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Hydrogen—Inflammable Air

Chemistry

CLASSICS OF SCIENCE.

The experiments on hydrogen which Cavendish
performed for the first time, here related by him,
are now among the first exercises in chemistry
for beginners. You can repeat them easily, but
it is as well to be as cautious about getting
hurt as Cavendish was. Bottles containing
hydrogen-air mixtures have been known to break

since his time.

EXPERIMENTS ON  FAC-
TITIOUS AIR, by the Hon. Henry
Cavendish, F.R.S. in Philosophical
Transactions of the Royal Society of

London, Vol. 56, Read May 29, 1766.
Air from Metal and Acid

I know of only three metallic sub-
stances, namely, zinc, iron and tin,
that generate inflammable air by
solution in acids; and those only by
solution in the diluted vitriolic acid,
or spirit of salt.

Zinc dissolves with great rapidity
in both these acids; and, unless they
are very much diluted, generates a
considerable heat. One ounce of
zinc produces about 356 ounce meas-
ures of air: the quantity seems just
the same whichsoever of these acids
it is dissolved in. Iron dissolves
readily in the diluted vitriolic acid,
but not near so readily as zinc. One
ounce of iron wire produces about
412 ounce measures of air: the quan-
tity was just the same, whether the
oil of vitriol was diluted with 115,
or 7 times its weight of water; so
that the quantity of air produced
seems not at all to depend on the
strength of the acid.

Tron dissolves but slowly in spirit
of salt while cold: with the assist-
ance of heat it dissolves moderately
fast. The air produced thereby is
inflammable; but I have not tried
how much it produces.

Tin was found to dissolve scarce
at all in oil of vitriol diluted with an
equal weight of water, while cold:
with the assistance of a moderate
heat it dissolved slowly, and gener-
ated air, which was inflammable:
the quantity was not ascertained.

Tin dissolves slowly in strong
spirit of salt while cold: with the
assistance of heat it dissolves moder-
ately fast. Omne ounce of tinfoil
yields 202 ounce measures of inflam-
mable air.

These experiments were made,
when the thermometer was at 50°
and the barometer at 30 inches.

All these three metallic substances
dissolve readily in the nitrous acid,
and generate air; but the air is not
at all inflammable. They also unite
readily, with the assistance of heat,
to the undiluted acid of vitriol; but
very little of the salt, formed by
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their union with the acid, dissolves
in the fluid. They all unite to the
acid with a considerable efferves-
cence, and discharge plenty of va-
pours, which smell strongly of the
volatile sulphurous acid, and which
are not at all inflammable. Iron is
not sensibly acted on by this acid,
without the assistance of heat; but
zinc and tin are in some measure
acted on by it, while cold. . . .

Inflammable Air

I now proceed to the experiments
made on inflammable air.

I cannot find that this air has any
tendency to lose its elasticity by
keeping, or that it is at all absorbed,
either by water, or by fixed or vola-
tile alcalies; as I have kept some by
me for several weeks in a bottle in-
verted into a vessel of water, with-
out any sensible decrease of bulk;
and as I have also kept some for a
few days, in bottles inverted into
vessels of sope leys and spirit of sal
ammoniac, without perceiving their
bulk to be at all diminished.

It has been observed by others,
that, when a piece of lighted paper
is applied to the mouth of a bottle,
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containing a mixture of inflammable
and common air, the air takes fire,
and goes off with an explosion. In
order to observe in what manner the
effect varies according to the differ-
ent proportions in which they are
mixed, the following experiment was
made.

Some of the inflammable air, pro-
duced by dissolving zinc in diluted
oil of vitriol, was mixed with com-
mon air in several different propor-
tions, and the inflammability of these
mixtures tried one after the other in
this manner. A quart bottle was
filled with one of these mixtures, in
the manner represented in Fig. 2.
The bottle was then taken out of the
water, set upright on a table, and the
flame of a lamp or piece of lighted
paper applied to its mouth. But, in
order to prevent the included air
from mixing with the outward air,
before the flame could be applied,
the mouth of the bottle was covered,
while under water, with a cap made
of a piece of wood covered with a
few folds of linen; which cap was
not removed till the instant that the
flame was ap- (Turn to next page)
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plied. The mixtures were all tried in
the same bottle and, as they were all
ready prpared, before the inflammabil-
ity of any of them was tried, the time
elapsed between each trial was but
small: by which means I was better
able to compare the loudness of the
sound in each trial. The result of the
experiment is as follows:

Effect of Mixture with Awr

With one part of inflammable air
to 9 of common air, the mixture
would not take fire, on applying the
lighted paper to the mouth of the
bottle; but on putting it down into
the belly of the bottle, the air took
fire, but made very little sound.

With 2 parts of inflammable to 8
of common air, it took fire imme-
diately, on applying the flame to the
mouth of the bottle, and went off
with a moderately loud noise.

With 3 parts of inflammable air to
7 of common air, there was a very
loud noise.

With 4 parts of inflammable to 6
of common air, the sound seemed
very little louder.

