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FOXP B R TOMVE N T S - &

Read at the ROYAL SOCIETY, December 24, 1789.

N a Paper read before the Royal Society in the year 1788,
I fuggefted an idea, that the heavy inflammable air isa com-
pound of the light inflammable and phlogifticated airs. At
that time I had obferved, that the heavy inflammable air, or at
leaft fixed air, is formed upon the decompofition of nitrous
ammoniac by heating it in clofe veffels ; and that this air is
affe@ed by the eleftrical fhock, like other elaftic fluids into
_ whofe compofition the light inflammable air enters. The con-
clufion which I then drew from thofe facts feems to be fup-
ported by feveral fubfequent experiments, which I now take
the liberty of laying before the Royal Society. Should it
hereafter be found, that the real conftitution of the heavy
inflammable air differs from what I conceive to be the refult of
the fa@s below recited, the faéts themfelves may flill have
their ufe, as they exhibit feveral properties hitherto unobferved
of the moft extenfive compound body we know, excepting
water.

Several elaftic fluids containing the light inflammable air,
as the hepatic and alkaline airs, being decompofed by the
ele&ric fpark, I was induced to try it on the heavy inflammable

Az air,



i Dr. AustIN’s Experiments on

air, as foon as I fufpected that it contained the lighter air as a
conftituent part. Agreeably to my expettation, this experi-
ment immediately detected the light inflammable air; for {fuch
an expanfion took place as could not arife from any other
known fubftance. Thus the heavy inflammable air was fome-
times expanded to twice its original volume; and yet, upon
examining the air fo expanded, not a fixth part of the whole
was found to have undergone a decompofition : for inftance,
when two meafures and three quarters were expanded to fix, it
appeared by experiment, that nearly two meafures and a half
remained in their original ftate.

After the inflammable air has been expanded to about double
its original bulk, I do not find that it increafes further by con-
tinuing the fhocks. Conceiving that the progrefs of the de-
compofition was impeded by the mixture of the other airs with
the heavy inflammable, I paflfed the {fpark through a mixture
of the heavy inflammable air and of the light inflammable air,
obtained from diluted vitriolic acid and iron filings; but the
expanfion fucceeded nearly as well as when the heavy inflam-
mable was eleftrified alone. Thisis an almoft infurmountable
~ obftacle to this mode of inveftigation : yet it has {uch advan-
tages in other refpects, the air to be analyfed being unmixed
with other {ubftances, and only in conta& with the glafs and
quickfilver by which it is confined, that I determined to profe-
cute the fubject in this manner as well as I could.

From this partial decompofition of the heavy inflammable air
we obtain a mixture of the two inflammable airs with phlo-
gifticated air; that is, of the heavy inflammable air not de-
compofed, of the light inflammable air difengaged by the
{park, and of phlogifticated air. How much of this phlogifti-
cated air pre-exifted in the heavy inflammable air, and how

much



the beavy inflammable Air. 5

much was difengaged during the operation, it is not eafy to
determine. WNeither are we acquainted with any fubftance
which will feparate the two kinds of inflammable air by com-
bining with the one and leaving the other: but we know that

dephlogifticated air will combine, in certain proportions, with

each of them, either mixed or feparate; that with one of them
it forms fixed air, with the other water. Therefore, by in-
flaming dephlogifticated air with a mixture of thefe two airs,
and obferving the quantity of dephlogifticated air confumed,
and the quantity of fixed air produced, we difcover the excefs
of dephlogifticated air confumed above what is fufficient for
the produ&tion of the fixed air; and may conclude, that this
excefs of dephlogifticated air has combined with light inflam-
mable air. This conclufion is further confirmed by attending
carefully to the contraCtion which takes place upon inflaming
thefe airs, which is much greater in proportion to the quantity
of fixed air produced, when a mixture of the two inflammable
airs 1s inflamed, than when the heavy mflammable air is burnt
alone. It is well known, that in all experiments of this kind,
what remains after the combuftion of the airs mixed together
in due proportion, and after the feparation of the fixed air, is
chiefly phlogifticated air. From a confiderable number of ex-
periments, conduéted with great care and attention to all thefe
circumftances, I have endeavoured to approximate to the quan-
tities of the phlogifticated and light inflammable airs difen-
gaged, when a given quantity of the heavy inflammable air was
decompofed. But all that can be attained to, is only an ap-
proximation to truth. The quantity of air decompofed by
this method 1s fo {mall, and the feparation of the different
parts into which 1t is refolved 1s attended with fuch difficulties,

that
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that an accurate analyfis of the heavy inflammable air can
never be obtained in this manner. '

