed to it, and in fo great a
degree, that it had become almoft perfectly noxious;
as may be eafily concluded, by allowing for the mix-;
ture of common and wholefome air with it in this ex-
periment.

That add fumes, as fu.ch, have not this effect upon
common air, I, at the fame time, afcertained, by
making the fame experiment on the air of the phial
which had contained the ftrongeft fpirit of fait; and,
I believe, for a longer time. This, however, was
in all reipects as good as common air.

Afterwards, when I had contrived to fumigate dif-
ferent kinds of air, with the vapour of fpirit of nitre,
by a fingular kind of procefs which will be mention-
ed below, I found that it had no effect whatever up-
on common air ; for in this cafe, I believe it con-
tained very little phlogifton.

I have obferved above, that common air is phlo-
gifticated by continuing a confiderable time involved
in the red vapour of fpirit of nitre. This, contrary
to my expectation, I alfo found to be the cafe with
the colourlefs, or invisible vapour of fpirit of nitre,
after all, the colouring phlogiffic matter had been

ï drive«
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driven out of it. Air that had continued only two
days in a phial with a glafs ftopper, whicli contained
fome of this colourlefs acid, was fenfibly lefs affefted
by nitrous air than common air was; and the air that
had been confined in the fame glafs tube in which
fome of the colourlefs nitrous acid had been placed
in the fand furnace only two days, though the heat had
been fo fmall as to have produced no change of colour
in theacid, was fo much phlogifticated, thac one mea-
fure of it, and one of nitrous air occupied the fpace
of ï.81 meafures.

In order to compare the effedts of the fame fpirit
of nitre on common and on dephlogifticated air, I
once, for about a fortnight, expofed two half-ounce
phials, nearly filled with the ftrongeft brown fpirit of
nitre, one of them to a quantity of common air, and
the other to about an equal quantity of dephlo-
gifticated air ; and I obferved that the air in each of
thefe cafes was diminilhed in about the fame propor-
tion, and that the dephlogifticated air was confider-
ably injured. The furface of the fpirit of nitre in each
of the phials was become much lighter-coloured than
before, and the brown colour had, throughout, intire-
ly difappearcd; owing, as I then thought, to its hav-
ing parted with its phlogiftonj and what I thoughtr
fomething remarkable, clouds of fome whitifli mat-
ter, not much unlike flowers of zinc, floated on the

furface
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furface of the fpirit of nitre in both the phials. The
quantity of acid was fenfibly diminiihed in both j and

carefully pouring off the upper and lighter-coloured
part of the acid in both the phials, I found that they
yielded nitrous air in nearly the fame proportion,
which was us, four to nine, of what they had done be-
fore; while the ftronger part of the acid, at the bot-

tom of the phials, yielded nitrous air in the propor-
tion ofjeven to nine of what they had done before.

I have found air to be diminiihed by the effluvia
of'nitrous ether. For the air which had been confined
about a week, in a bottle in which a quantity of ni-

trous ether had been kept, was fo much injured,
that two meafures of it, and one of nitrous air, oc-
cupied the fpace of two meafures and a half. As I
let a good deal of common air into the phial, at the
fame time that (not chufing to lofe it) I poured the

ether out of it into another phial, I conclude that the
air in the phial was almoft perfectly noxious.

I alfo found that air was injured by being expofed

to frefli melted nitre. I had been led to make this
experiment by obferving that nitre, when it is fufed
by heat, yields air. Seeing this, I had the curiofity
to try whether it would recover the air it had loft by
being expofed to the common air, and at the fame
time to obferve what effeft this expofure would

have upon the common air, in order to judge what

it
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it was that nitre, in tliofe circumftances, took from
the air. And I find that common air, expofed to
nitre in thefe circumftances, is a little injured, but
with fuch circumftances attending the proof of it, as í
had never obferved before, and which I cannot well
account for, The fafts were as follow.

I melted about an ounce of nitre in a crucible, and
immediately placed it under a receiver ftanding in
water, where it prefently became folid. The next
morning I examined the air in which it had ftood,
and found it to be not fo good as common air.

Afterwards I melted fome nitre in a glafs-
phial, and the veflel being broken by die expanliort
of the nitre in cooling, I expofed the nitre to a quan-
tity of air confined by water, fo that the common air
had accefs to it on all fides ; whereas, in the former
experiment, it had been contiguous to it at its fur-
face only. After about a week I examined this air,by
the teft of nitrous air, and found it to be confiderably
worfe than common air ; two meafures of it; and one
of nitrous air, occupying the fpace of two meafures
only : whereas the mixture of common air made at
the fame time, and with part of the fame quantity of
nitrous air, was diminiihed as much as ufual. I did
not carry this experiment any farther, as I did with
another quantity of common air, which had likewife
been expofed about a week to melted nitre in the
fame, circumftances,

VOL. II. R Two
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Two meafures of this air, and one of nitrou^
at firft occupied the fpacc of little more than two
meafures ; but it kept continually approaching to
the degree of diminution of a mixture of common
air made at the fame time» till after four days the
difference between them was very final). "Whether
after a longer time theft: two mixtures would have
been reduced to the very fame dimenfions, I cannot
tell. I made no more experiments of this kind, nor
have I, in any other refpeeV, puifued this fingular
kind of fact any farther.

I obferved that the vapour of marine acid does
not injure air, and I had the faireft opportunity of
trying this; when I had expofed a quantity of this
acid, in a glafs tube hermetically fealed, during feve-
ral months, to a fand heat. For the air within this
tube, being examined fevcral months after k lud been

expofed to that heat, was found to be not at all in-
jured. The air which had been confined along with
vinegar in the fame manner, and the lame fpace of
time, was fo ihr injured, that, with an equal.

'quantity of nitrous airx the measures-: of the teÇL
were 1.44.

SEC-
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S E C T I O N X .

Air injured by the Effluvium of Water freß> dißilled.

TVTOTWITHSTANDING it has been a max-
"•A-^I im with chemifts, that water contracb no
union with phlogifton, it is acknowledged that water
freih diftilled acquires fomething of an empyreuma-
tic nature, which gives it an unpleafant flavour, and
which goes off by expolûre to the open ain That
this volatile principle is phlogifton I thought that I
had afcertained by expofing air to the influence of iu

I took water freih diftilled in copper^ and foiled
a phial about half full of it, and examining the air
w, ithin the phial about a month afterwards, I found
it fo much phlogifticatedj that one meafure of it and
one of nitrous air occupied the Ipace of 1.32
meafures $ when, with the lame nitrous air and com-
mon air, the fame meafures were ьаа.

In this cafe it might be fufpecbd that the phlo-
gifton came from the copper, But at the fame
time I made a fimilar experiment, with a fimilar fe-
fultj on water diftilled in glafs. In this cafe ther«
Was more air, and a fmaller quantity of water in the
plual, but the time of expofure was nearly the fame*

R 2 and
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and with^this air the meafures of the teil were 1.26.
It is probable that with more water, more time,
and lefs air, the refult would have been more confi-
dcrably in favour of the water having acquired
phlogifton in the aft of evaporation, without any
communication with fubftances that are thought to
contain it. This experiment, however, isfufficiently
fimilar to the others I have recited, in which mere
beat had the fame effect as the communication of
phlogifton. However, the true explanation of thefe
appearances.is, that water freib tliftilled, is difpofed
to imbibe pure air, which, accordingly, may be ex-
pelled from water that has been long expofed to it.

To thefe obfervations on the phlogiftication, as I
have called it, of air by means -of water, I fhall add
others in which phlogifticated air was, in fome degree,
purified by agitation in it; which, though I did not
fuípeélit at the time, muft have been owing to purer
air from the water, mixing with the more impure air
agitated in it.

Having rendered inflammable air perfectly in-
noxious by continued agitation in a trough of
•water, deprived of its air, 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 ftand-
ing. I lhall oblerve once for all, that this procefs
has never failed to reftore any kind ofwxious air on

which
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which I have tried it, viz. air injured by refpiration
or putrefaction, air infected with the fumes of burn-
ing charcoal, and of calcined metals, air in which a
mixture of iron filings and fulphur, or that in which
paint made of white lead and oil, has ftood, or air
which has been diminifbed by a mixture of nitrous
air. Of the remarkable effect which this procefs
has on nitrous air itfelf, an account lias been given in
its proper place.

If this procefs be made in water deprived of air,
either by the aigr-pump, by boiling, or by diftillation,
or if frefli rain-water be ufed, the air will always be
diminifhed by the agitation; and this is certainly
the faireft method of making the experiment. If
the water be frefli pump-water, there will always be
an increafe of the air by agitation, the air contained
in the water being fet loofe, and joining that which is
in the jar. In this cafe, alfo, the air has never failed
to be reftoredj but then it might be fuipected that
the melioration was produced by the addition of
fome more wholefome ingredient, AS thefe agita-
tions were made in jars with wide mouths, and in a
trough which had alargefurface expoiedto the com-
mon air, I take it for granted that the noxious ef-
fluvia, whatever they be, were firft imbibed by the
water, and thereby tranfmitted to the common at-
mofphcrc. In fomc cafes this was fufficiently indi-

R cated
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cated by the difagrecable fmell which attended the
«peration.

I fhall conclude this feclion with obferving, that
I have found a remarkable difference in different
kinds of water, with refpedt to their effbSl on com-
mon air agitated in them, and which I am not yet
able to account for. If I agitated common air in the
water of a deep well, near my houfe in Calne, which
is hard, bqt clear and fweet, a candle would not burn
in it after three minutes. The fame was the cafe with
the rain-water, which I got from the roof of my
houfe. But in diftilled water, or the water of a
fpring-well near the houfe, I agitated the air about
twenty minutes, before it would be fo much injured,
It may be worth while to make farther experiments
with refpedt to this'property of water.

S E C -
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S E C T I O N X L

Of the Effluvia of Flowers in Air.

H E aftion of a plant confidered as fimply гг-
gltating in air is a thing quite different from the

effe-Er. that the exhalation of the flowers, and perhaps
other particular parts of the plant, may have upon it.
Smell, the old chemifts faid, was an indication of phlo-'
gifton, and I find that the moft delicate flowers in-
jure the air much more than I had imagined. No-
thing is fweeter than a rofe, and yet the fragrant ef-
fluvia of it is far from being favourable to the air in
which it is confined.

On the 25th of June I confined a full blown red
rofe in about four ounce meafures of common air,,
having covered it with a fmall glafs jar (landing in
water; and I obferved that, the next day, the air
was fo much injured, that one meafure of it, and
another of nitrous air occupied the fpace of 1.75
meafures ; fo that I doubt not that any animal would
have expired immediately on being put into it. The
(day following the meafures of the teft were 1.9, and

R 4 the
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and the day after ibmething more. Notwithftand-
ing this, when the rofe was withdrawn, it did not
feem to have loft any thing of its agreeable fra-
grance.

S E C T I O N XII.

Of the JLffctt of the ekiïric S f ark on Air.

A I R is diminifhed. and rendered noxious by
•f"*- the define fpark, though I had no expecta-
tion of this event when I made the experiment.

The experiments which I made with electricity
were folely intended to afcertain what has often been
attempted, but, as far as I know, had never been
fully accompliihed, viz. to change the blue colour
of liquors, tinged with vegetable juices, red.

For this purpofe I made ufe of a glafs tube,
about one tenth of an inch diameter in the infide,
as in PI. II. fig. 16. In one end of this I cement-
ed a piece of wire b, on which I put a brafs ball.
The lower part from a was filled with water tinged
blue, or rather purple, with the juice of tnrnfole,

or
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or archil. This is eafily done by an air-pump,
the tube being fet in a veflèl of the tinged water.

. Things being thus prepared, I perceived that,
after I had taken the electric fpark, between the
wire b, and the liquor at a, about a minute, the
upper part of it began to look red, and in about
two minutes it was very manifeftly fa ; and the red
part, which was about a quarter of an inch in length,
did not readily mix with the reft of the liquor. I
oblèrved alfo, that if the tube lay inclined while
I took the fparks, the redncfs extended twice as far
on the lower fide as on the upper.

The moft important, though the leaft expected
obfervation, however, was that, in proportion as
die liquor became red, it advanced nearer to the
wire, fo that the fpace of air in which the fparks
were taken was diminiihed -, and at length 1 found
that the diminution was about one fifth of the
whole ipace ; after which more electrifying pro-
duced no fenfible effect.

To determine whether the caufe of the change
of colour was in the air, or in the ekffric matter^
I expanded the air which had been diminiihed in
the tube by means of an air-pump, till it expelled
all the liquor, and admitted frcih blue liquor into
its place; but after that, electricity produced no
jfcnfiblc effect, either on the air, or on the liquor j

fo
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ío that, as I then thought, it was evident, that the
electric matter had decbmpofed the air, and had
made it depofit fomething that was of an acid na-
ture. But Mr. Cavendiih has proved that nitrous
acid was formed in this procefs by an union of the
dephlogifticated and phlogifticated air in common air.

In order to determine whether the wire had
contributed any thing to this effect, I ufed wires
of different metals, iron, copper, brafs, and lilver ;
but the refuk was the very fame with them
all.

It was alfo the fame when, by means of a bent
glafs tube, I made the electric fpark without any
wire at all, in the following manner. Each leg
of the tube, PL II. fig. 1.9, ftood in a bafon of
quickfuver; which, by means of an air-pump,
was made to afcend as high as a, ay in each leg,
while the fpace between a and b in each contained
the blue liquor, and the fpace between b and b con-
tained common air. Things being thus difpofed,
I made the eleelric fpark perform the circuit from
one leg to the other, palling from the liquor in
one leg of the tube to the liquor in the other leg,
through the fpace of air. The effect was, that the
liquor, in both the legs, became red, and the fpace
of air between them was contracted, as before.

Air
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Air thus dimimlhed by electricity makes no ef-
fervefcence with, and is no farther diminiihed by,
a mixture of nitrous air ; fo that it muft have been
in the higheft degree noxious, exactly like air di-
miniihed by any other procefs.

I took the electric fpark in common air confined
by quickfilver; and then, admitting to it water
tinged blue with the juice of turnfole, it became
red in the fpace of a day and two nights, but the
colour did not change prefently. Alfo, after this
the diminution was greater than it had been be-
fore.

Having taken the electric fpark in common air
upon quickfilver, as before, it was prefently dimi-
niihed as ufual i and the next day without any far-
ther electrification, the diminution was more con-
fiderable. The third day I admitted to it the
juice of turnfole, and in about an hour it appeared
to be red at the top, but was not fenfibly diminiih-
ed more than before. In lefs than a day it became
wholly red, and then no farther diminution was ap-
parent. /

I took a quantity of water which had been made
blue with the juice of turnfole, and which had been
made feemingly red with the electric fpark, taken
in the common air over it; but, on mixing all
the parts of it together,, it refumed its blue colour

(the
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(the blue colouring matter having only fubfided to
the bottom) fo that alteration in the conftitution of
this liquor by this procefs, though manifeft to the
eye, is not, in faót, fo very confiderable. It is
evident, however, from the preceding obfervations,
that it could not be the mere concußon given to
the air by the fpark, or Ihock, that had this effecl:
upon it; becauie when the air was completely
diminiihed, the fpark or ihock had no effect, and
jthe liquor turned red when it was admitted to the
fur a long time after the operation of the elecbic
fpark upon it, while it was confined by quick,,
filver.

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

Of the Ej/e£ï of putrid Marjhes on Air.

О thefe fedtions on the fubjeft of .diminiihed,
and noxious air, or as it might have been

called fhlogißicated air, I ihall fubjoin a letter which,
I addrcfled to Sir John Pringle, on the noxious
quality of the effluvia of putrid marihes, and which
was read at a meeting of the Royal Society, Decem-
ber 16, 1773.

This letter, which is printed in the Philoibphical
Traniaftions, vol. 74, p. 90, is immediately fol-
lowed by another paper, to which I would refer
my reader. It was written by Dr. Price, who has
fo greatly diftinguiihed himfelf, and done fuch emi-
nent fervice to his country, and to mankind, by his
calculations relating to the probabilities of human
life, and was fuggefted by his hearing this letter
«ead ar the Royal Society. It contains a confirma-
tion of my obfervations on the noxious cffccb of
ftagnant waters, by deductions from Mr. Muret's
account of the Bills of Mortality for a pariih fituatecj
among marihes, in the diftrict of Vaud, belonging
to the Canton of Bern in Switzerland. • '

To



O B S E R V A T I O N ^ ой Part Iît

To Sir J O H N P R I N G L Ë , Baronet,

DEAR SIR,

Having purfued my experiments on diffèrent
kinds of air considerably farther, in feveral refpecb,
than I had done, when I prefented the laft account
of them to the Royal Society -, and being encouraged
by the favourable notice which the Society has
been pleafed to take of them, I fliall continue my
communications on this fubjeól. But) without wait-
ing for the refuk of a variety of proccfles, which
I have now going on, or of other experiments,
which I propofe to make, I Ihall, from time to
time, communicate fuch detached articles, as I
ihall have given rlie moil attention to, and with
relpect to which, I fliall have been the moil fuc-
cefsful in my enquiries.

Since the publication of my papers, I have read
two treatifes, written by Dr. Alexander, of Edin-
burgh, and am exceedingly pleafed with the fpirit
of philofophical inquiry which they difcover. They
appear to me to contain many new, curious, and
valuable oblervations} but one of the concluftonsj
which he draws from his experiments, I am fatif-
fied> from my own obfervations, is ill founded, and

from
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from the nature of it, muft be dangerous. I
mean his maintaining, that there is nothing to be ap-
prehended from rhe neighbourhood of putrid
marfhes.

I was particularly furpriled, to meet with fuch an
opinion as this, in a book infcribed to yourfelf, who
have fo clearly explained the great mifchief of fuch
a fituation, in your excellent treatiiê on the dijeafts of
the army. On this account, I have thought it not
improper to acfdrefs to you the following obierva-
tions and experiments, which I think clearly demon-
ftrate the fallacy of Dr. Alexander's reafoning, in-
difputably eftabliih your doctrine, and indeed juilify
the apprehenfions of all mankind in this cale.

I think it probable enough, that putrid matter,
as Dr. Alexander has endeavoured to prove, will
preferve other fubftances from putrefaction ; becaufe,.
being already faturated with the putrid effluvium, it
(annot readily take any more; but Dr. Alexander
•was not aware, that air thus loaded with putrid ef-
fluvium is exceedingly noxious when taken into
the lungs. I have lately, however, had an oppor-
tunity of fully afcertaining how very noxious lucli
air is„

Happening to ufe at Calne, a much larger
trough of water, for the purpofe of my experiments,
than I had done at Leeds, and not having freih water
fo near at hand as I had there, I neglgued to change

r it,
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it, till it turned black, and became olfenfive, but by
no means to fuch a degree, as to deter me from
making ufe of it. In this ftate of the water, I ob-
íèrved bubbles of air to rife from it, and efpecially in
one place, to which fome lhelves, that I had in it,
directed themj and having fet an inverted glafs
vefíèl to catch them, in a few days I collected a con-
fiderable quantity of this air* which iflued fponta-
neoufly from the putrid water ; and putting nitrous
air to it, I found that no change of colour or dimi-
nution enfued, fo that it muit have been, in the
higheft degree, noxious. I repeated the iãme ex-
periment feveral times afterwards, and always with,
the fame refult.

After this, I had the curiofity to try how whole-
fome air would be affected by this water j when, to
my real furprife, I found, that after only one mi-
nute's agitation in it, a candle would not burn in it;
and, after three or. four minutes, it was in the fame
ftate with the air, which had iffued fpontaneouily
from the fame water.

I alfo found that common air, confined in aglaf»
veflèl, in conta£i only with this water, and without
any agitation, would not admit a candle to burn in it
after two days.

Thefe facts certainly demonftrate, that air which'
either arifes from fbgnant and putrid water, or
which has been for fome time in contact with ity

mult
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muft be very unfit for refpiration ; and yet Dr.
Alexander's opinion is rendered fo plaufible by his
experiments, that it is very poffible that many per-
lons may be rendered fecure, and thoughtlefs of dan-
ger, in a fituation in which they muft neceflarily
breathe it. On this account, I have thought it
right to make this communication as early as I con-
veniently could} and as Dr. Alexander appears to
be an ingenuous and benevolent man, I doubt not
but he will thank me for it.

I am, ore.

In all the preceding experiments, there is a re-
markable diminution of common, or refpirable air, in
proportion to which it is always rendered unfit for
refpiration, indifpofed to eflfervefce with nitrous air,
and incapable of farther diminution from any other
caufe.

All thefe procefies, I obferved, agree in this
one circumftance, and I believe in no other, that
tfie principle which the chemifts call phhgißon is fet
loofe ; and therefore I concluded that the diminution
of the air was, in fome way or other, the confequencc
of the air becoming overcharged with phlogifton,
and that water, and growing vegetables, tend to re-
Itore this air to a ftate fit for refpiration, by imbib-
ing the fuperfiuous phlogifton.

For this reafon I faid, in the firft account of thefe
experiments, if it was thought convenient to intro-

VOL. II. S duce
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duce a new term (or rather make a new application
of a term already in ufe among chemifts) it might
not be amifs to call air that has been diminiihed,
and made noxious by any of the procefles above
mentioned, or others fimilar to them, by the com-
mon appellation of phlogiflicated air,

Mr. Lavoifier, however, has proved that in all
thefe fhlogcfiic proceffes, as I termed them, of air,
the purer, or dephlogiilicated part of it, is abforbed,
though he does not admit that any thing is emit-
ted. In what I ilull advance on the fubjeft of

phlogifton, reafons will be given for concluding
that botli thole things take place at the fame, de-
phlogifticated air uniting with the phlogifton emit-
ted from the fubftance to which the air is expofed,
anti forming with it either nitrous acid, or fixed
air.

P A R T
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P A R T III.

MISCELLANEOUS OBSERVATIONS RELATING то
PHLOCISTICATED AIR»

S E C T I O N I .

ï. Of tbe Purity of Air in different CircUmßances,

\71 THEN I firft difcovered the property of nt-
V V trous air as a teil of the wholefomenefs of

common air, I flattered fnyfelf. that it might be
of coniiderable practical ufe, and particularly that
the air of diftant places and countries might be
brought and examined together, with great eafe
and fatisfaélion j but I own that hitherto I have
rather been difappointed in my expectations from
it. My own obíèrvations have not, indeed, been
many ; but according to them the difference of the
open air in different places, as indicated by a mix-
ture of nitrous air, is generally inconfiderable ; and

Sa I have
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I have reafon to think that when veiy unwholefomç
air is conveyed to a great diftance, and much time
elapfes before it is tried, it approaches, by fome
means or other, to the ftate of wholefome air. At
kail fuch I found to ' be .the worff air that has
at any time been fent to me into Wiltihire from dif-
tant manufacturing towns and workihops, &rc. in
them, where the air was thought to be peculiarly
unwholefome. I am fatisfied, however, from my
own oblcrvations, that air may be veiy oftenfive
to the noftrils, probably hurtful to the lungs (and
perhaps aljo in confequence of the prefence of
phlogiftic matter in it) without the phlogifton be-
ing fo far incorporated with it, as to be difcoverablc
by the mixture of nitrous air.

I gave' feveral of my friends the trouble to fend
me air from diflant places, cfpecially, from manu-
facturing towns, and the worft they could rind to
be actually breathed by the manufacturers, fuch as
is known to be exceedingly offenfivc to thofe who
vifit them ; but when I examined thole fpecimens-
of air in Wiltihire, the difference between them
and the very beft air in this county, which is
cfteemed to be very good, as allb the différence
between them and /pecimens of the beil air in the
counties in which thofe manufacturing towns arc
fituated, was very trilling.

Mr.
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Mr. Boulton of Birmingham was fo obliging as
to fend me a great variety of fpecimens of air from
that manufacturing town, along with an account
of his own examination of them by the teft of ni-
trous air. I ihall only note his account of four
of the fpecimens, including the beil and the worft,
and reducing his numbers to my own.

Mcafures.

The air in a garden леаг the new church 1-39
The bottom of the old church ileps, very "

low and clofe
The middle of Mr. Taylor's manufactory
The horn button manufactory - -

When I examined them myíêlf, on the ï ath of
December, 1777, the former was as nearly as pof-
fible the fame with the air of pretty high ground
in Wiltíhirej fo that the difference between the
v/orft air in the manufactories at Birmingham, and
very good air was .06. On the jd of July fol-
lowing, I examined the remainder of the lame fpe-
cimens of air again, and found the difference between
them and good air to be .02 ; and at the end of*
October it was only .01.

Dr. Percival alfo was fo good as to fend me
feveral fpecimens of air from Mancheilcr, and one
from his country houfe at Hart-hill, about three
miles from Mancherlei-, the higheft and health ieft
•ßtuation in -that part of the country. The air of

S this
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this place was nearly the fame with that of Wilt-
Ihire; and when I examined the ipecimens he
fent me on the jd of July, 1778, the meafures
of the teft for this air were i.v.j, of the air from
a weaving ihop in Manchester 1.305, and of the

marketplace 1.295. The difference therefore be-
tween the former and pure air was only .035, and

of the latter only .025.

The worft air that I have yet found breathed by

men, and that was fent from a diibnce, was from
a coal-pit in the neighbourhood of Briftol. For
the difference between good air and that which was
taken in the ihaft of the pit ten yards below the
mouth was .07, and between the fame and that

which was taken where the men were at work
was .21.

Mr. William Vaughan took the trouble to pro-
cure me a fpecimen of air from a calico printing

houfe, which was exceedingly ofFenfive, and I have
no doubt of its having been taken very properly,
and having been well fecured from all communica-.
tion with the external air j and yet when I examin-
ed it in Wiltlhire the difference between it and
good common air was only .02.

Mr. S, Vaughan, fenior, on his paflage from
Jamaica, brought me two bottles of air, one from
the hold of the ihip, intolerably ofFenfive, the other
the frcih air above deck about 30' N. but the dif-

ference
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fererite between thefe fpecimens of air, and the air
of Wiltshire, was quite inconfiderable.

I have frequently taken the open air in the
moft expofed places in this country at different times
of the year, and in different fiâtes of die weather, &c.
but never found the difference fo great, as the in-
accuracy arifmg from the method of making the
trial might eafily amount to, or exceed.

u. Of the State of the Air in Hot-houfes.

There is generally a fenfe of opprefiion, or dif-
ficult refpiration, felt on entering a hot-houfe, which
feems to proceed from fomething different from
mere heat; for we feel nothing of that fenfation
in an equally warm, well aired room; but my
obfervations on this kind of air would not have
indicated any fuch thing. On the 3d of June,
1778, I took the air in three feveral hot-houfes
adjoining to each other, but having different de-
grees of heat, and found that one mer.fure of that
air and one of nitrous air occupied the fpace of
1.29 meafures; when the refult of the fame ex-
periment with the external air, taken at the fame
time, was 1.27, a difference certainly very incon-
iiderable.

S 4 3. Of
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3- Of the. State of the Air in Dimng-Rooms.

Large and lofty rooms are generally preferable to
imall and low ones. But this is only the cafe when
the fame company confine themfelves in it the fame
ipace of time, with the doors, &c. ihut; for, having
more air to breathe, it will certainly require more
time to contaminate it. But when the company is
large, or procefles are going on that will effectually
contaminate the air (as many candles burning in the
room, hot viótuals, continuing a long time upon the
table, &c.) afmall room is much preferable, unlefs
there be an opening in the top of the large room,
that will eafily promote a change of air in it. Be-
çaufe the :occafional opening of the door in a fmall
room will generally produce a fufficient change of а
great part of the air j whereas the height of the door
bearing but a fmall proportion to theheight ofa large
find well proportioned dining room, the opening of
the door, or even its continuing open, has very little

^ffeft, T he extreme offenfiveriefs of the air inthefe
circumftances is not perceived by perfons who
fit in it from the beginning, but it is immediately per-
ceived by perfoqs who ftep out of the room, and
return to it,

5 Dining
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Dining one time in a company of not more than
eight or ten perlons, in a large and very lofty, room;
and being called out prefently after the cloth was re-
moved, I was much ftruck with the offenfivenefs of
the air on my return j and being willing to afcertain
the degree in which it was injured, I took occafion on
fome pretence or other, to pour the water from one
full decanter into another, and putting in the ftopper,
faw that nobody opened it till the company feparated.
I then took the decanter into my laboratory, and ex-
amined the air at my leifnre; when it appeared to be
much contaminated. For one meafure of this air,
and one of nitrous air, occupied the fpace of one
1.31 meafures; when the fame experiment being
made with the air of a well ventulated room in the
fame houfe, the meafures were 1.25. At the fame
time I breathed a quantity of air till it jufl extin-
guiihed a candle, and found that the meafures were
1.43. So that, had .the air of the dining room re-
ceived a little more than twice as much more phlogif-
tic matter, as it was charged with by the breathing of
thefe eight or ten perfons, the effluvia of the victuals,
&c. a candle would not have burned in the room. I
would advife, therefore, that when fuch large dining
rooms are built, provifion be made for letting out
the vitiated air at the top of them. For breathing
fuch contaminated air fo long a lime as 'it is now

the
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the cuftom to do, at and after dinner, muft be very
hurtful. Otherwife if it were not inconvenient on
other accounts, it would be better to have the dinner
in one room, and the defert in another.

S E C T I O N I I .

Of the Manner in wbich Air is pbkgifticated by Means
of inflammable Air.

T TAVING been led by various experiments to
AA expect, and even to believe, that common air
is ufually phlogifticated by actually decompofing a
fmall quantity of inflammable air, admitted to it in
its nafcent ftate (notwithftanding large quantities of
inflammable air ready formed have no lenfible effect
upon it) I wiihcd to afcertain fo extraordinary a fait,
by fome experiments of a more decifive nature, and
with that view I made the following.

Firft I took a pot of iron filings and fulphur,
which I had found to have been in a ftate of yielding
inflammable air in water about three months, and

which
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which I therefore prefumed would continue for fome
time in the fame ftate. This pot bejng introduced
to a quantity of common air made no addition to it,
but diminiihed it, and phlogifticated it as ulual.

I then took a quantity of this mixture, which had
yielded inflammable air many months, in a vefiel of
water. On the 22d of September I introduced fome
common air into the vefíêl in which it was contained,
and on the a6th of October I obferved that, though
this mixture, now covered with water, liad thrown
up bubbles of air, which mixed with the common air
on the furface of the water, that air was fenfibly di-
miniihed, though not more than one tenth in all,
and being examined was found to be phlogifticated,
and to have nothing inflammable in it. At the
fame time a quantity of dephlogifticated air, expofed
in a fimilar manner, was diminiihed from eleven and
a half to one third j and from having been very pure,
the meafures of the teft, with two equal quantities of
nitrous air, were now 1.24, A candle burned in it
better than in common air, but there was nothing
inflammable in it.

