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Abstract.

The effect of hydrogen selenide on the upper limit of inflammability of hydro.gen
is very similar to that of di-ethyl selenide, except that the lowering effect of the former
on the upper limit of inflammability of hydrogen is less than that of the latter. _

It is noteworthy that, by the addition of 4 25 of hydrogen selenide, the lower
limit of inflammability of hydrogen has been raised up to 1z % of hydrogen, This is
due to small heat of combustion of hydrogen selenide. ‘

The flame temperature necessary for the act‘ivation of hydrogen selenide is 1750°C.,
which is equal to that obtained for di-ethyl selenide. But the amount of these selenides
‘required to raise the theoretical flame propagation temperature of hydrogen from the
initial value of 1090°C. to 1750°C,, are not the same, namely about 1 ¢4 in the case of
di-ethyl selenide and about 2 % in hydrogen selenide; that is to say, the amount re-
quired depends on the nature of the positive atoms or atom groups combining with the

selenium atom. This may be ascribed to the difference in the mean cross sectional
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areas of the molecules of the selenides and so to the difference in the probabilities that
the molecules of the selenides will collide with the hydrogen molecules activated or
being activated.

As the calculated flame propagation temperature of hydrogen sulphide is 1040°C,,
it may be also concluded that the flame temperature, at which the molecules of
a substance begin to be activated, is a function of the nature of the negative atom in
the molecules and is independent of the nature of the positive atom or atom groups in

the molecules.

Introduction.

As was shown earlier®, the range of inflammability of hydrogen
is narrowed markedly by the addition of di-ethyl selenide, the
upper limit being lowered very remarkably. The lower limit is
also lowered, though in a slight degree, by the addition of the
selenide. This lowering of the lower limit must be ascribed to the
large molecular heat of combustion of the selenide, which alsoburn
in the flame of the lower limit mixtures of hydrogen and air. It
may, therefore, be expected that if a compound, which has the
remarkable “extinctive effect on ths hydrogen flame, and whose
molecular heat of combustion is very small, is added to hydrogen,
the lower limit of inflammability of hydrogen may be raised. The
present research has been undertaken to test this point, expecting

hydrogen selenide as one of such compounds.

Experimental.

Hydrogen used in the present research was the same as that
used in the first report of this series of the studies®.

Hydrogen selenide was prepared by the action of aluminium
selenide on air-free distilled water. Aluminium selenide was

made by mixing 10 parts of metallic aluminium and 45 parts of

(1) Y. Tanaka and Y. Négai this report, 24, 265, 1927.
(z) Y. Tanaka and Y. Nagai, this report, 22, 249, 1927.
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selenium and heating the mixture in a small flask of pyrex glass.
From a small separating funnel B, in Fig. I., distilled water was

poured on aluminium selenide in a small flask A. Hydrogen selenide
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generated in A was introduced to the bottle, in which required
gaseous mixtures were made, passing through a U-tube C contain-
ing calcium chloride. The tube F was dipped into mercury in the
bottle G, the excess of hydrogen selenide in the bottle A4 escaping
through the tube ZA. Every times before hydrogen - selenide is
prepared, the bottle 4 and the U-tube C were evacuated, cock E
being kept closed, and a few drops of water were poured on alumi-
nium selenide, some hydrogen selenide being generated, which was
then pumped out of 4 and C. These operations were repeated
thrice, in order to remove traces of air and the decomposition pro-
ducts of hydrogen selenide, which might be present in 4 and C.
Thus pure and freshly prepared hydrogen selenide was used in
each experiment.

The other parts of the apparatus and the method of experiment

were the same as in the previous investigation®, except that the

(1) Y. Tanaka and Y. Nagai, this report, 22, 249, 1927.
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both ends of the firing tube were kept closed when electric spark
was passed for the ignition of the gas, with the purpose of avoid-
ing poisonous gases escaping into the room. All limits were
determined in a glass tube of 5ecm. in diameter and 65 c¢m. long, in
which gaseous mixtures were ignited from the top by electric
spark.

The temperatures of the gaseous mixtures before ignition were
23+ 3°C.

The experimental results are shown in the following table :—

Mole per cent. of hydrogen

Mole per cent. of hydrogen in limit-mixtures.
selenide in limit-mixtures. N
Lower ‘limit. Upper limt.
o 88 71
1.00 105 55
2.00 11.0 a4
3.00 11.5 41
4.00 12.0 385
50 - — . 36.5
6.0 11.0 . —

These results are shown graphically in Fig. II, where the
curves abc and def give the upper and the lower limits of inflam-
mability respectively. From the figure it can be seen that the
influence of hydrogen selenide on the upper limit of inflammability
of hydrogen is very similar to that of di-ethyl selenide, described in
the previous paper, except that the Iowéring effect of hydrogen
selenide on the upper limit of hydrogen is less than that of di-ethyl
selenide, and consequently the same discussion can also be given in

this case.
The equation of the straight line &c is

—=I,

49" 19
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where 7, is the concentration of hydrogen in per cent. and 7, is that
of hydrogen selenide in the limit-mixtures. Therefore, if the upper
limits of hydrogen and hydrogen selenide are taken as 49 per cent.
and 19 per cent., respectively, Le Chatelier’s rule holds well in
the upper limit mixtures containing more than about two per cent.
of hydrogen selenide. | '

By the addition of four per cent. of hydrogen selenide, the
lower limit of inflammability of hydrogen is raised up to 12 per

cent. of hydrogen, as expected. But further addition of the selenide
lowers the limit slightly.
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Discussion of results.