I therefore attempted to decompofe the heavy inflammable
air by means of fulphur, which readily unites with the light
inflammable air 1n a condenfed ftate, and with it forms hepatic
air, Having introduced fome fulphur into a retort, filled with
heavy inflammable air, and applied a fufficient heat to mele
and fublime it, 1 found, that a confiderable quantity of hepatic
air was formed. After this air was abforbed by water, I could
not perceive that the remaining air differed from the heavy
inflammable air before the operation. Sulphur mixed with
powdered charcoal, upon being heated, yields hepatic air in-
great abundance, almoft the whole of which is abforbed by
water. The fmall unabforbed refidue, which does not exceed
a hundredth partof the bulk of the whole air, appears to be

phlogifticated air.
In whatever manner the heavy inflammable air was decom-

pofed, whether by pafling the eleftrical fpark through it, by
melting fulphurin it, or by heating fulphur and charcoal toge-
ther, an appearance conftantly occurred, which feemed to indi-
cate, that volatile alkali is formed, whenever the heavy inflamma-
ble air 1s decompofed. The circumftance is this: a{mall piece
of paper, ftained with any blue vegetable fubftance, 1s turned
green by ftanding in the air during any of thefe procefles; and
this green is changed to red upon the addition of an acid. The
inflammable air bad been very long expofed to water, and had no
fuch effe€ upon blue vegetable {ubftances before the operation.

I have concluded thefe analytic attemp's with feveral
obfervations on the formation of fixed air from fome fubftances,
which confilt only of the light inflammable, phlogifticated,

and dephlogifticated airs, and from others, in which thefe three
airs
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airs are combined with fuch matters as cannot be fufpected of
having any place in the compofition of fixcd air.

I procéed now to a detail of the experiments, upon which
thefe obfervations are founded. |

Exp. 1. A bent glafs tube, one-third of an inch in diameter,
open at both ends, being filled with, and inverted in quick-
filver,’ 24 meafures of heavy inflammable air were thrown into
it, and' eletrical fhocks'were pafled thrnugh this air tll it
meafured 41.

Lime water being then thrown up to it was not rendered in
the leaft degree turbid.

During the operation a thin depofit, of a whitith or afh
colour, appeared upon the infide of the glafs tube and quicks
filver. ‘This was a common appearance; for which I can give
no reafon. 4

The meafure, made ufe of in this and i all the following
experiments, is § of an inch. ‘The air being thrown into the
tube, the -]eiig'th of the column of air was meafured by a
moveable fcale thus graduated Some obje@ion may be made
to fo finall a meafure ; but it is really unavoidable on this occa-
fion, on account of the great difficulty of decompofing the
heavy inflammable air in larger quantities. I attempted it
upon a larger {cale in a jar perforated with brafs rods, fuch as
is ufed for inflaming airs; but after having worked for many
hours, in paffing ele@rical thocks through air.confined i one
of thefe jars, it was not expanded more than one quarter of
its original bulk. A piece of paper, coloured with a blue vege-
table fubftance, was turned green b}r ftanding in the air during
this operation. ;

It was a very tedious work to throw airs into the {mall tube
in fuch quantities as could be expreffed in integer numbers of

the



8 Dr. AusTiN’s Experiments on

the meafure: 1 have therefore generally been contented to ufe
fractional numbers, and have been ftudious only to introduce
fuch quantities of the airs as were convenient for the expe-
riments. |
The inflammable air ufed in all thefe experiments was ob-
tained from foliated tartar, I have alfo pafled eleftric {parks
through inflammable air from pit-coal, and found that it
expanded in the fame manner. Dr. Hiceins * has thewn, that
5,5 of inflammable air from foliated tartar inflamed with 7,5 of
dephlogifticated air, form g meafures of fixed air. Dr. PriEST=
LEY + has deduced nearly the fame proportions of the dephlo-
gifticated and fixed airs, by combining the dephlogifticated and
inflammable airs in a condenfed ftate. In the following com-
buftions of thefe airs, after accounting for the phlogifticated air
in the refidues, the quantity of fixed air produced feems to b:
equal in bulk to the inflammable air combined; and the
dephlogifticated air to be to the fixed air, or to the inflamma-
ble, in the ratio of 7 to 5; or, in other words, when 5
meafures of fixed air are formed, it appears, that very
nearly 5 of inflammable air and 7 of deph]ﬂglﬁlcatvzd air have
difappeared. But in burning different airs there will be con-
ftant variations in the refults, arifing from the very different
ftates of the heavy inflammable air; and therefore, in thefe
obfervations, I am obliged to follow the proportions which
took place in my own experiments. '
Exp. 2. Three meafures and one-third of inflammable air were
expanded to 5% : thedifferenceis 23. To this air were added
1 meafures of dephlogifticated air, which increafed the column
of air to g meafures. One eleérical fpark reduced them to 4,

