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XL.—Actton of Heat on Peroxide of Nitrogen.

By Arraur RicHaRDSON, Ph.D., Assistant Lecturer, University College,
Bristol.

Hiraerro the decomposition of peroxide of nitrogen by heat has been
studied only for temperatures below 180°. The change which this
substance undergoes when heated from 4-2—97-5° was observed by
Playfair and Wanklyn (J. Chem. Soc., 1862, 15, 156), who found that
the density of the gas for the higher temperature is not far removed
from that calculated from the formula NO,, whilst that found for the
lower temperature corresponds more nearly with the formula of the
compound N,O,. Deville and Troost (Compt. rend., 64, 237) have
also shown that at a temperature of 140°, N,O, is completely dis-
sociated into NO,, whilst Nauman (Ber., 1878, 2045) observed that
at constant temperatures the amount of dissociation increases with
diminished pressure, and for equal pressures increases with rise in
temperature. Again F. and L. Natanson (4nn. Phys. Chem., 1886,
606) have found that at —12° and at a pressure of 115'4 mm. the
vapour-density of the gas is 42:54, that caleulated for N,O, being 46.

It has been observed by Ramsay (Trans., 1885, 678) that nitric
peroxide becomes colourless at a temperature below a red heat. The
author finds that when the peroxide is heated in a glass tube over a
Bunsen flame, the gas becomes almost colourless at a temperature a
little above 500°; on allowing the tube to cool, the gas passes through
a series of colour-changes similar to those observed on heating the
tube, and finally assumes its original tint at the temperature of the
air. A similar experiment was made with the gas under very great
pressure ; it was found that the amount of dissociation was diminished
by increased pressure, for in this case no diminution in the intensity
of the dark-red colour of the gas was perceptible at 500°.

When one limb of a bent glass tube containing the gas was strongly
heated, whilst the other limb was immersed in a freezing mixture, a
dark-blue liquid condensed in the cooled limb, while the liquid which
condensed before the tube was heated was of a pale-yellow colour.
On warming the tube gently, the blue colour of the liquid was changed
to green, and finally became red; the blue colour could be again
restored by cooling the tube in a freezing mixture, even after the rest
of the tube had become cold. As this blue liquid is known to be
nitrogen trioxide, produced by the union of nitric oxide with nitric
peroxide, its formation appears to be a conclusive proof of the presence
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of nitric oxide as one of the dissociation products of the peroxide; it
would appear also that the combination of nitric oxide with nitric
peroxide takes place more readily than that of oxygen with nitric
oxide, or of oxygen with the trioxide, provided there is an excess of
the peroxide.

When the tube was opened immediately after heating, free oxygen
was found to be present on testing the gas in the usnal way. An experi-
ment was then made to ascertain whether any further decomposition of
the gas took place, and for this purpose a hard glass tube containing the
peroxide was heated to between 600—700° and then sealed. When
the tube was opened under strong sulphuric acid, complete absorption
of the gas took place, showing that no further decomposition of the
nitric oxide had occurred. |

It would appear then—

1. That nitric peroxide dissociates when heated into nitric oxide
and free oxygen.

2. That nitric oxide, in presence of a large excess of peroxide, unites
with the latter to form the trioxide more readily than it does with
oxygen to form the peroxide ; and that, under these conditions, recombi-
nation of nitric oxide with oxygen is complete only after some time,
even at ordinary temperatures.

A series of guantitative experiments were then made, in order to
ascertain the amount of dissociation which the peroxide undergoes at
different temperatures. The peroxide was prepared by acting on
arsenic trioxide with nitric acid to which an excess of strong sul-
pburic acid has been added, as recommended by Groves. The
materials were heated gently in a retort with a drawn-out neck
which dipped into a flask cooled in a freezing mixture, the condensed
gas, which consisted of peroxide of nitrogen together with a con-
siderable quantity of nitric acid, was then distilled by means of a
water-bath, and the peroxide which passed over was condensed in a
two-necked bulb containing phosphoric anhydride cooled in a freezing
mixture.

When vapour ceased to distil over, the receiver was sealed, and
shaken to bring the liquid in contact with the phosphoric anhydride,
and allowed to stand for 12 hours; in order to remove all traces of
impurities, it was distilled three times from fresh phosphoric anhydride,
the gas being led through a U-tube containing the same substance.
The liquid so obtained was sealed up in a bulb, and at ordinary
temperatures was of a clear red colour, changing to a pale-yellow tint
on being cooled. All connections of cork or india-rubber were avoided,
the different parts of the distilling apparatus being sealed together.
The vapour-density of the peroxide was determined by * Dumas’
method,” and when temperatures not higher than 358° were required
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the bulb was heated in the vapours of the following substances, which
were known to be pure:—

Chlorobenzene, b. p. at 760 mm. ...... 132-1° C.
Aniline, b. p. at 760 mm. ............ 1845
Methyl salicylate, b. p. at 760 mm. .... 2230
Bromonaphthalene , ” vee. 2805
Triphenylmethane , ’ ee.. 3580

For higher temperatures, Ramsay and Young’s method was adopted,
that is to say, the required temperature was obtained by causing the
substance to boil under known pressures higher or lower than that of
the atmosphere ; in this case, sulphur was used, the boiling points of
which, under pressure between 500 and 2000 mm., has been accurately
determined by Regnault.

