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Small admixtures of molecular gases are known to influence significantly the characteristics 

of noble gas glow discharges. The rotational and vibrational levels of the molecules having much 

lower excitation thresholds, compared to those of the electronic transitions of the noble gases, may 

drain the energy of electrons, especially at  low reduced electric fields where the mean electron en-

ergy is low. As a practical example where such effects become important, Glow Discharge Optical 

Emission Spectroscopy (GDOES) may be mentioned. GDOES is a widely used technique for 

quantitative analysis of the composition of materials. Molecular gases present in the discharge (e.g. 

as impurities) can modify the emission spectra of the investigated samples thereby making impos-

sible an accurate quantitative analysis. Thus, in order to avoid the effect  of uncontrolled trace 

amounts of these gases on the observed spectra, mixing of small amounts of molecular gases (N2, 

H2) to Ar has become a widely used method [1]. Although molecular gas admixtures have a com-

plex effect via different mechanism on the discharge properties [1] (e.g. via formation of different 

ionic species, and via charge transfer reactions), their influence on the electron distribution func-

tion (EDF) and the transport parameters of electrons is an important factor.

Here we present calculations of the EDF and electron transport  coefficients in mixtures of 

Ar and molecular gases: X = N2, H2, O2, and H2O. The ratio of the concentrations is limited to       

n(X) / [n(Ar)+ n(X)] ! 10%. The cross sections for electron " Ar atom collision are taken from 

Hayashi [3]. For the molecular gases we use an updated cross section set [4]. Most of the data are 

taken from the website of Phelps [5] (H2) and the SIGLO data base [6] (N2, O2), while the cross 

section set for H2O is largely based on the data recommended by Yousfi [7]. For elastic momentum 

transfer collisions, however, more recent data are used [8]. The calculations have been carried out 

in spatially homogeneous electric field, under pulsed Townsend conditions, using different tech-

niques: a Monte Carlo (MC) simulation of the electrons’ motion, a classical two-term expansion 

and a modified finite elements method applied to the density gradients representation of the 

Boltzmann equation. The MC code uses the null-collision method to speed up the simulations, the 

EDF and the transport parameters are derived according to the procedures described in [2]. In our 

simulations we use the “cold gas approximation”, i.e. in collision processes the target gas mole-

cules are assumed to be at rest. This approximation is justified as long as the mean electron energy 

is significantly higher than the thermal energy of the gas atoms / molecules. We find this constraint 

to be satisfied for most  of our conditions, except for high concentrations of water vapor, where the 

electrons are cooled very effectively due to the low-lying rotational bands having very high cross 

sections. We also assume that the population of the rotational and vibrational levels of the mole-

cules is negligible and do not consider superelastic collisions.

Some of the representative results of the MC calculations are shown in Fig. 1. The electron 

distribution functions are presented for E/n = 4 Td and E/n  = 100 Td, respectively, in Fig. 1(a) and 

(b). In the case of the lower electric field " being in the range of electric fields characteristic for the 

negative glow region of glow discharges (although the EDF there is typically not  in equilibrium 

with the local E/n, but the trapped electron population has a low energy) " we observe a strong 
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influence of relatively small amounts of admixtures (2%) of the molecular gases on the EDF. 

Moreover, the changes of the EDF are specific to the type of the admixture (see e.g. the case of Ar 

+ N2). At  higher electric field the effect of the admixtures on the EDF becomes less pronounced; in 

Fig. 1(b), at  100 Td  reduced field we see little effect on the EDF even at 10% admixture concen-

tration. This difference between low and high field cases also shows up in the transport  parameters: 

for these we also observe the most  pronounced effects at low values of E/n, as illustrated for the 

mean electron energy in Fig. 1(c). The DT/µ and DL/µ ratios also prove to be sensitive functions of 

the admixture concentrations, as shown in Fig. 1(d). Among all the admixtures O2 has the smallest 

effect on these ratios, similarly to the case of the mean electron energy.

Figure.  1. EDF-s in Ar and Ar+X (2%) discharges at 4 Td (a) and Ar+X (10%) discharges at 100 Td (b). 

Mean electron energy as a function of admixed molecular gas (X) concentration at 4 Td and 100 Td (c). DT/µ 

(thick lines) and DL/µ (narrow lines) as a function of admixed molecular gas (X) concentration at 4 Td. 
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