# Hicoins on Acetous Acid, p. 288, 28q.
# Priestrey, Vol. VI. p. 27. {
Lime
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Lime water being then thrown up left only three meafures of
air. A folution of liver of fulphur did not reduce it further. The
remaining air inflamed upon being brought near a candle in the
open air, :

In order to account for this, it muft be obferved, that, be-
fore the inflammation, the airs occupied the fpace of ¢ mea-
fures;, and were reduced by combuftion and lime water to 3
The contralion is 6 meafures. OF thefe the meafure of
fixed air accounts for 2,4, allowing 1 meafure of inflammable

“air and 1,4 of dephlogifticated air to produce 1 meafure of
fixed air, according to the proportion ftated in the laft page; 2,4
meafures, which thus went to form fixed air, being taken from
6, which is the whole contraltion, leave 3,6. If we {uppofe
this .contraction of 3,6 to have arifen from the unjon of thé
light inflammable and dephlogifticated air, very neatly 2,4
meafures of the former muft have combined with 1,2 of the
latter. 'This explains, with a tolerable degree of exaltnefs, both
the contraion which takes place, the refidue after combuy {tion,
and the quantity of dephlogifticated air combined. For without
any expanfion, the refidue from 4 meafures of inflammable
air and 31 of dephlogiflicated air, after forming 1 meafure of
fixed air, would be 4,43, which exceeds the refidue in the ex-
periment by 1,43. Some dephlogifticated air muft therefore
be combined, befides what enters into the fixed air : and with
what other fubftance but the light inflammable air could j¢
combine, fo as to occafion a contra&ion of 3,6 meafures ?

The dephlogifticated air being in this inftance infufficient to
faturate the inflammable airs, it could not be afcertained how
much of the heavy inflammable air was decompofed, and how
much remained in its original flate. The two followin g expe-
riments were therefore made in order to determine, in what

B proportion
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proportion the dephlogifticated air is fufficient to faturate this
inflammable air, and what quantity of fixed air they produce
when mflamed.

Exp. 3. In a large exploding jar I mixed 43 meafures of
heavy inflammable air with 73 of dephlogifticated air. After
explofion thefe airs meafured fomething more than 61, and were
reduced by lime water to rather lefs' than 2. In this refi-
duary air a candle burnt with an increafed flame, as in dephlo-
gifticated air.

Thus very nearly 4 meafures of fixed air were produced from
43 of heavy inflammable air.

Exp. 4. Into the {mall bent tube, which was employed in
the firft and fecond experiments, I introduced 3% meafures of
inflammable air, and 5% of dephlogifticated air. Thefe were
reduced by inflammation to 5%, and by lime water to 2§.

In this experiment, 3 meafures of fixed air were produced
from 3% of inflammable air.

In the third experiment, the quantity of fixed air produced is
4 meafures very nearly. The refiduary air is rather lefs than 2%,
If to 2% we add a quantity of inflammable air equal to the bulk
of fixed air, thatis, very nearly 4 meafures, it will amount to 62
full meafure ; and if we further add 5,6, which is the quantity
of dephlogifticated air neceflary to form 4 meafures of fixed air,
we fhall have 11,93, which is within feven hundredths of a
meafure of the original quantity of the two airs.

In the fourth experiment, 3 meafures of fixed air are pro-
duced, which require 3 of inflammable air, and 4,2 of dephlo-
gifticated air; thefe, added to the 2} meafures of refiduary air
amount to 9,53, which 1s two-tenths of a meafure more than
the original quantity. |

It
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It appears from thefe obfervations, that the proportion of de-
phlogifticated and inflammable air, in the conftitution of fixed
air, above ftated, agrees very nearly with experiment. In onein-
ftance, the quantity arifing from calculating after this proportion
exceeds the real quantity by two-tenths of a meafure ; and in the
other, it falls thort of it by feven hundredths of a meafure,