The apparatus in which the bulb was heated consisted of an iron
pot, A (see Fig. 1), having a grooved flange on the open end. This
vessel was of such a size that the experimental bulb, B, counld be sus-
pended in it without coming in contact with the sides; the lid, C,
was provided with a projection, which fitted into the grooves on the
flange to which it was screwed by means of clamps; a wide glass tube,
D, passed through the centre of the lid; this tube was drawn out at
E into a narrow neck which was fitted with a stout piece of india-
rubber tubing, through which passed the stem, H, of the experimental
bulb, the two joints being carefully wired; a side tube was sealed on
to D at I, which was connected with the air-pump I, and pressure
gauge J. As far as possible the lid and glass tube were made air-
tight by means of white lead, but in order to avoid errors through
leakage, a large receiver was connected with the apparatus; by this
means the alteration in pressure produced by leakage was reduced
to a minimum. To use the apparatus, the bulb was suspended in its
place in the pot, which was previously charged with fragments of
sulphur, the lid was then screwed down, and a sufficient amount of
the cooled peroxide was poured into the bulb; next the required
pressure was obtained by means of the air-pump, and the apparatus
was heated till the sulphur boiled. As soon as the vapour appeared
in the glass tube, the stem of the bulb was sealed off in the blowpipe,
and the apparatus allowed to cool, the lid was then unscrewed, and
the bulb removed, cleaned, and weighed.

As it was often a considerable time before the sulphur vapour rose
in the tube, the chance of diffusion of the peroxide from the neck of
the bulb was avoided, by fitting a second bulb, G, over the stem,
which was drawn out to a long capillary at one end, this bulb
remained full of the peroxide during the experiment.

The highest temperature that could be conveniently obtained by
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this method was 494°4°, that is, sulphur boiling under a pressure of
1500 mm. For higher temperatures, a cylindrical air-bath was used,
and the temperature was indicated by means of an air-thermometer,
which consisted of a hard glass tube drawn out into a narrow neck;
the volume of this tube having been previously determined, it was
suspended from the lid of the bath for 15 minutes, it was then sealed
at the neck, and removed, and another tube at once substituted which
contained a little of the liquid peroxide, this tube was allowed to take
the temperature of the bath, and then sealed, and weighed when cold;
finally the temperature was again taken by another air-tube similar to
the first. The temperature was calculated by opening the air-tubes
under water, from which all air had been expelled by prolonged
boiling ; the volume of residual air in the tubes was then found by
weighing, the required data being obtained, the temperature could be
calculated. Temperatures taken in this way agreed with each other
within 10°, and by taking the mean of the temperatures given by several
tubes, a pretty close approximation to the true temperature could be
obtained. Tubes containing the peroxide, when removed from the
bath heated to 620°, were perfectly colourless, the colour returning as
the tubes cooled. The complete dissociation of the peroxide into
nitric oxide and oxygen is represented by the equation 2NO, = 2NO
+ O, the vapour-density of the peroxide being 23, that of the
product 15'33.

From the experimental results given in the table (p. 401), it will
be seen that at a temperature of 140° the vapour-density of the gas
is expressed by the formula NO,, whilst as the temperature rises, the
number representing the vapour-density of the substance becomes
smaller, and finally at a temperature of 619'5° it corresponds with
that of complete dissociation. It appears, then, that the peroxide
undergoes dissociation in two distinct stages, giving a double dis-
sociation curve, and that the dissociation of N,0, into NO,, which is
complete at 140° is immediately succeeded by a further dissociation of
NO, into NO and O, which is complete below 620°. The form of the
curve (Plates T and II) representing the second part of the change, is
that usually exhibited by dissociating substances, the change of density
being most rapid at the temperature at which half the total number
of molecules of the original substance is decomposed.

In conclusion, I may add that on passing a series of electric sparks
through the peroxide at the ordinary temperatures in a sealed glass
tube, a white solid is deposited on the sides of the tube. This
substance is also formed when the gas is heated to about 400°, also
when a tube containing the liguid is exposed to sunlight for some
months. No deposit was observed in tubes which had not been placed
under one of these conditions.
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CURVE SHOWING VAPOUR DENSITY OF NITRIC PEROXIDE

BETWEEN 25° AND 620°

4 30 20 70 g
700 T U T T T 700
| g N |
! 1
g
600 T 600
I |
!
i -
] IR
1 EEEEN
500 - S — 00
I
i T
[
|
u ™ i 900
o« |
2
<
< X
w
o i
= /!
w 1 T
F I
oo T 300
0 I N S
I ol N O O
200 ] 200
] N 1 i
IEERREE 1
o B .
1600 100
B 4
I~
- ||
o _q/§ HAH
I |
ol 1] i 0

40 30 20 70 0
VAPOUR DENSITY

O =DEVILLE & TROOST
X = RICHARDSON

Harrison & Sons. Lith, S Martins Lane W.€.


http://dx.doi.org/10.1039/ct8875100397

Published on 01 January 1887. Downloaded by University of California- Irvine on 27/10/2014 02:30:53.

View Article Online

LfOl,{]“)’Lc C/LemébCM&L)//(?&] RICHARDSON
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CURVE SHOWING %o DECOMPOSITION OF N:O,

INTO NO:,AND OF NO; INTO NO AND O.
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This substance was soluble in water, from which it could be again
deposited on evaporation; at a temperature between 500° and 600°, it
volatilised, but ‘as it is only very sparingly formed enough of the
substance has not yet been obtained for analysis.
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