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Introduction 

The atmosphere of Titan, the biggest satellite of Saturn, contains organic 
produced by photochemical reactions between N2 and CH4, its major gaseou
compounds. In the experiment PAMPRE [1], capacitively coupled radio-fre
discharges in nitrogen/methane mixtures (for CH4 concentrations up to 10%
simulate, at laboratory scale, the chemistry of Titan’s atmosphere and produc
Titan’s aerosols, named “tholins”. Understanding the production of “tholins” i
with such an evolved chemistry, is a complex subject requiring a step-by-step
which can start by the analysis of discharge plasmas with simpler reaction schem

Here, we report the study of ccrf discharges (13.56 MHz) in pure nitrogen, p
a cylindrical parallel-plate reactor (with 69 mm radius and 45 mm inter-elect
similar to a GEC reference cell surrounded by a lateral grounded grid, for
between 0.1-2 mbar and coupled powers in the range 10-50 W. Model results
with experimental measurements of the electron mean density and the self-bias 
polarized electrode, obtained in the PAMPRE experiment.  
 
Model description 

We have used a two-dimensional (r, z), time-dependent fluid-type code t
transport of electrons and positive ions N2

+ and N4
+ in the reactor under study, co

complete zero-dimensional kinetic code for nitrogen gas [2]. The fluid code solv
particle continuity and momentum transfer equations, the electron mean en
equations, and Poisson’s equation for the rf electric potential. The kinetic c
electron Boltzmann equation and the rate balance equations of 45 vibrationally
and 7 electronically excited states of the N2 molecule, yielding a set of ele
parameters and rate coefficients for the processes involved in charged particle p
destruction. The latter include (i) electron-impact ionization from ground-state 
electron-impact ionization and associative ionization involving the excited sta
N2(a’); (iii) three-body ion conversion from N2

+ to N4
+; and (iv) electron recom

N4
+ ions. The electron parameters are used within the fluid code, to obtain a 

solution to the charged particle transport model, by adopting the local 
approximation [3]. 

Simulations yield the self-consistent dc self-bias potential, the effective pow
the plasma, and the two-dimensional spatial distributions for (i) the densities a
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the charged particles and the electron mean energy, (ii) the densities of the most relevant 
molecular states of nitrogen, and (iii) the rf plasma potential.  

 
Results and discussion 

Our first results reveal a strong coupling between discharge and kinetic features, as 
associative ionization mechanisms, involving the molecular metastable states N2(A) and N2(a’), 
are the most important creation sources of charged particles. 
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Fig. 1 Time-averaged spatial profile of the electron 
density, at 0.5 mbar pressure and 30 W coupled power. 

Fig. 2 Space-time averaged electron density vs. 
pressure, at 30 W coupled power. 

 
Figure 1 shows the calculated time-averaged spatial profile of the electron density, obtained 

at 0.5 mbar pressure and 30 W coupled power. The axial asymmetry in the electron density 
profile is related to a combined effect involving (i) the transport of electrons between close 
proximity electrodes at different potentials; (ii) an asymmetric electron production near space-
charge sheath regions (that follows the difference in intensity of the rf electric field), strongly 
controlled by the spatial profile of the electron mean energy [hence, of molecular metastable 
states N2(A) and N2(a’)]. The radial asymmetry in the electron density profile is caused by the 
presence of the lateral grounded grid. At higher pressures this profile becomes flatter, mainly 
because the electron mean energy exhibits smother spatial variations. 

Figure 2 plots, as a function of pressure, the space-time averaged electron density obtained 
from simulations and from microwave resonant cavity measurements, at 30 W coupled power. 
As shown, there is a good agreement (both qualitative and quantitative) between model 
predictions and experimental measurements. Work is in progress to further analyze the effect of 
kinetics in model results, by extending the mechanisms accounting for the net production of 
charged particles. 
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