With equal quantities of inflamma-
ble and common air, the sound
seemed much the same. In the first
of these trials, namely, that with
one part of inflammable to 9 of com-
mon air, the mixture did not take
fire at once, on putting the lighted
paper into the bottle; but one might
perceive the flame to spread gradu-
ally through the bottle. In the
three next trials, though they made
an explosion, yet I could not per-
ceive any light within the bottle. In
all probability, the flame spread so
instantly through the bottle, and
was so soon over, that it had not
time to make any impression on my
eye. In the last mentioned trial,
namely, that with equal quantities of
inflammable and common air, a light
was seen in the bottle, but which
quickly ceased.

With 6 parts of inflammable to 4
of common air, the sound was not
very loud: the mixture continued
burning a short time in the bottle,
after the sound was over.

With 7 parts of inflammable to 3
of common air, there was a very
gentle bounce or rather puff: it con-
tinued burning for some seconds in
the belly of the bottle.

A mixture of 8 parts of inflamma-
ble to 2 of common air caught fire
on applying the flame, but without
any noise: it continued burning for
some time in the neck of the bottle,
and then went out, without the flame

ever extending into the belly of the
bottle.

It appears from these experiments,
that this air, like other inflammable
substances, cannot burn without the
assistance of common air. It seems
too, that, unless the mixture contains
more common than inflammable air,
the common air therein is not suffi-
cient to consume the whole of the in-
flammable air; whereby part of the
inflammable air remains, and burns
by means of the common air, which
rushes into the bottle after the
explosion.

Aty from Different Metals

In order to find whether there was
any difference in point of inflam-
mability between the air produced
from different metals by different
acids, five different sorts of air,
namely, 1. Some produced from zinc
by diluted oil of vitriol, and which
had been kept about a fortnight; 2.
Some of the same kind of air fresh
made; 3. Air produced from zinc
by spirit of salt; 4. Air from iron
by the vitriolic acid; 5. Air from tin
by spirit of salt; were each mixed
separately with common air in the
proportion of 2 parts of inflammable
air to 7 7/10 of common air, and
their inflammability tried in the same
bottle, that was used for the former
experiment, and with the same pre-
cautions. They each went off with
2 pretty loud noise, and without any
difference in the sound that I could
be sure of. Some more of each of
the above parcels of air were then
mixed with common air, in the pro-
portion of 7 parts of inflammable
air to 3 1/5 of common air, and
tried in the same way as before.
They each of them went off with a
gentle bounce, and burnt some time
in the bottle, without my being able
to perceive any difference between
them.

In order to avoid being hurt, in
case the bottle should burst by the
explosion, I have commonly, in mak-
ing these sort of experiments, made
use of an apparatus contrived in
such manner, that, by pulling a
string, I drew the flame of a lamp
over the mouth of the bottle, and
at the same time pulled off the cap,
while I stood out of the reach of
danger. I believe, however, that
this precaution is not very mneces-
sary; as I have never known a bot-
tle to burst in any of the trials I
have made.

The specific gravity of each of the
above-mentioned sorts of inflamma-

ble air, except the first, was tried in
the following manner. A bladder
holding about 100 ounce measures
was filled with inflammable air, in
the manner represented in Fig. 3 and
the air pressed out again as perfectly
as possible. By this means the small
quantity of air remaining in the
bladder was almost entirely of the
inflammable kind. 80 ounce meas-
ures of the inflammable air, pro-
duced from zinc from the vitriolic
acid, were then forced into the blad-
der in the same manner: after which,
the pewter pipe was taken out of the
wooden cap of the bladder, the orifice
of the cap stopt up with a bit of
lute’, and the bladder weighed. A
hole was then made in the lute, the
air pressed out as perfectly as pos-
sible, and the bladder weighed again.

There seems no reason to imagine,
from these experiments, that there
is any difference in point of specific
gravity between these four sorts of
inflammable air; as the small differ-
ence observed in these trials is in
all probability less than what may
arise from the unavoidable errors of
the experiment. Taking a medium
therefore of the different trials, 80
ounce measures of inflammable air
weigh 41 grains less than an equal
bulk of common air. Therefore, if
the density of common air, at the
time when this experiment was tried,
was 800 times less than that of
water, which, I imagine, must be
near the truth, inflammable air must
be 5,490 times lighter than water, or
near 7 times lighter than common
air. But if the density of common
air was 850 times less than that of
water, then would inflammable air
be 9,200 times lighter than water, or
108/10 lighter than common air.

Henry Cavendish was born at Nice, Oc-
tober 10, 1731, and died at his home in
Clapham, England, February 24, 1810.
After attending Cambridge University, he
went to live with his father, Lord Charles
Cavendish, in London. The son joined the
father in scientific researches in almost all
branches of physical science. They lived
in seclusion, in a house nearly filled with
apparatus for their experiments. Henry
became a Fellow of the Royal Society at
the age of 29. When he was 35 he pre-
sented before the society the first of his
papers on chemical “airs,” from which the
above extract is taken.

1The l;te used for this purpose, as well as in
all the following experiments, is composed of
almond powder, made into a paste with glue,
and beat a good deal with a heavy hammer.*
This is the strongest and most convenient lute I
know of. A tube may be cemented with it to
the mouth of a bottle, so as not to suffer any
air to escape at the joint; though the air within
is compressed by the weight of several inches of

water.
Science News-Letter, December 1, 1928



