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Absolute total cross sections for electron scattering from CO, CO2 and OCS molecules at low energies have been mea-~
sured. An increase of the cross sections due to the formation of negative ion resonance states was observed.

1. Introduction

The knowledge of accurate values of cross sections
in investigations of electron scattering from molecules
is particularly important from the experimental and
theoretical points of view. Most of the presently avail-
able total cross sections for low energy electron—mole-
cule scattering have been obtained in the 1920 and
30’s by means of the magnetic Ramsauer technique.

This paper reports the results of measurements cb-
tained with an apparatus of high energy resolution, in
which electrons transmitted through the collision
chamber move along a straight line. We present the
total cross sections for CO, CO;,, and as far as we know,
for the first time for the OCS molecule. The measure-
ments were carried out in the energy range in which
electron scattering is dominated by resonance process-
es via the first shape resonance states in molecules.

2. Experimental

The total electron scattering cross section was
found from the measurements of the attenuation of
the current intensity of electrons passing through the
gas under study [1]. In the present work we used a
127° electrostatic electron energy spectrometer in a
transmission mode. A monochromator produced and
directed a collimated, monoenergetic beam of electrons

into the collision chamber filled with the gas. The un-
scattered electrons ieaving the collision chamber pass-
ed through the energy analyzer and were coliected by a
Faraday cup.

The energy resolution of the spectrometer in trans-
mission was better than 0.05 eV and the angular resolu-
tion was about 0.6°. The diameter of the collision cham-
ber was equal to 15 mun. A typical electron current in
the spectrometer was about 10—!1 A. The external
magnetic field was compensatec. More details of the
constructed spectrometer will be published in a forth-
coming paper.

The electron energy scale was determined within
+0.06 eV against the oscillatory resonance structure
in the transmission current in N,. In a separate experi-
ment [2] the positions of the dips in this structure
were found against the 28 helium resonance and the
following values for the first three dips were obtained:
197,222,246 +0.04 eV.

The absolute values of the total cross sections were
found in the following way. From the measured pres-
sure dependences of the transmission current inten-
sities (exponential dependence was observed) in CO,
CO,, OCS and Ar the relative cross sections of the
investigated gases with respect to Ar were obtained.
The relative total cross sections were then normalized
to Golden and Bandel’s results [3] in Ar in the
220 eV energy range. The gas pressure was measured
with the (calibrated) ionization gauge in a vacuum cham-
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ber in which the spectrometer was placed. The pres-
sure in the coilision chamber did not exceed 2 X 10—2
torr and it was about 103 times higher than that in the
vacuum chamber. The described method was also ap-
plied for measurements of the total cross sections of
noble gases below 40 eV giving results similar (within
the limits of experimental errors) to the results of
other authors.

The presented results for CO, CO, and QCS are the
average of several runs. The applied procedure allowed
us to obtain total cross secticns with a standard devia-
tion usually not exceeding 10% and it was equal to
9% for CO and to 10% for CQ, over the whole energy
ranges investigated.

The gases which we used were made by Matheson
Gas Products Company and had the following purities:
CO — 99.5%, COy — 99.9% and OCS — 97.5%.

3. Results and discussion
3.1.CC

The total cross section of CO is presented in fig. 1.
It has a peak value of 35 X 10~1€ cm? at an energy of
1.93 eV. In the vicinity of the peak there is a weak
oscillatory structure. This structure as well as the pro-
nounced increase of the cross section close to 2 eV are
caused by the formation of the 21 CO™ resonance
state [4]. The positions of the peaks in the structure
are as follows :1.73,193,2.13 eV.

In fig. 1 we compare our results to the early experi-
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Fiz. 1. Total cross section for CO. — present work, ———
Briiche [5]-
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mental data of Briiche [5] carried out in the 30’s. The
general agreement is good, although now we have ob-
served a resonance structure and obtained a cross sec-
tion peak of smaller width. This is probably caused by
a much better energy resolution in our experiment than
in others attempted so far {5,6] in the investigations
of CO. Recently Chandra [7] calculated the total cross
section for CO applying the frame-transformation
theory. The theoretical cross section exhibits a much
narrower resonance peak than the experimental one. It
seems to us that taking into account the vibrational
motion of the nuclei could give cross sections in better
agreement with experiment and the autoemissicn width
of the resonance state should increase. A larger value

of the autoemission width than that obtained by
Chandra is suggested by the larger widih of the peakin
the experimental cross section and the estimates made
by the authors {8].

