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Abstract

Partial doubly differential cross sections (PDDCS) for the ionization of the CO molecule by electron impact have been
calculated using a semiempirical approach. The incident electron energies used are 100, 500, and 1000 eV. The calculatic
are made as a function of energy loss suffered by the primary electron and the scattering angle. The present approach also le
to the calculations of partial singly differential cross sections (PSDCS). The results are compared with the only available
experimental data at 500 eV electron energy [C.B. Opal, E.C. Beaty, W.K. Peterson, At. Data Tables 4 (1972) 209]. (Int J Mas
Spectrom 184 (1999) 201-205) © 1999 Elsevier Science B.V.
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The present study deals with the ionization of the (PDDCS) and partial singly differential cross sections
CO molecule by electron impact. The ever-increasing (PSDCS) [4,5]. The present calculations were under-
interest in the ionization processes of the CO mole- taken at incident electron energies of 100, 500, and

cule is due to its importance in the formation of
ionosphere and interstellar clouds [1].

In this brief report, we have calculated the partial
doubly differential cross sections (PDDCS) for the
production of CJ, O*, C*, CO™, C"2, and CO™3
ions through direct, dissociative, and multiple ioniza-
tion processes of the CO molecule by electron impact.
For these calculations, the Khare et al. formula [2],
which could provide good results for partial ionization
cross sections [3], has been suitably modified to
evaluate the partial doubly differential cross sections
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1000 eV. These calculations have been done as a
function of energy loss suffered by the incident
electron at scattering angles of 30 °, 60 °, and 90 °.
The energy los8V is defined as the sum of ejected
electron(s) energy and the ionization thresholl.

The PSDCS are calculated by integrating the PDDCS
over the entire range of the scattering angles. For
comparison with the experiment, only the data of
Opal et al. [6] for total double and total single
differential ionization cross sections at 500 eV was
available. A reasonable agreement between the theo-
retically calculated and the experimental results has
been noticed. To date, no experimental data for
PDDCS and PSDCS values is available to compare
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with the present calculations. However, these calcu-
lations will prove to be of importance for future
experiments.

The details of the modified Khare et al. formula
used in the present calculations have been given in
earlier publications [4,5]. It was shown that the
formula yields reasonably good agreement with the
experimental data available for the, Fholecule. The
PDDCS for the production of secondary electron(s) of
energye throughith type of ionization mechanism
from a molecule by an incident electron of eneigy
is given by

QI(E, W, 0) = (agRYE)[(E — W)/(E — 1))
(/W df(W, 0, 0) In[1 + C{(E — 1)]
+ (E — 1)/(E(e3 + £%)S{e — % (E — &)

+ %(E — £)?]sin6 (1)

It is convenient to replace by (W — 1), whereW is

the energy loss suffered by the incident electron. We
can then easily calculate the total double differential
cross section, i.e. the sum of PDDCS overThe
integration of Eq. (1) over the entire range of scatter-
ing angles gives the PSDCS. In this treatment, no
distinction has been made between the primary and
the secondary electrons. However stands for the
energy of the secondary electron(s). Because PDDCS
values are isotropic it is necessary to convert the
differential generalized oscillator strengths into the
cosine distribution form of linear oscillator strengths
using the Lassettre theorem [7]. The asymmetric
parameter for CO is taken to be the ionization
probability of the electrons in the optical molecular
orbit. The various symbols employed in Eq. (1) have
their usual meaning [2]. The method of calculation
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Fig. 1. The PDDCS for the CO molecule by the impact of 100 eV
electrons. Curves A, B, C, D, E, and F correspond to the production
of CO*3, C*2, CO*? C*, O, and CO ions, respectively. Curve

G represents their sum, i.e. total PDDCS.

and the input data used in the present calculations are

the same as discussed earlier [3].

In the present investigation, we have designated
values from 1-6 corresponding to the CGC*, O™,
CO"2, C2, and CO? ions, respectively. Figs. 1-4
present the results for PDDCS and PSDCS evalua-
tions, where curves A, B, C, D, E, and F represent the
cross sections corresponding to the production of

CO*3 C"™ CcO™ 0%, C*, and CO ions, respec-
tively. Curve G represents the total partial differential
cross sections. The latter can be compared with the
available experimental data [6].

