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Abstract. The scattering of hydrogen molecules from graphite surface was studied through molecular dynamics 
simulation. The trajectories of the hydrogen molecules and surface atoms were calculated. The distributions of velocity 
and energy after reflection were obtained depending on direction and quantity of the initial velocity. The energy and 
tangential momentum accommodation coefficients were calculated for cases where incident velocity distribution can be 
approximated by maxwellian function and mean velocity is negligible. Obtained coefficients are in satisfactory agreement 
with experimental data.  
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Initially the gas atom scattering was investigated as applied to rarefied gas aerodynamics for aviation and space 
technology. Recently the attention to this field is also concerned with development of micro and nanotechnologies: 
gas-surface interaction is significant for studying flow in micro and nanostructures [1].   

In this work the scattering of hydrogen molecules from graphite surface was studied. The reflection trajectories 
were computed through molecular dynamics simulation. Graphite surface was simulated by carbon atom layers (see 
fig.1). The Newton’s equations for hydrogen molecule and carbon atoms were integrated with constant time step 

15105.0 t s (leap-frog method) with periodic border conditions. The interaction between carbon atoms was 
expressed by two-particle potential 2)()( brKrUCC   with parameters from [2] K =326 J/m2, b =1.4А. The 
Lennard-Jones potential with parameters  =2.4 meV,  =3.37A was used to describe interaction between atom 
pairs from different graphite layers [3, 4]. The interaction between carbon atom and hydrogen molecule was 
expressed by Lennard-Jones potential with  =2.76 meV,  =3.17А [4].  

 

 
FIGURE 1. Computation scheme and graphite surface structure 

 

 
FIGURE 2. Velocities before and after reflection 

 
 

Before the reflection trajectories computation the graphite structure was prepared by molecular dynamics 
simulation with temperature control. It is necessary for relaxation atom velocities, which were initially distributed 



according with maxwellian function, and to equalize surface temperature. Obtained structure was used as initial for 
scattering computations.     

Initially the hydrogen molecule was placed in 1xx  , 1yy  , hz   with velocity 1q


 ( m/s100 4
1  q , 

2/0 1   ,  20 1  ; see fig.2). The coordinates 1x , 1y  were uniformly distributed, h =15А. The simulation 

was up to molecule escaped from surface ( hz  ) or time limit tt  6
max 10  was exceeded. This maxt  was 

sufficient for interaction and escape from surface in majority of cases. Even at low temperatures only negligible 
number of trajectories (less than 0.05%) were terminated by time out. 

About 106–107 trajectories were computed for each wall temperature  wT =87К, 283К, 1120K for different 

11 qq


 , 1 , 1 , 1x , 1y  (fig.2). Mean velocities 2û  and 2̂  were computed by coordinate ( 1x , 1y ) averaging of 
corresponding velocities 2u  и 2  (fig.2).  It was obtained that dependence 2û  и 2̂  on 1  is not essential and 2̂  
is negligible (fig.3). Such result was obtained for all 1q , 1  and  considered wall temperatures wT . Therefore the 
scattering on studied surface is isotropic and velocity 2û  is function of wT , 1q , 1 : ),,(ˆˆ 1122 qTuu w . For 

molecule kinetic energy 2/2
22 mqe   the similar result was obtained: ),,(ˆˆ 1122 qTee w .   

 

 

 

 
FIGURE 3. Mean velocities 2û  and 2̂  dependence  

on 1  ( wT =283К, 1q =1800m/s, 4/1   ): 1– one carbon 
layer, 2– two carbon layers 

 
FIGURE 4. Tangential momentum accommodation coefficient 

0f  for monovelocity beams ( wT =283К) 

 
The computation showed that in case of hydrogen on graphite surface at temperate velocities only one carbon 

atom layer was enough for simulation. An increasing of the layers number did not affect on scattering results (see 
fig.3). It can be explained by low interlayer interaction in comparison with covalent bonds. Note that in case of 
heavy gas particles and high incident energies it is necessary to simulate several carbon atom layers [3]. 

Tangential momentum accommodation coefficient 0f  for monovelocity beams depending on wT , 1q , 1  is   
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where  11111 sin),(  qqu   – tangential velocity before reflection. Coefficient 0f  for wT =283К is presented on 
fig.4. 
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In papers [5, 6] hydrogen-graphite interaction was experimentally investigated as applied to heat transfer 
between symmetric surfaces in free molecular regime. In this case velocity distribution function can be 
approximated by maxwellian function. In spherical coordinates 
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where T – gas temperature, U


– mean velocity.  
It was shown above that scattering is isotropic. Mean velocity U


 was assigned parallel with x-axis. Tangential 

momentum accommodation coefficient f  and energy  accommodation coefficient   were 
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where 1P , 1E  – tangential momentum and energy of incident molecules, 2P , 2E  – tangential momentum and 
energy of reflected molecules, ww kTE 2 – molecule energy if they were reflected with maxwellian distribution 
function with wall temperature wT . In spherical coordinates 
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where n – numerical density, m – molecule mass, )2/(1 nN   – incident flow.  
Accommodation coefficients f  and  are depended on mean velocity U . In studied case the flow mean 

velocity is negligible in comparison with mean thermal  velocities [6]. The accommodation coefficients for slow 
flows can be obtained at 0U : 
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Obtained coefficients ),( wTTf  for wT =87, 283, 1120K  are presented on fig.5 (curves 1–3 accordingly). 
Coefficient ),( wTTf  decreases with gas temperature T  rising. At high T  coefficient f <0.2 for each wall 
temperatures. At low gas temperature the dependence on wall temperature is considerable. 