But the moil decifive experiment that I made of this
kind was the following. A quantity of iron filings
and furphur were mixed, and put into a phial filled
tip with water, on the 24th of June 1779, and on
the 25th of July following it had yielded a quantity
of inflammable air, which was then all taken out;

and
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and on the lid of September more inflammable air
was produced,about two ounce meafures in all. Having
by this means fatisfied inyfelf that this mixture was
in a ftate of yielding inflammable air, I introduced to
it a quantity of common air (the phial having been
always kept inverted in a bafon of water) and on the
26th of Oftober I found the common air verycon-
fiderably diminiihed. This air then being thrown
out, the mixture was kept in the phial, now filled
with water. In thefe circumftances, it continued to
yield air, and when an ounce meafure and a half
was produced, which was on the 24th of March
1780, I examined it, and found it to beftrongly in-
flammable. There could therefore be no doubt
but that the common air in this experiment had
been diminiflied and phlogifticated by an addition of
inflammable air in its nafcent ftate, or rather after it
was completely, though but newly formed.

I do not by any means infer that, becaufe com-
mon air was diminiihed in this cafe, in confequence
of an acceffion of inflammable air in its nafcent
ftate, that it is never diminiihed in any other man-
ner j but perhaps it will be found that all the fub-
ftances which we know to phlogifticate common
air are likewife capable of yielding inflammable
air, if not in the temperature of the atmofphere,
at leaft by means of heat, or in fome other pro-
çefs. This I found to be the cafe with metals,

and
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and it has been feen to be fo> in one inftance, with
liver of fulpluir, and it is remarkably the cafe with
all putrefactive fubftances. Vaults containing hu-
man excrements are often found to abound with in-*
flammable air, and they, like other putrefactive
fubftances, diminifh common air.

The preceding experiments on the phlogiftica-
tion of common air by means of inflammable air,
led me to try whether a degree of heat ihort of ig-
nition would not make a quantity of inflammable
air, ready formed, part with its phlogifton to com-
mon air. For this purpofe I mixed two thirds of
common air with one third of inflammable air, and
I kept them as hot as I could do without melting
the glafs veflel in which they were contained feveral
hours; but afterwards they occupied the fame
dimenfions as before. This air was confined in a
glafs jar, the upper part of which was furrounded
with hot coals, by means of the infiniment PI. III.
fig. 4.

I then tried what length of time would effect in this
cafe; but though I always found a very fenfible,
and fometimes a confiderable diminution, the phlo-
giftication was never completed, and the progrefs
of it always flopped, without ever proceeding far-
ther in any length of time afterwards. The follow-
ing facts in proof of this it may be jufl worth while
to recite.

A mixture
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A mixture of one third inflammable air and two
thirds common air, which had been confined by
water from thejoth of June 1779, was diminiihed
the 18th of March 1780 one twelfth, and burned
with a lambent blue flame.

A mixture of one third inflammable air and two
thirds common air, from fome time in the month
of June 1779, was diminiihed one thirteeenth on
the 20th of July 1780 ; but it had been diminiihed
nearly as much on the £th of Oftober preceding«
It burned with a confiderable explofion.

Another quantity, one third inflammable air from
marines, and two thirds common air, from the
fame time, was diminiihed one tenth -, but on the
18th of March preceding it was diminiihed one
twelfth, and then burned with a blue flame. On
the 20th of July 1780, it burned in the very fame
manner. ;

Exactly fimilar to thefe were die experiments
that I made with various mixtures of dephlogifti-
cated air and inflammable air. Air one half in-
flammable and one half dephlogifticated, mixed in
June 1779, was on the aoth of July 1780 diminiih-
ed one fifth ; but it had been diminiihed two thirds
of this the 4th of Oftober preceding. It burned with
a confiderable explofion.

Another mixture of the fame kind, and made at
the fame time, was, on the ;jd of July 1779, dimi-

niihed
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niíhed two elevenths, and on the firft of January
17 80, it was diminished two fifteenths more. On the
2Oth of July 1780, it was in the very fame ftate, and
burned with a very confiderable explofion.

S E C T I O N H I .

Of the Effett of Water on pblogißicaled Air.

T N the infancy of my experiments I concluded,
A that all kinds of air were brought by agitation in
water to the fame ftate, the pureft air being partially
phlogifticated, and air completely phlogiflicated
being thereby made purer ; inflammable air alfo
lofing its inflammability, and all of them being
brought into fuch a ftate, as that a candle would
juft go out in them. This inference I made from
all the kinds of air with which I was then acquaint-
ed, and which did not require to be confined by
mercury, being brought to that ftate by agitation in
a trough of water, the iuríàce of which was expofed
со the open air ; never imagining that when the air

ï .in
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in my jar was feparated from the common air by a
body of water, generally about twelve inches in
depth (adding that within to that without the jar)
they could have any influence on each other. I
have, however, been long convinced that, impro-
bable as it then appeared to me, this is aftually the
cafe, though a faft fo remarkable well deferves to
be farther attended to.

As I have no where recited, any experiments
which prove that this change in the itate of the air,
agitated in water, depends upon that water having,
fome communication with the atmofphere, I ihall
do it here, after an account of fpme other experi-
ments, from which it is equally evident that, not-
withftanding every poffible precaution, the air will
be changed if there be that communication.

I agitated, a quarter of an hour, about three
ounce meafures of air, phlogifticated with nitrous
air, in a veflèl containing twenty ounces of water,
which had been boiled feveral hours, and while it
was very warm ; after which it was diminifhed one
fixth, and was fo much improved, that the ftandard
of it was 1.74. The next day I agitated the re-
mainder of it another quarter of an hour in the
water'which had been boiled at the fame time, when
it was diminifhed about one tenth, and the ftandard
of it was ï.57.

lalfo
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I alfo agitated the fame quantity of air, phlogif-
ticated with iron filings and fulphur, in the fame
manner twenty minutes, when it was diminilhed
one feventh, arid the ftandard of it was 1.66.

I afterwards expelled a little air from, the water in
which this air had been agitated ; and from that with
which the firft of thefe experiments was made, I got
air, the ftandard of which was 1.66; and from the
water in which the fécond experiment was.made, air
pf the ftandard, of 1.33. In this a candle would
have burned. It is evident, from the diminution of
the air in thefe experiments, that part of it is ab-
forbed by the water. But it is no lefs evident, as
will appear by the next experiment, that the place
of fome part of the air which had been abforbed
was fupplied by a purer air, which the water had
imbibed from the atmofphere. That water does
imbibe the purer part of atmofpherical air, in pre-
ference to that which is impure, is evident from
the air that is expelled from it by heat. For if the
water be clear, and free from any thing that is putref-
cent, the air expelled from it is generally of tlie ftan-
dard of i.o j whereas, that of the atmofphere,
when the nitrous air is the pureft, is about 1.2.

But the experiment which decifively proved that
my former conclufion was fallacious was the follow-
ing. After expelling all air, by boiling, from a

VOL. II. T quantity
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quantity of water, I put to itr, in feparate phials,
air that had been phlogifticated with iron filings
and iûlphur ; and corking them very well, I left
them with their mouths in water, and оссайоп-
ally agitated them. After about two months I
examined them, and I found both the air that was
confined by the water, and alfo that air which by-
heat I expelled from the water, completely phlo-
gifticated. The iame was the refult of a fimilar
experiment, in which the air had beea expellee!
from the water by the air-pump.

B O O K
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B O O K V I .

UP SOME K I N D S OF AIR THAT ARE REA-
DILY ABSORBED BY WATER.

P A R T I .

OF MARINE ACID AIR.

S E C T I O N I .

'•The Wjtory of the Difcovery of this Kind of Air.

T>EING very much ftruck with the refult of
JD an experiment of Mr. Cavendiih's, related Phil.
Tranf. Vol. LVI. p. 157, by which, though, he
fays, he was not able to get any inflammable air
from copper, by means of fpirit of fak, he got a
much more remarkable kind of air, viz. one that
loft its elafticity by coming into contait with water,
I was exceedingly defirous of making myfelf ac-

T 2 quainted
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quainted with it. On this account, I began with
making the experiment in qtiickfilver, which I never
failed to do in any caie in which I fufpected that
air. might either be abforbed by water, or be in any
other manner aftecbd by it; and by this means I
prefently got л much more diftincl idea of the na-
ture and effcfts of this curious iblution.

Having put fome copper filings into a fmall
phial, with a quantity of fpirit of fait; and making
the air (which was generated in great plenty, on
the application of heat) afcend into a tall glafs vef-
fel full of quickfilver, and ftanding in quickfilver,
the whole produce continued a confiderable time
without any change of dimenfions. I then intro-

duced a quantity of water to it ; when about three
fourths of it (the whole being about four ounce
mcafures) prefently, but gradually, dilappeared, the
quickfilver rifing in the veflèl.

Having frequently continued this procefs a long
time after the admiffion of the water, I was much
umufed with obferving the large bubbles of the
newly generated air, which came through the quick-
filver, die fuddcn diminution of them when they
came to the water, and the very fmall bubbles
which went through the water. They made, how-
ever, a continual, though How, mcreale of inflam-
mable air.

The
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Thefolutionof lead in the marine acid is attend-
ed with the very fame phenomena as the folution
of copper in the fame acid ; about three fourths of
the generated air difappearing on-the admiffion of
water ; and the remainder being inflammable.

I had always thought it fomething extraordinary
that a fpecics of air fhould lofe its claßidty by the
mere conlaH of any thing, and from the firft fuf-
peéled that it muft have been imbibed by the water
that was admitted to it ; but fo very great a quan-
tity of this air difappeared upon the admifiion of a
very fmall quantity of water, that at fii ft 1 could
not help concluding that appearances favoured the
former hypothefis. I found, however, that when
I admitted a much fmaller quantity of water, con-
fined in a narrow glafs tube, a part only of the air
difappeared, and that very flowly, and that more
ofitvanifhed upon the admiflion of more water.
This obfervation put it beyond a doubt, that this
air was -properly imbibed by the water, which, be-
ing once fully faturated with it, was not capable of
receiving any more.

The water thus impregnated tailed very acid,
even when it was much diluted with other water,
through which lhe tube containing it was drawn,
it even diflolved iron very fail, and generated'in-
flammable air. This laft obfervation, together

T 3 with
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with another which immediately follows, led me to
the difcovery of the true nature of this remarkable
kind of air.

Happening, at one time, to ufe a good deal of
copper and a fmall quantity of fpirit of fait, in the
generation of this kind of air, I was furprized to
find that air was produced long after, I could not
but think that the acid muft have been faturated
with the metal ; and I alfo found that the propor-
tion of inflammable air to that which was abforbed
by the water continually diminiihed, till, inftead of
being one fourth of the whole, as I had firft ob-
ferved, it was not fo much as one twentieth. Upon
this, I concluded that this fubtle air did not arife
from the copper, but from the fpirit of fait ; and
prefently making the experiment with the acid
only, without any copper, or metal of any kind,
this air was immediately produced in as great plen-
ty as before ; fo that this remarkable kind of air
is, in fact, nothing more than the vapour, or fumes
of fpirit of fait, which appear to be of fuch a nature,
that they are not liable to bo conclenfed by cold,
like the vapour of water, and other fluids, and
therefore may be very properly called an acid air,
or more reftriftivcly, the marine acid ait:

\Vhen this air is all expelled from any quantity of
fpirit of fait, which is eafiJy perceived by the fub-

fequent
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fcquent vapour being condenfed by cold, the re-
mainder is a very weak acid, barely capable of dif-
folving iron.

In my firft experiments on this fpecies of air, I pro-
cured it from fpirit of fait, but I afterwards, hit up-
on a much lefs expenfive method of getting it, by
having recourfe to the procefs by which the Ipirit
of fait is itfelf originally made. For this purpofc
I fill afrnall phial with common fait, pour upon it a
fmall quantity of concentrated oil of vitriol, and re-
ceive the fumes emitted by it in a veffel previoufly
filled with quickfilver, and {landing in a bafon of
quickfilver, in which it appears in the form of a
perfectly tranfparent air, being precifely the fame
thing with that which I had before expelled from
the fpirit of fait.

This method of procuring acjd air is the more
convenient, as. a phial, once prepared in this manner,
willluffice, for common experiments, many weeks;
cfpecially if a little more oil pf vitriol be occafionally
put to it. It only requires a little more heat at the
laft than at the firft. Indeed, at the firft, the heat
of a perfon's hand will often be fufficient to make it
throw out the vapour. In warm weather it will
even keep fmoaking many days without the appli-
cation of any other heat.

On this account it fhould be placed where there
are no inftruments, or any thing of metal, that can
be corroded by this acid vapour. It is from dear-

T 4 bought
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bought experience that I give this advice. It may
cafily be perceived when this phial is throwing out
this acid vapour, as it always appears, in the open
air, in the form of a light cloud ; owing, I fuppofe,
to the acid attracting to itfelf, and uniting with, the
moifture that is in the common atmofphere.

S E C T I O N I I .

'The Ejfdl of Marine Acid Air an Subflances containing
Phlogißon.

T> EING now in the pofíeffion of a new fubject of
•AJ experiments, viz. an clailic acid vapour, in the
form of a permanent air, eafily procured, and effeclu-
ally confined by glafs and quickfilver, with which it
did not feem to have any affinity ; I immediately
began to introduce a variety of fubftances to it, in
order to afcertain its peculiar properties and affinities,
and alfo the properties of thofe other bodies with re-
fpeft to it.

Iron filings, being admitted to this air, were dii-
iblved by it pretty faft ; half of the air, difappearing,
and tht other half becoming inflammable air, not

abforbed
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abforbed by water. Putting chalk to it, fixed air
was produced.

I had not introduced many fubftances to this air,
before I difcovered that by means of it, inflamma-
ble air was produced from moft fubftances that con-
tain phlogifton.

Inflammable air was produced, when to this acid
air I put fpirit of wine, oil of olives, oil of turpen-
tine, charcoal, phofphorus, bees-wax, and even ful-
phur. This laft obfervation, I own, furprized me j
for, the marine acid being reckoned the weakeft of
the three mineral acids, I did not think that it had
been capable of diflodging the oil of vitriol from
this fubftance; but I found that it had the veiy
lame effect both upon alum and nitre; the vitriolic
acid in the former cafe, and the nitrous in the latter,
giving place to the ftrongcr vapour of ipirit of
fait.

The ruft of iron, and the precipitate of nitrous
air made from copper, alfo imbibed this air very
faft, and the little ' that remained of it was inflam-
mable air j which proves, that thcfe calces contain
phlogifton.

As fome remarkable circumftances attend the
abforption of this acid air, by the fubftances above-
mentioned, I ihall briefly mention them.

Spirit of wine abfords this air as readily as water
itfelf, and is increafed in bulk by that means. Alfo,

when
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when it is faturated, it diflblves iron with as much
rapidity, and ftill continues inflammable.

Oil of olives abforbs this air 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 air very fait,
turning brown, and almoft black. No inflamma-
ble air was formed, till I raifed more of the acid
air than the oil was able to abiorb, and let it ftand
a confiderable time -, and ftill the air was but weakly
inflammable. The fame was the cafe with the oil
of olives, in the laft-mentioned experiment -, and
it 6xms to be probable, that, the longer this acid
air had continued in contact with the oil, the more
phlogifton it would have extracted from it.

Bees-wax abforbed this air very flowly. About
the bignefs of a hazel nut of the wax being put to
three ounce meafures of the acid air, the air was
diminiihed one half in two days, and, upon the
admiffion of water, half of the remainder alfo dif-
appeared. This air was ftrongly inflammable.

Charcoal abforbed this air very faft. About one
fourth of it was rendered immifcible in water, and
was but weakly inflammable.

A fmall
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A fmall bit of pbofphorus, perhaps about half a
grain, fmoked, and gave light in the acid air, juft
as it would have done in common air confined. It
was not fenfibly wafted after continuing about
twelve hours in that ftate, and the bulk of the
air was -very little diminilhed. Water being ad-
mitted to it abforbed it as before, except about
one fifth of the whole. It was but weakly inflam-
mable.

Putting feveral pieces of Julphur to this air, it
was abforbed but flowly. In about twenty four
hours about one fifth of the quantity had difap-
peared j and water being admitted to the remain-
der, very little more was abforbed. The remain-
der was inflammable, and burned with a blue
flame.

Notwithftanding the affinity which this acid air
appears to have with phlogifton, it did not at firft
appear that it was capable of depriving all bodies
of it. I found that .dry wood, crufts of bread, and
raw flefh, very readily imbibed this air, but did not
part with any of their phlogifton to it. All thefe.
fubftances turned very brown, after they had been
fome time expofed to this air, and tafted very
ftrongly of the acid when they were taken out ;
but the flefli, when waflied in water, became very
white, and the fibres eafily feparated from one an-

other,
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other, even more than they would have done if it
had been boiled or roafted.

But I afterwards obferved that, by giving it more
time, it will ejitraét phlogifton from fubftances
from which I at firft concluded that it was not
able to do it, as from dry wood, crufts of bread
not burned, and dry flelh. As there was fomething
peculiar to itfelf in the procefs or refult of each of
thefe experiments, it may not be improper to men-
tion them diftinetlvi

Pieces of dry cork wood being put to the acid
air, a fmall quantity remained not imbibed by water,
and was inflammable.

Very dry pieces of oak, being expofed to this
air a day and a night, after imbibing a confiderable
quantity of it, produced air which was inflammable
indeed, but in the flighteft degree imaginable. It
feemed to be very nearly in the ftate of common
air.

A piece of ivory imbibed the acid vapour very
flowly. In a day and a night, however, about half
an ounce meafure of permanent air was produced,
and it was pretty ftrongly inflammable. 'The ivory
was not difcoloured, but was rendered fuperficially
foft and clammy, tailing very acid.

, Pieces of beef, roafted, and made quite dry, but
not burned, abforbed the acid vapour flowly ; and

when
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when it had continued in this fituation all night,
from five ounce meafures of the air, half a meafure
was permanent, and pretty ftrongly inflammable.
This experiment fucceeded a fécond time exactly
in the fame manner; but when I ufed pieces of
white dry chicken fle]h> though I allowed the fame
time,'and in other refpecb the procefs feemed to
•go on in the fame manner, I could not perceive
that any part of the remaining air was inflamma-
ble.

That inflammable air is produced from charcoal
in acid air I obferved before. I afterwards found
that it may likewife be procured from fit-coal,
without being charred.

Inflammable air I had alfo obferved to ariie
from the expofure of fpirit of wine, and various oily
fubftances, to the vapour of fpirit of fait. I have:
fmce made others of a fimilar nature, and as pe-
culiar circumftances attended fome of th,efe experi-
ments, I lhall recite them more at large.

EJJential oil of mint abfqrbed this air pretty faft,
and prefently became of a deep brown colour.
When it was taken out of this air it was of the
confiftence of treacle, and funk in water, fmelling
differently from what it did before j but ftill the
fmell of the mint was predominant. Very little or
none of die air was fixed, fo as to become inflam-

mable ;
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mable ; but more time would probably have pro-
duced this effect.

Oil of turpentine was alib .much thickened, and
became of a deep brown colour, by being faturated
with acid air.

Ether abforbed acid air very faft, and became firft
of a turbid white, and then of a yellow and brown
colour. In one night a confiderable quantity of
permanent air was produced, and it was ilrongly
inflammable.

Having, at one time, fully faturated a quantity of
ether with acid air, I admitted bubbles of com-
mon air to it, through the quickfilver, by which
it was confined, and obferved that white fumes were
made in it, at the entrance of every bubble, .for a
conûderable time-

At another time, having fully faturated a fmall
quantity of ether with acid air, and having left
the phial in which it was contained nearly foil of
the air, and inverted, it was by fome accident over-
turned i when, inftantly, the whole room was filled
with a vifible fume, like a white cloud, which had
very much the fmell of ether, but peculiarly offen-
five. Opening the door and window of the room,
this light cloud filled a long paflage, and another
room. In the mean time the ether was feemingly
all vaniíhed, but fome time after the furface of the

quick-
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quickfilver in which the experiment had been made
was covered with a liquor that tailed very acid j ant-
ing, probably, from the moifture in the atmofphere
attracted by the acid vapour with which the ether had
been impregnated.

This vifible cloud I attribute to the union of the
moifture in the atmofphere with the compound of
the acid air and ether. I have fince faturated other
quantities of ether with acid air, and found it to be
exceedingly volatile, and inflammable. Its exhala-
tion was alfo vifible, but not in fo great a degree
as in the cafe above-mentioned.

Camphor was prefently reduced to a fluid ftate
by imbibing acid air, but there feemed to be fome-
thing of a whitilh fediment in it. After continuing
two days in this fituation I admitted water to it ;
immediately upon which the. camphor refumed its
former folid ftate, and to appearance was the veiy
fame fubftance that it had been before; but the tafte
of it was acid, and a very fmall part of the air was
permanent, and flightly inflammable.

As the acid air feemed to have a near affinity with
phlogifton, I expected that the fumes of liver of Jul-
fhur, which chemifts agree to be phlogiftic, would
have united with it, fo as to form inflammable air; but
I was difappointed in that expectation. This fubftance
imbibed half of the acid air to which it was intro-

5 duccd;
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duced j one fourth of the remainder, after (landing
.one day in quickfilver, was imbibed by water,
and what was left extinguhbed a candle. This ex-
periment, however, feemed to prove that acid air and
phlogifton may form a permanent kind of air that is
not inflammable.

I afterwards made another experiment of the fame
kind, rather more decifive than the former. I put
feveral pieces of liver of fulphur to a quantity of ma-
rine acid air; when I obferved that it prefently be-
gan to be abforbed, and it continued in that {late till
one-half of the whole had difappeared. By this time
the liver of fulphur, which had'been of a greenifh or
yellowifli colour, became white. Afterwards more
liver of fulphur abforbed more of this air ; but after
two days the pieces began to diflblve, and at length
they became one liquid, mafs, the air ftill diminifhing
very gradually. In this ftate I admitted water to
the air; but by this very little more of it was abforb-
ed ; and that which remained was about one-fourth
of the original quantity, and extinguiihed a candle.
The whole procefs was three days.

SEC-
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S E C T í O N III.

Mifcellaneouí Obßrvations relating to marine acid Air.

T>EING defirous of afcertaming whether die ma-
JLJ rine acid air would combine with the fame
fubftances that the marine acid diflolved> I made the
trial with the flowers of zinc and red lead} and found
that both thefe fubftances abforbed a very great quan-
tity of that air. 1 therefore conclude that whether
the marine acid be combined with water> or not, it
has the fame affinity with thefe earthy fubftances.

I found that two grains and a half of rain-water ab-
forbed three ounce meafures of this air, 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 fpirit
of fait that I have feen, diflblving iron with the
moft rapidity. Confequently, two thirds of the beft
fpirit of fait is nothing more than mere phlegm, or
water.

The following experiments are thofe in which the
ftronger acids were made uie of, and therefore they
may affift us farther to afcertain their affinities with

VOL. II. U certain



O B S E R V A T I O N S 'ON Parti.

certain fubftances, with refpeft to this marine acid in
the form of air. I put a quantity of ftrong concen-
trated oil of vitriol to acid air, but it was not at all af-
fefted by it in a1 day and a night. In order to try
whether it would not have more power in a more con-
denfed ftate, I compréflèd it with an additional at-
mofphere -, but upon taking off this prefllire, the
air expanded again, and appeared to be not at all di-,
miniihed. I alfo put a quantity of ftrong^m/ of
nitre to it without any iènfible effecb We may con-
clude, therefore, that the marine acid, in this form
of air, is not able to diilodge the other acids from'
their union with water.

Blue vitrtot, which is formed by the union of the
vitriolic acid with copper, turned to a dark green the
moment it was put to the acid air, which it abforbed,
though flowly. Two pieces, as big as fmall nuts,,
abforbed three ounce meafures of the air in about
half an hour. The green colour was very fuperficial -,
for it was eafily wiped or wafhed orï.

Green copperas turned to a deeper green upon be -
ing put into this acid air, which it abforbed ilowly.
White copperas abforbed this air vciy fail, and was
diflblved in it.

Sal ammoniac, being the union of fpirit of fait with
volatile alkali, was no more àflfeéVcd with this acid
air -than, as 1 have obferved before, common fair
was.

When
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When I put a piece of nitre to this air it was
prefently furrounded with a white fume, which foon
filled the whole veflèl, exaffly like the fume which
burfts from the bubbles of nitrous air, when it is ge-
nerated by a vigorous fermentation, and fuch as is
feen when nitrous air is mixed with this acid air. In
about á minute, the whole quantity of air was ab-
forbed, except a very little, which might be the com-
mon air that had lodged upon the furface of the fpirit
of fait within the phial. I have fince repeated the
experiment; but the refult was nothing more than
might have been predicted j for the nitrous acid, dif-
lodged from its bafe by the marine, had diflolved
fome of the quickfilver, and formed nitrous air, oc-
cupying one-half of the whole fpace that had been
filled by the marine acid air.

A piece of alum expofed to this air turned yellow,
abforbed it as fail as the nitre had done, and
was reduced by it to the form of a powder. It had
the fame effèót on borax. Common fait, as might
be expected, had no efFedt whatever on this marine
acid air. .

Fine white Jitgar abforbed this air flowly, was
thoroughly penetrated with it, became of a deep
brown colour, and acquired a fmell that was pecu-
liarly pungent.

A piece of quick-lime being put to about twelve or
fourteen ounce meafures of this acid air, and continu-

U 2 ing
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ing in that fituation about two days, there remained
one ounce meafure of air that-was not abforbed by wa-
ter, and it was very ftrongly inflammable, as much Ib
as a mixture of half inflammable ahd half common
air. Very particular care was taken that no com-
mon air mixed with the acid air in this procefs. At
another time, from about half the quantity of acid
air above mentioned, with much lefs quick-lime, and
in the fpace of one day, I got half an ounce meafure
of air that was inflammable in a flight degree only.
This experiment proves that fome part of the phlo-
gifton which efcapes from the fuel, in contact with
which the lime is burned, adheres to it. But I am
very far from thinking that the caufticity of quick-
lime is at all owing to this circumftance.

The remaining experiments, in which this acid air
was principally concerned, are of a mifcellaneous na-
ture.

I put a piece of dry ice to a quantity of this acid
Air, taking it with a forceps, whkh, as well as the
air itfelf, and the quickfilver by which it had been
confined, had been expoled to the open air for an
hour, in a pretty ftrong froft. The moment it
touched the air it was diflolved as faft as it would
have been by being thrown into a hot fire, and
the air was prefently imbibed. Putting frefli pieces
of ice to that which was diflolved before, they
were alfo diffolved immediately, and the water thus

procured
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procured did not freeze again, though it was expofed
a whole night, in a very intenfe froft.

Flies and fpiders die in acid air, but not fo quickly
as in nitrous air. This furprized me very much; as
I had imagined that nothing could be more fpeedily
fatal to all animal life than this pure acid vapour.

Marine acid air extinguifhes flame, and is much
heavier than common airj but how much heavier,
will not be eaiy to afcertain. A cylindrical glafs vef-
fel, about three fourths of an inch in diameter, and
four inches deep, being rilled with it, and turned up-
fide down, a lighted candle may be let down into it
more than twenty times before it will burn at the bot-
tom. It is pleafing to obferve the colour of the
flame in this experiment; for both before the candle
goes out, and alfo when it is firft lighted again, it
burns with a beautiful green, or rather light-blue
flame, iuch as is feen when common fait is thrown
into the fire.

I ihali conclude my account of thefe experiments
vith obfervjng, that the electric fpark is vifible in this
acid air, 'exactly as it is in common air; and though
I kept making this fpark a confiderable time in a
quantity of it, I did not perceive that any fenfible al-
teration was made in it. A little inflammable air
was produced, but not more than might have come
from the two iron nails which I made ufe of in tak-
ing the fparks.

U 3 At
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At another time, having made about fifty eleftric
exploitons of a common jar, in a.fmall quantity of
the marine acid air, confined in a glafs-fyphon by
quickfilver, I obferved that it was a little diminilhed,
and that a fraall part of the infide of the glafs, next
to tfie quickfilver, was tinged white. Water admit-
ted to this air abforbed fo much of it, that no expe-
riment could be made on the remainder.

P A R T
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,P A. R T II,

OF V J T R T O L T C A C t D ' A I R .

S E C T I O N . I .

l'be ilißory of the Difcovery.

T Had no fooner exhibited the marine acid in the
JL form of air, than it occurred to me that it
might be poffible to exhibit the other acids alfo in
the fame elegant manner, diverted of the water with
which they had hitherto been combined, and which
muft necefiarily have been a great obftruftion to
the difcovery of their real natures and affinities;
but not being a practical chemift, and living in the
country, where I ' had no accefs to any perfon of
that profeffion (and indeed not being fufficientîy
able to explain my wants) I met with many hin-
drances in the profecution of my inquiries into this
fubjecb

My firft fcheme was to endeavour to get the
vitriolic acid in the form of air, thinking that it

U 4 would
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would probably be eafy to confine it by quickfilver ;
for as to the nitrous acid, its affinity with quick-
filver is fo great, that I defpaired of being able to
confine it to any purpofe. I therefore wrote to my
friend Mr. Lane, to procure me a quantity of 'vola-
tile vitriolic acid) which is the common vitriolic
acid combined with phlogifton, at the time that
I was intent upon the profecution of my former
experiments j but by fome miftake of my mean-
ing, a different thing from what I intended was
fent me.

Seeing Mr. Lane the winter following, he told
me that if I would only heat any oily of greafy
matter with oil of vitriol, I ihould certainly make
it the very thing I wanted, viz. the volatile, or Jul-
f bureaus 'vitriolic acid-, and accordingly I meant to
have proceeded upon this hint, but was prevented
from purfuing it, by a variety of engagements.

Some time after this, I was in company with
Lord Shelburne at the feat of Monf. Trudaine, at
Montigny in France ; where, with that generous
and liberal fpirit by which that nobleman is diftin-
guiihed, he has a complete apparatus of philofo-
phical inftruments, with every other convenience
and affiftance for purfuing fuch philofophical in-
quiries as any of his numerous guefts Ihall chufe
to entertain themfelves with. In this agreeable re-

treat
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treat I met with .that eminent philofopher and
chemift, Monf. Montigni, Member of die Royal
Academy of Sciences j and converfing with him
upon this fubject, he propofed our trying to con-
vert oil of vitriol into vapour, by boiling it with
a pan of charcoal in a cracked phial. This fcheme
not aniwering our purpofe, he next propofed our
heating it together with oil of turpentine. Accord-
ingly we went to work upon it, and foon produced
a quantity of fome kind of air confined by quick-
filver j but our recipient being overturned by the
fuddennefs of the production of air, we were not
able to catch any more than the firft produce, which
was little elfe than the common air which had lodg-
ed on the furface of the liquor, find whicli appeared
to be a little phlogifticated, by its not being much
affë&ed by a mixture of nitrous air.

Having no opportunity of repeating the experi-
ment at that time, I did nothing with a view to it
till my return to 'England j when, on the 26th of
November, 1774» I refumed the operation, begin-
ning with olive oil, and by the help of a more con-
venient kind of glafs veflêl, reprefented fig. a, PI.IV.
which I had procured for thele and other fimilar
purpofes, I found very little difficulty in the pro-
lecution of the experiments.

As I wilh that my reader may enjoy the benefit
of my expericnee, I would caution him, if he chufe

to
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to repeat the experiments, not to put too much oil,
or any other fimilar fubftance, to the oil of vitriol,
in order to produce this air. I began with ufing
about one fifth part of common oil, leaving fpace
enough, as I thought, in the phial, for the .ebullition
that might be occafioned by the production of air.
But as foon as the veflèl was heated to a certain
degree, the production of air was exceedingly rapid ;
and though I withdrew the candle which I had ap-
plied to it for that purpofe, the ebullition continued
to increafe, till, the capacity of the tube not being
fufficient for the tranfmiffion of the generated air,
the cork was driven out of the phial, and all the
contents of it exploded.

