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Sektion Physik/Elektronik, der Akademie der Wissenschaften der
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ABSTRACT

The O3 concentrati%n has been measured by Hg-light absorption
by 0,7at A= 2537 A and compared with theoretical results of a
kine@ical model. Within the discharge the density of 0, as a
function of the current (or the electron density, respgctively)
reaches a remarkable maximum. In the afterglow the ozon density
can be appreciably higher than within the discharge tube.

1. INTRODUCTION

The production of ozone in low-pressure oxygen glow discharges
and the steady-state ozone concentration has been invest*gated
in /2/. There it was shown that excited molecules, 04 (alA g),
and negative ions play an important role in the reacfion kine-
tics of 04.

Investiga%ions of the O-atom concentration in the flowing af-
terglow in /1/ showed the total absence of O-atom decay in the
early afterglow. This suggested the O production via the proc-
eas 05 + O -—--202 + O and stressed, on the other hand, the
importance gf 0y in the kinetics of O atoms in the afterglow,

In the present paper the 0, production in the afterglow is more
thoroughly investigated. Tﬂeoretical calculations of the reac-
tion rates give some insight into the main reaction path's of
the plasma within the discharge and in the afterglow.

2. EXPERIVENTAL

The measurements were performed with the arrangement shown in
Fige 1. Oxygen was fed through a liquid nitrogen trap into the
gtraight discharge tube and then into the strajght afterglow
tube. From the measured absorption of the 2537 ~Hg light by O3
the density nq of 03 was calculated using the relation

I-= Ioexp(-n3c‘l). 1 means the length of the glass tube, The
absorption crose section 6 was determined by the synthesis of
a definite quantity of pure 0y corresponding to the reaction

0 + 0p*S—=03°S /1/, S means g surfaqg cbgled by liquid nitro-
gen, e founa: ¢ =(7.0% 1.0) . 10-18 ¢cp2,

Du¥ing these experiments we stated that ozone is partially de-
composed in vesgels, the walls of which were in contact with
discharged oxygen. This kind of the wall activity maintains for
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times of order of one hour after the interruption of the djis-
charge current,
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3. THEORETICAL MODLL

The measured ozone concentration within the discharge znd in
the afterglow will be comparcd with the rcesulbs of a kinetic
model previously developed /2,3/. In this model Lhe plasma is
assumed to consist of the following 11 kinds of parlicles which
interact according to about 70 elementary reaction processes:

* 1 + + + - - -
0,02,03,02(a4g),0,02,03,0,02,039e.
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The system is describved by a complete set of time-dependent rate
equations and the equation of state. There are no special boun-
dary conditions considered. The reactive collision cross-sec-
tions and rate constants, respectively, are given in /2,3/.

The steady-state solutions of these equztions as a function of
the external parameters, i.e,, pressure (p)s zas, ion and elec-
_tron temperature (TG, TI’ T ) have been discussed in detail in
/243/. For example, the lef%-hand side of Fig. 4 shows the
possible steady-state concentration of ozone for different elec-
tron concentrations (which is related to the electron tempera-
ture) and for p = 10 Torr, T, = 2000 Ky, T, = 300 K. Such gtates
can only exist for electron {emperatures gbove a certain lower
limit. In the case of the mentioned parameters the threshold is
approximately 10 000 K.

In order to describe the temporal development of the 11 partial
partical concentrations in the decaying plssma of the afterglow
we gtart from a certain steady state (see Fig. 4) and assume
the electron temperature to be suddenly reduced below this
threshold (in the present calculation we assumed T = 9000 K,
but it can be shown that, in fact, the concentratidn of the
reutrals is almost independent of the exact value of Te).
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Fig. 4: Calculated ozone concentration for a steady-~state
oxygen plasma and for a decaying plasma

o= initial value of ny for the decay problem
(corresponding to 15 000 K electron tempera-
ture within the discharge)

p = 10 forr, Tg = 300 K and T} = 2000 K are kept
constant.



- 459 -

The resulting system of time~dependent rate equations has been
numerically integrated using an integration technique suitable
for atiff differential equations. Here we focus our attention
only to the behaviour of the ozone concentration up to 1 second
after switching off the discharge (Figs. 4,5). A more detailed
discussion of the other plasma components, in particular of the
charge carriers and the excited 05 -molecule will be given in

a forthcoming paper.
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Fig. 5: Calculated time dependence of the ozone con-
centration in the afterglow for different
pressures and T, = 300 K, TI = 2000 K. The

electron temperature of the initial steady-
state is Te = 15 000 K.

4. RESULTS AND DISCUSSION

As may be seen from Figs. 2-4 the ozone concentration after
leaving the discharge chamber can reach much higher values than
in the initial steady state. Moreover, the maximum ozone concen-
tration that appears after about 0.02 s is twice as large as
the highest possible steady-state concentration at all (Fig.4).
However, this high ozone concentration is observed only for
very short a time (& 0,05 s). In order to compare these resulls
with the experimental data obtaincd along the glass tube of
Fig. 1 we have to take the mean value of the curves of Fig. 4
and Fig. 5. respectively. Since the delay time of Llhe gas
stream within the afterglow tube is of the order of 1 s we ob-
tain a mean value that is by about a factor 6 higher than the
initial steady-state value (for p = 10 and 6 torr) and agreces
well with the experimental observation (see Fip. 2). For very
low pressure and low flow velocities this factor decreases and
can become smaller than 1 as may be concluded from Fig. 5.

(0,4 for p = 2 Lorr).
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The maximum ozone density measured within and outside of the
discharge tute is shown in Fig, 3. there is a linear increase
with the pressure. It should be noted that the czlculated values
of the steady-stste ozone concentration are higher than the
measured ones and the maximum appears at higher electron densi-
ties. Possible reasons for this discrepancy are discussed in /3/.

Considering the reaction rates for the different elementary
reaction processes some insight can be gained into the chemical
kinetics of the plasma. Thus, e.g., it is found that under
steady-state conditions the main production and decomposition
processes of ozone are

-
O+02+M--03+M, 0] +02——>-03+e
(the latter in the region of the maximum O3 concentration) and
03+e‘—*>02+0 ’ 03+e-—+ O+O2 ’ 03+O’—"202,

respectively. Outside of the discharge the electrons and ions
recombine very quickly, so for times & 1 ms the plasma kinetics
is dominated by long-lived chemically active species. In this
region ozone is mainly decomposed by the process

* .1
05 (aAg) + 03— 20, + 0.
Details will be given in a forthcoming paper.
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