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In the present work an experimental investigation has been carried out of the
rate of thermal dissociation behind a strong shock wave in oxygen. The source
of the shock waves was a shock tube, the principle of operation of which is
described in detail in the literature (1:2).

The state of the gas behind the shock wave was studied from the absorption
of ultraviolet radiation by oxygen heated, during passage of the shock wave, to
temperatures of several thousand degrees. The light source was a krypton lamp
GSVL-120; the light passed through the gas under investigation in a certain
section of the shock tube and through a quartz monochromator with two exit
slits, which selected spectral regions of width AX = 10 A near A = 2272 A and
Ay = 2510 A. The transmitted light then fell on FEU-18 photomultipliers. The
signals obtained during passage of the shock wave were recorded on the screen
of an OK-17M oscilloscope (Fig. 1).

Fig. 1. Oscillogram of the absorption of ultraviolet radiation during passage of
a shock wave in oxygen with a velocity of 3 km/sec. 1 —in the region A\; = 2272 A,
2 —in the region Ay = 2510 A (the pulse is inverted); 3 —corresponding zero
lines; 4 —calibration sinusoid with frequency 500 kHz.

To determine the dissociation rate, use was made of the ability of molecular
oxygen, when the temperature is raised, to absorb light in the region 2200—
2600 A as a result of transitions from excited vibrational levels of the ground
electronic state X*X to the state B*Y, (the Schumann—Runge system) (*4).
Analysis showed that the band spectrum of oxygen in this wavelength region is
accompanied by a continuous background owing to broadening of the Schumann
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Fig. 2. Temperature distribution behind the front of a shock wave moving in
oxygen at a velocity of 2.8 km/sec

Figure 2: Fig. 2. Temperature distribution behind the front of a shock wave
moving in oxygen at a velocity of 2.8 km/sec
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Figure 3: Fig. 3

—Runge continuum and transitions from the state 3 to the unstable state *II,,
(°); the lines entering into the bands are strongly reabsorbed.

A measurement carried out (by N. N. Sobolev and co-workers, and also by us) of
the gas temperature at some distance from the leading front of the shock wave,
from the emissive and absorptive power of the sodium D line, present in the
gas as an impurity, showed that the gas temperature at these points of the flow
approaches (for T' < 4000° K) the calculated value obtained from the Hugoniot
adiabat under the assumption of equilibrium dissociation and the absence of
losses to heat exchange and friction. This made it possible to establish the
dependence of the magnitude of light absorption in oxygen on temperature and
on the concentration of molecules (for the selected spectral regions). Under the
conditions of our experiments it was found—

a relatively weak dependence of absorption on concentration and a more strongly
expressed dependence on temperature were found. Thus, by the absorption of
light it was possible to find the temperature distribution directly behind the
front of the shock wave.

Measurement of the temperature in the indicated manner showed that at a
shock-wave velocity of 2.7-3 km/sec and a pressure ahead of the shock wave
Py = 7.6 mm Hg, the gas temperature directly behind the shock-wave front has
a maximum and then falls, approaching the value calculated from the Hugo-
niot adiabat under the assumption of equilibrium dissociation (Fig. 2). The
dimensions of this zone decrease with increasing shock-wave velocity and pres-
sure. At high pressures, when appreciable dissociation is absent, the indicated
temperature maximum behind the wave front is not observed.

Fig. 2. Temperature distribution behind the front of a shock wave moving in
oxygen at a velocity of 2.8 km/sec

Fig. 3

The dimensions of the dissociation zone behind the shock wave in oxygen, ob-
tained in a recently published work (®) by measuring the density gradient with
a Toepler apparatus, proved, within the experimental error, to be analogous to
our results.

If it is assumed that the indicated zone under the given conditions corresponds
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to the course of a chemically nonequilibrium process, and if the thermal disso-
ciation of oxygen is taken to proceed according to the scheme

0, +M 7z 0 +0+M, (1)
0, + 0, 72 04 + O, (1)
O3+ Mz Oy + 0+ M, (I11)

then from the obtained dimensions of the nonequilibrium zone one can calculate
the value of the rate constant of the oxygen dissociation reaction, since the
decrease in temperature characterizes the growth of the concentration of atomic
oxygen, and the change in concentration characterizes the rate of the dissociation
reaction. A quantitative relation between the temperature gradient behind the
shock wave and the rate of dissociation can be obtained by using the law of
conservation of energy for a steady one-dimensional flow.

At a temperature T' = 3000-4000°K, the decomposition of ozone (reaction IIT)
proceeds so rapidly that reactions (II) and (III) can be rewritten in the form

0, + 0, = O+ (0+0,). (Ir)

The rate constant of oxygen dissociation behind the shock wave obtained from
the experiment (Fig. 3) is composed of the constant of direct decomposition
of O, (reaction (I)) and the rate constant for the decomposition of O, with
intermediate formation of ozone (reaction (II)).

The activation energy of reaction (II) is 99.2 kcal /mole (7, ), which is somewhat
less than the energy of direct dissociation of oxygen (118 kcal/mole). Therefore
it would be natural to suppose that the dissociation of oxygen proceeds along
the path of reaction (II'). If, however, one uses the value of the con-

rate constant of reaction (IT), obtained in (8) for the temperature T' = 330—385°
K, k;; = 6.7 - 10*2 exp(—99200/RT) cm?/mole - sec, is valid at high tempera-
tures, then from the experimental results obtained by us it follows that the
dissociation proceeds mainly by direct decomposition of O,. The value of the
pre-exponential factor P in the rate constant of reaction (I), written in the form
of the Arrhenius relation k,(T) = PZ exp(—D/RT) (where Z is the number of
collisions of molecules per sec, D is the dissociation energy = 118 kcal/mole),
in this case greatly exceeds unity and is equal (on average) to P = 500 at
T = 3000° and P = 150 at T' = 3600° K. In (7), for the rate constant of reaction
(IT) they assume k;; = 3 - 10'2y/T exp(—99210/RT) cm?/mole - sec.

If, for estimating the rate of reaction (II), one takes this value, then the obtained
value of the factor P decreases, but by no more than 10%.
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Similar values of P, exceeding unity by several orders of magnitude, were also
obtained in the case of the dissociation of certain other diatomic molecules,
including bromine (9).

If the rate constant of the reaction Oy + Oy — O340 at T' = 3000—4000° K in
fact exceeds the above values of k;;, then it may turn out that this reaction will
play a substantial role in the process of oxygen dissociation. Further experiments
are necessary to clarify this question.
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