After this I only (lightly covered the fpirit of
vitriol in the phial with olive, oil, and, then the
phenomena were fimilar to thofe in the former ex-
periment, at the fame time that the procefs was
more manageable j for, by applying or withdraw-
ing the candle, as I faw occafion,. I got what quan-
tity of air I pleafed} and removing the phial, in
this ftate of ebullition, from one veiTel to another,
I filled feveral of them with this new fpecies of air,
as eafily as I had been ufcd to do it with the marine
acid air; and the whole procefs was as pleafing
and as elegant. Indeed, this manner of producing
air from fubftances contained in fmall phials, and
receiving the produce in quickfilver, when it is of

fuch
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fuch a nature that it cannot be confined by water,
has never failed to ftrike every perfon to whom I
have Ihewed it.

The moment that I faw the acid of vitriol af-
fume the form of air by the addition of phlogifton,
I concluded that the marine acid alfo muft have
been capable of being exhibited in the fame man-
ner, by means of the phlogifton which it naturally
contains, and which is infeparable from itj and
moreover, that, probably, fome portion of phlo-
gifton may be neceflary to the volatility and elafti-
city of all fubftances whatever ; fo that the marine
acid air may not be prècifely what I had before
imagined, viz. the pure marine acid in the form of
air ; but that, though it is by this means exhibited
free from water, which, in a variety of refpecb,
modifies and reftrains its action upon various bodies,
it is ftill combined with a portion of phlogifton.
Since, however, all the bodies with which we are
acquainted are, in fome degree, elaftic, being cap-
able, at leaft, of being condenfed by cold, and
dilated by heat, it may not be poffible to feparate
this principle intirely from any fubftance in nature ;
and therefore, in a fenfe fufficiently near the truth,
it may ftill be faid that the marine acid air is nothing
but the marine acid ; the phlogifton it contains be-
ing fo fmall, as not to be difcoverable by any of
the ufual tefts of its prefence.

Before
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Before any air is produced from the mixture of
inflammable matter and oil of vitriol, the whole
quantity becomes very black; and a quantity of
this fpirit, thus impregnated with phlogifton, will
yield many times more air than an equal quantity
of the ftrongeft fpirit of fait j but I never mea-
fured it with any exactnefs.

When the vitriolic acid air is produced in great
plenty, the top of the phial in which it is generated
is generally filled with white vapours. This w
has alfo the fame appearance as it is tranfmitted
through the glafs tube, and it is fornetimes dif-
coverable in the recipient.

S К С-
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S E C T I O N I I .

Of Vitriolic Add Air from Metals, and other Subßances
containing Pblogifton,

T Got no air from the oil of vitriol by any applica-
A tion of heat. But in attempting to procure it, I
got it by means of mercury, in a manner that I little
expected) and I paid pretty dearly for the difcovery it
occafioned, Deipairing to get any air from the longer
application of my candles, I withdrew them ; but
before I could difengage the phial from the vefiel
of quickfilver, a little of it paflèd through the tube
into the hot acid ; when, inftantly, it was all filled
with denfe white fumes, a prodigious quantity of air
was generated, the tube through which it was tranf-
jnitted was broken into many pieces (I fuppofe by
the heat that was fuddenly produced) and part of the
hot acid being fpilled upon my hand, burned it ter-
ribly, fo that the cfFeol of it is vifible to this day.
The infide of the phial was coated with a white
faline fubftance, and the fmell that iffued from it
was extremely fufFocating.

This accident taught me what I am furprized I
not have fufpedted before, viz. that fome

ï metals
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metals will part with their phlogifton to hot oil of
vitriolj and thereby convert it into a permanent elaf-
tic air, producing the very fame effeót with oil,
charcoal, or any other inflammable fubftance.

Not difcouraged by the difagreeable accident
above-mentioned, the next day I put a little quick-
fiher into the phial with the ground ftopper and
tube, along with the oil of vitriol ; when, long be-
fore it was boiling hot, air iffued plentifully from it;
and being received in a veflèl of quickfilver, appear-
ed to be genuine vitriolic acid air, exaftly like that
which I had procured before ; being readily imbib-
ed by water, and extinguilhing a candle in the fame
manner as the other.had. done. . A white fait was
formed -, but what I thought a little remarkable, was,
that, whereas in all the former experiments die oil
of vitriol turned black before it yielded any air;
this was not the cafe here -, for it continued colour-
Icis and traniparent during the whole proceis.

After this I repeated the experiment witli lèverai
other metals; but with a confiderable variety in the
refults.

Putting pieces of iron wire into the oil of vitriol,
л very fmall quantity of air was produced without
heat; but this foon ceafing, I applied the candle,
when, with a degree of heat, feemingly greater than
that at which the air had rifen from the quickfilver
in the fame circumftances, air was produced in great

5 plenty.
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plenty. When I had got about three ounce mea-
fures of it, I admitted water to it, and about four
fifths of the whole was prefently abforbed. The
remainder was inflammable, burning veiy red.

Had the oil of vitriol been more concentrated,
or had I continued the procefs longer, a greater pro-
portion of the air would probably have been acid,
and lefs of it inflammable. In this experiment the
oil of vitriol became very opaque, being of a deep
grey colour. The iron which had undergone this
procefs, and which I had laid afide without any ex-
pectation, was, in a few days, covered with a whitifn
duft ; and after it had been wiped clean, was cover-
ed again with the fame matter. It is very much
unlike the rufting of iron in other circumftances.

About one third of the produce of air from zinc,
was acid, and the remainder inflammable. Indeed it
was evident that the acid had a confiderable effect
upon the zinc before the application of the candle,
fmall bubbles of air continually rifing from it. The
oil of vitriol, which had been ufcd in this procefs,
after a long time, dcpofited a white matter, which I
fuppofe to be the flowers of zinc.

Copper, treated in the fame manner, yielded air
very freely, with about the fame degree of heat that,
quickfilver had required, and the air continued to be
generated with very little application of more heat.'
The whole produce was vitriolic acid air, and no

part
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part of it inflammable. The oil of vitriol remained
a long time turbid, but at length depofited a brown-

ilh matter.
The folution ofßlver in the fame manner, had

the very lame refult, all the air being acid, and no
part of it inflammable. The oil of vitriol acquired a
kind of orange-colour, and depofited nothing.

With a very great degree of heat lead yielded a
little air, which was wholly acid, and had nothing
inflammable in it.

Gold yielded no air at all in this treatment ; but
the oil of vitriol acquired the fame orange-colour
that it had when the filver had been heated in it.

Neither had this treatment of platina any fenfible
effecb What I made ufe of was fome which I had
been favoured with from Dr. Irving, carefully purg-
ed from iron.

In moil of thefe procefles, air feems to iflue from
the fubftances immediately upon the application of
heat, and fometimes without it : and this firft pro-
duce of air forms bubbles, which continue fome
time on the furface of the liquor. But it feems
to be nothing more than the common air which had
adhered to the furfaces of thofe fubftances, or had
been confined in the little cavities near the furface,
when they happened to be rough. For this feem-
ing production of air foon ceafes, and no more is
produced without a much greater degree of heat ;
r and
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and when the genuine acid air begins to Hie, bubbles
formed by it break inftantly, like bubbles of air in
fpirit of wine, and there is nothing like froth on the
furface of the oil of vitriol.

As fulphur is formed by the union of phlogifton
with oil of vitriol highly concentrated and very hot,
I imagined that by heating fubftances containing
phlogifton in vitriolic acid air, I could not fail to
to produce fulphur; but I tried charcoal; in this
manner .without the effect that I had expected from
it The heat of a burning lens thrown upon it in
this acid air, only made it throw out that quantity of
the air, which, as I have obferved before, is condenf-
ed upon its furface, or imbibed by it. The air that
was unabforbed after this operation was in part
fixed, and in part inflammable, having come from
the charcoal.

When I endeavoured to procure this air by the
fame procefs from ether, about one half of the pro-
duce was permanent and inflammable. The oil of
vitriol became perfectly black by this means, as in
heating other phlogiftic matters in it. Afterwards,
heating the fame oil of vitriol and ether, about one
fourth of the produce only was inflammable ; and
had I continued to ufe the fame mixture, the pro-
duce would probably have been lefs and lefs inflam-
mable, and more purely acid, every experiment.

VOL II, X I once
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I once had a quantity of concentrated acid of
vinegar, from which I expelled air by heat, and
found it very much, if not in all refpeots to refem-
ble vitriolic acid air, and being informed that oil of
vitriol was ufedin the preparation of it, 1 imagine that
it was vitriolic acid air only, efpecially as I have not
found any other vegetable acid liquor that will
yield air j at leaft in a quantity fufficient for any
experiments. I tried radical vinegar of the cryßals of
verdegris rectified, which was recommended to me,
and made for me, by Mr. Woulfe, and alfo concen-
trated acid made from/tf/ diureticus,by Mr. Godfrey;
but neither of thefe acid liquors, though the fmell of
them was extremely pungent, yielded any air by
heat.

The common air expelled from the phial by the
fleam of this vinegar, mixed with whatever acid va-
pour might come over along with it, I examined,
after letting it reft upon quickfilver a whole night,
and I found it not to differ from common air.

When, however, I tried this experiment with air
that had lodged on the furface of oil of vitriol, into
which I had put fome fol diiireticus, and which
did yield a little air, the common air did appear
to be injured by the mixture, as in the ex-
periment of the mixture of common and vegetable
acid air. But then oil of vitriol being employed in

this
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this experiment, as well as in the preparation of the
concentrated vinegar above-mentioned, it is liable to
the fame objection ; the acid of vitriol being, per-
haps, volatilized by fome fmall portion of phlo-
gifton.

S E C T I O N III.

Of Water impregnated with Vitriolic dad Air.

"I Ж 7 ATER being admitted to the vitriolic acid
» » air abforbed it about as readily as the ma-

rine acid airj and by its union with it muft have
formed the volatile or fulphureous acid of vitriol.
Indeed the refult of this combination was fo obvi-
ous, that I did not think it neceflàry to make the
experiment.

I often confidered what can make the very great
difference between the common vitriolic acid, and
water fully impregnated with the vitriolic acid air.
To judge a priori, from the analogy of other acids,
one would imagine that there could be no great dlf-

X 2 ferencc
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fercnce between them. Water impregnated with
marine acid air is, in all refpeéb, the veiy fame
thing with the common fpirit of fait, except that
this acid may be made confiderably ftronger in this
manner than any fpirit of fait made in the common
way, and that it has generally lefs colour. Alfo
water impregnated with nitrous acid vapour is the
fame thing with common fpirit of nitre, except that
the acid thus communicated is more volatile, and the
colour is changed. But water impregnated with
vitriolic acid air differs moft remarkably from oil of
vitriol. Its acidity is now become trifling to what
it was ; and from being the moft fixed, and the
ftrongeft, it is now become the weakeil, and the
moft volatile of all acids ; the fmell of it being in-
tolerably pungent, and almoft the whole of it eva-
porating when it is expofed to the open air.

This great difference fcems, however, to be
wholly occafioned by the phlogifton fuperadded to
the vitriolic acid. This principle united to the acid
in a manner neutralizes it, forming a kind of ful-
phur, in which the acidity is, in a great meafure
loft. To the phlogifton, alfo, which it has now
acquired is owing its extreme volatility, to both
which properties phlogifton is known in other cafes
to contribute. The different manner in which the
vitriolic and nitrous acids combine with phlogifton,

and
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and the various refaits from thefe combinations,
may fumvfli much matter for fpeculation and expe-
rimental inquiry, for which we now fee m to be ex-
cellently well prepared.

For a long time I concluded that water impreg-
nated with vitriolic acid air was intirely incapable
of diflolvmg any metal, fo as to yield inflammable
air j but >at length I fucceeded in this experiment ;
which convinced me that the acid is not eflentially
altered in this procefs. For having completely fa-
turated a quantity of water with vitriolic acid air, I
let it continue upon the quickfilver in which the
procefs had been made, with a confiderable quantity
of fuperabundant acid air upon it, for about ten
days ; both to produce a complete faturation, and
likewife to make, if poffible, a more perfect com-
bination of the acid with the water. Then, de-
canting it as gendy as poffible, and leaving it in a
phial with a fmall perforation in the cork, that the
more volatile part might efcape gradually, I poured
a quantity of the remainder upon fome filings of
zinc ; upon which, with the application of heat, a
confiderable quantity of air was producedj and this
was all ftrongly inflammable.

.The quantity of acid in water impregnated with
vitriolic acid air, may, in fome meafure, be com*
pared with the quantity of acid in the oil of vitriol

X j from
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from which it is expelled, by the method which I
made ufe of in the following experiment. I put to
a quantity of oil of vitriol rather more copper than
it could diffolve ; and obferved that air was expelled
till nothing fluid remained in the phial, and by this
time the volatile acid which it had yielded had com-
pletely faturated eight or ten times its bulk of water.
The refiduum was blue vitriol, containing the
crude oil of vitriol united to the copper.

Now if the quantity of this oil of vitriol be efti-
mated, and this experiment be repeated with a little
more care, the exact proportion of acid in the oil
of vitriol, and in water fully impregnated with vi-
triolic acid air, may be determined. When the
fait above mentioned was wafhed in water, a blackiih
matter was feparated from it ; but all the reft was
pure vitriol, of a light green colour, but which
became white, or grey, when it was dried by the
fire.

The greater degree of acidity in water impreg-
nated with marine acid air, and its greater power
of difTolving metals, fo as to produce inflammable
air, will not be wondered at, when it is confidered
how much more marine acid air, than of vitriolic
acid air, the fame quantity of water will imbibe. In
order to afcertain this, I took two fmall glafs tubes,
clofed at one end, and put into each of them, as

nearly
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nearly as poffible, two grains of rain water, out of
which the air had been pumped; nearly filling
them, but fo that there might be room enough for
the water to expand wich the vapour they might
imbibe, and then introduced them into jars filled
with each of the kinds of air, {landing in quickfilver.
I then obferved that the water in the marine acid
air imbibed it very fait, and diminiihed the bulk of
it, in ul], one ounce meafure and three quarters,
whereas the water in the vitriolic acid air imbibed it
very ilowly, and, in all, not more than occupied
the /pace of three pennyweights and fixteen grains of
water; fo that water imbibes about ten times as
much marine acid air, as of vitriolic acid air.

The water ikturated with marine acid air at this
time was, as far as ï could perceive, quite colour-
lefs, and it was fo ftrongly impregnated, that the
warmth of my hand only made it abfolutely boil by
the emiffion of its air, and it fmoked copioufly.

Considering the much greater quantity of marine
acid air, than of vitriolic acid air, that a quantity
of water will take up, I was rather furprized to find
that when water was faturated with the latter, it
could not be made to imbibe a greater quantity of
the former than I perceived it to do; though I was
not furprized to find that when water was fully пть
pr-egHated with the former, it íhould take but a little
jnore of die latter, in the following experiments,

X 4 Putting
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Putting vitriolic acid air to water fully faturated
with marine acid air, it imbibed but little, and that
very flowly j in all, about four times its bulk. It
was obfervable, however, that the vitriolic acid air
intirely difcharged the ftraw colour of the marine
acid, and gave it a blueiih tinge.

Having faturated a quantity of water with vitriolic
acid air, it would not afterwards take marine acid
air, except in a fmall quantity, and very (lowly.
N. B. The bubbles of marine acid air, which buril
in the fuperabundant vitriolic acid air, which lodged
on the furface of the water, emitted a white fume.

It is remarkable that water impregnated with vi-
triolic acid air retains all its air when it is frozen,
though every other kind of air (if the liquor containing
it can be frozen at all) is feparated from it in the a<5t
of freezing. I have now farther obfervcd, that this
ice finks in the liquor from which it is frozen, in
which it refembles the ice of oil. This is a fact
which I barely mention, without having any theory
to account for it.

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

Various Properties of vitriolic Ada Air.

ï. Vitriolic Acid Air and marine Add Air compared.

" Y T I T R I O L I C acid air is equally transparent
V with marine acid air, and feems to have no.

more affinity with quickfilverj for when confined
by quickfilver, the dimenfions of it are not liable
to any variation, excepting by heat and cold, juft
like common air ; provided there be no moifture
in the recipient, or in the quickfilver. As the re-
fern blance between thcfe two acid airs was fo great,
it was natural for me to have a view to the ex-
periments I had made with the marine acid air,
in conducting thofe that relate to the vitriolic acid,
which the reader will eafily perceive.

Lake the marine acid air, this vitriolic acid air
extinguiflies a candle, but without any peculiar ap-
pearance in the colour of the flame, as it goes out,
or as it is lighted again, which is obfervable when
the experiment is made with the marine acid air.
Vitriolic acid air is alfo heavier than common air ;
for a candle being let down into a vefiel filled with
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it, was extinguifhed many times fucceffively, and
even after it had ftood a full hour with its mouth
expofed to the common air.

This acid air bears to be expofed to cold, with-
out any greater diminution of its bulk than com-
mon air is fubje«5t to in the fame circumftances ;
which appears to me to be a fuflkiently proper
criterion to diftinguifh air from vapour. Ina cer-
tain degree of heat, indeed, even water may be
exhibited in the form of air; but it is a degree of
heat that far exceeds what is ufual in our atmof-
phere ; and in other cafes terms are applied to very
great ufe, for the diftinclion of bodies, which, if
examined with ftridtnefs, would be found ultimately
to run into one another, the difference between
them being in degree rather than in kind: but a very
great difference in degree affords a fufficient foun-
dation for a difference in appellation.

2. The Mixture of 'vitriolic Acid Air and Alkaline
Air,

The phenomena which attend the mixing of
alkaline air with the marine acid air, were fo fink-
ing, that I had not been many hours in poflèfllon
of the vitriolic acid air without trying whether the
effecT: of the fame mixture with this acid air would
not make a fimilar appearance, and the experiment

5 fully
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fully anfwered my expectations. A like beautiful
white cloud was formed the moment that thefe
two kinds of air came into contadt, the quantity
of air was diminiihed as fail as the alkaline air was
admitted, and the quickfilver rofe almoft to the top
of the receiver.

I obferved alfo, that when I put the alkaline air
to the vitriolic acid air, the white cloud rofe im-
mediately to the top of the veflel, as in the experi-
ment with the marine acid air ; which proves that
the alkaline air is, in both cafes, the lighter of the
two. In both cafes alfo, if the alkaline air be pro-
duced firft, the acid air being admitted to it, forms
a cloud which refts upon the quickfilver j never
extending beyond a very fmall fpace, and rifmg
only as the quickfilver rifes. The fubftance that
is formed by the union of the alkaline air with the
vitriolic acid air, muft necefiarily be the vitriolic

fal ammoniac ; but I made no experiment to afcer-
tain it. The quantity of this fait with which my
receivers are coated in thefe experiments is readily
difiblved in water, as in the experiments with the
marine acid air. This, however, it will be fecn,
is not the cafe with the fait that is formed by an-
other of the acid airs with alkaline air.

There was frequently, however, the appearance
of fulphur produced upon the mixture of alkaline
air with vitriolic acid air ; for the infido of the tube

would
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would be covered with a perfectly yellow matter.
But this colour goes off in time, and nothing but
& white faline fubftance remains. This yellow ap-
pearance I firft obferved when I had produced the
vitriolic acid air from ether j but afterwards I found
the fame effect when it was produced from char-
coal, and ftill more remarkably when it had been
produced from copper. Why this yellow colour
ihould not be permanent, I do not underftand.

Being willing to try whether, by making repeat-
ed mixtures of thefe two kinds of air, I could not
fix this colour, and collect a quantity of the fub-
ftance in which it inheres, I filled the fame jar al-
ternately with each of thefe kinds of air, till all the
infide of the veflël feemed to have got a good
coating of this fubftance. But, being expofed to
the open air, the colour in this cafe alfo foon dif-
appeared, and the faline fubftance with which all
the infide of the tube was uniformly coated, be-
came perfectly white.

3. Vitriolic Acid Air mixed with other Kinds of Air,

The mixture of other kinds of air with vitriolic
acid air produced no remarkable appearance what-
ever. When, however, I had put a quantity of
this acid air to a quantity of common air, in order
to obferve whether the former might not part with

fome
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fome of its phlogiilon to the latter, though I per-
ceived no immediate diminution of the bulk of air,
.as in the mixture of nitrous and common air;
yet when they had continued together two days,
and water being admitted to the mixture had ab-
forbed the acid air, the common air which remain-
ed appeared, by the teft of nitrous air, to be con-
fiderably injured; fo that the phlogifton in the
vitriolic acid air muft have united to fome part
of the pure air contained in the common air, which
is an effeft that is not produced by the marine acid
air when mixed with common air. In reality, the
vitriolic acid air muil have attracted dephlogiiticated
air, from the atmofphere, and have thereby formed
the common vitriolic acid. What effect the vitri-
olic acid air would have had upon other kinds
of air, had they continued together a longer time,
I cannot tell.

A quantity of this acid air mixed with inflam-
mable air flood fome hours ; but when water had
been admitted to them, I could not perceive either
that the quantity of inflammable air was altered,
or that its inflammability was in the leaft impaired.

I once put equal quantities of marine and vitri-
olic acid air into the fame receiver, and obferved
that they mixed without exhibiting any appearance
whatever; and when alkaline air was admitted to
them, the appearance was the fame as if it had
been admitted to either of them fingly, the white

4 cloud
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cloud rifing inftantly to the top of the veflêl. Had
I, after the experiment, examined the faits which
adhered to different parts of the infide of the veiTe],
I might perhaps have difcovered which of the two
acid airs was fpecifically lighter than the other;
but I fufpedt that they were intimately mixed, and
therefore that the fait was a mixture of the com-
mon and the vitriolic fal ammoniac.

4. Sulftances containing *Phlogißon expofeä to vitriolic
Acid Air.

I thought it rather extraordinary, that whereas
the marine acid, which is reckoned the weakeft of
all the three mineral acids, ihould, when exhibited
in the form of air, be able to diflodge both the
vitriolic and the nitrous acids from feveral of their
bafes ; yet that this vitriolic acid, which is reckoned
the ftrongeft of the three, when feemingly exhibited
to equal advantage, by being divefted of the water
with which it is ufually combined, ihould not, in
any inftançe in which I made the experiment, •dif-
lodge either of the other acids from any bafis with
which they were united. Nilre, common Jalt, and

fal ammoniac, were all introduced to this air, with-
out either affecting it, or being affedted by it.

Oils imbibe vitriolic acid air, and pretty rapidly,
in proportion to their tenuity; though they can-
not be made to imbibe fo much of it as water

can
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can. Being willing to fee the utmoft effedt of the
impregnation of feveral kinds of oil with this acid
air, I took about equal quantities of oil of turpen-
tine, olive oil, and whale oil, and gave each of them
an opportunity of being fully faturated ; having
kept them conftantly fupplied with frefh air, when
they had imbibed a former quantity, and frequently
difcharging that part of the air which they could
not imbibe, and beginning the procefs a new.

Both the whale oil and tke olive-oil imbibed
this air very flowly, being feveral hours in taking
their bulk of it ; but whereas the firfh effeób of the
impregnation of the whale-oil was imparting to it a
reddiih colour, the olive-oil became quite colour-
lefs. In all, they both imbibed fix or eight times
their bulk of this air.

In this manner they continued in glafs jars con-
fined by quickfilver about a month, when I obferved
that the oil of turpentine was become of a beautiful
amber colour, the olive-oil was darker, and the
whale-oil darker ftill j and they all fmclled extreme-
ly pungent, by the efcape of the acid air from them.
Their tenacity was not feemingly incrcaled.

Vitriolic ether imbibes vitriolic acid air as readily
as water imbibes it. The ether, however, was loon
faturated with it, and afterwards was, to all appear-
ance, both as tranfparentj and as inflammable, as be-
fore.

A piece
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A piece of pbofpborus remained a day and two
nights in vitriolic acid air, without fenfibly affecting
it. It g;ive no light in tliis air; but the upper fur-
face of it turntjd black, and the furface of the quick-
filver on which it lay, had a deep yellow or blackifh
kind of fcuin upon it, as if it had been in part dif-
folved by the acid.

A piece of liver offulphur, in three days, abforbed
the whole of a quantity of this kind of air, without
fenfibly affecting the colour or appearance of the
liver of fulphur.

Charcoal, which forms inflammable air, by being
introduced to marine acid air, only abforbs the vi-
triolic acid air ; which, however, it does pretty ra-
pidly, and acquires a pungent fmell from being ex-
poíêd to it, without producing any other effect that
I could perceive. I made feveral pieces of char-
coal imbibe as much of this acid air as they could;
but, after this, frefh pieces abforbed the remainder,
fo that the air had only been, as it were, condenfed
on its furface. This I have obferved to be the cafe
with alkaline air, and in fome experiments with other
kinds of air which cannot be confined but by quick-
filverj and I do not clearly underftand it. The
charcoal, in this experiment, was made very dry,
or it might have been fufpected that the moifture ad-
hering to it had abforbed the air.

Vitriolic
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Vitriolic acid air difTolved camphor pretty readily,
and reduced it to a tranfparent liquor. Water
being admitted to it, the camphor re-afliimed its na-
tural folid form, but feemed to have acquired an aci-
dity in its tafte

Iron is readily diffolved in marine acid air, but it is
not at all affected by the vitriolic acid air ; though,
when combined with water, it is fo powerful a men-
ftruum for iron. But this, indeed, is the lefs extra-
ordinary, as this acid ceafes to affeób iron when it is
ftrongly concentrated. I kept a number of iron
nails in vitriolic acid air two days, without any fen-
fible effect either upon the air, or the nails. There
was no appearance of their being in the leaft cor-
roded.

I have noticed a very remarkable effect of alka-
line air upon alum, rendering it white and opake, as
if it had been calcined, but without altering its figure.
The fame, to appearance, is the effect of vitriolic
acid air upon borax. This fubftance abforbed a
pretty large quantity of this „air in two days.
What remained of the air extinguifhcd a candle.
But this effect was probably owing to a fmall pro-
portion of fixed air that was produced at the
fame time with the vitriolic acid air. I repeated
this experiment with borax, and let the procels con-
tinue three days, when the effect was precifely the
fame as before, the borax retaining its form, but be-

Voi. II. Y ^ ing
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ing rendered white and opake. The acid air had,
no doubt, feized upon the water which enters into ira

. compofition, as I conjecture to be the cafe with re-
ipect to alkaline air and alum.

As it is well known that die common vitriolic
acid is changed into volatile or fulphureom acid of
vitriol by fumes of charcoal, if the vefiel in which it
is heated has a crack in it, through which the fumes
can have accefs to the acid, I had the curiofity to try
whether the fame effect would not be produced by
beating the charcoal in the acid. Accordingly I put
fome bits of charcoal into my phial, inftcad of the
oil, or other inflammable matter, which I had ufed
before ; and, applying the flame of a candle, 1 pre-
fently found that the vitriolic acid air was produced
as well as in the former procefs, and in feveral re-
fpects more conveniently, the production of air be-
ing more equable ; whereby the difagreeable effect
of a fudden explofion is avoided.

Jt is necefíàry, however, that the charcoal be very
well burned, fo that all air be expelled from it j
otherwiíè, there will be a mixture of fixed or in-
flammable air along with the acid air, especially
when a confiderable degree of heat is applied to
produce the air. Having often got vitriolic acid
air from charcoal on account of the eafy and equa-
ble production of it in this manner, I feveral timei
•obferved that there was a confiderable refiduum after

. -it
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it had been expoled to water ; and once I found
that the refiduum made lime-water turbid j a fure
figa of its containing fixed air.

S E C T I O N V .

Of taking the EleSlric Spark in Vitriolic Add Ai>\

E of the moft remarkable obfervations that
I have made on vitriolic acid air was,

that when the electric fpark is taken in it, the infide
of the glafs tube in which it is confined is covered
with a blackiih fubftance ; fo that the infide of the
glals through which the explofion paffed was uni-
formly covered with a blackiih matter, and no-
thing could be feen through it, and the air feemed
to be rather increafed than diminiihedi Water be-,
ing admitted to it, left fo little of it unabforbed, that
it could not be examined. Part of the blackiih
matter was wafhed off by the Water.

I have fmce given more attention to this curious
circumftance, and have been happy enough to afcer-

Y a tala
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tain ilveral things of. confiderable importance re-
lating to it, though, they are not fufficient for a com-
plete theory of it.

My firft wiih was to collect a quantity of this
matter, enough for a chemical examination of it;
and for this pnrpofe I applied to my friend Mr.
Vaughan, who favoured me with his afliftancc-,
and the ufe of his large machine, made by Mr.
Nairne, on the fame plan with what which was
made for the Grand Duke of Tufcany, defcribed
in» the Philofophical T ran factions. But though
we gave u good deal of time to this bufinefs,.
we did not get a quantity fufficient for my pur-
pofe.

I faw reafón, however,, to conclude, that1 the
whole of the vitriolic acid air is convertible into this
black matter, but not by means of any union which
it forms with the electric fluid ; but as it ihould
ieem, in confequence of the concußon given, to it by
the explofion ; and that,, if it be the calx of the me-
tal which fupplied the phlogiilon, it is not to be
diftioguiibed from what metal, or indeed from what,
fubftance, of any other kind, the air had been ex-
tracted;. Thefe particulars will be fufficiently.
evinced in the following experiments.

Lmade 120 explofions of a common jar in about
a quarter of an ounce mcafurc of vitriolic acid air

from,
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from copper ; by which I found that the bulk of it
was diminifhed about one third, and the remainder
was feemingly not changed, being all abforbc-d by
water. In the conrfe of this procefs the air was
carefully transferred three times from one vefiel to
another ; and the lad vefTelin which the explofions
were made in it was, to all appearance, as black as
the firft ; io that this air feems to be all convertible
into this 'black matter, whatever it be.

Thinking this diminution of the vitriolic acid air
might poffibly arife from its abforption by the ce-
ment, with which the glafs tubec employed in the
-laft experiment were clofed, I repeated it, with the
variation only of getting the air from qujckfilver, in
a 'glaß fypbon, confined by quickfilver ; and obferv-
ed tlfat it was diminifhed, by tlie fame number of
explofions, in about the fame proportion as before.

Tlutthis matter comes from the vitriolic acid air
and not from any combination of the decbic
matter with k, will, I think, appear from the fol-
lowing experiment. I took the limple decbic
ipark from a prime conductor of a moderate fixe,
for the fpace of five minutes, without interruption,
in a quantity of vitriolic acid air, without producing
:шу change in the infide of the glafs ; when, imme-
diately after, making in it only two explofions of a
common jar, each of which might be produced in
fc-fs than a quarter of a minute? with the fame jm-

У 3 chine,
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chine, in the fame ftate, the whole of the infide of
the tube was completely covered with a black mat-
ter. Now, had the eleetric matter formed any uni-
on with the air, and this black matter had been the
reiult of that combination, all the différence that
could have arifen from the fimple^r£, or the ex~
plcfion, could only have been a more gradual, or a
mwtjtidden formation ofthat matter.