Figs. 1-3 show the PDDCS at incident electron
energies 100, 500, and 1000 eV, respectively. At 100
and 1000 eV, neither partial nor total double differ-
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Fig. 2. As Fig. 1, but aE = 500 eV. Experimental dat [6]. Fig. 3. As Fig. 1, but aE = 1000 eV.

ential cross sections are available for comparison of tron energy, can be folded to compare with the
the presently calculated results. A similar situation experimental data [6] available for total PDDCS and
has been noticed in case of PSDCS depicted in Fig. 4.total PSDCS utilizing curve G. At scattering angle
However, our calculations do show the qualitative 30 °, the calculated results for double differential
trend expected for PDDCS and PSDCS with the cross sections below electron energy loss of 100 eV
secondary electron energy. are in satisfactory agreement with the experimental
Figs. 2 and 4 show that the calculated PDDCS and data. However, above the energy loss of 100 eV, the
PSDCS values, respectively, at 500 eV incident elec- deviations increase significantly. A similar trend has
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from ionization threshold to 65 eV. As the energy loss

8
* PSDCS/cCO increases from 65 eV to 150 eV the deviation in-
107} E=100ev creases up to 30%. Above 150 eV, the present
ol ’\'& calculations (curve G) are again in satisfactory agree-
= ment with the experimental data. However, below an
1051 /\f\-—'--{.;_, energy loss of 50 eV, the present calculations show a
/! good perspective of the threshold behavior. It is
10 ,’l k/_\c interesting to note that we predict differential cross
1031 /—/\\ki sections to be asymmetric about the energy loss value
W/ 2. It may however, be noted that the cross sections
10° L : ! ! are symmetric abouV/ 2 for the case of symmetric
0 200 40 60 80 100
108 molecules [4,5,8].
5 PSDCS/CO In this article, for the first time, we have calculated
070 € =500eV the PDDCS and PSDCS for the CO molecule at

various incident electron energies. The accuracy of
the present calculations are directly linked to the
accuracy of oscillator strengths that were used as
inputs. These calculations take into account the con-
tribution of exchange effects through the second term
in Eq. (1). Such effects are not easily identifiable in
the experiments. In all the ionization processes, the
calculations predict the threshold behavior of the
ionization cross sections as a function of energy loss
107 giqggo/ecvo clearly. The present investigations justify the exten-
sion of the semiempirical formula [2,5] for the eval-
uation of partial differential cross sections for mole-
cules in the complete energy spectrum of the ejected
electrons, i.e. 0 toE — I;). However, it will be
helpful if experimental investigations are conducted
in order to check the calculations more specifically.
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Fig. 4. As Fig. 1, but for PSDCS at 100, 500, and 1000 eV. S.P. is thankful to University Grants Commission,
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been noticed at scattering angle of 60 °. The situation

is rather different at the scattering angle of 90 ° where References

the experimental data is underestimated by about 40%

in the entire secondary electron energy covered by the [1] H. Tawara, in Molecular Processes in Space, T. Watanabe, |.
experiment. The theoretical calculations for total sgir’l?ag‘;rg" M. Shimizu, Y. Itikawa (Eds.), Plenum, New
PSDCS shown in Fig. 4 are in satisfactory agreement [2] S.P. ’Khare: S. Prakash, W.J. Meath, Int. J. Mass Spectrom.

with the experimental data in the energy loss range lon Processes 89 (1989) 299.



S. Pal et al./International Journal of Mass Spectrometry 184 (1999) 201-205 205

[3] S. Pal, S. Prakash, S. Kumar, Int. J. Mass Spectrom. lon
Processes 164 (1997) 14, and references therein.

[4] S. Pal, S. Prakash, S. Kumar, Int. J. Mass Spectrom. lon [7] E.N. Lassettre, A. Skerbele, M.A. Dillon, J. Chem. Phys. 50
Processes 174 (1998) 247. (1969) 1829.

[5] S. Pal, S. Prakash, Rapid Commun. Mass Spectrom. 12 (1998) 297. [8] D.K. Jain, S.P. Khare, J. PhyB 9 (1976) 1429.

[6] C.B. Opal, E.C. Beaty, W.K. Peterson, At. Data Tables 4
(1972) 209.



