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In this paper we discuss existing data for electron scattering for triatomic molecules (H20, C02, N20, N02, S02, OCS) 

indicating some similarities between targets, giving recommended sets where possible and indicating need for new data. 

I. Introduction 
Experimental data on electron-scattering cross 

sections, our understand ing of underlying processes and the 
possibility of translating cross sections into plasma 
properties is still far from being perfect. The most studied 
molecule case, N2 is the best example. In the region of2 eV 
a resonant process is present, increasing by two orders of 
magnitude the vibrational excitation, see [ I] , still not fully 
understood by the theory [2]. In nitrogen plasma afterglow, 
an unexpected yellow zone appears, probably due to 
presence of molecular excited, optically forbidden states [3]; 
such states show strong enhancement at the threshold in po
sitron collisions [4] but in electron collisions probably not. 

2. Triatomic molecu les, beam data 
Triatomic molecules, (i) H20 , (ii) C02, N20 , (iii) 

N02, S0 2, OCS, are or basic importance for (i) biology, (i i) 
laser technologies and atmospheric chemi stry, (iii) 
atmospheric pollution. Recommended sets of data are 
available on ly for some of them [5-7]. 
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Fig. I. 1\ recommended set o f cross sections used for moclcling 

electron diffusion coefficients in N20. 

New, accurate measurements of integral cross 
sections for electron scattering were recenly performed for 
molecules like C02, N20, N02, OCS, S02 (see [8] for an 
overview). These data comprise elastic and vibrational 
[9-11], ionization [12,13] and electron attachment [14] 
processes. The difficulty of par1ial cross section measure
ments lies in the necess ity of using normalization pro
cedures; the overa ll determination of integral cross sections 
hardly exceeds the 20% accuracy. Only ion ization shows 
good agreement among old [ 15] and new [ 12, 16] data. 

3. Swa rm experiments and models 
Measurements of electron diffusion coeffi cients 

are much simpler that of partial cross sections and are not 
subject to some inherent errors, like the angular resolution 
effecting total cross sections. In this method, enlarging (in 
transverse and longitud inal directions) of the electron packet 
due to collisions is measured, see for ex. [1 7]. Th is effect 
depends on all scattering processes possible - not only as 
integral cross sections but a lso as angular distributions. 
Therefore, swarm methods can constitute a stringent test on 
electron-scattering cross section sets. 
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Fig.2. Longitudinal diffusion coemcient lor electrons in C02• 

As far as for dri fl ve locities w the data of llasegawa Cl al. [ 181 

agree we ll with Monte Carlo modeling of Kilclikarpaci and Lucas 

11 91. with experimenl or Saelee et al. 120] and disagree by +20% 

with the experiment of Roznerski and Leja [2 1 I - the data lor 

D1l J1 ofH asegawa et al. agree with Ro7nerski and :'v1echlil1ska

Drewko [22] but disagree with the Monte Carlo moclc\ 119]. 

However, two steps of numerical procedures have 
to be employed between the direct experimenta l data (i.e. 
measured electron currents) and cross sections. At the first 
stage, the measured currents to different regions of anode 
depend on both transverse and longitudinal drift coefficients, 
and, if charge-changing processes are present like ionization 
and electron attachment (which is the case of the triatomic 
molecules considered for intermed iate reduced fi eld values) 
also on them. Different models going through successive 
approximation steps have been deve loped for particular drift 
geometries, in order to account for attachment and 
ion ization processes, see for ex. [22]. 
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Also at the second stage numerical procedures employing 
Boltzmann equation (Eiendif, Bolsig) or Monte Carlo [23 ] 
simulations are used. This is an inverse procedure, in which 
diffusion coefficients are obtained from assumed cross 
sections sets. As diffusion coefficients average over all 
possible processes in a wider energy range, in general, it is 
possible that somewhat different cross section sets produce 
a good agreement with experimental diffusion coefficients. 

3. Partitioning schemes and analogies 
Out of the six molecul es considered, the only one 

non-po lar is C02 (although it has a dipole moment in 
bending vibrational modes). C02 [24], N20 and OCS [25] 
show low-energy resonant states, with their position 
moving to lower energies with rising molecular dipole 
moment and the amplitude as seen in the total cross section 
(see fig.3) also rises. Another common feature of these 
three molecules is a high contribution of vibrational 
excitation into these resonances, roughly at about I /3 of the 
total scattering cross section [8]. 

Similar analogies regard also other cross sections, 
like for example dissociative attachment. 1t is high in 
"quasi-homonuclear" triatomic molecules, C02, N20 , OCS, 
N02: 0. 1 %, 0.3%, 0.8% and 0.5% of the total cross 
section, respectively, see [8]. The bent, N02, S02 and CS2 

molecules do not show sharp peaks on the total cross 
sections but the overall amplitude of the cross sections is 
also high (about 40x I 0' 16 cm2

) at 5 eV - probably more 
than one resonance overlap but are positioned at different 
energies. 
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Fig. 3. Analogies in partitioning between elastic and vibrational
excitation channels at low energy "shape" resonances in linear 
triatomic molecules. The lines are total cross sections, point 
symbols are elastic integral cross sections from different 
laboratories, see ref. [8] for references. The data indicate that 
vibrational excitation can constitute as much as 1/3 of the total 
cross sections in these resonances. The dash-dot line indicate 
1/E dependence of the total cross section peak (from Szmytkow
ski and collaborators measurements [25]) on collision energy. 
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