Had I ufed tubes fmall enough, or a prime con-
ductor large enough, I ihould, no doubt, have pro-
duced this blacknefs with the fparks only. On the
other hand, when I had filled a large phial, about
an inch and a half wide, with this air, I found that
even the explofion of a very large jar, containing
more than two feet of coated furface, had no efFecî
upon it j from which it ihould feem that, in thefe
caies, the force of the fhock was not able to give
the whole quantity ofairfuch a concuffion as was
neceflàry to decompofe any part of it.

At one time I had little doubt, but that the mau
ter formed by thefe explofions in vitriolic acid air
would be different, according to the calx of the
metal, or other fubftance which had fupplied the
phlogifton of it -, imagining that, together with
phlogifton, fome of the earthy part of the fubftance
had alfo entered into the compofition of the air, and
re-appeared in this decompofition of it, in the form
of a powder. But, upon the whole, I did not find

that
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that this conjefhire was verified by the fails, which
I fhall here recite.

I had generally made ufe of copper-, but when I
got a quantity of this air from quickßlver, in the ex-
periment mentioned above, and alfo when after-
wards, I, for this very purpofe, procured this air
from almoft all the kinds of fubftance from which it
can be procured, die eleólric explofion taken in it
produced the fame eflfeft, in clouding;the tube with
the black matter, as it had done in the air procured
from copper. As fome of thefe experiments were
attended with peculiar circumftances, I ihall briefly
••mention diem.

I was moil embarrafled when I endeavoured to
get vitriolic acid air from lead, putting a quantity
of leaden Ihot into a phial containing oil of vitriol,
and applying only the ufual degree of heat, a con-
fiderable quantity of air was produced ; but after-
wards, diough the heat was increaièd till the acid
boiled, no more air could be got. I imagine,
therefore, that, in this cafe, the phlogifton had, irt
fa£t, been fupplied by fomething that had adhered
to the fhot. However, in the air that was io pro-
duced, I took the eledtric explofion, and in the firft
quantity that I tried, a whitiih matter was produced,
almoft covering the infidc of the tube. But in the
fucceeding experiments with air procured from the
fame fliot, or from fomething adhering to it, there

У 4 was
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was lefs of the whitiíh matter ; and at laft nothing
but black matter was produced, as in all the other
experiments. Water being admitted to this air,
there remained a confiderable refiduum, which was
veiy flightly inflammable.

1 Vitriolic acid air is eafily procured from fpirit of
witie, the mixture becoming black before any air is
yielded. The elecbic explofion taken in this air
Жо produced the black matter,

If any of my experiments be capable of throwing
light upon the fubject of this black matter, it Ihould
feem to be thofe which 1 made with ether, by the
help of which thjs air is as eafily procured as by
any other ibbftance containing phlogifton. In the
air procured by ether the eleftric explofion tinged the
glafs very black ; I think more fo than I had obferv-
ed in any other experiment of the kind -, and when

water had abforbed what it could of this air, there
was a refiduum in which a candle burned with a lam-
bent blue flame. • But what was moft remarkable in
this experiment was, that befides the oil of vitriol
.becoming very- black during the procefs, a black
fubftance, and of a thick confidence, was formed,

which fwam on .the furface of the acid. I collected
a quantity of it, but I have not examined it with
fufficient attention. It may eafily be procured by
boiling ether in.the vitriolic acid.

5 Thç
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The elecbic fpark, or explofion, taken in common
air, confined by quickfilver, in a glafs tube, covers
tlic infide of the tube with a black matter, which,
when heated, appears to be pure quickfilver. This,
therefore, may be the cafe with the black matter
into which I fuppofed the vitriolic acid air to be
converted by the fame procefs, though the effect
was much more remarkable in that than in common
911*. . The explofion will often produce the diminution
of the common air, in half the time that ihtßmple
/parks will do it, the machine giving the fame quan-
tity of fire in the fame time. Alfo the blacknefs of
tfie tube is much fooner produced by the fhocks
than by the fparks. When the tube confiderably
exceeds three tenths of an inch in diameter, it will
fometimes become very black without there being
any fenfible diminution of the quantity of air.

I have fmce found that this black matter is tner-
cury fuperphlogißicated, the vapour of this metal,
mixing with the air in all temperatures. This will
be evident from the experiments under the article
mercury.

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

Of the Convertibility of •vitriolic Acid Air into vitriatfc
Acid.

'ТП H E volatile vitriolic add, though produced
A from the fixed vitriolic acid, is very confider-

ably different from it, efpecially as it may be dif-
lodged from its bails by the vitriolic acid, juft ф

.other weaker acids are diflodged by thofe that are
thence called the ftronger. But that volatile vi-
triolic acid is capable, however, of being brought
back to the ftate of the common vitriolic acid, and;
becoming the fame thing that it originally was, fe-
veral experiments fliew. I had found that it was
capable of diflblving iron and zinc, and of pro-
ducing inflammable air, which is the property of
oil of vitriol ; but I had a more decifive proof of
the fame thing when, to water faturated with vi-
triolic acid air, I had, for another purpofe, put
fome earth of alum till it was faturated. Fo^
after fix months, in which this folution had been ex-
poíêd in an open phial, and one third of it was eva-
porated, I obferved many tranfparent cryftals form-

ed
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cd at the bottom of the phial, as well as an incrufta-/
tion on the fides of the phial above the furface of
the liquor. Thefe cryftals were all triangular, of
a considerable thicknefs, connected with each oilier,
and when examined appeared to be almn, which
is. .known to be the faline fubftance formed b/
the fame earth, and the proper vitriolic acid. But
the following experiments, in which ic will appear
that real fulphur is formed by means of the volatile
vitriolic acid, exhibit a much more remarkable fafb,
and is another proof of the mutual convertibility of
thcfe acids into one another.

Having expofed various liquid fubftances to a Con-
tinued heat in a fand furnace, among others I placed
in it a glafe tube, about an inch in diameter at toe
bottom, tapering to a point at the top, about two
feet and a half long, clofed hermetically ; when I
had put into it about an ounce "meafure of diftilled
water ftrongly impregnated with vitriolic acid air,
with nothing more than a random expectation of
fome change or other taking place in it. This was
on the 9th of September 1777, but the refult was
much more curious than I could poflibly have ima-
gined a friori. I iliall note the appearances as I
obferved them, at the feveral intervals in which I
examined this tube.

On the 3oth of the fame month this impreg-
nated water, which continued tranlparcnt to the

end
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end of the procefs, had depofited a fmall quantity
of black powder ; and alfo a bit of matter exactly
like fulphur about one eighth of an inch in diame-
ter lay among it. Small pieces of the fame mat-
ter floated on the furface of the liquor, and ftreaks
of the fame coated part of the infide of the tube
an inch above the liquor. From the top of the
tube to within about eight inches above the liquor,
were beautiful white cryftallizations, like Jpicula,
difpofed irregularly, but generally in the form of
ftars, the glafs being perfectly tranfparent between
them.

In this ftate the tube continued, the cryftalliza-
tions increafing, and feveral times changing their
places, to the aoth of January following, when an
end was put to the procefs. Excepting, however,
a place of a few Iquare inches near the furface of
the liquor, all the lower half of the tube was quite
free from them, but from thence to the top it was
pretty thick and equally covered, exhibiting a molt
pleafing appearance.

In order to obferve the time, and the manner of
the formation of thefe cryftals, in a greater variety
of circumftances, I placed in the fand furnace at
different times, a ftrong glafs tube about nine inches
long, and a quarter of an inch in diameter, which
J funk pretty deep in the fand, in order to give
it a greater degree of heat; and alfo two tubes

about



Sett. VI. • VITRIOLIC ACID AIR. 333

about four feet long, one of them half an inch, and
the other a quarter of an inch in diameter, putting
into the fliort tube a quantity of the impregnated
water about an inch in length, and into the long
tubes two inches and a half.

The fhort tube had been put into the fand on
the nth of Auguft, and on the 3oth of Septem-
ber following the liquor was tranfparent, but the
top and part of the middle of the tube had many
white ftars like cryftallizations.

Of the long tubes the fmaller had begun to have
cryftallizations, about one third from the bottom
in about a fortnight, and the wider in about a
month. When they were examined on the loth
of January, 1778, the large tube had more cryftal-
lizations than the fm aller, the greateft quantity of
them about five inches above the furface of the
liqupr, but they were all on one fide of the tube,
and there were others about fix inches above thefe.
There were alfo very many between the furface
of the liquor and two inches above it. The fmaller
tube had no cryftals near the furface of the liquor,
but a good many about five inches above it, and
the greateft quantity was about eighteen inches
above it. Neither of thefe tubes had any cryftals
in two thirds of the upper part of them.

Applying the flame of a candle with a blow-
pipe to the fmaller of the long tubes above-mcn-

tionecl;



774. O B S E R V A T I O N S Otí Pari IL

tioned, the glafs was prefied violently inwards ; fo
that it was evident there was a decreafe of elaftic
matter within the tube, which therefore probably
entered into the cryftals. If any part of the liquid
touched the hot glafs, a denfe white fume was ex-
cited, exaftly like that from the oil of vitriol.
Taking off one half of the tube, and then opening
it under water, it was half filled with water, and
the air within in it was completely phlbgifticated,
•which agrees with my former obfervations, of the
vitriolic acid air imparting phlogifton to common
air, or rather of its imbibing dephlogifficated air,
and thereby forming vitriolic acid.

When I heated the dry cryftals, the fame white
cloud was raiíèd, and the cryftals were by this
means difperfed into a kind of duft, that incrufts
the glafs. For I applied the heat on the outfide
of the tube.

The liquor itfelf was ftill extremely acid, and
the fmell of it very pungent; fo that, probably,
only a fmall part of the vitriolic acid air with which
it was impregnated had entered into thefe cryftals,
numerous as they were.

The cryftals were eafily ihaken off" from the
iide of the tube, when it was waihed with the li-
quor, and they continued undiiTolved in it.

The preceding obfervations were made prefently
after the tubes щ which the cryftals were formed

were
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.•were taken from the fand furnace ; and in this
itate they continued near a year, in the courfe of
which I had /hewed them to feveral of my che-
mical friends, who exprcfled much furprize at the
fight of them. At length I opened the tube that
contained the greateft quantity of theíc cryftals,
firft oblerving that, when I foftcned the glafs, it
was ftill preflcd inwards.

The cryftals, I found, were not diflblved in fpirit
of fait, and when they had been wafhed, and dried,
they had the colour, and fmell of fulphur; and
being laid on a hot iron burned with a blue flame,
fo as to leave no doubt of the identity of the fub-
ftances.

To form this fulphur, I conjecture, that the
volatile acid, in this expanded and confined ftate,
uniting with the dephlogifticated air in the tube, had
firft formed vitriolic acid ; and that this, uniting with
phlogifton, formed .the fulphur. The fail is cer»
tainly a remarkable one.

Having obferved thefe curious effects of the
impregnation of water with vitriolic acid air, I
cxpofed to the fame heat, in fimilar circumftances,,
/pirit of wine, and oil of turpentine, faturated with
the fame kind of air.

The impregnated fpirit of wine, after being cx-
pofed to this heat about a fortnight was tranfpareht,
but had many flender cryftals in it, and the greater
part of the tube had a thick and whitifh incrufta-

4 tion,
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tion, beginning about three inches above the fur-
face of the liquor, and extending about twelve
inches, but was thickeft in the middle.

A fhort tube, containing a quantity of the fame
impregnated fpiric of wine, had no incruftation,
but many more cryftals, in the form of fpicula

which Ic-ttled to the bottom of the liquor. Another

tube of the fame length had fimilar fpicula, and
near the top a confiderable incruftation not Ipicu-
line.

The oil of turpentine impregnated with vitriolic
acid air, and expofed to the heat in this manner,
from being of a Jight amber colour, became of a
deep brown. The tube in which it was contained
was only eighteen inches long, and the upper half
of it was covered on one fide with white incrufta-
tions not fpiculine.

Whale oil impregnated with this air, from be-
ing brown, had probably become almoft black.
For the tube was broke, but had a very black in-
cruftation towards the bottom, efpecially near the
furface of the liquor.

I alfo expofed to the fame heat tubes containing
vitriolic acid air only, having firft filled them with
quickfilver, then with this kind of air, and after-
wards fealing them hermetically with a blow-pipe ;
and the refult was fimihir to thofc in which the
imprégnations -were concerned.

One
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One tube of this kind that had been buried in
the hot fand on the ï ith of Auguft, being examin-
ed on the 3<Dth of September, was found in the
following ftate. The upper part of the tube was
half covered with white cryftals; but much fmaller
than thofe in the tubes containing the water impreg-
nated with this air.

Another tube containing the fame kind of air,
which had been buried in the fand a longer time,
was found quite covered with white cryftals, and
a fmall part of the tube was black, probably from
fome external accidental caufe. The end of this
tube being broke under quickfilver, it filled one
third of it, and water abforbed all that remained
of the air, except a very fmall bubble. This water
had the fmell of water impregnated with vitriolic
acid air.

I have feveral times repeated this experiment»
and have never failed to find the infide of the tubes
that had been filled with vitriolic acid air coated
with this white matter; but it is fo exceedingly
flight, that I cannot make many obfervations upon
it. I am rather furprized to find that it does not
feem to befulpbitr, which is formed from the heat-
ing of water impregnated with the fame kind of
air. For fpirit of fait feems to diflolve it all. At
leaft the tube is waihed perfectly clean with it,

VOL. II. Z and
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and I could not difcern any- thing in that acid af-
terwards. But this may be owing to the very
imall quantity of it, though it be Ipread on fo great
a furface, and to the extreme minutenefs of the
particles of which it confifts.

P A R T
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P A R T III.

OF FLUOR ACID AIR.

S E C T I O N I .

f he Dijctrvery of the Fluor Acid Air, and the Imprep
nation of Water with it.

Hf H E philofophical part of the world have, of
A late, been highly gratified by the difcovery

of a new mineral acid, contained in, a fubftance
which chemifts diftinguiih by the name of fluor j
but many of my readers will underftand 'me
better, when I inform them, that it is of .that fpè-
cies of fubftance, which, with us, is called tee Der-
íyfljire fpar j and of which, -at prefent, vaíèsTand
other ornaments for chimnies, are ufually made;
The acid is expelled from this fubftance by oil of
vitriol, and has peculiar properties, as remarkable
as any of the three other mineral acids which we
were acquainted with before.

Z a This
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This curious difcovery was made by Mr.
Scheele, a Swede ; from which circumftance the
acid is often diftinguifhed by the name of the
Swedifl) acid. His method of operating upon this
fubftance, and Hkewife that of all who have fuc-
ceeded him in the inquiry, was to diftil it in glais
veiTels, as in the procefs of making fpirit of nitre
from falt-petrej and the moil remarkable fafts
that have been obferved concerning it are, that
the veflels in which the difttllation is made are apt
to be corroded ; Ib that holes will be made quite
tli rough them ; and that when there is water in
the recipient, the furface of it will be covered with
a cruil,, of a friable ftony matter.

This craft, which I íliall diftinguiíh by the name
of the 'fluer crußt Mr. Scheele fuppofed to be
quartz -, and therefore concluded that this acid and
water were the conilituent parts of that foffil. Or»
the other hand, Mr. Boulanger, who has taken a
great deal of pains with this fubjedt, is of opinion
that this new acid is only the acid of Jaltt combined
with an earthy fubftance. For this opinion he
advances various reafôns ; but does not pretend to
be able cd produce any decifive proof. The refills
of my own experiments, I think, prove, that the
fluor contains a peculiar acid.

As foon as I had exhibited one of the acids in.
the form of air, I had no doubt but that all the

acids
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acids might be exhibited in the fame manner, und
this among the reft ; but I imagined that I iholild
find great difficulty in procuring the foffil that
contains it ; fuppofing that it had only been found
in Sweden j and I fnould probably have continued
in this incapacity for making the following experi-
ments, had I not been relieved by Mr. Woulfe, Who,
upon my inquiry concerning it, not only explained
to me what the fubftance was, but immediately
furniihed me with a quantity of feveral kinds of it,
fufficicnt for my purpofe. That with which my firft
experiments were made, was that which he called the
•white fhoffhoric fpar, from Saxony j but afterwards
I made ufe of the Dcrbyihire fpar ; and the pieces
that I had by me were partly white, or yellowifli,
and partly purple.

All my advantage in the investigation of this
fubject, has arifen from my peculiar manner of
conducting the experiments. For, by exhibiting
the acid in the form of air, free from moiilure, I
had an opportunity of examining its nature arid
affinities with the greatefl eafe and certainty. In
this manner alio, this fpecies of air exhibits ä variety
of ftriking phenomena, which cannot be produced
in any other manner of operating upon it.

When I began theft' experiments, I followed
the directions given by tliofe who had gone before
me iri the inveiligatidn of this fubject, and who

Z 3 lud
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had procured the acid in the common method of
diftillation, pounding the fluor (which I afterwards
found not to be neceffary) and pouring oil of vitriol
upon it. This I did in a phial, to which was fitted
a gróund-ftopper and tube, and immediately found,
that, at firft, without any heat, and afterwards with
a very fmall degree of it, air was produced in great
plenty, perfectly tranfparent, and confined by quick-
filver, like the other acid airs. The vapour, as
it iflued out of the tube into the open air, formed
a permanent white cloud ; no doubt, by attaching
to itfelf the water that floated in the atmofphere,
and the fmell of it was extremely pungent.

I had no fooner produced this new kind of air,
but I was eager to fee the effect it would have on
water, and to produce the ftony cruft formed by
their union, as defcribed by Mr. Scheele ; and I
was not difappointed in my expectations. The
moment the water came into contact with this air,
the furface of it became white and opake, by a
ftonyfihn, which, forming a feparation between the
air above, and the water below it, confiderably re-
tarded the afcent of the water, till the air, infmuating
itfelf through the pores and cracks of this çruft,
the water neceffarily rofe as the air diminiihed, and
breaking the cruft, prefented a new furface of wa-
ter, which, like the former, was inftantly covered
with a frejh cruft. Thus was one ftony incruftar

tion.
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tïon formed after another, till every particle of the
air was united to the water, and the different films
being collected, and dried, formed a white powdery
fubftance, generally a little acid to the tafte ; but
when waihed in much pure water, was perfectly
infipid.

Few philofophical experiments exhibit a more
pleafing appearance than this, which can only be
made, by fkft producing the air confined by quick-
filver, and then admitting a large body of water to
it. Moil perfons to whom I have ihewn the ex-
periment have been exceedingly ftruck with it.
It is exhibited to the moil advantage, when the vef-
fel that contains the air is pretty wide, by which I
mean about an inch in diameter. In this cafe the
cruil will often crack in the middle, and a fmall
jet of water ruihing through the fiflure, will, to
appearance, be inftantly converted into this ftony
fubftance, and look like a puff of white powder,
rifing fometimes an inch or two up into the air.
Alfo the cryßallizationst formed on the fides of the
veflèl, as the water rifes in it, make a very beautiful
appearance.

The union of this acid air and water may alio
be exhibited in another mariner, which, to fome
perfons, makes a ftill more ftriking experiment;
viz. by admitting the air, as fail as it is generated,

Z 4 to
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to a large body of water refting on quickfilver, iri-
ftead of introducing the water to the air previoufly
formed.

For this purpofe, I ufually put two or three
ounce meafures of water into a tall cylindrical jar,
about an inch in diameter (fuch as thoíè which I
generally ufe as recipients of thofe kinds of air that
muft be confined by quickfilver) and filling the
remainder of the veflel with quickfilver, I place
it inverted in a bafon containing a quantity of the
fame fluid; fo that the water, immediately rifing
to the top, occupies the upper part of the vefle1,
while the quickfilver occupies the lower part. I
then introduce under it the end of the tube pro-
ceeding from the phial, which contains the materials
for generating this air. It is, then, very pleafing
to obferve, that the moment any bubble of air,
after pafilng through the quickfilver, reaches the
\vater, it is inftantly, as it were, converted into
a ftone ; but continuing hollow for a Ihort fpace
of time, generally rifes to the top of the water, in
the form of a bubble, or a thin white film. If the
fucceffion of bubbles be rapid, and they rife freely
to the top of the veficl, through a large body of
clear water (which, however, is not always the
cafe, as they will fometimes adhere to the upper
iurface -of the quickfilver) I have met with few

performs
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perfons who are foon weary of looking at it ; and
fome could fit by it almoft a whole hour, and be
agreeably amufed all the time.

Every bubble of air, coming into contact with
the water on every fide at once, is like a blad-
der, being hollow within j but this flight cruft foon
burfting, the fides collapfe, and it rifes to the top
of the vefiel, in the form of a piece of thin white
gauze. The water foon penetrating every part
of it, the whole mafs of thefe films becomes in a
little time like a jelly, which continually thickens
by the acceffion of more films, till at length the
whole body of water feems to become folidj fo
that, being fully faturated, efpecially at the lower
part, the air, finding no more moifture within its
peach, will fill all the lower part of the veífèl,
expelling the quickfilver, while the water, in the
form of a ftiff jelly, occupj^all the upper part of
the veflel.

As, for the purpofes to be mentioned here-after,
I have repeated this experiment a great number
of times, I have had an opportunity of obferving
a very great variety in the appearances which it
exhibits. One is peculiarly plealing, but not very
common. A large bubble of air will fometimes
adhere, by its lower part, to the furfiiçe of the
quickfilver ; and another bubble, rifing in the fame
place, before the lower part of the former has been
çlofed, puíhe* out the upper part of it, and ad-

vancing



346 O B S E R V A T I O N S ON Part III,

vancing farther into the water, extends the bubble
in length : another follows, and does the fame, till
at length a tube is formed (the fides alfo growing
thicker continually) extending from the quickfilver,
to the top of the water. I have feen of them four
inches in length j and others being formed clolc
to them, the whole veflèl has been almoft filled
with thefe tubes, adhering to one another, of dif-j
ferent lengths, and not much unlike the appear-
ance of the pipes that are placed in the front of
an organ.

In lefs than an hour, I have frequently convert-
ed two or three ounce meafures of water into this
folid mafs. When this is taken out of the veflel,
and prefled, it will be found to contain a great deal
of an acid Uquprj the water impregnated with
the acid having'"been intangled in the interftices of
the jelly, out of the reach of the air : and if this
liquor be ufed in another procefs, inftead of pure
water, more of it will feem to become folid, and
the acid liquor will be concentrated every time.

By the repetition of this procefs, an acid liquor
may be procured of a very confiderable degree of
ftrength. There feems, however, to be a limit to
itsjtrength; for the acid is exceedingly volatile, as
is evident from its extremely pungent fmellj fo
that I have thought that I gained nothing by re-
peating the procefs more than eight or ten times -t

bccaufe it was impoffible to transfer the water from
one
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veflèl to another, but more acid would be loft
evaporation than would be acquired by another
jregnation with the acid air.
rhefe appearances I now explain, by fuppofing
: the acid of the fpar diuodged by the vitriolic
1, in uniting with the fpar, is in part volatilized,
icars in the form of'air j and that there is alfo
ibined with this air, a portion of the folid earthy
t of the fpar, which continues in a ftate of folu-
1, till, coming into contait with the water, the
d unites with the acid, and the earth is precipi-
d.
iefore I proceed to relate any of the experiments
.ch I made with this acid air, I Ihall give a few
:dlions and precautions, which may be ufeful to .
fons on their firft entrance upon this courfc.
[. The tube through which this acid vapour is
veyed ihould not be very narrow, becaufe it is
to be furred up, efpecially when any phial, con-

ling materials for the production of this air, has
n ufed fome time, and with a good deal of heat ;
ing, I fuppofe, to the hot air retaining in folu-
i more of the ftony matter than it can do when
s cold, and therefore depofiting it as it! is con-
'ed through the tube.
2. I began thefe experiments with phials which
I ground ftoppers and tubes, but foon found that
ras too expenfive a mode of experimenting with

4 this
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this kind of air ; for they were prefently corroded
and fpoiled. Afterwards, therefore, I nfed only
common phials, but the thickeft that I could meet
•with ; and ftill feldom found that they would bear
the experiment above an hour. Very frequently,
.the thickeft phials that I could get would be worn
•quite through in a quarter of an hour, when the
heat was confiderable, and the production of the air
rapid. This power of diflblving glafs is a very re-
markable property of this air; but it feems to pof-
fefs it only when it is hot, at leaft in any confiderable
degree.

3. When I wifhed to produce this air pretty faft,
ï found it mofl convenient to pound the fpar, and
pour the oil of vitriol upon it, filling one fourth of
the phial with the fpar, and leaving one fourth of it
for а фасе in which the bubbles might expand them-
felves, and break, fo as not to carry any of the li-
quor into the tube. 1 now proceed to the particular
experiments.

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

Experiments made with a View to difcover the Conftl*.
tuiion of Fluor Acid Air.

T Thought it might poflibly contribute to decide
•*• the queftion concerning the identity of this acid
and the marine, if I put a quantity of the flúor cru/í
to marine acid air ; thinking that they might forrei
an union, and conftitute this fluor acid air. And,
indeed, fomething fimilar to it was by this means
produced ; fo that another cruft was formed upon
the admiffion of water to it j but, in other re-
fpedts, feveral circumftances, which I cannot ex-
plain, attended the experiments. They were as
follows.

To about two ounce meafures of marine acid air
I put about a quarter of a grain of the fluor cruft,
and in about three days it had abforbed about half
an ounce meafure of the air. Water being thea
admitted to it, kft a quarter of an ouncç meauux,
of air unabforbed.

Afterwards I conveyed marine acid air to a pretty
large, quantity of the fluor crufti cantinedby qukk-

5 fiiver ;
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filver ; and, as the air was imbibed, I continued
to throw up more, till, after three or four days, that
fubftance feemed to be fully faturated with the air.
Then admitting water to it, it was abforbed exactly
like the fluor acid air ; but I could not, at that
time, very well diftinguiih the cruft on the top of
it, on account of the jar being almoil filled with thd
emit, and part of it floating on the top of the water.
About three fourths of this air was abforbed by the
water; but what I thought very remarkable, air
kept ifluing from this fluor cruft, in large bubbles,
till the quantity of air was doubled, and the jar was
half filled with it. This air neither affected common
air, nor was affected by nitrous air, and it extin-
guiihed a candle.

I repeated the experiment, with this only differ-
ence, that I admitted water to the air as foon as the
fluor cruft feemed to be faturated ; wheri the expe-
riment being made in a wide jar, the cruft on the
furface of the water was as vifible as in the experi-
ment with the fluor acid air itfelf. At this time,
however, there was no generation of air from the
íàturated cruft, as before, but a confiderable quan-
tity of air, unabforbed by water, though I took care
that the marine acid air was as pure as I could
procure it^

Having *a quantity of the fluor cruft faturated
with marine acid air, I had the curiofity to pour

fome
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fome oil of vitriol upon it, in order to try whether
the produce would be pure marine acid air, or a
mixture of the two ^and the latter feemed to be the
cafe, though 1 think the marine acid prevailed in
the mixture.

In this procefs air was produced in great plenty,
and the bubbles buril in the receiver with a white
cloud j but when water was admitted to it, it was
abforbed without any cruft^Jbeing. formed upon its
furface.

In twenty four hours a piece of falt-petre turn-
ed yellow in this air, and abforbed about half an
ounce meafure of it. What remained unabforb-
cd by water, was exceedingly ftrong nitrous air,
the fpirit of nitre having been fet loofe from the falt-
petre by the marine acid air, and having diflblved
the quickfilven

A piece of borax, in about a fortnight, abforbed
about two ounce meafures of this air, without leav-
ing any refiduum not abibrbed by water. The
ilirface of the borax was become foft j but by walh-
ing it in water, the foft part was eafily feparated from
the reft,

At the beginning of my inveftigation of this fub-
jeél, I had a fufpicion that this new acid air might
poffibly be the vitriolic acid air, loadeÜ with the
fparry cruft; but the following experiments were
not favourable to this hypothefis.

I threvr
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I threw the focus of a burning lens upon fome
pieces of the fpar in vitriolic acid air, confined by
quickfilver} thinking, that whenitwas hot, it might
diflolve fome part of it, and thereby, become the
fame thing with the fluor acid air. But though I
continued this pperation till the fpár fmoked, and
filled the veflel with a white fume, there was nei-
ther any addition made to the quantity of air, nor
any change produced in; the quality of it. When
water was admitted to it, no cruft, as I had expect-
ed, was formed on the furface of it.
.. In order to try whether the fluor cruft was the

lame thing with the fpar, from which it had been
produced, I got a quantity of it, and treated it irr
the fame manner as I had treated, the fpar, pouring,
oil of vitriol upon it, and endeavouring to expel air
from it. I prefently found, indeed, that it yielded
great plenty of air ; but not finding it to- be the
thing I was then in queit of, viz. an acid air, by
means of which a- cruft would be formed on the:

furface of the water admitted to it, 1 neglected to'
give-fufficient attention to it.

Water admitted to this acid air, procured from
the fluor cruft by oil ofvitriol^ abforbéd it all, but
without having, any cruft upon its furface.

Alkaline! air united with the whole of this acid
air, forming wich it a white faline fubftance ; and1

part of the infide of the tube, in which the mixture
was
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was made, was tinged with a deep yellow, or orange
colour, which difappeared after a few hours expo-
fure to the open air. This I have obferved to be
the cafe with the vitriolic acid air.

This air did not at all affect Jalt-petre or borax.
The acid air expelled from water faturated with

the fluor acid, refembles the vitriolic acid air in fo
many properties, that when I firft publiihed my
experiments on the fubject, I concluded it to be
the vitriolic acid air combined with the fluor cruft.

To fatisfy myfelf with refpect to it, I fatu-
rated a quantity of water with the fluor acid air,
prefilng out the ftony matter with which it was
filled at each procefs, and impregnating it over and
over again» When it appeared to be fufficiently
impregnated for my purpofe, I put the liquor into
a phial, furniihed with a proper tube and recipient,
fuch as-is reprefented Plate II. fig. 8. to re-
ceive any of the watery part that might be expelled
by heat \ and applying the flame of a candle, I pre-
fently got from it great plenty of air j which, by
every teit that I could think of applying, appeared
to have the very fame properties with the vitriolic
acid air.

The air thus expelled from this acid liquor was
abforbed by water, without any cruft on the furface
of it.

VOL. II. A a Wh,en
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When alkaline ai'r was admitted to it, the fides
of the veiTel were1 tinged with the orange-colour
mentioned above, which vaniihed in about an hour
after it had been expofed to the open air.

This air had no efFeft upon Jalt-petre, a piece
of which continued in it about a fortnight j nor yet
upon Julphur, alum, or f d ammoniac.

Liver of Sulphur abforbed it, without undergoing
any fenfible change.

This air extinguiihed a candle, without any par-
ticular colour of the flame.

Camphor was difiolved in this air, exactly as it is
in vitriolic acid air.

In thefe properties this acid air will be found, by
comparifon, to agree with the vitriolic acid air ; as
allo in the two following, which, as far as I know,
arc peculiar to this ipecies of air.

Phlogifton, as I have obfcrved, is contained in
vitriolic acid air, and in fuch a manner as to be
communicated by it to the common air with which
it is mixed, and thereby to phlogifticate, or injure
it. And an écriai quantity of this acid air, and com-
mon air, % having been mixed, and left together
twenty-four hours, the common air appeared to be
fo far injured, that two meafures of it, and one of
nitrous air, occupied the fpace of fomething more
than two meafures.

