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CALCULATION OF PARTICLE CONCENTRATIONS
IN OXYGEN dc GLOW DISCHARGE*

KAREL MASEK**, LEO§ LASKA**, Praha
PACYET KOHIIEHTPAILIM} YACTHI B TIEMEM PA3PHIE B KHCIOPOIE

Current dependences of the concentrations of electrons, O~ -ions, metastables 0:('A,) and atoms
are numerically calculated and the dissociation degree is compared with experiments.

The concentrations of charged, excited and neutral particles are often the required quantities for
plasma chemistry analyses, but they are not always available. It is due to a non-equilibrium state of the
discharge plasma which makes both experimental measurements and theoretical calculations difficult. In
the case of oxygen there exist only individual measurements in various types of discharges and the rare
theoretical results are not quite consistent with them. It would be desirable to know not only the
magnitude of these concentrations but also their dependences on the discharge parametrs, to find, for
example, optimum conditions for the considered chemical reactions. The relative concentrations of
Oxygen atoms, metastable molecules 0:('A,), electrons, and O~ -ions as the dominant neutral and
negative particles in the oxygen glow discharge are calculated and presented in this contribution.

In the steady state, in which a dc discharge is sustained by an outer electric field, the concentrations of
the particles results from a balance between their total production and total losses. The particles are

produced and destroyed in mutual collisions, by diffusion and recombination on the tube wall with’

appropriate rate coefficients. The list of the clementary processes involved in ‘the number balance is
following :
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Some of the rate coefficients are a function of an alectric field due to a non-equilibrium form of the
electron distribution function in this discharge [ 1].

Because of the quasineutrality supposed the diffusion flows of the charged particles are nrm_.uonna.uoa
by effective diffusion coefficients, D¢, [2] and the losses due to the diffusion are represented by effective
first-order reactions with the rate constants given by
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* Contribution presented at the Second Symposium on Elementary Processes and Chemical
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Fig. 4. Relative concentrations of O~ — ions.
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detachment with atoms dominates over the others and balances the O™ — ions production. The O~
_— ion population is then saturated with respect to the discharge current. The point is shifted to lower
current values with the growth of neutral concentration due to the detachment process with metastables.
At higher neutral gas concentrations even §-shaped loops occur in the current dependences demon-
straiting an existance of two different ionization mechanisms on the side of the lower and the higher
values of the discharge current, respectively. The electron concentration increases with the current
except for a small range of the _oovw where only slight changes occur, while the electric field varies
suddenly [7]).

From the viewpoint of plasma chemistry reactions on the surfaces of solids it is important to know
also the densities of the excited particles with a long lifetime. The lowest metastable state O5('A,) was
considered only, the steady state population of which was also calculated. In a hf discharge its
concentration was experimentally found to be higher than that of the other states [8). The dependences
of the metastables on the reduced discharge current I/R for several values of the parameter NR are
illustrated in Fig. 5. They were calculated under the assumption of a diffusion decay of the metastables
on the discharge tube wall, which need not be always valid [6, 8].

The pressure dependences of the calculated concentrations and other information on the oxygen

discharge were presented in [1].
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