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ABSTRACT

Dossociation and ionization cross sections of diatomic species (Hp, 0o,
HC1) in different vibrational Tevels have been calculated with the clas-
sical Gryzinski's approximation. A satisfactory agreement has been found
between the present results and those obtained by other authors with quan
tum mechanical methods.

1. INTRODUCTION

The study of dissociation and jonization of diatomic species in electrical
discharges require the knowledge of cross sections of the type

e + Az(v) > e+ Ag > e + 2A (a)
e+ Ay(v) > e+ A& + e (b)

where Ap(v) represents a molegule in the vth vibrational Tevel of the
ground electronic state and A> is a corresponding excited electronic sta-
te. In general cross sections for processes (a) and (b) are known only

for v=0, so that one must estimate the cross sections involving vibratio-
nally excited molecules (v#o). This problem can be in principle solved by
using complicated quantum mechanical methods, which often give unsatisfa-
ctory results despite the large computing times. On the other hand one

can use classical and semiclassical methods, which in many cases give as
good results as the quantum mechanical methods, by strongly reducing, how-
ever, the computing times.

In this note we want just to apply the classical Gryzinski's approximation
for calculating the cross sections of processes (a) and (b) |1].

2. METHOD OF CALCULATION AND RESULTS

The formulation of the dissociation cross sections is slightly different
according to A% represents i) a completely repulsive state i) a comple-
tely bound state which dissociates after the interaction 1iii) a bound sta
te with minimum shifted with respect to the ground state, so that the in-—
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teraction occurs on the repulsive part of the potential.
The following examples will be discussed for the three cases

i)

! 3
e + Hy(X Zg.v) + e+ Hy (b)) (c)
e + HC1 (X'z.v) - e + HC1 (A'm) (d)
ii)

\ . 3.4 3 3
e + HZ(X Zg,v) > 8+ Hz(e Zu, a Zg, c Hu) (e)
iii) ‘
e+ 0 (32_ v) > e+ 0 (A32+) Herzberg Continuum

2t "g? PAR! 9

e+ 02(3Zé,v) > e+ 02(832;) Schumann Continuum .

The dissociation cross section for point i) and iii) can be written as |2]

EZ d6D
6D(E2) = fUO HU; du (M
d6D
HU; = qC,V {Qg(EZ’E]’UV)'Qg(EzaE]:E1)} (2)

where E; and E, are in the order the energies of the incident and of the
bound efectron'and U, is the energy in the continuum.

Aq in the Gryzinski's cross section which assumes different forms for op-
tically allowed and forbidden transitions |2], qcy 1s the Franck-Condon
density defined as

Gy = 155 %, () ¥ (HG) aRy | (3)

A very simple formula for q., is obfained by considering the wave func-
tions of the continuum states (¥.(A2)) as a & function. In this case eq.3
reduces to

dv,-1 2
%y = (gplrep, (ty(Rc) (@)
which requires the kowledge of the vibrational wave functions of the elec-
tronic ground state (WV(RC)) at the relevant turning points R. and the
gradient of the repulsive potential at R..
The cross sections of point ii) as well as the ionization cross sections
can be directly calculated by using the Franck-Condon factors (bound-bound
transition) in combination with the Gryzinski's approximation |2|. The
potential energy curves for the bound states have been fitted by means of
Morse potential, while the exponential repulsive potential has been used
for the repulsive stetes. The vibrational wave functions necessary for the
calculation of the Franck-Condon density and Franck-Condon factors have
been calculated as in ref. [3].
The most serious incertitudes in the calculation of Gryzinski cross sec-
tions lies in the choice of n+1 state which can be excited during the exci-
tation of the nth state and in the choice of the number of effective elec-
tron N_. A discussion of these points can be found in ref. 12|.



Figures 1-4 show some of the calculated cross sections for different vi-
brational levels as a function of electron energy. One can note that in
all cases the threshold of the process decreases by increasing the vibra-
tioanl quantum number v, the reverse being true for the maximum value of
the cross section. The only exception is represented by the oxygen tran-
sitions, which present maxima decreasing with increasing v. This beha-
viour can be ascribed to the fact that the oxygen transitions belong to
point ii) i.e. the excited state is a bound state with maximum shifted
with respect to the ground state. Figure 5 reports a comparison of the
present results with the quantum mechanical close coupling calculations
of Chung and Lin |4| for the triplet states of hydrogen. The agreement
can be considered satisfactory specially for the repulsive state b 325.

A similar agreement has been found by comparing the present results of
Herzberg and Schumann transition with other experimental and theoretical
v=0 cross sections |5].

Fig. 6 reports the Hy ionization cross sections for  different vibratio-
nal levels for energies near the threshold of the process. A comparison
of the v=o cross section with the experimental results of |6| shows a
good agreement, the differencesnot exceeding a factor of 2.

3. CONCLUSIONS

In the previous paper we have presented a very simple way of calculating
electronic cross sections for dissociation and ionization cross sections
involving vibrationally excited levels. The satisfactoty agreement found
between the present results and these of other authors indicate that the
Gryzinski's formulation can be confidently used to provide input data
for the vibrational kinetics |7|. It should be noted that in general the
cross sections are averaged in the rates by means of the electron energy
distribution function and that errors in this cross sections do not propa-
gate to the same extent in the rates |8|. Moreover, since in many cases,
one knows the v=0 cross section, the Gryzinski formulation can be used

as scaling Taw.
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