The elettric fyark has a veiy remarkable effeet
upon the vitriolic acid air, or rather upon the glafs

5 tube
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tube in which the experiment is made, as has
been obíèrved ; for a fingle explofion covers all
the infide furface with a deep brown or black
matter, and the glafs grows more opake every
ftroke. This very fingular and ftriking effect, has
the electric ipark taken in the air expelled from
this acid liquor.

After I had made this experiment, I had no doubr,
but that thefe two kinds of air, viz. the vitriolic acid
and the fluor acid, are, in reality, the fame. And
the difference between them when the latter is diverted
of the ftony matter which it contains, cannot be great.
But ftill the acid thus far feparated from the ftony
matter containsa fufficient quantityof it ; for in mak-
ing it boil with violence, the infide of the tube irnme-
diately connected with it, was filled with a ftony matter.
It happened twice in the courfe of the above men-
tioned experiments, that the tube was quite flopped up
by this means, fo as tocaufe the explofion of the phial.

Laftly, I would obferve, that the iafte of this acid
liquor afforded a prefumption, that the acid which
enters into it was the vitriolic -, for it has exactly the
aftringency of alum. Notwithftanding all thelb
circumftances, the acid is unquestionably of a dif-
ferent nature.

That the fluor contains phlogifton, is evident,
from the attempts that I made to procure dephlogif-
ticated air from it, by means of fpirit of nitre; for

A a 2 the
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the air that I got from it was always phlogifticated,
and fometimes even nitrous.

At firft I made this experiment by putting the
materials into a phial with a ground-ftopper and tube,
and applying the heat of* a candle only. The air I
got in this manner neither affedted common air, nor
was affefted by nitrous air. I then put the fame ap-
paratus into a cruciblej and, with a ftrong fand-
Jieat, I got from it about two ounce-meafures of air;
in four portions. The firft of thefe was exaótly
like the preceding, being phlogifticated air -, the
fécond made lime-water turbid, and a great part of it
was readily abforbed by water : the third and fourth
portions were very ftrong nitrous air.

This experiment was made with the whitifh pare
of this fpar, which therefore probably contains the
leaft phlogifton. That phlogifton which con-
tributes to the colour of this foffil, I found, by the
following obfervation, to be of a very volatile na-
ture. When the coloured fpar is diflblved in oil of
vitriol, the flúor cruft, colleóted in the water, has
the fame colour ; but when it is dried near the fire,
the colour vanifhes, and the whole becomes white:
yet this white cruft, heated again in oil of vitriol, con-
tains, as was obferved before, fo much phlogifton,
as to convert oil of vitriol into vitriolic acid air.

The air expelled from this acid liquor did not
diflblve the flúor f ruß that was expofed to it. A

quantity
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quantity of it remained in this fituation feveral days,
without affecting it, or being affected by it. ' I had
bnagiiicd that it might have been diflolved by this
air, and have converted it into the fluor acid air.

Oil of turpentine abforbed about ten times its bulk
of this air, and became of an orange colour. Af-
ter this impregnation it had a pungent acid fmell,
together with its own. I obferved nothing farther
reipecting it.

Reflecting upon the phofphoric property of the
fpar, by means of which I had procured this acid
air, I thought it was pofllble that its property of
enabling oil of vitriol to yield this air, might be
-common to it with other fimilar phofphoric fubftan-
ces, depending upon that combination of phlogifton
which enables them to imbibe and emit light.

In order to afcertain this, with refpcct to one other
iubftance of this kind, I made a quantity of Mr.
Carton's pbofphorus, and pouring upon it fome oil of
vitriol, I got air that was readily abforbed by water,
and with a cruft upon its furface, exactly like that '
which is procured from the fluor, only not in fo
great a quantity. The eiFervefcence between this
fubftance and the oil of vitriol was very great, and
alfo the heat occafioned by it; and the vapour ef-
caping into the common air, was white and denfe,
much like the vapour of the fluor acid.

I lhall conclude this fection with obferving, that
die oil of vitriol in which the fluor is difiolved,

A a 3 be-
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becomes thick like ice, exadtly like the oil of vitriol
in which quick-lime has been boiled.

As the fluor contains an acid Jut generis, it might
have been expected, that it would have been diflodged
from its bafe by fome other of the acids, as well as
the vitriolic ; or that, if it was of a ftronger kind
than the nitrous, or marine acids, it might diflodge
rhem from their bales : but no experiments
whatever ihow any fuch thing ; nor can the fluor
acid be at all produced, except when the fpar is dif-
lolved in the vitriolic acid. This has, in fome mea-
fure, been obferved by others. Having carefully
repeated the experiments myfelf, I obferved the
following refults.

Having put a quantity of fluor to ftrong nitrous
acid,, in a glafs phial with a ground ftopper, I receiv-
ed the producet in water, and oblèrved that about
one fixth of it was fixed air, precipitating lime in
lime-water, and, that the remainder was ftrongly
nitrous (a proof that this fubftance contains much
phlogiilon) but there was no appearance of any
thing like a (ruß on the furface of the water. When
the air was received in quickfilver, the iblution of
the metal, and the production, of more nitrous air,
demonftrated that the nitrous acid, uncombined with
any thing that could alter the property of it, came
over.

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

Observations on th: Freezing of Water, imprcgimud

•with Fluor Add y/r>, and with Vitriolic Add Air,

T Had an opportunity, in one frofly winter, of
A obferving a pretty remarkable difference between

water impregnated with vitriolic acid air, and water

impregnated with the fluor acid. It is that water
impregnated with vitriolic acid air that may be
converted into ice, whereas water impregnated with

fluor acid air will not freeze.
I had obferved with refpeot to marine acid air,

and alkaline air, that they diflolve ice, and that wa-

ter impregnated with them is incapable of free/ing,

at leaft in liich a degree of cold as I had expofcd
them to. The fame, I find, is the cafe with fluor

acid air, but it is not fo at all with vitriolic acid air,
which, intirely contrary to my expectation, I find

to be altogether different from marine acid air in
this refpedl, and to rcJemble fixed air. But where-

as water impregnated with fixed air difdurges ic

when it is converted into ice, water impregnated
with vitriolic r.cid air, and then frozen, retains it as
[trongly as ever.

A a I i-xpofo]
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I expofed in an open phial a quantity of water
fully impregnated with vitriolic acid air, when the
thermometer was at 17 degrees, and obíèrved that
it was prefently frozen quite through, the fmell of it
continuing to be extremely pungent. As it melted,
the ice funk to the bottom of the liquor, and when
it was quite diflolved, the water appeared to be ilUl
very ftrongly impregnated.

Then, in order to try whether water would freeze
in a fituation in which none of this acid air could
poffibly efcape from it, I expofed to the fame de-
gree of cold a quantity of water faturated with this
air, remaining upon the quickfilver, in the jar in
which the impregnation had been made j but this
water alfo was prefently converted into ice, which
was opaque, though the bubbles were not cjiftincTrly
perceivable.

I then poured a quantity of water upon a quan-
tity of the ice above mentioned, when it froze,
without being feemingly affefted by any effluvium
of the impregnated ice. This continued opaque,
while that of the water was traniparent as ufual.
Both thefe kinds of ice melted equally, and adhered
together.

Ice was not at all dilTolved in vitriolic acid air.
Letting it remain in this fituation all night, the
next morning I found all j:he air abforbed \ but it ap-
peared, by the form of the ice, that it had been melted,

and
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and frozen again ; for it cxadlly fitted the glafs vef-
fel in which it was confined.

Ice was readily diflblved at firft in fluor acid air,
but afterwards very flowly, as might have been
concluded from the manner in which this kind of
air is imbibed by water. However, in time, the
whole of the air was abforbed by the ice, which
was diflblved by it, and continued fluid on the fur-
face of the quickfilver.

In order to make my experiment upon water im-
pregnated with fluor acid air, I faturated a quantity of
water with it fo fully, that I could with difficulty
fqueeze any water from a quantity of fluor cruft that
was depofited in it. This water I expofed Co the
froft all night, and in the morning found it to be in-
tirely fluid. Prefently after this the froft broke, and
I had no opportunity of repeating the experi-
ment.

The farther profecution of this experiment, and
a proper attention to it, will probably throw great
light on the nature of freezing.

The froft of a fubfequent winter confirmed the
above mentioned obfervations, except thofe which
.relpected water impregnated with fluor acid air,
which I before concluded would not freeze.

I now find that it does freeze, though it requires a
greater degree of cold than water impregnated with

vitriolic
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vitriolic acid air. The latter effeft I attributed to the
prefence of fome of the fluor cruft in the folution, and
J think this conjecture is, in fome meafure, con-
firmed by the following obfervations ; in which it
will be feen, that lime water did not freeze fo foon
as common water, and that lime water impregnated
•with vitriolic acid air did not freeze fo foon as com-
mon water fo impregnated.

Jan. 7, 1779. I expofed to the cold all night
a phial of pump water, and one of the fame
water foturated with quick lime. The next morn-
ing I found the thermometer at 28, the pump wa-
ter frozen folid, but the lime water not frozen at
all.

Jan. 9. When the thermometer was at leaft, 23
water impregnated with fluor acid air, after being
expofed to the cold all night, was imperfeftly frozen.
At the fame time water impregnated with vitriolic
acid air was quite folid, and alfo a quantity of
the fame in which fome chalk had been dif-r
folved. But lime impregnated with vitriolic acid
air wae quite fluid. Lime water was frozen, and a
little of the lime was precipitated.

Jan. ia. When the thermometer was at 20,
and had probably been lower in the night, I found
the lime water impregnated with vitriolic acid air,
and alfo the water impregnated with fluor acid air,

folid
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folid throughout. The former was quite white,
but was tranfparent again when the ice melted. As
the ice of the fluor acid melted, it fvvam on the fur-
face of the liquid part.

S E C T I O N I V .

Mifcettaneous Experiments on the Properties of Fluor
Acid Air,

T4IPPING a lighted candle into a vcflel filled
JL-' with the fluor acid air, it was extinguiflied
without any particular colour of the flame, which
is obfervable in the marine acid air.

Nitrous air, mixed with this acid air, had no
fenfible efFe<5t upon it. V^ater abforbcd the acid air,
and left the nitrous air poflefled of its peculiar pro-
perties.-

Having
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Having afcertained the effect of water, upon this
acid air, I proceeded to try other fluid'Jubßances.

Spirit of wine imbibed this air as readily as water,
'but continued as limpid as ever ; and when fatu-
rated with it, fcemed to be nolefs inflammable than
before.

Oil of turpentine did not imbibe any of this air.
Vitriolic ether imbibed about twenty times its own

bulk of it ; but was not fenfibly changed by the
impregnation. The cafe was the fame with nitrous
ether. But the firft time that I made the experiment
with nitrous ether, I imagine a little, water was
mixed with it (as much as thofe fubftances are ca-
pable of being mixed) for it coagulated as water
had done, remaining in the middle of the tube, the
acid air being both above and below it. This mais of
coagulated matter, which in colour and confidence
refembled a brown jelly, being taken out of the vef-
fel, did not take fire at the approach of a candle j
but when it had been expofed to the air about half
a minute, it grew hot, threw cut a grofs fmoke,
and was prelently all evaporated. Part, however,
of the fame mafs, which had been dipped in water,
did not grow hot, or evaporate, in the open air j
and when expofed to the fire, it burned to a white
powdery fubftance. I imagine this effect to have
been owing to a mixture of water j becaufe, with

4 pure
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pure nitrous ether, I .could not get another appear-
ance of the kind.

Of Jolld JubßanceS) I found that this air had no
effect uponfulpbur, common fait, fal ammoniac, iron,
liver ofjulphur, or gum-lac.

Charcoal abforbed the whole of a quantity of this
air, and contracted from it a ftrong pungent fmell«
The ruß of iron alfo abforbed it in like manner.

Alum abforbed this air pretty fait, the furface of it
being rendered white and opake. When it was
taken out of the air, it looked moift, .and was inca^-
pable of the operation of roafting, like that which
had been expofed to alkaline air. This air having,
no doubt, like the other, fcized upon the water
which enters into the compofition of alum.

Quicklime and chalk, both abforbed a little of this
acid air ; but the refult was, in no refpect, remark-
able. The latter had been diflolved by it, and had
produced a quantity of fixed air, precipitating lime
in lime-waçer.

In order to judge whether there was any founda-
tion for the opinion of Mr. Boulanger, of this acid
being the fame with the marine, I put to it a piece
of falt-petre, which I have obferved to be readily
diflolved in the marine acid air j and I muft own
that appearances fo much favoured his opinion, that
I was at that time very much inclined to adopt it.

When
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When the falt-petre had been for fome time fur-
rounded with this air, the air began to be diminifli-
ed, and the infide of the veflel was filled with red
fumes, which continued about a week, the quick-;
filver rifing all the time, till only one tenth of the
air remained, and the infide of the veflèl was 'Co-
vered with a whitiih, probably a faline, fubftance,
produced by the folution of mercury. After this,
the air becoming tranfparent, I examined it, and
found it neither to afFedl common air, nor to be
affefted by nitrous air, and to extinguifh a candle.
Alfo, about one fourth of it was readily abforbcd
by water, and made lime water turbid ; fo that,
contrary to my expectation, a great part of the air
muft have been fixed air, and not nitrous. This
experiment I did not repeat ; but it feems to exhibit
a fuel deferving of fome attention.

Fluor acid air, when it is firft produced, corrodes
the glafs vefiel in which it is generated. But whe-
ther it did this of itfelf, merely in confequence of
being heated, or whether the moifture, or fome-
thing elfe contained in the oil of vitriol, by means
of which it is formed, contributed to this efFeit,
did not certainly appear. When this air is cold, ic
does not at all afreet the glafs vefiel in which it is
confined. J n my attempts to confine the dif-
ferent kinds of air in glafs tubes hermetically fealed,

in
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in order to expofe them to a continued heat, I ob-
ferved that it is (imply the heated air that has this
effect. For when I had filled a tube with this kind of
air, and was endeavouring to take off different
lengths of it with a blow pipe, I found that, when
the glafs became red hot, it was always fo corroded,
and difiolved, that it was impofllble to clofe it by
fealing.

Having mentioned the effect of heating various
fubftances in different kinds of air by means of a
burning lens, that I may not omit to mention any
thing that I have obferved of the kind, and that I
can think any perfon might wiih to be informed of,
I fhall, in this mifcellaneous feotion, recite the fol-
lowing experiments.

Throwing the focus of the lens upon iron turn-
ings in fluor acid air, a denfe white fume prefently
filled the veííòl, and during the procefs the heat was
remarkably great, fo that I could not touch the-
upper part of the glafs veflel in which the experiment
was made. The quantity of air was confiderably
.diminifhed, and a quantity remained that was not
ablbrbed by water, but not enough to examine it.

PART
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P A R T I V .

EXPERIMENTS AND OBSERVATIONS RELATING TO

A L K A L I N E AIR.

S E C T I O N ï .

fbe Difcûvery of Alkaline Air, and of the Impregnation
of Water with it.

Л FTER I had made the difcovery of the ma-
Xx rine acid air, which the vapour of Jpirit of
lalt may properly enough be called, and had made
thofe experiments upon it, of which I have
already given an account, it occurred to me,
that, by a proceis fimilar to that by which this
acid air is expelled from the fpirit of fait, an alkaline

air might be expelled from fubftances containing
volatile alkali«
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Accordingly J procured fome volatile fpirit of
fal ammoniac» and having put it into a thin phial,
and heated it with the flame of a candle, I prefently
found that a great quantity of vapour was difcharged
from it ; and being received in a veflel of quick -
filver, ftanding in a bafon of quickfilver, it con-
tinued in the form of a tranfparent and permanent
kir, not at all condenfed by cold -, fo that I had the
fame opportunity of making experiments upon ir,
as I had before on the acid air, being in the fame
favourable circumftances.

With the fame eafe I alfo procured this air from
ffirit ofhartßorn, and Jal 'volatile either in a fluid or
folid form, i. e. from thofe volatile alkaline faits
which are produced by the diftillation of fal am-
moniac with fixed alkalis. But in this cafe I foon
found that the alkaline air I procured was not pure j
for the fixed air, which entered into the compo-
fltion of my materials, was expelled along with it.
Alfo, uniting again with the alkaline air, in the
glafs tube through which they were conveyed,
they ftopped it up, and were often the means of
burfting my veflels.

While thefe experiments were new to me, I ima*
gined that I was able to procure this air with pe-
culiar advantage and in the greateft abundance*
either from the faits in a dry ftate, when they were
juft covered with water, or in a perfectly fluid

VOL. II. B b ftate j
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ftate; for, upon applying a candle to the phials
.in which they were contained, there was a .moft
aftoniihing production of air ; but having examin-
.ed it, I found it to be chiefly fixed air, efpecially
after the firil or fécond produce from the fame
materials ; and removing my apparatus to a trough
of water, and ufmg the water inftead of quick-
filver, 1 found that it was not preíèntly abforbed.
by it.

This, however, appears to be an eafy and elegant
method of procuring fixed air, from a fmall quan-
tity of materials, though there muft be a mixture
of alkaline air along with if; as it ÍE by means of
its combination with this principle only, that it is
poffible, that fo much fixed air ihould be retained
in any liquid. Water, at leaft, we know, cannot
be made to contain much more than its own balk
of fixed air.

After this difappointment, I confined myfelf to
the ufe of that volatile fpirit of fal ammoniac which
is procured by a diftillation with1 flaked lime, which
contains no fixed air ; and which íéems, in a gene-
ral ftate, to contain about as much alkaline air, as
an equal quantity of fpirit of fait contains of the
marine acid air.

Wanting, however, to procure this air in greater
quantities, and this method being radier expenfive,
it occurred to rne, that alkaline air might, probably>

5 be
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be procured, with the moft eafe and convenience,
from the original materials, mixed in the fame
proportions that chemifts had found by experience
to anfwer the beft for the production of the vola-
tile Ipirit of fal ammoniac. Accordingly I mixed
one fourth of pounded fal ammoniac, with three
fourths of flaked lime j and filling a phial with the
mixture, I prefently found it completely anfwered
my purpofe. The heat of a candle expelled from
this mixture a prodigious quantity of alkaline airj
and the fame materials (as much as filled an ounce
phial) would ferve me a confiderable time, with-
out changing; eipecially when, inftead of a glafs
phial, I made ufe of a fmall iron tube, which I find
much more convenient for the purpofe.

As water foon begins to rife in this procels, it
is neceflary, if the air is intended to be conveyed
perfectly dry into the veiTel of quickfilver, to have
a fmall vefiel in which this water (which is the
common volatile ipirit of fal ammoniac) may be
received. This fmall veflèl muft be interpofed
between the veflèl which contains the materials for
the generation of the air, and that in which it is
to be received, as d, PI. II. fig. 8.

This alkaline air being perfectly analogous to
the acid air, I was naturally led to investigate the
properties of it in the fame manner, and nearly in
{lie fame order. From this anajogy I concluded,

B b 2 as
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as I prefently found to be the fact, that this alkaline
air would be readily imbibed by water, and, by-
its union with if, would form a volatile fpirit of
fal ammoniac. And as the water, when admitted
to the air in this manner, confined by quickfilver,
has an opportunity of fully faturating itfelf with
the alkaline vapour, ic is made prodigioufly ftronger
than any volatile Ipirit of fal ammoniac that I have
ever íèen ; and I believe ftronger than it can be
made in the common way.

In order to alcertain what addition, with refpeft
to quantity and weight, water would acquire by
being faturated with alkaline air, I put one grain
and a quarter of rain water into a fmall glzfs tube,
elofed at one end with cement, and open at the
other, the column of water meafuring feven tenths
of an inch j and having introduced it through the
quickfilver into a veflèl containing alkaline air»
obferved that it abforbed íèven- eighths of an ounce
meafure of the air,, and had then gained about half
a grain in weighty and was increaled to eight tenths
©f an inch and a half iti length, I did not make
a fécond experiment of this kind,, and therefore will
not anfwer for the exaélnefs of thefe proportions
in future trials. What I did fufficiently anfwered
my purpofe, in a general view of the fubjecb

, When I had, at one time, faturated a quantity
ef diftilled water with alkaline air,- fo that a good

deal
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deal of the' air remained unabforbed on the furface
of the water, I obferved that, as I continued to
throw up more air, a confiderablc proportion of
it was imbibed, but not the whole ; and when I
had let the apparatus ftand à day, much more of
the air that lay on the furface was imbibed. And
after the water would imbibe no more of the dd
air, it imbibed new. This ihews that water re-
quires a confiderable time to faturate itfelf with
this kind of air, and that part of it more readily
unites with water than the reft.

The fame is alfo, probably, the cafe with all
the kinds of air with which water can be impreg-
nated. Mr. Cavendiih made this obiervation with
refpeft to fixed air, and I repeated the whole pro-
cefs above-mentioned with marine acid air, and
had precifely the fame refait. The alkaline water
•which I procured ia this experiment was, beyond
comparifon, ftronger to the fmell, than any fpiric
of fal ammoniac that I had feen.

This experiment led me to attempt the making
of fpirit of fal ammoniac in a larger quantity, by
impregnating diftilled water with this alkaline air.
For this purpofe I fUled a piece of a gun barrel
with die material» above-mentioned, and luted to
the open end of it a fmall glafs tube, one end of
which was bent, and put within the mouth of a
glafs veflel, containing a quantity of diftilled water

B b 3 upon
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upon quickfilver, ftanding in a baion of quickfilver.
In thefe circumftances the heat of the fire, applied
gradually, expelled the alkaline air, which, paffing
through the tube, and the quickfilver, came at laft
to the water, which, in time, became fully faturated

with it.
By this means I got a very ftrong alkaline li-

quor, from which I could again expel the alkaline
air which I had put into it, whenever it happened
to be more convenient to me to get it in that man-
ner. This procefs may eafily be performed in a,

ftill larger way; and by this means a liquor of the
fame nature with the volatile fpirit of fal ammo-
niac, might ."be- rnade much ftronger, and much
cheaper, than it is now made.

'I had fome :expeftation th'at- alkaline air might
be expelled from cauftic fixed alkali, efpecially
as it is known that the fixed and volatile alkalis

differ only, in-their combinations; but I was dif-
appointed in my expectations. Having procured
a, quantity ,of cauftic alkali from Mr. liane, who

is .known to prepare it with particular accuracy,
I treated it in the fame manner as I had done
the fpirit qf fait, and found that the vapour ex-
pelled from it confifted of nothing but water, being
immediately condenfed when it came to the cold
quickfilver,

SEC-
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Mixture of Alkaline Air with variant Subßanccs,
and nufcellamoits Properties of it.

T TAVING fatisfied myfelf with rtfpect to the
A 4- relation that alkaline air bears to water, I
was impatient to find what would be the confe-
quence of mixing this new air with the other kinds
with which I was acquainted before, and eipcciully
with marine acid airj having a notion that thefe two
airs, being of oppofite natures, might compofc aneutral
air, and perhaps die very fame thing with com-
щоп air. But the moment that theft; two kinds
of air came into contact, a beautiful white cloud
V/as formed, and prefcntly filled the whole veiïel
in which they were contained. At the fame time
the quantity of air began to diminiih, and, at length,
when the cloud was fiibfided, there appeared to
be formed a folid ívbiie fali, which was found to
be the common Jal ammoniac, or the. marine acid
united to the volatile alkali.

The firil quantity that I produced immediately
deliquefcedj upon being expofed to the common

B b 4 air;
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air j but if it was expofed in a very dry and warm
place, it almoft all evaporated, in a white cloud,
I have, however, fince, from the fame materials,
produced the fait above-mentioned in a ftate not
fubjeét to deliquefce, or evaporate, This differ-
ence, I find, is owing to the proportion of the two
kinds of air in the compound. It is only volatile
when there is more than a due proportion of either
of the conftituent parts. In thefe cafes the fmeU
of the faits is extremely pungent, but very different
from one another -, being manifeftly acid, or alka-
line, according to the prevalence of each of thefe
airs refpeotively.

Nitrous air admitted to alkaline air likewife oc-
cafioned a whitilb cloud, and part of the air was
abforbed ; but it preíèntly grew clear again ; leaving
only a little dimnefs on the fides of the vefièl. This,
however, might be a kind of fait, formed by the
union of the two kinds of air. There was no other
fait formed that I could perceive. Water being
admitted to this mixture of nitrous and alkaline
air prefently abforbed the latter, and left the former
poflefled of its peculiar properties.

Fixed air admitted to alkaline air formed ob-
Jong and (lender cryftals, which croflèd one another,
and covered the fides of the veflel in the form of
net-work. Thefe cryftals muft be the fame thing
yith th6 volatile alkalis which chemjfb get in a

' folia
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folid form, by the diftillation of fal ammoniac with
fixed alkaline faits.

Inflammable air admitted to alkaline air exhibited
no particular appearance. Water, as in the former
experiment, abforbed the alkaline air, and. left the
inflammable air as it was before. It was remark-
able, however, that the water which was admitted
to them became whitifh, and that this while cloud
fettled, in the form of a white powder, to the bet-
torn of the veflel.

Alkaline air mixed with common air, and ftanding
together feveral days, firft in quickfilver, and thert
in water (which abforbed the alkaline air) it did
jnot appear that there was any change produced in
the common air ; at leaft it was as much dimimih-
ed by nitrous air as before. The fame was the
caie with a mixture of marine acid air and com-
mon air.

Having mixed air that had been diminiíhed by
the fermentation of a mixture of iron filings and
fidphur With alkaline air, the water abforbed the
latter, but left the former, with refpect to the teft
of nitrous air (and therefore, as I conclude, with
refpect to all its properties) the fame that it was
before.

Spirit- of vjine imbibes alkaline air as readily as!
water, and fecms to be as inflammable afterwards
3$ before.

Alkaline
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Alkaline air contracts no union1 with olive oil.
They were in contact almoft two days, without
uny diminution of the air. Oil of turpentine, and
eflential oil of mint, abforbed a very fmall quan-
tity of alkaline air, but were not fenfibly changed

by it.
Ether, however, imbibed alkaline air pretty free-

ly j but it was afterwards as inflammable as before,
and the colour was not changed. It alfo evaporated
as before, but I did not attend to this laft circum-
ftançe vefy accurately.
, Sulphur, nitre, common fait, and flints, were put
fo alkaline air without imbibing any part of itj
but charcoal, ffunge, bits of linen cloth, and other
fubftances of that nature, feemed to cpndenfe this
ajr upon their furfacesj for it began to dimjnilh
immediately upon their being put to .it ; a/id when
they were taken out the alkaline fmell they had
contracted was fo pungent as to be almoft intoler-
able, efpecially that of the fpunge, ;. Perhaps it
might be of.ufe to recover perfons from fwooning,
A bit of ipunge, about as big as a hazel nut, pre-
fently imbibed an ounce meafure of alkaline air.

A piece of the infpifîated juice of turnjole was
made very dry and warm, and yet it imbibed a.
great quantity of the air; by which it contracted
Я moft pungejit fmell, but the colour of it was nqç
changed.

Alum



. IL A L K A L I N E AIR.

Alum undergoes a very remarkable change by
the action of alkaline air. The outward fhapc
and fize remain the fame, but the internal ftruc-r
ture is quite changed, becoming opaque, beauti-
fully white, and, to appearance, in all refpecb like
alum which had been roafted ; and fo as not to be
at all affected by a degree of heat that would have
reduced it to that ftate by roafting. This efte<5t
is produced flowly; and if a piece of alum be
taken out of alkaline air before the operation is
over, the infide will be tranfparent, and the outfide,,
to an equal thicknefs, will be a white cruft.

I imagine that the alkaline vapour feizes upon
the water that enters into the conftitution of crude
alum, and which would have been expelled by
heat. Roafted alum alfo imbibes alkaline air, and,
Jike the raw alum that has been expofed to it, ac-
quires a tafte that is peculiarly difagrceable.

Phofphorus gave no light in alkaline air, and
made no lafting change in its dimenfions. It va-
ried, indeed, a little, being fometimes increafed and.
fometimes diminjihed, but after a day and a night,
jt was in the fajne ftate as at the firft. Water ab-
forbed this air juft as if nothing had been put
to it.

Jn fome chcmjçal procefïès, volatile alkali dif-
jblves copper. This I alfo have oblèrved in my

account
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account of the experiments in which I put fome
pieces of volatile alkaline fait to a quantity of com-

mon air, at the time that I introduced nitrous air
to it. For, if the alkaline fait be fupporttd by
copper wire, it prefently becomes blue, and is foon
corroded. I therefore thought that pieces of cop-
per, expofed to pure alkaline air, would have been
affefted in the fame manner -, but I did not find
this to be the caie. Л number of pieces of cop-

per wire remained a whole night in alkaline air
without fenfibly affecting it, or being' affefted by
it. That the alkaline air was pure, appeared by

its being wholly abforbed by water afterwards.
Having put fome fpirit of Jolt to alkaline air,

the air was prefently abforbed, and a little of the
white fait above-mentioned was formed. A little

remained unabforbed, and tranfparent, but upon

the admiffion of common air to it, it inftantly be-

came white,
Oil of 'vitriol, alfo formed a white fait with alka-;

line air, and this did not rife in white fumes.
Marine acid air, as I have obferved, extin-

guiflies a candle. Alkaline air, on the contrary,
I was furprized to find, is (lightly inflammable -,
which, however, feems to confirm the opinion

of chemifts, that the volatile alkali contains phlo-

gifton.
I dipped
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I dipped a lighted candle into a tall cylindrical
veffcl, filled with alkaline air, when it went out
three or four times fucceffively ; but at each time
the flame was confiderably enlarged, by the addi-
tion of another flame, of a pale yellow colour;
and at the laft time this light flame defcended
from the top of the veffel to the bottom. At an-
other time, upon prefenting a lighted candle to the
mouth of the fame veflel, filled with the fame kind
of air, the yellowiih flame afcended two inches
higher than the flame of the candle. The electric
fpark taken in alkaline air is red, as it is in com-
mon inflammable air.

Though alkaline air be inflammable, it appear-
ed, by the following experiment, to be heavier
than the common inflammable air, as well as to
contract no union with it. Into a veflel contain-
ing a quantity of inflammable air, I put half as
much alkaline air, and then about the fame quantity
of marine acid air. Thefe immediately formed a white
cloud, but it did not rife within the ípace that was
occupied by the inflammable air j fo that this lat-
ter had kept its place above the alkaline air, and
had not mixed with it.

That alkaline air is lighter than acid air is evi-
dent from the appearances that attend the mixture,
which are indeed very beautiful. When acid air

4 is
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is introduced into a veflèl containing alkaline air,
the white cloud which they form appears at the
bottom only, and afcends gradually. But when
the alkaline air is put to the acid, the whole be-
comes immediately cloudy, quite to the top of the
veflel.

In the laft place, I ihall obferve that alkaline air,
as well as acid, diflblves ice as fail as a hot fire can
do it. This was tried when both the kinds of air,
and every inftrument made tiic of in the experi-
ment, had been expofed to a pretty intenfe froft
feveral hours. In both cafes, alfo, the water into
which the ice was melted difiolved more ice, to a
confiderable quantity.