3.2. Co,

Fig. 2 presents the measured cross section for elec-
tron scattering from CO5 in the 1.5-8 eV energy
range- The general energy dependence of the cross sec-
tion as well as the peak value of 15 X 10—16 cm2 at an
energy of 3.76 eV are in agreement with the results of
the only (to our knowledge) work done in this energy
region for CO, by Briiche [5] (see fig. 2). However we
observed a much narrower peak, similar to the one ob-
served for CO. Separate high sensitivity transmission
measuiements have shown the presence of an oscillatory
structure similar to that seen for the first time by
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Table 1
Energy positions in eV of the peaks in the cross sections for

Co

This work  Sanche and CadeZetal. [11]  This work
exp-total Schulz {10] exp-elastic calc-elastic
exp-total
3.14 3.11 3.15
3.28 3.28 3.27 3.29
340 341 341 342
3.53 3.54 3.53 3.55
3.66 3.67 3.68 3.68
3.80 3.80 3.80 3.80
392 3.93 393 393
4.05 4.06 405 4.06
4.18 418 418
431 431 4.31
442 442 444
4.54 4.54 4.58

Boness and Hasted [9]. The relative changes of the cross
section are smaller than 1%. The peak positions in the
oscillatory structure, due to the contribution of the

211 CO3 resonance state, are given in table 1 together
with the results of Sanche and Schulz [10].

The results of CadeZ et al. [11] from the elastic
scattering measurements as well as the authors’ results
from the calculations of elastic processes by the meth-
od described earlier [12] are presented for comparison.

Recently Morrison et al. [13,14] have calculated the
tota! cross sections for CO, in the 0.7—10 eV energy
region. Their results are in very good agreement with
the experiment below 1 eV but deviate considerably in
the peak value near the 3.8 €V resonance. Further re-
finement of the theory, with the inclusion of vibra-
tional channels (as was suggested [13]) should decrease
the differences between theory and experiment par-
ticularly in the resonance region.

3.3. OCS

Results of the total cross section for OCS in the 0.4—
4.8 eV energy range are shown in fig. 3. There is a re-
markable maximum in the cross section at 1.23 £0.1
eV which can be related to the formation of the 211
OCS™ shape resonance state. The peak value has been
estimated to be 17 X 10— 15cm2 with the standard
error of 20%. Below 0.5 eV the cross section seems to-
increase, probably as the result of the dominance of
the interaction of slow electrons with permanent dipole
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Fig. 3. Total cross section for QCS.

moment of the GCS molecule (D =0.715 debye).

The investigations of the dissociative attachment
S /OCS process [15—17], and the threshold electron
impact excitation spectra [18] indicated the existence
of a resonance state in this energy range. In the trans-
mission experiment in GCS an oscillatory structure
(similar to those in CO and CO,) was not observed. The
absence of such a structure suggests a short lifetime
for the 211 OCS— state. From the estimate based on
the dissociative attachment cross section [16] and
from the measured cross section in this work it follows
(using an expression from ref. [19]) that the mean auto-
emission width should be about 0.5 eV.

Acknowledgement

This work was partly supporied by the Institute of
Physics of Warsaw University.

References

{11 B. Bederson and L.J. Kieffer, Rev. Mod. Phys. 43 (1971)
601.

{21 M. Zubek and Cz. Szmytkowski, Z. Nauk P.G. Fiz. 17
(1975) 13, in Polish.

{31 D.E. Golden and H.W. Bandel, Phys. Rev. 149 (1966) 58.

[4] G.J. Schulz, Rev. Mod. Phys. 45 (1973) 423.

{51 E. Bruche, Ann. Physik 83 (1927) 1065.

[6] C.E. Normand, Phys. Rev. 35 (1930) 1217.

[7] N. Chandra, Phys. Rev. A 16 (1977) 83.

[8] M. Zubek and Cz. Szmytkowski, J. Phys. B 10 (1977)
L 27.

107



Yolume 57, number 1

{9] M.J.W. Boness and J.B. Hasted, Phys. Letters 21 (1966)

526.

[10] L. Sanche and G.J. Schulz, J. Chem. Phys. 58 (1973)
479.

[11} 1. Cade%, M. Tronc and R.1. Hall, J. Phys. B 7 (1974)
L132.

[12] Cz. Szmytkowskiand M. Zubek, J. Phys. B 10 (1977)
L 3%,

[13] M._A. Morrison, N.F. Lane and L_A. Collins, Phys. Rev.
A 15 (1977) 2186.

{14] M.A. Morrison and N.F. Lane, Phys. Rev. A 16 (1977)
975.

108

CHEMICAL PHYSICS LETTERS

1 July 1978

[15] M.-1. Hubin-Franskin and J.E. Collin, Bull. Soc. Roy.
Sci. Liége 40 (1971) 361..

[16] J.2.Ziesel, G.J. Schulz and J. Milhaud, J. Chem. Phys.
62(1975) 1936.

[17] R. Abouaf and F. Fiquet-Fayard, J. Phys. B 9 (1976)
£323.

i{18] M.J. Hubin-Franskin, J. Katihabwa and J.E. Collin,
Intern. J. Mass Spectrom. Ion Phys. 20 (1976) 285.

[19] J.N. Bardsley, A Hzrzenberg and F. Mandl, Proc. Phys.
Soc. (London) £.9 (1966) 321.