It is evident, that 3% meafures of this inflammable air
burnt in the {mall tube are capable of forming 3 of fixed air.
The fixed air, produced by inflaming the fame airs in the large
jar, bears rather a greater proportion to the inflammable air
employed ; for 43 meafures of it produced almoft 4 of fixed
air. I tried many experiments on thefe airs mixed together in
different proportions, and only in one inftance found the pro-
duét of inflammable air greater in proportion than 4 from 43 ;
which I therefore conceive to be as much as this air is capa-
ble of producing, and fufpect, that a fmall error muft have
been committed in that inftance, which gave a greater propor-
tion of fixed air. The % of a meafure which remain, are
chiefly phlogifticated air, mixed perhaps with a very {mall
quantity of inflammable air; as will appear from the refidues
in fome of the following experiments, which contain about
that quantity. of phlogifticated air more than they could derive
from the dephlogifticated air. Thus, for inftance, in the
third experiment, the refiduary air meafures 2, the quantity
of dephlogifticated air engaged in forming the fixed air is 5.6,
which added together make 8,1; but the whole dephlogifti-
cated air amounts only to 7,253 the difference 0,85 is nearly
equal to the phlogifticated air, which I fuppofe to have been
mixed with the heavy inflammable air.

Exp. 5. Three meafures of inflammable air were expanded
to 63, then 4} of dephlogifticated air were added; after

B 2 inflammation
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inflammation they meafured 4%; lime water contrated them
to 23.

In this experiment 2} meafures of fixed air were formed,
which is nearly 0,28 lefs than the inflammable air ufed in this
experiment is capable of producing. We have therefore only
0,28 to account for the expanfion; and we cannot fay, that
the whole of this was decompofed, as the dephlogifticated air,
even in this experiment, was not quite {ufficient to faturate
the two kinds of inflammable air ; and therefore a {mall quan-
tity of heavy inflammable air might remain in the refidue in
its original ftate.
~ Exp. 6. A quantity of heavy inflammable air, which mea-
fured between 3% and 3}, was expanded by about 300 eleétrical
fhocks to 6% full meafure. To thefe were added 5% of de-
phlogifticated air. After inflammation they meafured 43}, and
were reduced by lime water to 1.

The inflammable air in this experiment was between 3% and
313 we will therefore take 3,29, the arithmetical mean of thofe
numbers, The quantity of fixed air produced is lefs by 0,36
than could be produced from the fame airs without ele€trifying.

It is probable, that a fmall quantity of the heavy inflams
mable air may efcape unaltered in each of thefe experiments;
the following were therefore made with a flill greater propor-
tion of dephlogifticated air, and the refidues were examined
with more attention.

All the preceding experiments were made with the fame
airs 3 thefe being exhaufted, a freth fupply was procured for
thofe which follow. The purity of this dephlogifticated air
was fuch, that one meafure of it being mixed with 1§ of ni=
trous air was reduced to 0,2 of a meafure. The inflammable
air was lefs pure than the former. In the two following

experiments
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experiments 4,44 meafures of fixed air were produced from
5,58 of the heavy inflammable ; the remaining 1,18 muft have
been chic#y phlogifticated air.

Exp. 7. Inflammable air 2% and dephlogifticated air 4,58
were inflamed in the fmall tube. They then meafured 41, and
were reduced Ly lime water to 22. After feveral bubbles of
nitrous air, the refidue was lefs than 2 by nearly %.

In this experiment 2,09 meafures of fixed air were produced.

Exp. 8. In a large exploding jar, 23 meafures of inflamma-
ble air, and 4,14 of dephlogifticated air, were reduced by coms-
buftion to 4,* nearly, and then by lime water to 1,75. About
a meafure of nitrous air being then thrown up, the refiduary
air meafured 1,3.

The quantity of fixed air produced in this inftance is 2,35.

Exp. 9. Inflammmable air 25 meafures were expanded by about
200 ele&trical fhocks to 5 and not quite 5 more. To the air thus
expanded, 1 added as much dephlogifticated air as increafed the
column of air to g2 ; thus the dephlogifticated air was rather
more than 4,09. After combuftion, they meafured fully 43
and, after being expofed to lime-water, rather -lefs than 2.
Nitrous air occafioned a fmall contra&tion further.

According to the proportion ftated in p. §6. 25 meafures of this
inflammable air contain o, §8 of phlogifticated air ; 0,58 added to
2, which went to form fixed air, amount to 2,58. But the origi-
nal quantity of inflammable air, viz. 235 exceeds 2,58 by o,25.
What becomes of the 0,25 meafures of inflammable air which
thus difappear ? I apprehend they muft have undergone a
decompofition, and have been expanded to 1o times their ori-
ginal bulk.