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

Of the Mixture of all the Kinds of Acid Air with
Alkaline Air.

the fluor acid air faturates the fame quan-
tity of alkaline air with vitriolic acid air, ap-

peared in a courfe of experiments not made with this
particular view, but defigned to afcertain the quantity
of acid in all the kinds of acid air. I firift thought of
attempting this by finding what quantity of water,
finged blue with the juice of turniole, an equal
quantity of each of the kinds of air would turn red.
But it could not have been determined wirb fo
much accuracy in this way, at leaft not fo vifiblyy

and demonftrably, as by the faturation of them
with alkaline air j diminution of bulk being a thing
eafily meafured. The refult of thefe experiments
is, in fevcral refpecb, rather extraordinary 5 being
fuch as, I imagine, no perfon would have con-
jeftured a priori. At leaft it was contrary to my
expectations. As I made thefe experiments in two
différent ways, and the relults, though agreeing 'in

general,
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general, differ a little, it may be proper to recite
the particulars of both.

In order to determine what quantity of acid and
alkaline air would iaturate one another, í firft filled
a glafs jar with quickfilver, and put into one mea-
iure (which was about an ounce meafure and a
half) of alkaline air, and then the fame quantity (be-
ing from the very fame phial) of marine.add air ;
when the whole of both very nearly difappeared, a
quantity of fal ammoniac being formed. I then
threw into the fame jar another meafure of marine
acid air, and obferved that it occupied about one
fixth lefs fpace than the original meafure of alkaline
air; fo that a little more of the acid than of the al-
kaline air had difappeared. I then threw in the
fame meafure of each of the kinde of air alternately,
till I had, in all, five meafures of each ; after which!
hardly any air remained, except what was not ab-
Ibrbed by water, which was about a fourth part of
the original meafure, and was very little different
from common air ; two meafures of it and one of
nitrous air occupying the fpace of one meafure and
a quarter. Upon the whole, therefore, it may fafely
be concluded from this experiment, that equal
quantities of thefe two kinds of air faturate one an*
other«

When
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When I put a meafure of 'vitriolic acid air to the
alkaline air, I found that a given quantity of the lat-
ter was faturated, as nearly as I could judge, by
half as much of the former. For when they were
mixed in that proportion, the whole quantity of
both kinds of air entirely difappeared. It was in

making this experiment, always throwing in two
meafures of alkaline air for one of the vitriolic^ that
I got the thick yellow coating of the infide of the jar
mentioned above, and which became white by being
expofed to the open air.

Making the experiment in the iame manner, I
alfo found that a meafure of alkaline air was com-
pletely faturated by half a meafure of fluor acid air,
fo that both intirely difappeared. In this remark-
able circumftance the fluor acid air and vitroilic acid
air perfectly agree j which appeared to me to afford a
very ftrong argument of their ultimate identity.

Having put one meafure ofßxcd air to one of al-
kaline air, the quickfilver rofe to half a meafúre \
and when I introduced another meafure of fixed air,
no more was abforbed -, and water being admitted
to it, imbibed almoft all • the remainder -, fo that
half a meafure of fixed air had faturated a whole
meafure of alkaline air. But the union of thefe two
kinds of air is not effeited fo quickly as in the other
cafes ; otherwiíè the whole of the alkaline uir muft
have difappeared, when half the quantity of fixed

VOL. II. С с air
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air had been admitted to it. Afterwardsj making
this mixture very gradually, one third of the quan-
tity of fixed air faturated almoft the whole of the al-

kaline air.
Laftly, I filled the veflel in which I had meafured

the preceding kinds of air, with red vapour offpirit
of nitre, and put to it an equal quantity, and one

fourth more, of alkaline air ; when it immediately
became very turbid and white, and the quickfilver
rofc within the vefiel. Then filling the fame phial
again with the red vapour, as nearly as I could in
the fame manner, and admitting water to it, one

fourth of the contents of the phial was abforbed.
This, therefore, muft have been the fpace that
would have. been occupied by the pure nitrous va-
pour, if there had been no common air mixed with
it. Confequently one meafure of nitrous vapour,
in fact, faturated about five meafures of alkaline air.

But there is a confiderable degree of uncertainty with,
refpedt to the real quantity of nitrous vapour in л
phial that is feemingly filled with it.

In the next fet of experiments, without taking
equal meafures both of alkaline and of the feveral
kinds of acid air, I took equal meafures of the acid
airs only; and having a large jar of alkaline air, 1
endeavoured to find how much of it equal quantities
of the feveral acid airs would faturate. The vef-
fcl, which in all thefe cafes I filled with acid air,

contained
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contained an ounce meafure and one fixth, and the
diminution of bulk in the jar of alkaline air (which
was carefully filled a new in all the trials) by the
feveral kinds of acid air was, as nearly as poffible, in
the following proportion :

A meafure of fluor acid air, ) , «
abforbed of the alkaline air ) .

-vitriolic a
-marine i-j
-fixed air ï«

Had I mixed the fixed air very (lowly, as in one of
the cafes of the preceding fet of experiments, more of
the alkaline air would probably have been iaturatcd
with it.

I would obferve alfo, that, in one refpect, this
latter method of making the experiments, is lefs
accurate than the other -, as I did not make allow-
ance for. the différent degrees of dilatation of the air
above the quickfilver by the weight of the quick-
fllver in the jar above the level of the quickfilver
without the jar. But to have avoided this inaccu-
racy, I muft have had a deeper veflel, and more
quickfilver than I happened to have at hand. But
the refults of the experiments, in both the methods
of making акт, agree fo very nearly, that I have

С с 2 little
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little doubt but that the conclufions may be fu/fi-

ciently depended upon.
That vitriolic acid air ihould faturate more alka-

line air than marine acid air can do, is agreeable
enough to the obfcrvation of the quantities of wa-
ter they refpectively faturate -, the difference between

them, though much greater in this cafe, being, in
the fame way as in the other. For an equal quantity
of water will imbibe ten times as much marine acid
air as of vitriolic. Water will alio take little more
than its bulk of fixed air ; fo that a given quantity
of alkaline air ought, for the fame reafon, to take
lefs of this, than of any other kind of acid air,
which agrees with the experiment. And yet, con-
fidering the apparent ßrength of the acids, one
would imagine that the vitriolic, which, in this
form, is weaker than the marine, ihould faturate
lefs of the alkaline air ; and again that the fixed air,
being the wcakcft of all the acids, ihould íàturatc
the kail quantity of alkaline air. But the former
view, in which the experiments do not appear at
all extraordinary,- is, in fact, more agreeable to the
analogy of the faturation of water with thefe acids;
and the difference in the proportion abfürbed of
each of them, correfponds to the difference, of the
ipecific gravities of water and air. Eut I did noc
fee the fubject in this light a priori.

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

Of the elettric S f ark in Alkaline Air> and its Conver-
fton into inflammable Air.

T Took the electric explofion in a fmall quan-
A tity of alkaline air, and obferved, that every
ftroke added confiderably to the quantity of air ;
and when water was admitted to it, juft fo much
remained unabforbed as had been added by the ex-
plofions. I then took about an hundred exploitons
of the fame jar, in a larger quantity of alkaline air ;
after which, fo much of it remained unabforbed by
water, that I could examine it with the greateft cer-
tainty. It neither affected common air, nor was
affected by nitrous air, and was as ftrongly inflam-
mable as any air that I had ever procured.

In the next place, I afcertained the quantity of
inflammable air that may be produced from any
given quantity of alkaline air. And this production
having its limits, certainly fliews that the alkaline
air fupplies fome eflential part in the conftitution
of it.

С с То
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To take my meafures with more accuracy, I, at
this time, confined the alkaline air in a glafs tube,
of the fame dimenfions throughout ; and having it
confined, as it necefiarily muft be, by quickfilver,
I carefully marked the fpace which it occupied in
the tube. I then took the electric fpark, or explo-
iion, wliich ever of them happened to be the moft
convenient, till I perceived that no more addition
was made to the quantity of air ; ' and then meafur-
ing the fpace which it occupied, I found that the
whole was, as nearly as pöffible, three times as much
as that which the alkaline air alone had occupied.
When I examined this air, I found it to have an in-
flammability of the ftrongeft kind, firing with ex-
plofions, and in no refpeft to be diftinguiihed from
that which is extracted from metals by acids. Alfo
the electric fpark taken in this air was always red,
though, as is alfo the cafe with other inflammable
air, it was white in the centre of any confiderable
explofion taken in it.

After this experiment it ftill remained a doubt
whether, when the procefs was completed, there
did not remain, at leaft, fome portion of alkaline
air not affected by it, a.nd capable of being abforbed
by water afterwards. To determine this, and like-
wife to repeat fo important an experiment upon a
larger fcale, I began with one third of an ounce
meafure of alkaline air, and, I took the electric fpark

Щ
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in it till I had got a complete ounce meafure of air.

Then admitting a little water to it, I obferved with

the greateft attention, but could not perceive that

any part of the air was abforbed by it. However,

when I had made this air explode, by means of the

flame of a candle, and immediately after applied my

noftrils to the mouth of the veflel in which it had

been contained, I perceived a very evident alkaline

fmell j fo that the whole of the volatile alkali had

not been completely incorporated with this air,

though it was fo much fo, as not to be feized by

the water. And to give it a fairer trial, this water

had been confined along with the air, upon die

quickfilver, and had been even frequently agitated

with it, during two whole daysj and though it was/

but a very ftnall quantity, it had no perceivable al-

kaline jTmell afterwards.

When I reflected upon this change of the alka-

line air by the eledric explofion, I confidered that it

might be produced, eicher by electricity asjuch, or

by the light, or the beat, which accompany the ex-

periment. In order to try the effect of light, I ex-,

pofed a fmall quantity of alkaline air to a ftrong light

imude by a burning lens, for feveral hours. But

this made no fenfible change in the quantity of it,

I therefore concluded that the proper agent in this

procels was not light.

С с 4 J did
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I did not immediately proceed to try the effect of
heat, but obferved it by accident fome time after-
wards, in the following manner. At the rime
that I was reviving metals in inflammable and al-
kaline air, I put a quantity of ochre into the latter,
expecting to revive it in the form of iron ; and in
this I fcemed to fucceed, as the ochre became black
in the courfe of the procefs. But what ftruck me
the moft was, that inftead of perceiving the quan-
tity of air to decreafe, as I had expected, there was
very foon a vifible increafe of it. Examining the
air, I found it to contain no fixed air, and to be all
ftrongly inflammable.

Still attending to other circnmftances befides the
change of the alkaline air, I proceeded to heat in it
fcales of iron, and iron itfelf, of different kinds, and
ilill found that the air was increafed in quantity, and
changed in its quality. But in this way I could
never increafe the bulk of the air more than twice,
and feldom quite fo much. Alfo, after the pro-
cefs, when I could make no farther change in the
air, I ilill perceived a very ftrong fmell of volatile
alkali. The iron had undergone no change that I
could difcover, fo that I concluded that the air had
been affected by means of heat only.

To ascertain this, I then proceeded to heat in the
alkaline air bits of dry crucibles, or of earthen re-
tortSj which had been juft before expofed to very

great
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great heats, fo that they could not be fuppofed to
give out any air in this procefs, and therefore could
only ferve to produce a ftrong heat in the alkaline
air. The refult feemed to confirm my fuppofition.
For in thefe experiments with earthy fubftancea
the effect was always the fame as when I had made
ufe of ochre or iron. The air was increafed in
bulk, but the quantity not quite doubled, and it
was become inflammable.

The bits of white earthen ware having always
become black in this procefs, I fufpected that this
kind of fubftance might have affected the air in
fome other way than by merely communicating
heat to it. To try this, I ufed the fame fmall bit
of crucible again and again, and finding the fame
effect from heating it at the laft, as at die firft, I
could not help concluding that the change pro-
duced in the air had been effected by means of
heat only.

In all thefe experiments, however, there was a
ftrong light as well as an intenfe heat concerned.
In order to afcertain, therefore, whether the light,
at leaft in conjunction with heat, might not have
had fome effect in this change of the air, I heat-
ed a quantity of it in a coated green glafs retort.
The moutli of the retort was plunged in a balbn
of mercury, and I received in a glafs tube filled

with
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with water all the air that was driven out of the
retort by heat. At firft it was all abforbed by
the water; being merely alkaline air expelled by
rarefaotion. But when I concluded that the bulb
of the retort was become red hot, the bubbles that
were driven out were not wholly abforbed by wa-
ter, and by degrees no part of them was abforbed.
This air I examined, and found it to be inflam-
mable. The retort was melted in the proccfs, fo
that I could not examine the air that remained in-
it ; but my purpofe was fufficiently anfwered, as
I faw no room to doubt, but that the change of
the alkaline into inflammable air was produced by
mere heat, without the aid of light, if a red heat
can be fo termed. How the heat operates in this
cafe I cannot tell.

It was obfervable, that whenever I changed al-
kaline air into inflammable, by heating in it bits
of crucibles or retorts, into the compofition of whiclv
clay enters, they always became black. There was
room, therefore, to fuppofe that it was not by
means of mere beat that this change was made, but
that fomething might be depoiited from the air,
which might attach itfelf to the clay. Indeed, if
this was not the cafe, I do not fee why the clay
ihould become black; though, perhaps, part of
the fame phlogifton which forms the inflammable

air
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air may be attracted by the red hot clay, with-
out there being any proper decompofition of the
air.

That this is the cafe, feems probable from an
experiment in which I ufed white porcelain, in-
ftead of bits of earthen ware, into the compofition
of which clay enters. For this fubftance did not
become black in the procefs, and yet inflammable
air was produced. But I muft obferve, that a con-
fiderable time was requifite to produce this effect
in thefe circumftances, and dut it was not much
inflammable air that I was able to procure in this
way. It was, however, in winter, and the heat
that I could apply was not great.

Alkaline air is converted into inflammable air
by making it pafs through a red hot earthen tube,
as well as by the electric fpark, but by no means,'
I think, in fo great a degree. I put two ounces
and ten pennyweights of water, pretty ftrongly im-
pregnated with alkaline air, into the retort, and
heating it, fent the vapour through the hot tube i
when I collected two ounces three pennyweights
of liquor, which had a diiagreeable empyreumatic
fmell, as well as that of volatile alkali j and it
was quite opake with a black matter which
fubfided to the bottom of the veflèl. Alfo
the tube through which the air and vapour
had been conveyed was left quite black,

5 One
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One of the junctures in the apparatus not having
been air tight, I did not collect all the air; but
it came only at the beginning of the procefs, and
before the tube became black, or any liquor was
diftilled j and it was all ilrongly inflammable.

S E C T I O N V .

f he Analyßs of Alkaline Air,

Н AT alkaline air contains phlogifton appears
JL both by the calces of metals-being revived in

it, and by its being converted into a fpecies of in-
flammable air, by the electric explofion, and other
proceflès. By the following experiments it feems
to contain lefs phlogifton than an equal bulk of
inflammable air from iron, and about one fourth
of its bulk of phlogifticated air. But it is not pof-
fible to afcevtain this with perfect exactnefs, from
the nature of the procefles. I fliall therefore recite
the experiments in the order in which they were
made, fome of them being more, and others lels
accurate.

ï I firil
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I firft obferved that fome maßcot, which I ufed
in fome of thefe experiments, contained a portion
of fixed air, which could be expelled from it by
heatj but when I melted it in alkaline air, by
which means the lead was always revived, I found
no fixed air in the refiduum, but only pure phlo-
gifticated air. This, however, is eafily accounted
for, as the alkaline air would immediately unite
with any fixed air that ihould be fet loofe in the
proccfs.

• With refpect to the quantity of lead revived in
alkaline air, it is difficult to be afcertained, on two.
Accounts. In the firft place, fome of the cabc is
blackened, and imperfectly revived} and again, if
particular care be not taken, the lead that is revived
will be diflolvcd in die mercury, by which the air
muft necefiarily be confined. To prevent this laft
inconvenience, I put the powdered mafficot into
ímall earthen cups, which I contrived to place with
their mouths upwards, fo that when the lead was
revived, by means of a burning lens, it would re-
main in the cup, and not mix with the mercury
by which it was fupported. On thefe accounts,
however, die largeft quantity of lead that was re-
vived muft always be confidered as neareft the
truth.

In three ounce meafures of alkaline air, I firft
revived fix grains of lead, then in three ounces and

a half
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a half fixteen grains, in two ounces and a half
thirteen grains, and in three ounces three fourths
twelve grains. In five ounce meafures • I revived'
ten grains, befides blackening a quantity of it,
and there remained one ounce meafure of plilo-
gifticated air. But the experiment which I made
with the moil care, and on which I place the great-
eft dependence, was the following.

In feven ounce meafures and a half of alkaline
air, I revived twenty fix grains and a half of lead,
and there remained two ounce meafures and a half
of phlogifticated air. In this proportion 100 ounce
meafures of alkaline air would revive 352 grains
of lead ; whereas 100 ounce meafures of inflam-
mable air from iron would revive 480 grains of
lead. But alkaline air -is refolvable into confider-
ybly more than twice its bulk of inflammable air,
and therefore it might have been expecbd that it
would have revived much more lead. Would it
not, therefore follow from this, that phlogifticated
air contains a very great quantity of phlogifton,
many times more than an equal bulk of pure in.-
flammable air. Suppofing alkaline air to be re-
folvable into no more than twice its bulk of in-
flammable air, a hundred ounce meafures of ic
ought to revive 960 grains of lead. But in the
proportion mentioned above, it would revive no
more than 608 grains. As much phlogifton, there-

fore,
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.fore, as would revive 342 grains of lead (which, is
the difference between thefe two numbers) Ihould
be contained in about twenty five ounce meafures
of phlogifticated air. Confequently a hundred
ounce meafures of phlogifticated air would revive
1368 grains of lead, which is more than twice as
much as an equal quantity of pure inflammable
air would revive. It muft, however, be confidered,
that the inflammable air, into which alkaline air is
refolvable, is not the fame with that which is pro-
cured from iron, and may contain much lefs phlo-
gifton.

To thefe experiments, on the revival of lead
in alkaline air, I ihall fubjoin an account of fome
that were made with other calces, heating them all,
when confined by this air, by means of a burning
lens.

Glafs of antimony abforbed a part of the alka-
line air, and there was the appearance of metal
in feveral fmull globules, whereas I could get no
fuch appearance from the fame fubftancc in inflam-
mable air.

By heating fcales of iron in alkaline air, it was
much increafed in quantity, and then I found it to
contain no fixed air, but the whole was ftrongly
inflammable. No water was produced in this.pro-
rcfs. The iron was revived, being perfectly folu-t
ble in diluted oil of vitriol j and from being twenty

four
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four grains had loft one grain in weight. It is

evident from this experiment, that there is water
in alkaline air.

As alkaline air evidently contains phlogifton, and
as fuch was capable of reviving lead, and no doubt
the other metals, I had the curiofity to make ufe
of it in other circumftances in which I had before
ufed inflammable air; and among other things I
tried the effecl: of heating red precipitate in it.
The confequence was, that the mercury was re-
vived, and at the fame time a confiderable quan-
tity of water was produced. It has even run down
in drops in the infide of a veiTel which contained
about five ounce meafures of the air. The air
which remained after this procefs was about half
as much as the original quantity of alkaline air,
and it had in it a quantity of undecompofed de-
phlogifticated air. For with two equal meafures

of nitrous air, the ftandard of it was 1.4, and there
was nothing inflammable in it.

Again, I threw the focus of the lens upon red
precipitate, in alkaline air, till three meafures of
it were reduced to two. Water was produced in
the procefs, and the air that remained was con-
fiderably dephlogifticated ; the ftandard of it, with

a mixture of two equal meafures of nitrous air,
being i.j.

But
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But in another experiment of this kind, there
muft have been a quantity of inflammable air fet
loofe from the alkaline airj as well as dephlogifti-
cated air from the red precipitate; becaufe, after
the operation had continued fome, timej there was
a violent èxplofion within the vefièl ; which threw
it many feet perpendicularly into the open air, as
I was holding it in my hands. In this experiment
I had been particularly careful to make every thing
concerned in it as dry as I poffibly could, ip order
to fatisfy myfelf with refpeft to the production of
the water which I had found before j and there
was time enough before the eXplofion to obferve
that water was certainly produced in the procefs.
To appearance the quantity of air was never much
diminifhed.

That water ihould be produced when the fcales
of iron are heated in alkaline air, which I found to
be the cafe, is not extraordinary, as the fame is
found on heating this fubftance in inflammable air;
and it appears to contain within itlelf the water
that is expelled from it.

In this cafe it muft have come, in part from
the alkaline air^ which I have oblèrved, certainly
contains it, and in part from the precipitate ; and
iince it is capable of yielding dephlogifticated air
by heat, it muft contain water, which inters in a
great proportion into this kind of air.

VOL. I/. D d B O O K



402 MISCELLANEOUS Book VII,

B O O K VII.

M I S C E L L A N E O U S E X P E R I M E N T S AND OB*

SERVATIONS RELATING TO AIR.

S E C T I O N I .

Of the Aerial Form of Subßances.

^T^HOUGH, fmce the accidental difcovery of
•*• the marine-acid air, I have purpofely fought

for others, and not without fuccefs, having found
feveral other kinds of acid air, befides the alkaline
principle, which I have alfo been able to exhibit in
the fame form, free from any combination witli
water, bby no means conclude that I have dif-
covered я// the kinds of air that may exift in nature;
or, in other words, all the kinds of fubftances, fim-
ple, or compound, that are capable of being re-

duced
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duced to a dry and permanently elaftic vapour,
For I believe there is no fubftance in nature but
what is capable of afluming that form, in a certain
degree of heat. And thougli my experience in thefe
matters might enable me to judge pretty well a
priori what fubftances are likely to yield air, and
of what kind it will be, I have frequently been
exceedingly difappointed in my expectations in this
refpect ; and I have referved for this place the men-
tion of feveral fubftances, and combinations of fub-
ftances, which, in general, contrary to my expecta-
tions, though not always fo, yield no air that I can
difcoverj and I ihall be glad to be informed by
any pcrfon wfy they do not.

ï. Having expelled a permanently elaftic flukl,
to which I give the name of air, from fpirit of fait,
volatile fpirit of fal ammoniac, and other fluids, I
toolc it for granted, that from radica/ vinegar, which
is the pure vegetable acid, in its ftate of greateft con-
centration, I Ihould have got a true vegetable acid
air ; but it certainly yields no fuch thing by the
application of heat only. Though radical vinegar
yields air by the diflblution of fome metallic fub-
ftances, I could not make it give any air by the
help of any other fubftances containing phlogifton,
which is the cafe with oil of vitriol ; and I gave
it, for this purpofe, a boiling heat, with all the
fubftances following, viz. copper, quickfifoer, bijr

D d 2 muthj
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mutb, charcoal, oil of turpehtine, fpirtt of winey and
liver of Julpbur, which laft, however, yielded a little
fixed air; but this muft have been contained in
it before.

2. I was hardly ever more furprized ihan when
I found that I could get little or ho air from the

Jmoking liquor of Labavius, though the fume iiTuing
from it is fo exceedingly denfe. I heated a con-
fiderable quantity of this liquor prepared by Mr.
Woulfe, and which he obligingly brought me for
the fake of the experiment, which he himfelf fug-
gefted, as not likely to fail. This I did in a- glals
phial with a ground ftopper, intending to receive
the produce in quickfilver. But little or nothing
came over, befides the common air which had
lodged in the top of the phial, and which appeared
not to have been in the leaft injured after the ex-
periment. A very fmall part, however, of what
came over, feemed to be abforbed by water j and
alfo when, in the prefence of Mr. Woulfe, 1 en-
deavoured to convey the air that might be expelled
from this liquor into a quantity of alkaline air, a
flight degree of -whifenefs was produced. But both
thefe effecb might have been occafioned by a
little redundant fpirit of íãlt contained in this li-
quor.

3. I have not yet been able to combine either
the fixed or the volatile alkali, with any fubftance

whatever,
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whatever fo as to form a permanent airj though
the alkaline principle itfelf may be exhibited in that
form. Somp facts had been mentioned to me by
Mr. Woulfe, which led us both to conclude, that
air might be procured from it by means of a folu-
tion of iron. But when, in confequence of this
hint, I endeavoured to procure air from iron by
means of the alkalis, the experiments which I made
for this purpofe did not fucceed. I boiled a quanr

tity of very fine iron wire in cauftic fixed alkali,
after finding that nothing could be produced from
it without heat j and I put another quantity of the
fame wire into a ftrong volatile fpjrit of fal аггь
moniac, and alfo let fome of it remain about a
month in alkaline air ; but in all thefe cafes, with-
out any vifible effect. At the end of the laft-
mentioned procefs, water being admitted to the
air, abforbed the whole of it jnftantly, which ihewed
that it was perfectly pure, and had got nothing
from the iron. Alfo, no air was produced from
liver of fulphur, dry or moift, in alkaline airj and
they continued together alrnpft two days.

4. I expected to have expelled fome kind of air
(and at that time thought it not impoffible but it
might be even phlogifton itfelf in the form of air)
fromfpirit of wine. But, like water, it was only
converted by heat into vapour, which was con-

D d 3 denfed
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denfed again in the cool recipient. The addition
of catophor to it produced no other efreft.

5. I was not without hopes, at • one time, that
the matter of the odoriferous particles^ which affeit
the fcnfe of ijnellj might have been exhibited in
the form of permanent air, as well as the exhala-
tions of acid or alkaline fubftances ; but though ï
made the experiment with feveral odoriferous fub.
ftances, fome grateful, and others orrenfive to the
noftrils, it has lutherto been without any effecb

I moft fincerely wiih that the reafon of theíè
phenomena may be fully inveftigated, as fuch an
inveftigation, if fuccefsful, would probably carry
tis a good way into the knowledge of the ultimate
conftitution of natural bodies, and help us to ex-
plain fome õf the moft fundamental laws refpefting
them. Hitherto I do not find that this fubjecl: has
even been thought of by philofophers.

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

Experiments relating to the Jeoning Converfion of
Water into Air*.

Q INCE many perlons have expreflèd a wiíh to
О be acquainted with the experiments I have

lately made, which at firil fecmed to favour the
idea of a converfton of water into air, but which ter-
minated in the difcoveiy of a fact, in my opinion,
ftill more extraordinary, 1 fliall fubmit to the Royal

Society the refult of the obfervations I have al-
ready made ; though, as yet, I have by no means
been able to fatisfy myfelf fo fully as I could wiih
with refpeet to fome particulars connected with
the fubjedt All the f a fis which I fliall ibte may
be depended upon j but it is probable, that different

perfons may draw different comlufwns from them ;
and to mere opinions, I have never fhewed myfelf

much attached.

* This fcuion is taken from llie РЫ1о1'орЫ»:;Л Ti"wfiiOlio\w,
vol. Ixxiii. p. 414.

D d 4 Having
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Having formerly obferved feveral remarkable
changes in fluid fubftancesj in confequence of long
expofure to heat in glafs veflels hermetically fealed,
I then formed a defign of expofing all kinds of folid
fubftances to great heats, in a fimilar ftate of con~
finement; and for that purpofe provided myfelf
with a caft iron vefiel, which I could clofe at one
end, like a digefter, and of fuch a length, that one
of the ends might be red hot, while the other was
iufficiently cool to be handled. 'To this end there was
a cock connected to a tube, by means of which I could
let off fteam, or air, in any period of the procefs.

I imagined, that when fubftances, confifting of
parts fo volatile as to fly off before they had at-
tained any confiderable degree of heat, in the ufual
preflure of the atmofphere, were compelled to bear
great heats under a greater preffure, they might
afiume new forms, and'undergo remarkable changes,
fimilar to what we may fuppofe to be the calé
within the bowels of the earth, where, by means
of fubterraneous fires, various fubftances bear great
heats under very great preflures.

I have had this inftrument fome years ; but it
was fo ill conftructed, that \ could not make the
ufe of it that I had originally intended, I there-
fore lately fitted up fome gun barrels in the fame
manner, arid made my firft experiment with lime

ftone j
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uone ; expecting that when the fixed air, and other
volatile matters, that might be contained in it,
fhould be compelled to bear a red heat, without a
poffibility of making their efcape, the fubftance it-
íèlf might undergo fome change,; but I had no par-
ticular expectation concerning the nature of that
change. I had, however, been fo often favoured
with valuable refults, from merely putting things
into new fituations, that I was encouraged to make
the experiment ; but I found an unexpected diffi-
culty in getting a cock that would be air-tight, and
fteam-tight, under fo great a preffure as 1 wiihed
to apply.

I was mentioning thefe ideas to Mr. Watt, in
whofe neighbourhood I have the happinefs to be
fituated, when he mentioned a fimilar idea of his,
•viz. that of the poffibility of the converfion of wa-
ter, or fteam, into permanent air; faying, that fome
appearances in the working of his fire engine had
led him to expect this. He thought that if fteam
could be made red hot, fo that all its latent heat
fhould be converted into fenfible heat, either this or
fome other change would probably take place in its
conftittition. The idea was hew to me, and led me
to attend more particularly to my former projects of
a fimilar nature, and I began with lime ftone, wifli-
jngtotry the effect of giving a red heat to lime, in
which water only fhould be previoufly combined,

thinking
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thinking it might poffibly have the fume effect with
making the water itfelf red hot.

Accordingly, I took a quantity of well calcined
lime, and mixing with it a little water, out of
which all air had been carefully boiled, I expofed it
gradually to a ftrong heat in an earthen retort, fuch
as I had been ufually fupplied with by Mr. Wedg-
wood (who is as much diftinguiihed by his love,
and generous encouragement, of Icience, as lie is by
his improvements in his own curious art) not imagin-
ing that it could make any difference whether the
lime, fo prepared, ihould receive its heat in an
earthen retort, or in a veflèl of iron or glafs. Pro-
ceeding, however, in this manner, I found that
nothing came over in the form of ßeam, but that
there was a great quantity of air, feveral hundred
times more than the bulk of the water, and at that
time there was in it a confiderable proportion of
fixed air, which I imagined might either be that
which had not been fufficiently expelled before, or
might be compofed of fome phlogiftic matter con-
tained in the lime, and the purer air that was yielded
by the water. For I own I then concluded, that
the air which I gut (and which, when the fixed аи-
was extracted from it, was fuch as a candle would
juft burn in) came from the. water, efpecially as in
fome of the procefles, the weight of the air I caught
was very nearly, if not quite equal to that of tho

water,
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water, and interpofing a large glafs balloon between
the retort and the recipient for the air, I obferved
that It remained perfectly cool and dry during the
whole procefs ; and feveral hours afterwards there
was not the leaft moifture condenfed in it. I alfo
received a quantity of another produce of air, made
in this manner in mercury, and having viewed it
with the greateft attention, obfcrved that, after fe-
veral days, it never depofited the leaft moifture.

I then calcined a quantity of natural lime ftone,
with this glafs balloon interpofed in the fame man-
ner, and found no water, but only air to come from
it, though the ftone is generally fuppofed to con-
tain water. But when I ufed much more than half an
ounce of water to the quantity of whiting or lime
above mentioned, I always had fome water come
over, though veiy little in proportion to the quan-
tity made ufe of.