The above experimental results can be explained along the
same line of reasoning as those given in the previous reports.®
Namely the theoretical flame temperature, at which the molecules
of hydrogen selenide begin to be activated to burn, is 1750°C., as
mentioned below. If the small amount of the compound is added
to the limit-mixtures of hydrogen, the energy of activation of the
molecules of hydrogen activated or being activated is transmitted
to the molecules of the selenide and thus the combustion of hydrogen
is retarded resulting the lowering the upper limit and the rising
of the lower limit of inflammability of hydrogen. The lowering
of the lower limit by the addition of di-ethyl selenide seems to be
due to the comparatively large molecular heat of combustion of
the latter compound, causing the high temperature of the flame
prepagated by the lower limit-mixture. It is therefore highly
probable that the rising of the lower limit is due to small heat of
combustion of hydrogen selenide added.

In the upper limit-mixtures containing more than two 'per
cent. of hydrogen selenide, hydrogen behaves as if it had the same
theoretical flame propagation temperature of 1750°C. as the selenide,
and consequently Le Chatelier’s rule holds well in those mixtures,
the upper limit of hydrogen lowering along a straght line be. In
the lower limit mixtures containing a large amount of the selenide,
the heat generated by the combustion of the latter compound
becomes Iarge and so the lower limit of hydrogen lowers along
a curve ¢f.

The flame temperature of the mixtures'Arepresented by the
straight line &¢ is the temp'erat'ﬁre necessary to activate the mole-
cules of hydrogen selenide. Calculating the flame temperature of

(1) Y. Tanaka and Y. Nagai, this report, 22, 249, 1927; 23, 259, 1927; 24, 265, 1927.
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the mixture represented by ¢ (the mixture of 49 per cent. of hydro-
gen and g1 per cent. of air), which is the intersecting point of
the straight line & and the absissa, the authors obtained the value
of 1750°C. Therefore the calculated flame temperature necessary
for the activation of the hydrogen selenide is 1750°C., which is
equal to that obtained for di-ethyl selenide®. MHydrogen sulphide
begins to be activated at the calculated flame temperature - of
1040°C®. Tt may, therefore, be concluded that the flame tem-
perature, at which the molecules of a substance begin to be
activated, is a function of the nature of the nagative atom in the
molecule of the substance and is independent of the nature of the
positive atom or atom groups in the molecule.

Although both of the selenides have thus the same theoretical
flame propagation temperature, the amount of them required to
raise the theoretical flame propagation temperature of hydrogen
from the initial value of 1090°C. to 1750°C., is not the same, name-
ly about one per cent. in the case of di-ethyl selenide and about
two per cent. in hydrogen selenide; that is to say, the amount
required depends on the nature of the positive atoms or atom
groups combining with the selenium atom. This may be ascribed
to the difference in the mean cross sectional areas of the selenides
and so to the difference in the probabilities that the molecules of
the selenides will collide with the hydrogen molecules activated or

being activated.

Summary.

(1) The effect of hydrogen selenide on the limits of inflam-
mability of hydrogen was investigated and the results was discussed.
(2) By the addition of a small amount of hydrogen selenide

(1) Y. Tanaka and Y. Nagai, this report, 24, 265, 1927.
(2) A.G, White, Journ. Chem. Soc., 2392, 1924.
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the upper limit of hydrogen is lowered markedly up to the
content of about two per cent. of the selenide, beyond which more
slowly along a straight line. Lower limit of hydrogen is raised to
12 per cent. by the addition of four per cent. of the selenide,
beyond which it is lowered slightly. These results can be explain-
ed alony the same line of reasoning as that given for the extinc-
" tive effect of the di-ethyl selenide and the ethyl bromide described
in the previous reports.

(3) The theoretical flame temperature necessary to activate
the molecules of hydrogen selenide to burn is 1750°C., which is the
same as that obtained for di-ethyl selenide and is higher than that
obtained for hydrogen sulphide. From this it seems that the flame
temperature necessary for the activation is a function of the nature
of the negative atom in the molecule and is independent of the
nature of the positive atoms or atom groups in the molecule..

(4) Although the hydrogen selenide and the di-ethyl selenide
have the same theoretical flame propagation temperature, the amount
of them, required to raise the theoretical flame propagation tem-
perature of hydrogen from the initial value of 1090°C. to 1750°C., is
not the same, namely about one per cent. in the case of di-ethyl
selenide and about two per cent. in the case of hydrogen selenide.
That is to say the amount required depends on the nature of the
positive atoms or atom groups combining with the selenium atom.
This may be ascribed to the difference in the mean cross sectional
areas of the selenides and so to the difference in the probabilities
that the molecules of the selenides will collide with the hydrogen
molecules activated or being activated.

The authors are indebted to Tokuzo Moro and Matsunosuke

Aoki for their assistance in the experiments of the present research.
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