The dePhlngiﬁlcated air was fhill further mcreafed in the

following experiment.
Exp.
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Exp.10,Three meafures of inflammable air, after 156 ele&rical
thocks, became 5,1. To this.was added as much dephlogifti-
cated air as increafed the column of air to 10%. After inflam-
mation it meafured about 4,9 ; and was reduced by lime water
to 22. This refidue was not inflammable.

The contraction upon burning thefe airs was 5,935 and the
quantity of fixed air appears to be 2,15. This fixed air requires
2,1 § meafures of inflammable air and 3,01 of dephlogifticated air.
Thefe deduéted from the fum of the contradtion leave 2,92,above
what is fufficient to account for the fixed air produced. Sup-
pofing this contrattion to have been occafioned by the union of
Jight inflammable and dephlogifticated air, 1,94 of the former
muft have combined with 0,97 of the latter. It is evident,
that the quantity of dephlogifticated air ufed in this experi-
ment i1s more than {ufficient to combine with both kinds of
inflammable air. - _

The fixed air produced in thefe experiments is 0,23 lefs in
proportion, than was produced, when the inflammable air was
not decompofed in the feventh and eighth experiments, It
appears by calculation, that thefe 0,23 were expanded to about
ten times their bulk. It is obfervable, that the expanfion in
this cafe is 2,333 and that the quantity of light inflammable
air which combined with the dephlogifticated air, is only
1,9 which is 0,40 lefs. This proves, that it is very difficule,
if not impuﬁihlc, to unite the whole of thefe airs ; and that a
{mall quantity will remain diffufed in the refidue, unlefs the
airs be much purer than I have been able to procure them ; yet
it is not probable, that fo large a proportion of light inflams<
mable air as 0,40 fhould efcape combuftion, over and above
what efcapes in fimilar circumftances, when no light in-
flammable air is prefent. ‘The addition of light inflammable

air
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air tc a mixture of the other airs would rather contribute to
render the combuftion more general, and the refidue confe-
quently lefs; for in all combuftions, the union of the inflaimma-
ble and dephilogifticated airs is more complete, as the proportion
of phlogifticated air mixed with them is leflened. In gene-
ral, when air does not burn in {uch circum(tances, we prefume,
that it is phlogifticated air; and upon this principle we muft
conclude, that a confiderable part of thofe 0,40 was phlogiftis
cated air. )

I proceeded to repeat this experiment with a frefh fupply of
‘the two airs ; but the tube burfting in the laft explofion, a
fmaller one was ufed in exp. 12, which however cauld not
affe&t the refult of the experiment. f

Exp. 11. Four meafures and a half of inflammable air and
61 of dephlogifticated were reduced by inflammation to 5% ;
and by cauftic alkali to 2 and a very little more. The
remainder was not inflammable.

The product of fixed air is 33 meafures.

Exp. 12. Two meafures and three quarters of inflammable
air were expanded to 6. ; then, to reduce the column of air, one
meafure of dephlogifticated air was added, and the eleétrical
fpark was pafled through the two airs; afterwards 2 meafures
of dephlogifticated air were added, and the eletrical fpark
again pafled through them; and, laftly, 3,59 meafures of de-
phlogifticated air were thrown up, and the eleétrical {park re-
peatedly pafied through this mixture of airs. After thefe
explofions the airs meafured 53, and after the addition of cauftic
alkali 3,83.

The produ&t of fixed air is 1 83 s which is 0,30 lefs in pro-
portion, than was produced in exp. 11. from the fame inflam-

mable air not electrified.
Not-
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. Notwithftanding the utmoft attention, we are liable to a
{fmall error in each of thefe experiments; and there is con=
fequently a {mall variatien in the refults; but, I think, they
concur {ufficiently to juftify the following conclufions.

. That the heavy inflammable air contains the light in-
ﬂam'nabl-a air in great abundance.

I apprehend this light inflaimmable air was, before the apph-
cation of the electrical fpark, a conftituent part of the heavy
inflammable air ; becaufe, if it were contained in the heavier
air not as a conftituent part, what fhould hinder its being
burnt when the heavy inflammable air is burnt? Can it be
fuppofed, that the heavy inflammable air fhould contain the
light inflammable air in circumftances of combuftion, and that
the light inflammable air fhould efcape the fire? And if the
lighter air be burnt, the fame quantity of dephlogifti-
cated air would be neceflary to faturate it before as after its
being eleftrified. But it 1s evident from the preceding expe-
riments, that much more dephlogifticated air is neceffary to fa-
turate the air, after it has been expanded by the electrical thock,
than before.