I did not fail to examine whether there had been
any lofs in the weight of the lime, or whiting, in
order to determine whether any part of thefe folid
fubftances had entered into the compofition of the
air ; but I found much difficulty in weighing them
with exactnefs, after (baking them out of an earthen
retort, into which I could not fee, and to which
part of thefe earthy matters often adhered, fo that I
could not obtain much fatisfacYion even when I

broke
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broke the retort. Befides, there was always fome
lofs of the earth in the cjoudinefs of the air, when-
ever the production of it was rapid, fn a future
procefs I had abundant proof that the air did not
come from any earthy matter with which the water
had been combined.

Hitherto I had no idea but that all that was ne-
celTary to the converfion, as I concluded it to be, of
water into air, was to give it a red heat, withouf
which it would not quit the calcareous earth j and
I imagined that by this means the matter, or prin7

ciple, of beat was fo intimately combined with it, a?
not to be feparated from it by cooling, as in the
cafe of fteam. But I, as well as all my friends, was
a long time utterly difconcerted upon finding that
when I put the whiting and water into a coated glafs
retort, the water came over in the form of fteam,
and little or no air was produced. The refult was
alfo the fame when I made the procefs in a gun bar-
rel, in a porcelain retort, or even in an earthen re-
tort glazed in the infide.

That the earth had not Joft its property of doing
its part in the bufmefs, I found by putting more
water to the fame whiting which had failed in the
glafs retort, and which had been ufed no lefs than
four times before, and then heating it in an earthen
retort ; when again it gave air only, and no water,

ï the
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the fame as before* And at this, time I obferved,
that part of the air was hardly to be diftinguiihed
from that of the atmofphere.

I cannot exprefs my furprife at my unexpected
failure with the glafs retort ; and my Ipeculations
on the fubjeCt were various, but at that time altoge-
ther ineffectual. Among other things it occurred
to me that, poffibly, fome phlogifton, either con-
tained in the earthen retort, or coming through it
(though I could not tell how, or on what principle)
from the fire, might be neceflaiy to water, and all
other fubftances aiTuming the form of air. But
when, with this idea, I put fpirit of wine, oil, or
iron filings to the lime, I got nothing from tliefe
mixtures in glafs retorts befides fteam and inflam-
mable air, from the decompofuion of theíè fub-
ftances containing phlogifton.

That there was nothing in the materials of which
the earthen retort was made, that necefiarily produced
the air, was evident from my not fuccecding when
I pounded a broken retort, and heated it, mixed
with water, in one of glafs.

Being fatisfied that the production of air depended
very-much upon the retort itfelf, I thought of ufmg
the retort only with water, but without any lime,
or earthy fubftance j and I found it fucceed far be-
yond my expectation. For when I put a fmall
quantity of water into one of thefe retorts, and en-

deavoured
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deavoured to diftil it gently, I never failed to pro-
cure about .an hundred ounce meafures of air j and
this I could do as often as I pleafed, with the fame
retort, and without its lofing any weight 5 and the
air produced in this manner never had any portion
of fixed air in it, and was always but very little in-*
ferior to that of the atmofphere.

In all thefe procefies I obferved, that very little
of this air was procured till all the water that could
be poured out of the retort was evaporated, for the
difference in the produce was very little, whether I
expofed the retort to the fire quite full of water, or
with only about an ounce meafure of water in it, or
even after letting it remain full for a fliort time, and
then pouring out all that I could from it ; fo that it
was only that water which was entangled, as it
were, in the pores of the retort, and which had been
in fome meafure united to the fubftance of it, that
had contributed to this production of air.

Thefe retorts (which Mr. Wedgwood informs
me are made of a mixture of freih and of burnt Der

vonfhire pipe clay) are pervious to water, though
not to air j fo that while the air is produced from
that water which has entered the pores, the reft is
iometimes vifibly making its efcape in the form of
a copious fmoke on the outfide. It was evidently
impoffible, however, as I then thought, and contrary
to all the laws of hydroftatics, that air Ihould enter by

5 the



[Sett. I. OBSERVATIONS ON AIR. 41 £

the fame pores by which the water or fteam was efcajv
ing, and at the fame time that its endeavour to force its
way out of the retort was fuch that it overcame a con-
fiderable refiftance from the column of water, at die
mouth of my recipients. Air might have efcaped
through any unobferved pores in the retort, but
none could have entered that way ; and if there was
the leaft fenfible crack in any part of die retort, f
was never able to collect any air at all*.

But the following experiments ihewed, as I thought,
that it is fufficient for the production of air that
fteam come into contact with clay fufficiendy heated.
Between a copper ftill and the glais tube communi-
cating with my recipient for air, I introduced the
item of a tobacco pipe; and by means of a fmajl
furnace, I kept about three inches of the middle
part of it moderately red hot. In this ftate, making
the water boil, I uniformly received air, though
mixed with fteam, at the rate of five ounce meafures
In twelve minutes for more than an hour; but
when 1 let the pipe cool, nothing but fteam was
delivered by it without any air at all. There, was
no fixed air in this produce, and it was all fuçh. as a-
rändle would hardly have burned in it. It might, I
thought, Jiave been better, and alfu more in

* It will appear, however, thai the air muH Ji.4ve entered by
-the pores, but by means of a power vuy ditl'ercnt 'from that of

and able to counteract it.
ititv,
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tity, if I had not ufed.the ftem of a foul pipe. But
when I ufed a clean pipe in the fame manner, I did
not find the air much, if at all, improved. Suf-
pefting this to arife from the near contact of the fuel,
I inclofed the tobacco pipe in an earthen tube^ and
then I had air as good as I had generally got in the
earthen retort, and not much worfe than that of
the atmofphere.

Another circumftance I obferved was, that if tlic-
outfide of the veffel which contained the water or
fteam, through which it pafled, when the requifite
heat was applied to itt was not dry, or perhaps
furrounded with good air (for in thole circum-
ftances the following experiment differs from the
preceding ones) the experiment did not fuceeedj

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

Betog now able to procure air by means of wa-
ter, in this moft fimple method, viz. by water only
in the earthen retort, I had an opportunity of afcer-
tainirig, with great eafe and exaftnefs, feveral cir-
cumftances relating to the procefs, and of obviating,

as
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as I thought, fome objections to the conclufion that
I had drawn from it. Among other things, I fully

fatisfied myfelf that the earth of the retort contributed
nothing at all to this production of air, but the
•water only : for having ufed the fame retort till I
had got from it nearly an ounce weight of air, or 800
ounce meafures, I found that it had not loft fo much
as a fingle grain in weight. After the firft procefs
rt weighed juft three grains more than it did at firft,
and-it continued to weigh die fame till afcer the Jail
procefs. This finall addition of weight might
eafily have come from a little of die water having

been imbibed by the neck of the retort, where the
heat of the fire could not reach it. When all the
procefies were over, I kept the whole retort in a
red heat for ieveral hours, anil then found that, be-
fides lofing thoíè three grains, it weighed eight grains
lefs than it did at firft.

Before this I had found, that the calcined whiting,
which I had ufed in the firft experiment, could nor,
as fome had fuppofed, attrait from the atmofpherc,
any confiderable part of the air which I got from it,
after combining water with it : for two ounces of
the whiting (which was the quantity that I generally
made life of) did not'attract more than eight grains
of any thing when it was expofed a whole day in an
open difh, though it had loft more than half its
weight in calcination.

VOL. H. E e It
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It had been imagined by fome, that the air which
I got in thefe earthen retorts was that which had been
attracted from the atmofphere by the infide furface
of them. Butj befides that no air could ever be
produced without water^ to obviate this objection
more particularly^ when one of thefe retorts was
giving its laft portion of air, I immcrfed the mouth
of it in a bafon of water ; and letting it cool in that
fituation, filled it again without admitting any ac-
cefs of air to the infide ; and yet, on repeating the
procefs with it, the air was produced juft as freely
as before. This operation I repeated feveral times.
If it be faid, that theoutfide of the retort attracted
the air, ftill the infide, being compofed of the fame
materials, muft have attracted air alfo; and it
would have appeared by the afccnt of the water from
the bafon, the retort being fufficiently impervious to
air.

By fome it was imagined, that either the air itfelf
that I procured, or at leaft the power of the retort
to contribute to the production of ir, was owing to
fomething that was tranfmitted from the burning
coals, but which could not pafs through glafs or me-
tals. To determine this, I took an earthen tube,
of the fame compofition with the retort, and putting
a little water in it, placed it, furrounded with fand,
in a glafs veflel, and this again, furrounded alfo with
land, in an iron one ; and yet the heat tranfmitted

ï through
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through all tliefe fubftances; enabled the earthen
tube to give air, in the fame proportion, and of the
fame quality, as it would have done if it had been
expofed to the naked fire.

Having now procured air, by means of water, in
a very fimpkj and as I thought, an unexception-
able manner, I wiihed to make it in greater quan-
tities, in proportion to the water employed; and
for this purpofe I firft thought of increasing the fize,
or the thicknefs of the porous retorts j but I thought
it might anfwer as well if I put into the retort, in
powder, the materials of which they were made, or
other fubftances of die fame kiiid.

Accordingly, by mixing ground flint and clay in
various proportions, I prefently increafed the quan-
tity of air much beyond my expectation. In the
firft trials, in which I had much flint and a little
clay, I never failed to get 200 ounce meafures of
air from one of water. Then, ufing more clay and
leis flint, I had ftill more air ; and at laft, leaving
out the flint altogether, and ufing clay only, I never
failed to get much more than 400, and generally
between 500 and 600 ounce meafures of air from
one of water, which was about three fourths of the
weight of the water ; and in one particular procefs
I procured veiy little lefs than nine tendis of the
weight of the water in air, and this air was never
much lefs pure than that of the atmofphere. Some-

E e 2 times
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times it could not be diffinguifhed from it at all by
the teil of nitrous air ; and once or twice Г thought
it even purer than that of the atmofphere.

I muft here obferve, that I found it nor conve-
nient to put fo much water to any quantity of clay
as would make it cohere in one mafs, but ohly fo1

much as that it ihould remain in the form1 of pöw-
der. By this means it might eafily be poured out
of the retort when the experiment was over.

The weight of the water expended in this pro-
duction of air I afcertained, in the möft unexcep-
tionable manner, by weighing the retort, with all
its contents, before and after the procefs. I ihall
explain this by the refulfof two of the procefles. In
one of them, the retort and moiftened clay together,
loft in weight 588 grains, after yielding 741 ounce
mearures of air, Which (in the proportion of fix
grains to one ounce »meafure) would have weighed
444 grains, and confequently, about three fourths
of the weight of the water.

In the other procefs, the lofs of weight was 358
grains, after yielding 556 ounce meafures of air,
which would have weighed 333 grains. The pro-
portion, therefore, between the weight of the' air
and that of the water was in to 116, or nearly
nine to ten.

I alfo found now, that fo much heat as I had
hitherto applied was neither neceiTary nor ufe-

ful.
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fui. in the laft mentioned procefs the retort was
conftantly fufpended about fix inches above a mo-
derate с1ц1гсоа1 fire} at another time n?ore than
twelve or fifteen inches above it, where -a Fahren-
heit's thermometer ,did not ihew more than 210".
"With,this moderate heat I got 465 ounce ir.eafui-.es
in the ccoirfe of about twelve hours. When the re-
tort was fufpended within fix inches of the fire, tin*
air was generally produced at the rate,of thirty ounce
mcafures in five minutes. Eut a thermometer, the
bulb of which was immerfed in the clay, was Ш11
only at the heat of boiling water.

In all thefe procefiès, however, there was evident-
ly fome lofs of water ; for, excepting the .firft expe-
riment with the lime, I never got the whole weight
of the water in airj and it might be faid that I only
expelled the air before contained in the water, though
from thefe experiments it appeared to contain much
more air than it had been thought capable of con-
taining. To obviate this objection, I contrived to
catch all the water that efcaped through the pores of
the retort in the following manner.

Having put the moittencd clay into an earthen
tube, to which I had fitted a cock and a long glafs
tube (by means of which I could collect all the air'
that came from it) I put this within an iron-tube,
which was clofed at the end next the fire, but open
at the other end, and fo long that 1 could eaiily

E e з keep
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keep this open, and quite cool, while the other was
in the fire 5 confequently, whatever water efcaped
through the pores of the earthen tube, it would be
condenfed in the cool part of the iron one. This
water I carefully collected, and always found that
the weight of it, together with that of the air pro-
duced in the experiment, was nearly that of the ori-
ginal weight of the water, eilimated by the lofs of
weight in the earthen tube and its contents. I alfo
found, that the water fo collected ferved for the pro-
duction of more air, juft as well as any other water
whatever, fo that there had been no decompofition
of the water in the cafe.

In the laft procefs that I went through of this
kind, the lófs of weight in the earthen tube, or ra-
ther of the water contained in it, was 392 grains j
the air collected was 173 ounce meafures, which
would have weighed eighty nine grains, and the wa-
ter which efcaped through the pores of the earthen
tube, and which I collected, was nearly 195 grains ;
fo that the air and this water together weighed 302
grains, or ten grains more than the original water.
But as I effimated the weight of the water only by

the fpace which it occupied in a cylindrical glafs
tube, divided according to ounces and parts of
ounces of water, ic was not eafy to avoid an error
of a few grains. At other times there was an error
ef a fmail magnitude on the other fide. But it will

appear
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appear hereafter, that more fteam muft have cfcaped
invifibly at the open mouth of the iron t\ibe than I

was aware of.
That nothing could enter by the pores of the re-

tort at the fame time that the water was making its
efcape out of them, I thought I afcertained pretty
fatisfactorily by immerfmg the bulb of it in mercury,
contained in an iron veffel. In thefe circumftances
I obtained air as ufual, -only the produce was not
fo rapid. In this way, however, I procured above
an hundred ounce meafures of air from moiftencd
clay ; and I difcontinued the procefs without per-
ceiving any termination of it. But the moment the
retort was raifed out of the mercury, it gave air
three times as fail as it had done before. The qua-
lity of the air was the fame in both cafes, viz. я
little worfe than that of the atmofphere.

I even collected thirty ounce meafures of air when
the bulb of die fame retort was immerfed in hot
liníèed oil ; but the production of air gradually
ceafed, and the next day I found the retort almolt
full of the oil, which had foaked through it. Dif-
tilling this oil, I got 300 ounce meafures of air
wholly inflammable, except a very few ounce
jmeafures at the laft, which were only phlogiffi-

Another prefumption in favour of the generation
pf our atmolphere from water was, that the purity oi"

E e 4 the
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the air that I produced from it is fo very nearly the
fame with that of the atmolphere. And the degree
of heat requifite to produce it is no greater than may
be given by the rays of the fun in certain circum-
fhmces. Subterraneous fires, however, would be
abundantly fufficient for the purpofe, as.it appeared
to be fufficient for the converfion of water into re-

fpirable air, that it come into contact with clay, and
perhaps many other earthy fubftances in the form
of vapour. I muft, however, obferve, that when
I threw the focus of a burning lens upon a quantity
of moift clay, either in vácuo, or in common air, I
got no air from it.

I made this experiment both with the clay ex-
pofed in an open diib, and alfo confined În a ihort
earthen tube. Had I then proceeded to repeat this
jail procefs with a communication between the in-
ficlc of the earthen tube and the external air (as I
then propofcd to do, but was prevented) I íhould
much fooner have difcovered what I did afterwards,
•viz. that there was no real converfion of water into
air in, this procefs.

The difficulty that ftrikcs many perfons moft for-
cibly, is the want of analogy between the converfion
of water into air with any other known facts in phi-
Jofophy, or in nature. But admitting that this con-
verfion is effected by the intimate union of what is
саЛсч! die principle of beat with the water, it appears

to
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to me to be Tufficiently analogous to .other changes,
or rather combinations, of fubftances. Is not the
acid of nitre, and allô that of vitriol, a thing as
unlike to air as water k, their properties being as
remarkably different ? And yet it is demonftrab'le,
that the acid of nitre is convertible into the pureft
refpirable nir, and probably by the union of the
fame principle of heat.

By the fame procefs by which refpirable air
íèems to be made from water, inflammable air may
certainly be made from liquid fubftances contain-
ing phlogifton. Making fpirit of wine to boil in
a glafs retort, I made the vapour pafs through the
ftem of a hot tobacco pipe, and found that it was
all converted into inflammable air, and it was of
that kind which burns with a lambent white flame.
But when I let the pipe cool, no air was produced,
but only vapour, which was inftantly condenfed in
the water.

Being now -mailer of a new and eafy proceis,
I vvas willing to extend it to other liquid fubftances ;
and I prefently found, as I then imagined, that,
by this means, I could give a permanent aerial
form to any liquid fubftancc that had been pre-
vioufly thrown into the form of vapour.

When I made the vapour of fpirit of nitre, heat-
ed in a glafs retort, pafs through the firm of the
hot tobacco pipe,. I got as pure dephlogiilicated air

us
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as ever I have procured from nitre; though the
cork, by which the retort was connected with the
pipe, was diflblved, and muft have contributed to
contaminate it, and give it a flight mixture of
fixed air.

With oil of vitriol I got air confiderably phlo-
gifticated, fo that a candle would not have burned
in it ; but this I alfo attribute to the cork, which
was diflblved in the proccfs. The refult was nearly
the fame when I ufed water impregnated with
vitriolic acid air, though the cork was not dif-
folved. But thjs acid is known to contain much
phlogifton.

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

Water impregnated with alkaline air gave neither
fixed nor inflammable air, which I had rather ex-
pefted, but only air confiderably phlogifticated j
though fome of it was fo pure that a candle would
have burned in it.

N. B. In all thefe experiments with the tobacco
pipe, all the air was remarkably turbid, like milk,

and
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and even the common air in the retort before the
procefs properly began.

In this ftate of the experiments I think I may
venture to fay, that no perfon could have feen
them without concluding that there was a real con-
verfion of water into air, there being no known
principle, or fa<5t, in philoibphy, that could have led
any perfon to fnfpeft a fallacy in the cafe. In this,
therefore, I mufl have acquiefced, as indeed did
all my acquaintance, even thofe who had been the
moft incredulous on the fubjeft, after they had
.themfelves lèen the experiments. But I was led
to the farther proíècution of this bufmefs, in con-
fequence of having obferved that the purity of the
air which I procured depended upon the ftate of
that which was immediately contiguous to the
earthen retort, or tube, in which I fuppoíèd the
converfion to have been made -, and that fome com-
munication with the atmofphere was neceflary to
the production of any air, as in the experiment
with the digefter, and thofe with the clay and the
burning lens. And fmce pure external air was
neceflary in order to procure good air, it was con-
cluded by feveral of my friends, and efpecuilly Mr.
Watt, that the operation of the earthen retort was,
to tranfmit phlogifton from the water contained in
the clay to the external a i r j and that the water,
thus dephlogifticated, was capable of being con-

verted
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yierted into -Eefpirabje air ;by -the intimate union of
the principle of heat.

In order to afceatain what die influence of the
external air in this cafe really was, I inclofed an
earthen retort filled with moiftened clay, in a large
glafs receiver, open at both ends, through the upper
orifice of which (being narrow) I tlmift the neck
of the retort, luting it fo as to be perfectly air tight j
find placing the receiver in a bafon of water, by
which the air within was cut off from all com-
munication with the external air, I fitted to the
mouth .of the retprt a glafs tube, through which I
.could receive whatever was produced in the pro-
cefs*. In this fituation I heated the retort, by
•means of Mr. Parker's excellent burning lens, when
air was received through the tube communicating
with the infide of the retort as ufual ; but at the
fame time the water rofe within the receiver.
This effect might be owing to a phlogiftication of
-the .air within the receiver ; but it was foon dimi-
.nifhed far beyond the utmoft limit of that procefs,
fo that very little of it remained ; and examining
.this air, I found it to be nearly the fame with that
of the atmofphere, as alfo was that which came
from the retort.

* PI. VII. fig. ï. exhibits я view of the difpolïtion of the apparatus
in this experiment, and in many others of the fame nature.

5 This
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This experiment made it probable, that the aip
on the outfide of the receiver had actually paflèd
through it; and yet it was contrary to all the
known principles of hydroftatics, and even any
thing hitherto known in chemiftry, that air ihould
be tranfmitted through a veflel of this kind, and
in a direction contrary to that in which it would
have been forced by the preflure of the atmofphere f
while the water, with which the clay was moiftened,
went the other way. For had the retort beeri
pervious to air, as the infide had a free commu-
nication with the atmofphere, the water could not
have rifen within the receiver. This, however^
appeared to be the cafe, by the following decifire
experiments.

Having filled the earthen retort with the moif-
tened clay as before, I made the infide of the re-
ceiver perfectly dry, and placed it in a bafon of
mercury ; when, upon heating the retort as before,
the receiver was all covered with dew, which col-
lecting into drops trickled down the infide of the
receiver, and remained upon the mercury, which
rofe within the receiver, while air was received
from the retort as ufual. I had no doubt, there-
fore, but that all the water within the retort would
have got through into the receiver. Spirit of wine,
or fomething that had the fmell of it, was tranf-

mitted
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mitted from the. clay through the retort in the
íãme manner.

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

From thefe experiments it feemed impoifible
not to infer, that the clay of the earthen retort, be-
ing thus heated, deftroys for a time the aerial form
of whatever air is expofed to the outfide of it ;
which aerial form it recovers after it has been tranf-
mitted in combination from one part of the clay
to another, till it has 'reached the infide of the re-
tort, while the water is drawn through it in a
contrary direction*.

Had this hypothcfis been propofed a J>riori, k
would, I doubt not, have been thought more ex-
traordinary than the converfion of water into air.

* Notwithftanding this, reafons will prefcntly be given, which
fhcw that this Is no juft conclufion, and that the proccfs muft have
been carried on by means of fores.

The
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The great difficulty with refpeft to the experi-
ment with the lens is, that the water ihould pafs
through the retort one way, and the air the other,
and yet that the air fliould not be able to pafs with-
out the water. It is alfo not a little extraordinary;
that the weight of the air and that of the water
fliould be fo nearly equal.

I cannot conclude this account withotit acknow-
ledging my obligation to Mr. Parker for the ufe
of his incomparable lens, and his obligingly affift-
ing me in the management of it. Indeed, with-
out this very inftrum,entj or one of greater power
than my own, I do not know that the laft-mentioned
experiments could have been made at all ; certain-
ly not to fo much fatisfaction*.

When I wrote the preceding part of this fection>
it was my opinion, that the air which was tranf-
mitted through the earthen retort, had loft for a
moment its form of air, and was properly incor-
porated with the earth, as fixed air is in lime ftone,
and that it had reilimed its aerial form in the in-
fide of the retort j becaufe thefe vellels had been
air tight in all my other experiments. But though
thefe earthen retorts be fufficiently air tight for
many purpofes, and we cannot blow through them

* By mean» of fmall earthen vr(Tels, of an inch diameter in the
bulb, fuch as is reprefcntcd in PL VII. fig. ï. the experiment is made
with fufficicnt advantage, with a lens of twelve inches in diameter.
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when they are plunged in waiter, yet unlefs they be
glazed> they are not fo air tight, but that, with an;
air pump, air may be drawn through them1. Con-
fequently, any power afting with the force of an
air pump (which is only equal to the prefiure of
the atmofphere) may overcome the difficulty of
air paffing through the fmall pores of fuch retorts j
and there are many powers in. chemiftry much
greater than this.

At prefent it is my opinion, that the agent in
this cafe is that principle which we call attraction
of cohefton, or that power by which water is raifed
in capillary tubes. Bu t in what manner it acb in
this cafe, I am far from being able to explain.
Much lefs can I imagine how air íhould país one
way, and vapour the other, in the fame pores, and
how the tranfmiflion of the one fliould be neceflàry
to the tranfmifiion of the other. I am fatisfied,
however, that it is by means fuch pores as air may
be forced through, that this curious procefs is per-
formed, becaufe the experiment never fucceeds but
in fucJi vefîèls as, by the air pump at leaft, appear
to be porous, though in all fuch. But the fmall-
nefs of the pores lecms to be rather an advantage
in this experiment; and the fmalleft capillary tubes
alfo are known to act with the greateft force.

A vcfTel fcooped out of chalk anfwcred as well
as an earthen retort j fo alfo did one of free-ßone,

firft
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firft about a quarter of an inch in thicknefs, and
then very near an inch} which I got made for the
purpofe ; and fo alfo did a vefièl of white marble
of the clofcft texture, though it is fufficiently air
tight for moil purpofes, and nothing but the air
pump could have convinced me" that it had any
pores.

In order to meafure the force of this attraction»
I placed the glafs vefíèl through which I tranfmit-
ted the rays of the fun (and which contained the
air that was to be drawn through the retort) in a
bafon of mercury, and found that while the vapour
of water was tranfmitted from moiftened clay in
the infide of the retort, into the infide of the glafs
veflel (and confequently the air paiTed the contrary
way, fo as to enable the atmqfphere to prefs the
mercury into the infide of the glafs veiTel) it rofe
three inches and a half above the level on the out-
fide of the glafs. It might probably have rifen
ibmething higher, if all the water in the clay had
not then been expended. This was a veflèl made on
purpofe, of pipe clay only, and very compact.
When I ufed more porous earthen vefTels, I wau
never able to raife the mercury fo high. For
when the pores are large, the mechanical action
occafioned by the weight of fuch a column of mer-
cury counteracts the chemical one, and prevents
the tranfmiffion of the air or fteam.

VOL, II. F f Having
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Having ifufikiently afcertained what kind of
veffels would anfwer for this experiment, \ then
tried what kind of fluid Jubßances would, by their
tranfmiffion in one direction, promote the palling
of the air in die other ; and 1 found that oils, as
well as fpirit of wine, anfwcred this purpofe per-
feftly well j and fo alfo 'did mercury', but not any-
other metal made fluid by heat.

The mercury pafled through the retort in the
form of a iubtle black powder -, and on this occa-
fion I obierved that the veflel of pipe clay with
which the experiment was made, was fo far air
tight, that when I took it to the air pump, nearly
full of mercury, quite hot from the experiment in
the fun, and placed it upon the plate of the air
pump, I was not able to force any mercury through,
it. Probably this black powder was much more
attenuated than mercury in its natural fluid ftate
can be. There is alfo a degree of repulfion be-
tween white mercury and all glafs or earthen veflels.
This repulfion mechanical preflure might not be
able to overcome, though this chemical adlion could
do it. It remains, however, to be confidered,
how the mercury in this procefs could be chang-
ed from its natural fluid ftate into this black
powder.

While I was making thefe experiments with,
mercury, I took the opportunity of trying one of

4 the
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the kinds of air that cannot be confined by waters
and having filled the glafs veiTel with alkaline air,
and having mercury in the vefiel of clay, I foon
found, by the fmell, that the alkaline air was paffing
one way, while the mercury went the other, juft as
readily, I doubt not, as inflammable or nitrous
air had gone one way, while water had gone the
other.

Of the metals in a ftate of fluidity, I tried lead)
tin, zinf, and bijmuthb melting them in porous
earthen retorts; but neither did any metal pale
one way, or air the other.

1 made fome attempts to perform this experi-
ment with veflèls which had viftble pores, efpecially
with fine capillary tubes of glafs 5 having the ftop-
pers of the glafs tubes made with fine perforations
of this kind, but hitherto without fuccefs ; and yeC
I do not abfolutely defpair of fucceeding in an ex-
periment of this kind, and thereby feeing a
•farther into this curious procefs»

F í г
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S E C T I O N III.

Experiments on Ether.

Т Т is fomething extraordinary that, though ether,
-•- as I found, cannot be made to afiume the form
of air (the vapour arifing from it by heat, being
foon condenfed by cold, even in quickfilver) yet
that a very fmall quantity of ether put to any kind
cf air, except the acid, and alkaline, which it im-
bibes, almoft inftantly doubles the apparent quan-
tity of it ; but upon paffing this air through water,
it is prefently reduced to its original quantity again,
with little or no change of quality.

I put about the quantity of half a nut ihell full
of ether, inclofed in a glafs tube, through a body
of quickfilver, into an ounce meafure of common
air, confined by quickfilver ; upon which it pre-
fently began to expand, till k occupied the fpacc
of two ounce meafures. It then gradually con-
tracted about one fixth of an ounce meafure. Put-
ting more ether to it, it again expanded to two.
ounce meafures; but no more addition of ether
would make it expand any farther. Withdrawing

the quickfilver, and admitting water to this air,,
without
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without any agitation, it began to be abforbed ;
but only about half an ounce meafure had difap-
peared after it had ftood an hour in the water. But
by once pafling it through water the air was re-
duced to its original dimenfions. Being tried by
a mixture of nitrous air, it appeared not to be fo
good as freih air, though the injury it lud received
was not confiderable.

All the phenomena of dilatation and contraction
were nearly the fame, when, inftead of common air,
I ufed nitrous air, fixed air, inflammable air, 01
any fpecies of phlogifticated common air. The
quantity of each of thefe kinds of air was nearly
doubled while they were kept in quickfilver, but
fixed air was not fo much increaled as the reft,
and phlogifticated air lefs. But after pafimg through'
the water, they appeared not to have been fenfibly
changed by the procefs.

Thefe experiments were made with vitriolic
ether. Having, fince, procured a quantity of ni-
trous ether, made by Mr. Godfrey, I had the curi-
ofity to try -whether this would produce the fame
effect ; but I found that it increafed common air
only about one fixth of its bulk. , After this mix-
ture had continued two days and a night, water
abforbed the ether, and left the common air exactly,
or very nearly, the fame as before, judging by th«

of nitrous air.

F f 3 SEC-
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S E C T I O N I V .

Cf tie Difference of the Quantity of Air ly the rapi%

ProduSiion of it.

T Have more than once found, that when I ex-
Л- polled air from íèveral fubftances by heat, the
produce was different in quantity, according as
the heat was flowly or Juddenly allied ; though, at
the laft, it was always made the famei and was con-
tinued as long as any air could be produced. The
firft obfervations of the kind were thofe in which
inßammabie air was produced- from vegetable and
animal fubftances. I afterwards made another ex-
periment of the kind in the production of dephlo-
gißicatea air from red lead and fpirit of nitre ;
ufing every precaution that I could think of to
prevent my impofmg upon myfelf, with reipecl: to
a circumftance which, I own, appears rather extra-
ordinary. I imagine, however, that when the heat
is applied flowly, fome parts of the fubftances, that
are lefs difpofed to volatilize, become, by degrees,
accußomed, as it were, to bear a force, which, if ic
had been applied fuddenly, would have inevitably

broke
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broke their cohefion with the reft; which is in
fome meaíiire fiinilar to what is obferved with re-
ipect to the load flone, which will fuftain more
weight when it is applied gradually, than it can be
made to do when it is applied all at once.

From equal quantities of the fame red lead, with-
out any mixture of fpirit of nitre, and ufmg the
fame gun barrel, I got, by means of heat fuddenly
applied, more air than I got by heat applied flowly
In proportion of ten to Jix. The proportion of
fixed air was the fame in both the cafes, and the
remainder equally dephlogiilicated.

Moiftenmg a quantity of red lead very well with
ftrong ipirit of nitre, and putting equal quantities
of it at different times into the fame gun barre],
in the firft procefs I applied the heat pretty fud-
denly, and in the fécond very flowly j and in the
firft I got three times as much air as in the other.
The air was alfo equally pure in both thefe cafes,
and contained equal proportions of fixed air j but
towards the end of tlae flower procefs the air be-
came nitrous.

