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In this work, the dynamical Monte Carlo method developed in [1] is extended to describe 

and study the possible effect of the interactions between physisorbed atoms in N recombination on 
silica. As in [1], the surface is considered to be fully covered with adsorption sites, which can hold 
atoms either reversibly or irreversibly. Adsorption in reversible sites is associated with 
physisorption whereas adsorption in irreversible sites is identified with chemisorption. 
Chemisorbed atoms can only leave the surface due to recombination. On the other hand, 
physisorbed atoms can desorb back to the gas phase or diffuse along the surface. Recombination 
can take place both by the Eley-Rideal (E-R) mechanism, in which an atom arriving from the gas 
phase impinges on an occupied chemisorption site and both atoms recombine, and the Langmuir-
Hinshelwood (L-H) mechanism, in which an atom diffusing along the surface reaches an occupied 
adsorption site. In summary, the kinetic scheme for surface reactions includes: physisorption, 
thermal desorption from physisorption sites, chemisorption, Eley-Rideal recombination (only in 
chemisorption sites), surface diffusion from physisorption sites, and Langmuir-Hinshelwood 
recombination (both in physisorption and chemisorption sites). 

In most surface studies L-H recombination on physisorption sites is neglected, since the 
fractional coverage of physisorption sites is usually relatively low. However, due to the weak bond 
between physisorbed atoms and the surface, L-H recombination can occur very efficiently when 
two physisorbed atoms meet at the same adsorption sites, with probabilities that may be even 
close to one. The aim of this work is to quantify the possible effect of these encounters between 
physisorbed atoms.  

When no interactions between physisorbed are considered, the steady state fractional 
coverage of physisorption sites and the recombination probability can be obtained analytically [2], 
providing a reference for the comparison. Two different cases are considered in the present Monte 
Carlo simulation regarding the fate of the diffusing physisorbed atoms. Whenever two 
physisorbed atoms meet, it is assumed that: a) the diffusing atom remains physisorbed on its 
previous position; b) both atoms recombine with probability one. Case a) should give results close 
to those from the phenomenological model presented in [2], as the collisions between physisorbed 
atoms do not have any effect; case b) of course corresponds to the maximum possible value for the 
recombination probability γ. 

Figure 1 shows the time evolution of the fractional coverage of physisorption sites for 
nitrogen recombination on silica according to [2,3], for a wall temperatures Tw =400 K. The gas 
temperature is assumed to be 500 K, the gas phase N atom density [N]=1017 cm-3 and the density 
of adsorption sites is [F]=2×1015 cm-2. The remaining surface parameters are given in [2]. 

The fractional coverage of physisorption sites is relatively low, but still the recombination 
probabilities may significantly differ, depending on the assumptions made. The phenomenological 
model gives γ=2.15×10-4 and θf=4.93×10-3. From the dynamical Monte Carlo, averaged over 5 
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realizations of the system, one gets: a) γ=(2.15±0.03)×10-4 and θf=(4.93±0.07)×10-3; b) 
γ=(1.00±0.01)×10-1 and θf=(4.43±0.06)×10-3. These results confirm that case a) indeed reproduces 
the results from the phenomenological model, in which the interactions between physisorbed 
atoms are not accounted for. On the other hand, it is seen that even for the relatively low fractional 
coverage from the present situation, L-H recombination in physisorption sites can be very 
significant. The fractional coverage of physisorption sites is barely affected by the assumptions 
made regarding the encounters between physisorbed atoms. Even though, the recombination 
probability strongly varies. 

The present results indicate that, at least in some relatively common conditions, 
recombination between two physisorbed atoms can be of major importance and should be taken 
into account. A complete set of results both for N atom recombination on silica will be presented 
during the meeting. A particular emphasis will be given to the pressure dependency. As a matter 
of fact, when no interactions between physisorbed atoms are considered, the recombination 
probability is independent of the gas pressure for a wide range of conditions [2], i.e., the 
recombination probability γ does not depend on θf. The presence of these interactions may 
strongly modify this simplified picture. 

 

 
 
Fig. 1 Fractional coverage of physisorption sites for Tw=400 K: phenomenological model [2] (full 

line); MC case a) (dash-dotted line); MC case b) (dashed line). 
 
 

Reference 
[1] V. Guerra and J. Loureiro, Plasma Sources Sci. Technol. 13 (2004) 85. 
[2] V. Guerra, IEEE Trans Plasma Sci. 35 (2007) 1397. 
[3] B. F. Gordiets and C. M. Ferreira, AIAA J. 36 (1998) 1643. 
 