2. That no fixed air is formed during the {eparation of the.
lighter air from the heavy inflammable air. !

Here it thould be obferved, that if the conftitution of the,
heavy inflammable air depended on an union of the light in-
flammable and fixed airs, as fome have fuppofed, we fhould
certainly difcover the fixed air, when the other part was fepa-
rated from it. Or, fhould 1t be conjeCtured, that the light
inflammable air is feparated from water fufpended in the heavy .
inflammable air, in that cafe, would not fixed air be formed
from the other conftituent part of the water uniting with the

heavy
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heavy inflammable air in confequence of the repeated eleétrical
fhocks ?

. .3. That the eletrical thock feparated a fubftance from the
heavy inflammable air, which has fome leading characters of an
alkali.

When inflammable air is decompofed by fulphur, or when
hepatic air is made from charcoal and fulphur, we have the
fame appearance of an alkali, ‘That this 1s the volatile alkali
1s evident from its evaporation, when hepatic air i1s made from
fulphur and charcoal.

4. That the heavy inflammable air, through which the fpark
has been repeatedly pafied, when burnt with any proportion of
dephlogifticated air, does not produce fo much fixed air, as the
fame quantity of inflammable air not eletrified.

Hence it is evident, that a part of the air i1s atually decom-
poled by the {fpark. Heunce alfo we may infer, that the decom-
pofed air is not refolved inte light inflammable air and charcoal,
of which fome chemifts have fuppofed it to confift, becaufe the
charcoal would combine with dephlogifticated air after its fepa-
ration from light inflammable air, and we thould not have fuch
a defe& of fixed air..

6. That the refidues, after inflaming the decompofed air, are
generally greater than thofe from the air in its natural ftate, or
than can be accounted for from the mixture of the heavy
inflammable and dephlogifticated airs.

This affords a ftrong prefumption, that phlogifticated air is
extricated from the decompofed heavy inflammable air in a
feparate ftate, befides what enters into’the volatile alkali,
which is formed at the fame time. If light inflammable air
only were difengaged during the decompofition, the refidues
would certainly not be greater after inflammation with a fuffi-
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cient quantity of dephlogifticated air; on the contrary, if the
inflammable air were increafed in proporticn in the mixture,
the combuftion would be more complete, and the refidues
lefs.

Having obferved, that fulphur readily combines with light
inflammable air, if prefented to each other at the inftant that
the inflammable air 1s detached from other bodies, before its
particles have receded from each other, and that hepatic air is
generally formed in this manner, 1 introduced fome fulphur
and heavy inflammable air into a glafs retort, firft filled with,
and inverted in quickfilver, and applied a fufficient heat to
melt it. ‘The heat was continued till the {fulphur was fublimed.
The melted fulphur foon acquired a dark reddith colour; as
it fublimed, it became quite black, and every part of the
retort was covered with a black cruft. On the depending part
of the retort, where the melted fulphur lodged, and where
the heat was ftrongeft, there remained a black mark, which
could not be removed by a much greater heat than that
by which the fulphur was fublimed. The bulk of the
air was not materially altered by this cperation. A little
blue paper being thrown up to the air after the opera-
tion, became green. Water abforbed about one-third of it, and
acquired a ftrongly hepatic {mell. The inflammable air was
carefully wathed, {o as to feparate from it all the hepatic air.
I then mixed this inflammable air with dephlogifticated air,
and inflamed them, expe&ing to find a greater quantity of
phiogifticated air in the refidue, than when the inflammable air
was burnt, which had not been fubjetted to this procefs. But
the difference of the refidue does not exceed % the quantity
of air decompofed in this manner, if we may judge from the
following experiment.

Expe-
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Experiment. Inflammable air, from which hepatic air had
been made, and had been feparated by expofure to water, 41,
and dephlogifticated air 62, were inflamed in a large exploding
jar. After the inflammation they meafured 6 ; and after being
agitated with lime water 21. This refidue burnt with increafed
flame.

The airs ufed in this experiment were the fame as thofe in
the fecond experiment, The quantity of fixed air generated is
only 0,035 lefs in proportion. than was produced in the third
experiment from the air n its original ftate.

The refidue 1s only 0,17 more than it thould be by calcula-
tion, allowing the dephlogifticated and inflammable airs to
enter into fixed air in the proportion of feven to five.