From an ounce of red lead, by a fudden and
briik heat I got above two quarts of air, a great
part of which was fixed air, and the reft was about
twice as good as common air í and immediately
after, putting the very fame quantity of the fame
parcel of red'lead inro the fame gun barrel, by heat

very
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very ßowly applied, but urged vehemently at laft,
I got no more than two ounce meafures of air, a
great part of which was fixed air, and the reft not
fo good as common air.

From an ounce and a half of whiting, in a gun;
barrel, I got, with a fudden and great heat, 240
ounce meafures of air, of which fome portions
contained nine tenths of fixed air, and the refiduum
burned with a lambent blue flame. - Repeating the
fame procefs very flowly, I got no more than, 150
ounce meafures of air from the fame quantity of
whiting. And again repeating the procefs with a
greater and more fudden heat than at firft, I got,
from the fame quantity of materials, 270 ounce
meafures of air.

SEC-
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S E C T I O N V .

Experiments on the Mixture of different Kinds of Airt

that have no mutual Âiïion.

/CONSIDERING the very different fpecific gra-
^-^ vities, and other remarkably different proper-
ties of different kinds of air, it might naturally
enough be taken for granted, that thofe which dif-
fer very much \nfpecific gravity at leaft, would íè-
parate from each other after they were mixed, the
heavier occupying the lower place, and the lighter
the upper ; and that, by this means, the heavier
kind of air might be made to expel the lighter, if
there fliould be an opportunity for its efcape from
the upper part of the veiTel. As different kinds of
air will often be unavoidably mixed in a variety of
experiments, I thought it a matter of fome confe-
quence to afcertain precifely how the fait was in this
refpedt ; that I might not, upon any occafion, de-
ceive myfelf, by imagining that I had one kind of
air only, when, in reality, I might have a much
greater proportion of fome other kind than I fuf-
peiled.

The
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The refult of my trials has been this general con-
clufion ; that when two kinds of air have been
mixed, it is not poffible to feparate them again, by
any method of decanting, or pouring them off",
though the grcateft poffible care be taken in doing
It. They may not properly incorporate, fo as to

form a third /pedes of air, poííèflèd of new proper-
ties j but they will remain equally diffufed through
the mafs of each other ; and whether it be the up-
per or the lower part of the air that is taken out of
the veffel, without difturbing the reft, it will con-
tain an equal mixture of them both.

After fome experiments with common phials, but
which I rejected, from the consideration that the
agitation of the air within the phial, by the letting
in of the water, would neceflarily mix the two kinds
of air contained in it, though they had been ever fo
carefully feparated, I avoided that inconvenience,
by making the experiments in the following more
accurate manner, applying it to all the kinds of air
that will bear to be confined by water.

Into a cylindrical veflel, which I could open at
both ends, having ground ftoppers fitted, to them, I
put equal quantities of fixed and common air -, and
after fuffering them to continue a whole day, the
veiTel remaining in a perpendicular pofition, in
which they had opportunity, and time enough, to
have feparated from each other, I very carefully

let
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let out the contents of the upper part of the veflel
only, the water entering flowly at the lower open-
ing ; and put the remainder, which had occupied
the lower part of the veflel, into a fcparate phial \
then examining them one after the other, I found
no fenfible difference between them, equal propor-
tions of both being abforbed by water. If there
was any difference, it did not, however, exceed the
trifling one in the next experiment, made with an
pight ounce phial, in the bottom of which I had
made a hole, by which the water might enter as
the air was let out at the mouth of it.

This phial I filled with equal quantities of fixed
and common air ; and after a confiderable time, I
let off the upper part, while the water entered be-
low ; and obferved that, of the four meafures which
had occupied the upper part of the phial, two and
an half remained unabforbed by water, and of die
lower part, two and a quarter j fo that there was a
little more fixed air in the lower than in the upper
part of the veflel.

Having mixed equal quantities of inflammable and
nitrous air in the phial which had a perforation at
the bottom, and letting it out in five different parts,
ï obferved that they all burned with a lambent
fiame, without any fenfible difference between1

them.
I tried
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I tried in the fame manner a mixture of nitrous
and common air, and after letting them continue "to-
gether all night, found that the lower part of this
mixture diminiihed common air a little more than
the upper part; but the difference was very fmall.

I put together equal quantities o( nitrous ana. fixed
air, in the perforated phial ; and decanting it at fe-
veral times, with 'the iame care as before, and mix-
ing the feveral parts with common air, could obfervc '
no fenfible difference in the diminution produced by
any of them.

Fixed air is equally diffufed through the whole
mafs of any quantity of air from putrefying fub-
ftances with which it is mixed j for dividing the
mixture into two equal -parts, they were reduced
in the fame proportion by paffing through water.
This is alfo the cafe with inflammable air, and air
in which fulphur has burned.

At the fame time that I was trying the purity of
fixed air, I had the curiofity to endeavour to afcer-
tain whether that part of it which is not mifcible in
water, be equally cliffufed through the whole mais ;
and, for this purpofe, I divided a quantity of about
a gallon into three parts, the iirft confifting of that
which was uppermoft, and the laft of that which
was the loweft, contiguous to the water; but all
tliefe parts were reduced in about an equal propor-

5 tion,
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tien, by paifing through the water, fo that the whole
mafs had been of an uniform compofition.

Having filled the itrong glafs velTel, in which I
ufually fire them by the electric fpark, with the
ufual mixture of one third dephlogifticated and two
tliirds inflammable air, I let it remain in a perpen-
dicular pofition all night, in which, there was cer-
tainly time enough for them to have feparatcd from
each other, if their very different fpecific gravities
would have difpofed them to do fo. But though
the two wires between which the explofion is made
were at the very top of the veflel, which in the cafe
of a feparation would have been the region of pure
inflammable air (which cannot take fire of itfelf)
yet when the fpark paiTed between them, the two
kinds of air were exploded as completely as they
could have been immediately after they bad been
mixed.

It is alfo obfervable, that the phlogiilicated and
dephlogifticated air which compofe the atinofphere,
are of very different natures, though without any
known principle of attraction between them, and
alfo of different fpecific gravities; and yet they are
never feparated but by the chemical attraction of
fubftances, which unite with the one, and leave the
other, as in all thofe proceJTes which I have termed

The
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The fame is the cafe with common air and alka-
line, or any of the acid airs. For though all thele
kinds of air differ in fpecific gravity from common
air, yet if they be mixed with common air, and
water be admitted to them, the quantity will de-
creafe more or lefs flowly in proportion to the quan-
tity of common air in the mixture. Whereas, if
the alkaline or acid airs had been heavier than the
common air (as the latter, at leaft, manifeftly are)
and did not mix with it, the water would abforb
them as readily as it does when the jar contains no
other kind of air ; as, on the other hand, if the
common air had been the heavier, it would have
protected them from the accefs of the water, which
would not, in this cafe, be able to come at the acid
,or alkaline air, and therefore could not abforb any
part of the quantity. I have noted, however, one
exception to this rule refpecbng alkaline and inflam-*
mable air, which did not feem to mix together.

Î have fmce made a mixture of vitriolic acid air
and fluor acid air, and find that they continue inter-
mixed throughout. I mixed equal quantities of
them in a jar of quickfilver, and obferved, that
when water was admitted to the whole mafs, die
cruft was formed equably from die bottom to the
top of the yeflel»

Notwithftahding
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Notwithftanding thefe experiments, I do not fay
but that if two kinds of air, of very different fpe-
cific gravities, were put into the fame veifel, with
very great care, without the leaft agitation that
might mix or blend them together, they might
continue feparate, as with the fame care wine and
water may be made to do -, but that, when . once
they have been mixed, they will continue to be fo,
like wine and water, after having been lhaken toge-
ther.

From the experiments above recited,-it will fol-
low, that when fixed air^ or air of any other
kind, is conveyed into a veflel containing common
air, a quantity equal to the contents of the whole
veflel muft be thrown in, before half of the common
air be expelled ; becaufe half of the air that is intro-
duced will always be expelled along with it j that
after another equal quantity, ftill one fourth- of the
common air will remain i and after another, one
eighth, &c;

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

Of the Expanfion of different Kinds of Air by Heat.

TT'ROM a very coarfe experiment, which I made
A very early, I concluded that fixed and com-
mon air were expanded alike with the fame degree
of heat. But by the method which I then made

'ufe o£ it was not poffible to difcover fmall differ-
ences in this refpect. I have fince attempted it in
another and more accurate manner, and have applied
it to all the kinds of air with which I am acquainted j
and though I do not think that the refults can be
intirely depended on, on account of the difficulty
that I found in making the experiments, and my
not having time to repeat them fo often as I
could have wiihed, it may not be amifs to give
an account of what I did obferve, though it
Ihould only be a means of putting others upon
doing the fame thing in fome better manner, and
with more attention.

1 took a phial, containing thirteen ounce mea-
fures of water, and filled it fucceffively with all the
different: kinds of air, having been previoufiy made

very
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very dry, and filled with quickfilver. Then hold-
ing the mouth of it under the quickfilver, I in-
ferted into it 3. perforated cork, to which was an-
nexed a long glafs .tube, as is reprefentedj Pl.V. fig. 5,
kavjng a little quickfilver in the neck of the phial,
that the expanfion of the air might drive it along
theiube. This phial, fo prepared, I placed in a
fmall wooden box, and carrying it into a warm
room, carefully marked the place at which the
quickfilver ftood after it had become perfectly fta-
tionary in that degree of heat. Then carrying it
into a colder room, and letting it remain there a
fufficient time, I marked the place in which it ftood
in that degree of heat, having a Fahrenheit's ther-
mometer accompanying it in each fituation. I then
carried it back into the warm room, and obferved
whether the quickfilver rofe to the fame place as
before j and after ufing other little precautions, to.
prevent any miftake, I found the following inter-
vals in the place of die quickfilver in the différent
kinds of air, the fame phial and the fame glafs tube
being uíèd in all the cafes. The quantity anfwer-
ing to ten degrees was made by computation,
to ihew the proportional expanfion at one eafy
view.

VOL, II. G g In
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ï he dift'ance -„„t... ю*-
between inche* being

In Common air 34° and 48° was 1.85 1.32

—Inflammable 34 48 2.87 2.0$
—Nitrons 33 56 3.44 2.02
—Fixed 32 50 3.97 ало
—Marine acid 32 50 2.40 1.33
—Dephlogifticated 32 51 4.2 2.21
—Phlogifticated 3! 51 3.1'5 1.65
—Vitriolic acid 32 48 3.70 2.37
—Fluor acid 46 56 2.83 2.83
—Alkaline 32 50 8.56 4.75

The expanfion of the alkaline air in this experi-
ment will appear extraordinary ; but I muft obferve
that there was a little moifiure in the phial, which
had been expelled from the materials together with
air ; and to this water, emitting more air by heat,
I am inclined to afcribe the much greater dilatation
of this than of the other kinds of air; and at that
time I could not conveniently repeat the experiment,
not having any better materials at hand.

That inflammable, nitrous, and phlogifticated air,
containing more phlogifton than common air,
Ihould expand more with equal degrees of heat, is
agreeable to analogy, the fame thing being obferved

in
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in fluids : but how it ihouldrhappen that dephlogifli-
tated air, which contains lefs phlogifton, ihould
expand more than common air, I do not fee* and
therefore I wiih that the experiments might be re-i
peated in fome better manner.

S E C T I O N VII.

Oftbeffectfic Gravity of different Kinds of Air.

Y N order to afcertain the fpecific gravity of de-
A phlogifticated, and other kinds of air, I took a
glafs tube about nine inches long, and faftening it
to the neck of a bladder, which, with fuch a de-
gree of diftenfion as I could give it, in the manner
in which the experiment was made, contained fifty
five ounce meafures, or one pennyweight nine grains
of common air. The tube was fo fattened, that I
could take it out at pleafure ; and having the blad-
der thus prepared, I carefully compreflcd it, then
filling it in part with that kind of air which I was

G g 2 about
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about to weigh» I comprefied it again, and then
filled it intirely ; fo that I was pretty confident that
the air within the bladder contained very little com-
mon, or any other kind of air. In this manner I
proceeded to weigh äephlogißicatsd air, and at the
fame time nitrous air, and air fhlogiflicated with iron
filings andjulphur, which I take for granted is the
fame thing with air phlogifticated by any other
procefs.

The following fhort table exhibits the refult of
all thele experiments at one view.

The bladder, filled with dwts. gr.
phlogifticated air, weighed - ... 7 if

nitrous air - 716
. common air - - 7 17
_ — dephlogifticated air - 7 i o

This refult agrees fufficiently well with my for-
mer obíèrvations, though they were not made with
fo much accuracy, viz. that both nitrous air,
and air diminiihed by phlogiftic procefies, are ra-
ther lighter than common air -, and it is confonant
to this, that, in the prefent experiment, dephlo-
gifticated air appears to be a little heavier than
common air.

ï In
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In this experiment, the dephlogifticated air was
fo pure, that one meafure of it, and two of ni-
trous air, occupied the ipace of four fifths of &
meafure. Had the air been more pure, it would,
no doubt, have been fpecifically heavier ftilL

S E C T I O N VIII.

Of Sound in different Kinds of Air.

A LMOST all the experiments that have hitherto
**• been made relating to found, have been made
in common air, of which it is known to be a vibra-
tion, though it is likewife known to be capable of
being tranfmitted by other fubftances. There
could be little doubt, however, of the poffibility of
found originating in any other kind of air, as well
as of being tranfmilted by them ; but the trial had
not been actually made, and I had an eafy opportu-
nity of making it.

Befides, the experiments promifed to afcertain
whether the intenfily of found was affefted by any

G g j other
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other property of the air in which it was made than
the mere denfity of it. For the different kinds of
air in which I was able to make the fame found,

befides differing in fpecific gravity, have likewife
other remarkable chemical differences, the influence

of which with refpedl to found would, at the fame
time, be fqbmitted to examination.

Being provided with a piece of clock work, in
which was a bell, and a hammer to ftrike upon it
(which I could cover with a receiver, and which,
when it was properly covered up, I could fet in
motion by the prelfure of a brafs rod, going through
a collar of leathers) I placed it on fome foft paper
on a transfer. Then taking a receiver, the top of
which was clofed with a plate of brafs, through
which the brafs rod and collar of leathers was in-
ferted; I placed the whole on the plate of an air

pump, and exhaufted the receiver of all the air that
it contained. Then removing this exhaufted re-
ceiver, containing the piece of clock work, I filled
it with'fome of thofe kinds of air that are capable
of being confined by water, by means of a bent
glafs .tube inferted into з piece of brafs, which I
could fcrew into the bottom of the transfer, fo as
to introduce the bended tube, through the water of
my trough, into a jar containing the air on -which
I wiihed to make the experiment.

When
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; When this was done, I removed the glafs tube,
and had the receiver filled with that fpecies of
air in whicli I wifhed to produce the found, and
the apparatus for making the found within it. Then
by forcing down the brafs rod through the collar of
leathers, I made the. hammer ftrike the bell, which
it would 'do more than a. do^en times after each
prefiure. And the inftrument was contrived to do
the fame thing many times fucceflively, after being
once wound up,

Every thing being thus prepared, I had nothing
to do, after filling the fame receiver with each of
the kinds of air in its turn, but receding from the
apparatus, while an affiftant produced the found, to
obferve at what diftance I could diftinftly hear it.
The refult of all my obfervations, as far as I could
judge, was that the intenfjty of found depends foldy
upon the denßty of tl)e ajr in which it is madef and
not at all upon any chemical principle in its con-
ftitution.

In inflammable air the found of the bell was
hardly to be diftinguiihed from the fame in a pretty
good vacuum ; and this air is ten times rarer than
common air.

In fixed air the found was mijch loxjder than in
common air, io as to be heard about half as far

Ç g 4 again,-
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again ; and this air is in about the fame proportion
den fer than common air.

In dephlogifticated air the found was alfo fen-
fibly louder than in common ah, and as I thought
rather more than in the proportion of its fuperior
denfityj but of this I cannot pretend to be quite
fure.

In all thefe experiments the common {landard
was the found of the fame bell in the fame re-
ceiver, every other circumftance alfo being the,
fame ; the air only been changed, by removing
the receiver from the transfer, and blowing through,
it, &c.

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

Of the Power of the different Kinds of Mr to conduit
Heat.

/"YNE of the firft things that I propofed to try,
\~J with refpect to the different kinds of air, was
toobfèrve their fewer of conducing 'heat, and I had
a contrivance for that purpofe when I was at Leeds.
The thing, however, appearing to me to be of leis
confequence than other things that I had in view,
I deferred it fome time, till, in confequence of
the doctrine of heat becoming, by means of Dr.
Crawford's book, die fubject of general converfa-
tion, I determined to execute what I had fo long
projected.
. For this purpofe I prepared the veflèl reprefented
PI. VI. fig. 2, and described in the Introduftion.
The thermometer was a very fenfible one, and the
fcale large, fo that I couM mark upon it twenty
divifions, each larger than half an inch between the
mean temperature of the atmofphere, and a heat
muda below that of boiling water. After feveral
trials I at length adjuftcd it in fuch a manner, that,

having
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having filled the veflèl with any kind of air, I
could plunge it to a certain depth, firft in hot, and
then in cold water, fo that the mercury would rife
to the divifion 20, and fall to that of 6 or 7 in a
reafonable tirhe. I had a clock that beat féconds
clofe by me, and was fo fituated, that I could not
well make a miftake of more than two féconds, in
noting the time when the mercury came to any
particular divifion. The precautions I ufed to
plunge the veflel the fame depth in the water, in all
the experiments, and to exclude all other differences,
except what might be occafioned by the different
kinds of air, it would be tedious to recount; and
no perion converfant in experiments, and who is
difpofed to repeat them, will need to be fo minutely
inftruéted.

I will juft observe, however, that in the veflfel I
ufed for hot water, I always made it boil, and it
was fo full, that the plunging of my air veflel into
it made it run over ; and the veflel for cold water
was always freih brought from the fame pump.
The mouth of the air veflel was in a cup of mer-
cury, always filled to the fame height; and by
this means I could try in the fame manner even
thofe kinds of air, that could not be confined by
water.

The beft account that 1 could give of the refult
of thefe experiments would be to exhibit them in

the
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the form of tablesy of the time at which the mer-
cury reached all the degrees of the fcale, both in
;ifcending and defcending; which tables I have
drawn up. But this I ihall defer till I have an op-
portunity of repeating all the obfervations. At pre-

fent I would only obferve, that all the differences
were not fo ftriking as I expected to have found
them, but that inflammable air conducted heat much
better than any other kind of air, the mercury afcend-
ing the fame fpuce in about half the time that it took
up in common air. Fixed air, and all the kinds of
acid air, conducted heat confiderably worfe than
common air. Alkaline air conducted heat rather
better than the acid airs, and dephlogifticated air a
little worfe than common air, but fo little, that I
would not anfwer for the fame refuk in repeating
the experiment.

N. B. In the courfe of thefe experiments, I could
not avoid oblerving fo great an expanfion of alkaline
air by heat, that I conclude the obfervation, p. 450,
may be perfectly accurate, though the extraordinary
nature of it made me entertain the doubt I have
феге expreflèd concerning it.

5 Д С -
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S E C T I O N X .

Of the refraftive Power of different Kinds of Air.

/CONSIDERING the very different properties
V-' of the different kinds of air with which 1
have been converfant, it was impoffible not to think
of the probability of their having difFercnc refraSiiix
powers, and of fome method of afcertaining this
circumftance. But I am forry to inform my
readers, that my experiments have been without
a n y fucceis. . . . .

For this purpofe, I procured a prifm, confifting
of three plates of glafs, faftened together by ce-
ment, the cavity being large enough to contain
about à quarter of a pint. This prifm I fixed upon
a ftand, at the diftance often feet from a window,
in which I had a fmall apparatus, contrived to
thro\v a beam of the- fun's rays into the room.
This beam was received by a board, furnifhed with
a piece of brafs work, containing feveral fmall holes,
through any of whicli I could tranfmit a beam of
light upon the prifm, which was placed, in a ver-
tical pofition, clofe behind it ; and the wall on which

the
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the image of the fun was received was twenty feet
from the prifm.

With this apparatus, which I thought promifing
enough, I proceeded to try the refractive powers of
nitrous and inflammable air ; but I could perceive
no difference in the place of the image, whether
the beam of light was tranfmitted through the
prifiTij carefully rilled with either of thefe kinds of
air, or not through it ; allowance being made for
a fmall degree of refraction occafioned by a want
of perfect parallelifm in Ac plates of the prifrn*
The refult was the very fame, whether it contained
common air, or cither of the two kinds above-
mentioned.

Having had fo little lucceis with thefe two veiy
different kinds of air, I thought it would be in vain
to try any of the other kinds ; and therefore, for
the prefent, have defiftcd from my purfuitj but
I am not without a defign to refume it with a dif-
ferent kind of apparatus, if 1 be ib happy as to .fuc-
ceed in the conftruction of it,.

SEC-
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S E C T I O N X L

Of Air in the Bladders of Fißes.

T Made a beginning of a couríè of experiments,
-*• which, I think, may be purfued to confiderable
advantage, on the ftate of the air which is contained
in the bladders of flßes. It is commonly fuppofed,
that thefe bladders are of no other life to the fifties
than to affift them in rifing or finking in the water í
but I have fome doubt about this hypothefis j at
leaft they may have fome other ufe. Some filhes,
I believe, are not furnifhed with thefe bladders.
When they are taken out of the fiih, the air cannot
be got from them by preffure, but I was always
obliged to buril or cut them ; and yet that the air
does change in thefe bladders, is, I think, pretty
evident, from my having found it in different
ftates.

The firft time that it occurred to me to examine
the air contained in thefe bladdersj I found it, in a
great number of them, to be perfectly noxious, not
being at all affected by nitrous air. This was on
the 3ift of May, 1774. But at another time, viz.

the
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the 30th of March following, I found air that I had
prefied from the bladders of the fame kind of filhes,
viz. roaches, not to be quite noxious, being affected
by nitrous air, though not to a great degree. I have
not purfued. thefe experiments any farther -, but I
Ihould think that it might not be difficult, by
diverfifying them properly to make fome difcoveries
concerning the animal ceconomy of fifties, and the
life of air to them.

S E C T I O N XII.

Of Changes produced in various Kinds of Air by Ex-
fofure to Urine.

^T"1 H AT phlogifton exhaling from vegetable or
A animal fubftances fhotild fenfibly affeft com-

mon air, or dephlogifticated air, which contain
little or no phlogifton, and have a ftrong affinity
with it, is far from being extraordinary j but that
the fame fubftances which phlogifticate common
air, or dephlogifticated air, ihould likewife affeft
nitrous air, or inflammable air, which already con-

tain.
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tain phlogiilon {and, as it Ibould feem, to a corn*-
jplete faturation) is a fa£t that I cannot well explain.
This, however, I have obferved to be the cafe
with liver of fulphur, iron filings, and fulphur, and
various other fubftances on nitrous air.

Inflammable air I have not obferved to have
any impreffion made upqp it by thefe fubftances,
any more than by the elpítfic fpark, at leaft in
the temperature of the atmoiphere -, though, in
confequence of fimple confinement by water, it has
at length, in feveral inftances, loft its inflamma-
bility, and, like nitrous air in the preceding cir-
cumftances, has become mere phlogifticated air.
I have fome fufpicion, however, that inflammable
air may be decompofed by all the fame fubftances
that decompoíè nitrous air, if more beat, or more
time, be given to the procefs ; and perhaps what
I confidered as fure water might, -in time at leaft,
have got an impregnation of fomething that might
affeót the inflammable air, in thofe cafes in which
I found it reduced tojhe ftate of phlogifticated air.
Thefe fufpicions ^have been led to in confequence
of obferving that urine had this effect, 'both 'On
nitrous and inflammable air ; an obfervation which
I made accidentally, in the courfe of expofing u
great variety of fubftances to the fun during the
fummer of 1779.

Among
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Among other things, I had fijled a glafs tube,
about half an inch in diameter, and three feet and
a Half long, with urine, and had placed it inverted
in a bafon of the fame. In this fituation it was
kept feveral months, when it yielded at firft a fmall
quantity of air, all of which was afterwards abforb-
ed» After which I perceived cryftals to be formed
in feveral places of the infide of the tube, and the
urine, from being of a pretty high colour, becanje
very pale.

Seeing no farther change in the urine, and having
obíèrved its power of emitting and abforbing air,
I expofed to its influence all the kinds of air that
could be confined by it, in feparate fix ounce phials,
of which the air of each kind occupied about one
fourth, the remainder of the phial containing this
olcT pale urine j and the phials were inverted in
bafons of the fame, and, as it evaporated, were fup-
plied from time to time with more urine.

Things were difpofed in this manner on the
27th of July, and I obferved that there was no
immediate change, either in the inflammable or
the phlogifticated air ; but the furface of the urine
in contaót with the common air, dephlogifticated
air, and nitrous air, from a pale ftraw colour, pre-
fently became of a deep brown, and efpecially next
the dephlogifticated air. The next morning the
colour of the urine in contaót with the dephlogifti-

VOL II. H h cated
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cated air was almoft black, and extended through
the whole phial. But in the phial in which tho
common air was confined, the brown colour ex-»
tended only a little way within the body of the,
urine. Under the nitrous air the urine was pretty
uniformly brown, but not fo much fo as under the
dephlogifticated air. A little both of the dephló-
gifticated and nitrous air was abforbed, and nearly
an equal quantity of each.

The dephlogifticated air having diminiihed very
/air, and becoming thoroughly phlogifticated, I in-
troduced more of the fame air into the phial ; and
I let all the phials ftand in this fituation till the
asd of July following, when I was obliged to puo
an end to the procefs, and I then noted the follow-
ing appearances. The common air was diminiih-
cd about one fourth, and was thoroughly phlogifti-
cated; the urine being of an orange colour, but
not very deep. The dephlogifticated air, having
been renewed,, was not completely phlogifticated,
but was nearly fo. The nitrous air was diminiihed
one half, had changed the urine black,, extinguiihed
a candle, and did not affeót common air at all, fo
that it was mere phlogifticated air.. But what is
remarkable, this phlogifticated air was in a much
greater proportion than is generally procured from
nitrous air. This effec~l I afcribe to the length
of time that the procefs took up, and there are

other
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other remarkable facb in confirmation of this opi-
nion.
; The inflammable air was diminifhed to about
one eighth of its bulk, and was ftill (lightly inflam-
mable. With more time I doubt not this air
would have loft all its inflammability. The urine
in this phial was of a very pale colour.

The phlogifticated air alone remained quite un-
aflx'ibed during the whole procefs, and the urine was

of the fame colour wit l i that under the common
air, viz. a light orange ; but this change probably

came from that part of the urine, which load been
cxpofed to the common air in the cup, and had
gradually extended icfelf to the urine in the phial.

If the diminution of all thefe kinds of air was
owing to phlogifton, it may be inferred that this
principle in the phlogifticated air has a firmer union
with its bafe than it has in nitrous or inflammable
air, being lefs capable of either receiving more, or
of parting with what it has got.

But perhaps the moil puzzling circumftance in
this procefs is, that the diminution of both the de-
phlogifticated and nitrous air ihould be accompanied
With the fame change of colour in the urine ex-
pofed to them. Л fimilar change of colour in a
folution of copperas, 1 thought was owing to the

phlogifton dcpofited from the decompofed nitrous
II h 2 air,
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air. But if this was the caufe of the fimilar change
of colour in this cafe, how came the fame change
to take place in confequence of the diminution of
dephlogifticated air, this diminution being, no doubt,
owing to its receiving phlogifton from the urine ?

It dn hardly be that the fame change Ihould take

place in the colour of the urine, whether it contains

more or lefs phlogifton than it naturally has. Per-
haps it may be fomething common to the con-
ftitution both of nitrous and dephlogifticated air»
and not phlogifton, that, when they are decompofed,
is precipitated, and produces this change of colour
jn the urine.

SEC-
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S E C T I O N XIII.

Of Air in the Calces of Metals.

ПГ^НАТ the calces of metals contain air, of
A fome kind or other, and that this air con-

tributes to the additional weight of the calces, above
that of the metals from which they are made, had
been obferved by Dr. Hales j and Mr. Hartley had
informed me, that when red lead is boiled in lin-
feed oil, there is a prodigious difcharge of air be-
fore they incorporate. I had likewife found, that
no weight is either gained or loft by the heating
of tin in a clofe glafs vefiel ; but I purpofely de-
ferred making any more experiments on the fubjeét,
till we Ihould have fome weather in which I could
make ufe of a large burning lens, which I had
provided for that and other purpofes ; but, in the
mean time, I was led to the difcovery in a different
manner.

Having, by fome of my early experiments, been
led to confidcr the eleftric matter as phlogifton, or
fomething containing phlogifton, I was endeavour-
ing to revive the calx of lead with it ; when I was
furprifed to perceive a confiderable generation of

5 a»1"-
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air. It occurred to me, that poffibly this effect
might arife from the heat communicated to the red
lead by the electric fparks, and therefore I imme-
diately filled a fmall phial with the red lead, and
heating it with a candle, I prefently expelled from
it a quantity of air about four or five times the
bulk of the lead, the air being received in a velTel
cf quickfilver. How much more air it would
have yielded, I did not try.

Along with the air, a fmall quantity of water
was likewife thrown out; and it immediately oc-
curred to me, that this water and air together muft
certainly be the caufe of the addition of weight in
the calx. It ftill remained to examine what kind
of air this was ; but admitting water to it, I found
that it was imbibed by it, exactly like fixed air,
which 1 therefore immediately concluded it muft
be.

After this, I found that Mr. Lavoifier had more
completely difcovered the fame thing.

SEC-
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S E C T I O N XIV.

Of Air Jupfofed to be contained in Mercury.

Т Ж THEN quickfilver is boiled in a glafs tube,
» V a confiderable quantity of air is íêemingly

difcharged from it, and it has been imagined by
fome that this air had been contained not only in
the Ipace between the quickfilver and the glafs,
but within the pores of the quickfilver itfelf. If
this had been the cafe, it muil have been the pro-
perty of quickfilver, as of other fluids, to imbibe
airy and therefore probably to produce a change
of quality in the air which it had imbibed, or in
that which it left unimbibed. In order to afcer-
tuin this, I boiled as much quickfilver as one of
the largell of my phials with ground ftoppers and
tubes would contain, taking care to exclude all the
air that I could get from it by the common me-
thods before this operation ; and having got a fmall
quantity, I found it to be common air only, ap-
plying to it the teit of nitrous air. It was pro-
bable, therefore, that this air had not been expelled
from the body of the quickfilver itfelf, but only
from between the quickfilver and the glafs.

After
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After this, in order to try whether quickfilver,
deprived of all air, had the power of imbibing air,
I boiled a pretty large quantity of quickfilver, for
near half an hour, and while it was very warm, I
put it into a jar, and inverting it in a bafon of
quickfilver, left a quantity of common air on the
furface of it. This air was contracted with cold,
but was not fenfibly affected in any other manner.
For after two days, when I perceived that the di-
minution had proceeded no farther, I examined it>
and found it to be diminiihed by nitrous air as
much as any common air whatever.
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