Energy accommodation coefficients ),( wTT  for wT =87, 283, 1120K are presented on fig.6. Curves 1–3 
were computed in this work, curves 4, 5 – in paper [7]. Points 6, 7 correspond to experimental data [5] for 

wT =87, 283K accordingly, 8 – experimental data [6] for wT =1120K. Obtained   (curves 1–3) are in satisfactory 
agreement with experimental data in the wide range of gas and wall temperatures. 



  
 

FIGURE 5. Tangential momentum accommodation coefficient 
f :  1, 2, 3 – wT =87К, 283К, 1120К accordingly 

 

 
FIGURE 6. Energy  accommodation coefficient  : 1, 2, 3 – 

wT =87К, 283К, 1120К; 4, 5 – results from [7] for 

wT =100К, 1000К; 6, 7 – experiment [5]  for  ( wT =87К, 

T =77К) and ( wT =283К, T =273К); 8 –  experiment [6] for 

wT =1120К, T =900К 
 
At  T =20–400K coefficient   essentially depends on wall temperature wT . With an increasing T  this 

dependence becomes weaker and at T >900K coefficient  =0.12–0.19 in the wide range of wall temperatures 

wT =90–1100K. 
It was obtained that at low temperatures the time of molecule residence near the surface (physical adsorption) 

increases. It is in agreement with results [4, 8]. This intensifies the heat and momentum transfer between molecule 
and atom structure and leads to high quantities of accommodation coefficients.  
 

CONCLUSION 
 

The reflection trajectories of hydrogen molecules from graphite surface were calculated through molecular 
dynamics simulation. The distributions of velocity and energy after reflection were obtained depending on direction 
and quantity of the initial velocity. The energy and tangential momentum accommodation coefficients were 
calculated in the case where incident velocity distribution can be approximated by maxwellian function and mean 
velocity is negligible. It was obtained that wall temperature wT  essentially influences on accommodation processes 
at gas temperature 20–400K. With an increasing gas temperature this dependence becomes weaker and at T >900K 
coefficient  =0.12–0.19 in the wide range of wall temperatures wT =90–1100K. This result is in agreement with 
experimental data and other authors computations. 

It was derived that high quantities of accommodation coefficients at low temperatures were caused by 
increasing the residence time of physically adsorbed molecule. 

ACKNOWLEDGMENTS 

Computation was done on SKIF-MSU “CHEBYSHEV”. Work was supported by Russian Foundation for Basic 
Research (Grant No. 08-01-00230-а) and Federal Target Program “Academic and teaching staff of innovative 
Russia” (contract 02.740.11.0615). 

REFERENCES 

1. Cao B., Sun J., Chen M., Guo Z. Molecular momentum transport at fluid-solid interfaces in MEMS/NEMS: 
a review // Int. J. Mol. Sci. 2009. 10. p. 4638-4706. 



2. Odegard G.M., Gates T.S., Nicholson L.M., Wise K.E. Equivalent-Continuum Modeling With Application 
to Carbon Nanotubes // NASA Langley Reseach Center: Technical Memorandum NASA TM–2002–
211454, 2002. 

3. Yamaguchi H., Shobatake K., Niimi T. Molecular Dynamic Study on Rare Gas-Graphite (0001) Surface 
Scattering // Rarefied Gas Dynamics: 26th Int. Symp. 2008. 

4. Maruyama S., Kimura T. Molecular dynamics simulation of hydrogen storage in single-walled carbon 
nanotubes // 2000 ASME Intern. Mech. Eng. Congr. and Exhibit. 2000. P. 405-409. 

5. Day K.L. The thermal accomodation coefficient of graphite // Proc. in IAU Symp. 52, Interstellar dust and 
related topics. 1973. p.311.  

6. Leroy O., Perrin J., Jolly J., Pealat M., Lefebvre M. Thermal accommodation of a gas on a surface and heat 
transfer in CVD and PECVD experiments // J. Phys. D: Appl. Phys. 1997. 30. p.499-509 

7. Burke J.R., Hollenbach D.J. The gas-grain interaction in the interstellar medium: thermal accommodation 
and trapping // The Astrophysical J. 1983. 265. p. 223-234. 

8. Kovalev V. L., Yakunchikov A. N. Analysis of hydrogen adsorption by carbon nanotube arrays // Fluid 
Dynamics. 2009. Vol. 44. N.6. p. 931-933. 

 
 