The remaining heavy inflammable air is therefore very little
altered as to its quality by this operation, though it is much
lefs in quantity than can be accounted for from the production
of hepatic air. For the light inflammable air in the couftitu-
tion of hepatic air is expanded to the fame degree as in its
fimple ftate; and an expanfion might be expefled, when the
hepatic air 1s generated from the heavy inflammable, juft as
when the lighter air is feparated from the heavy by the eleétrical
fhock ; but no expanfion is obferved in this inftance. I there-
fore fufpect, that, when hepatic air is formed in the heavy
inflammable air, the heavy air is imperfeétly decompofed ; that
only a part of the light inflammable air is combined with {ul-
phur; and that the remaining parts are precipitated in a ftate
analogous to charcoal, and blacken the fulphur. Upon apply-
ing heat to the fulphur thus blackened, I have perceived an
hepatic {fmell. This blackened {ulphur is not entirely diffolved,
like pure fulphur, by being boiled in cauftic alkali, but a black
powder remains. In one inftance, this black fubftance difap-

i | Lo 2 peared



e Dr. AusTiN’s Experiments on

peared after long boiiing in ftrong nitreus acid. - More experi-
ments, than it is in my power to make at prefent, are neceflary
to determine fully the nature of i,

The analogy between the heavy inflammable air and char-
coal is illuftrated by the formation of hepatic air from charcoal
and fulphur.  Thefe {ubftances, heated in a fmall glafs rétort,
yield hepatic air in great-abundance. The blue vegetable co-
lour 1s turned green by expofure to this air. After hepatic air
had been generated for a long time from the fame materials,
without admitting any common air into the retort, ninety-nine
parts in a hundred of the air which came over laft were ab-
torbed by water. ‘The mfoluble part appeared to be phlogifti-
cated air. 'Thus fulphur and charcoal, heated in a glafs retort,
yield hepatic air, phlogifticated air, and volatile alkali, or a
fubftance very analogous to it.

As far as I have been able to difcover by experiments, the
heavy inflammable air and charcoal confift of the fame ele-
ments in different proportion. The application of heat to pure
charcoal confirms this opinion ; for the produttion of heavy
inflammable air from charcoal, by mere heat, is conftantly ac-
companied with a production alfo of phlogifticated air. T ap-
prehend, that in thefe cafes the charcoal is decompofed and
refolved into thefe two parts. Whenever charcoal, or any
fubftance containing it, is decompefed by heat only, the phlo«
gifticated and heavy inflammable airs are produced; and when
the heat 1s intenfe, Dr. HicGcins has obferved ¥, that the air
produced from thefe fubftances becomes rarer; as I imagine,
in confequence of a portion of the heavy inflammable air itfelf
being refolved by heat into its conftituent parts. 1 would not
lay much ftrefs on the appearance of phlogifticated air fmm

* Hicerxs on Acetous Acid, p. 293.
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the compound forms of vegetable, animal, and bituminous
fubftances, all of which yield phlogifticated air and volatile
alkali in great abundance ; yet when the more fimple modifica-
tions of the heavy inflammable air, as charcoal, vinegar, and,
if Dr. PriesTLEY 1s not miftaken, fixed air, give out phlo-
gifticated air, when decompoled in clofe veflels, I cannot but
infer, that phlogifticated air 1s an eflential part of that peculiar
fubftance which exifts in all thefe ftates, whether that fub-
ftance be called charcoal, or the gravitating matter of heavy
inflammable air,

Hence it appears, that the phlogifticated and heavy inflam-
mable airs combined, conflitute charcoal; and that the mere
application of heat always refolves charcoal into thefe two fub-
ftances. But the heavy inflammable air 1s itfelf a compound
of the lighter inflamable and phlogifticated airs. If phlo-
gifticated air be combined with ' the heavy inflammable, or,
which is the fame thing, if light inflammable air be taken
from it, charcoal 1s re-produced; therefore, when fulphur is
melted mn the heavy mflammable air, and hepatic air formed
in it, the remaining parts of the heavy inflammable air return
to the ftate of charcoal. And laftly, when fulphur is melted
in conta& with charcoal, the decompofition 1is complete ; and
the charcoal is refolved into its ultimate particles, the phlogifti-
cated and light inflammable airs, with a {mall admixture of
volatile alkali.

Thus far I have proeeeded in the decompofition of the heavy
inflammable air. = I'he formation of this air, on many occa-
fions, confirms what has been faid concerning its analyfis. In
the refolution of compound bodies into their conftituent parts,
it may always be {ufpeted, that the whole is not accounted
for, that fome part may have eluded obfervation, till the very

parts
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parts we aflign are put together, and the fame compound is
produced from them. The frequent production of fixed air,
from fubftances generally not'{uppofed to contiain the heavy
inflammable air, has lately given rife to a new {yftem in che=
miftry. The author of this fyftem has the merit of pointing
out the appearance of fixed air in almoft all phlogiftic procefles,
in the combuftion of various fubftances, in the redution of
metals, and in the decompofition of acids; phznomena which
cannot otherwife be accounted for, than by fhewing that the
{pecific matter of charcoal is a compound bedy; that its coms=
ponent parts are prefent in all thefe procefles; and in fome of
them nothing elfe, if we except dephlogifticated air.

I have already taken notice of the formation of fixed air
from nitrous ammoniac, which 1s now well known to contain
nothing, but the phlogifticated, light inflammable, and dephlo-=
gifticated airs. ‘This falt, heated in clofe veflels, yields de-
phlogifticated nitrous air in great abundance, mixed with a
{mall proportion of fixed air. I have often repeated this expe-
riment with nitrous ammoniac, which indicated no trace of
fixed air either with lime water, or with acids, before its de-
compofition ; but, when the falt was decompofed by heat, I
always found lime water rendered turbid by the generated air;
and, upon adding an acid to the turbid lime water, have ob-
{erved air bubbles to be produced in 1t.

When the three elementary airs are in a condenfed ftate, and
are fet free from any combinations, they unite and form fixed
air without the affiftance of heat. Thus fixed air is generally
produced when metals are diffolved in the nitrous acid. In
thefe folutions, the component parts of nitrous acid and the light
inflammable air, being extricated at the fame time, unite before
they have acquired the aériform ftate, and conftitute fixed air.

Objects



the heavy inflammable Air.. 23

Objects are often too common or too near for our obferva-
tion. Phlogifticated air prefents itfelf in the decompofition
of fo many bodies, that its appearance excites no. enquiry ;
and it is not regarded as effential to the chemical: conftitution
of the bodies which yield it, excepting in the' inftances of nis
trous acid and volatile alkali, two {ubftances of very {mall
extent in the fcale of natural bodies.: The calces of metals
are well known to contain phlogifhicated air; yet the effect of
this air on calcination in general, and how far the very different
calces of the {fame metal are influenced 1n colour or other pro-
perties by the different proportions of phlogifticated air, has never
been confidered. = Fixed air 1s often formed from the calces of
metals, mixed with water, or with fome other fubftance contain-
ing light inflammable air.®*. Red preeipitate mixed with iron
filings yielded very pure fixed air. Brafs duft mixed with red
precipitate, likewife gave out fixed air, though in lefs quan-
tity. Turbith mineral and iron flings, treated in the fame
manner, afforded much lefs fixed air than. the red precipitate
and iron filings. Itis probable, that thé turbith mineral contains
lefs phlogifticated air, than' the red precipitate. The fixed air
in all thefe experiments was mixed with phlogifticated and de-
phlogifticated air. Mr. Kirwan + found, that the fimple
calx of mercury with iron filings and, water produced fixed air.
The fame author alfo obferved, that iron calcined with nitrous
acid gave out, upon being heated, fixed air; and he found the
production of this air renewed upon the addition of water.
Dr. PriesTLEY [ obtained fixed air from iron converted into
ruft by expofure to nitrous air, In all thefe experiments the

® PamssTiry, VL p. 253, 254. 

+ Effay on Phlogifton, p. 114,
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three elementary airs are prefent, and; being expelled by heat
from the metals with which they were combined, unite with
each other, and form fixed air. It is not material to the pre=
fent argument, whether the light inflammable air be fuppofed
to be furnifhed from water, or from the regulus of a metal;
it is enough for our purpofe, that none of the fubftances em-
ployed in thefe experiments, contain heavy inflammable air or
charcoal, in fufficient quantity to account for the fixed air pro-
duced, as Dr. PriesTLEY * has juftly oblerved.

The growth of plants affords a ftrong proof of the formas
tion of charcoal from the fubftances which have been afligned.
If we may believe experiments, water and air alone are ne-
ceffary to thisnatural procefs ; yet vegetation is the great fource
of charcoal or heavy inflammable air. This enquiry is ftill in
its infancy ; but from the beft experiments that have been made
it thould feem, that plants grow beft in phlogifticated air ; that
they take in phlogifticated air, and give out dephlogifticated air.
Thefe phznomena cannot  be accounted for but by fuppofing,
that water is decompofed by growing plants; that part of its
dephlogifticated air 1s difcharged into the atmofphere ; and that
the other conftituent part of water; with phlogifticated air, 1s
taken into the growing fubftance. Thus the phlogifticated
and light inflammable airs are brought together by the procefs
of vegetation.

* PriesTiEYy, VL p. 319,
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