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INTERACTION O F  M O L E C U L E S  WITH THE S U R F A C E  OF A SOLID 
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The interaction of molecules and atoms with the surface of a 
solid is considered on the basis of classical mechanics. A two-dimen- 
sional square lattice with atoms arranged at the lattice points was 
taken as the model for describing a solid. It is assumed that only 
neighboring atoms interact in the solid, while the gas molecules in- 
teract with the atoms located in its surface layer, 

As a result of "collisions" with the surface, a gas molecule loses 
a part of its kinetic energy, and this process is characterized by the 
energy accommodation coefficient. In addition, another coefficient 
is introduced which takes accoum of that part of the energy of trans- 
lational motion converted into energy of intemal motion of the mole- 
cule (vibration and rotation). The possibility of the occurrence of in- 
elastic losses and some special features of this phenomenon are illus- 
trated by the interaction of a diatomic molecule with an isolated atom. 

The available experimental data on the interaction of particles 
of gas with the surface of a solid are essentially associated with the low- 
energy region (the temperature of the gas is less than or on the order 
of several hundreds of degrees). One of the objectives of this research 
was to find the distribution function of particles reflected from the 
surface; in particular, the hypothesis of diffuse-specular reflection is 
tested [1-3].  However, the few experimental resuhs provide evidence 
of the effect of a large number of factors on the nature of the inter- 
action, rather than make it possible to establish strict laws for the 
process. 

The theoretical investigations were conducted along the line of 
improving simple models-instead of modelling a solid by a one- 
dimensional chain of atoms [4, 5], two and three-dimensional lattices 
are introduced [6-8J. It is noted in [6] that the interaction of gas 
particles with a one-dimensional chain differs from the interaction with 
a three-dimensional lattice, and this fact can lead to a considerable 
divergence in the values of the accommodation coefficient when the 
mass of the incident molecule is comparable with the mass of an atom 
of the solid. It also follows from [6] that if we describe the interaction 
between gas atoms and those of the solid by the Morse potential, then 
we can select the parameters of the potential so that the calculated 
data will agree with the experimental data. Moreover, good results 
are obtained if we make use of parameters of the potential determined 
on the basis of the combination rule [7]. 

The interaction of atoms of gas with a three-dimensional lattice 
of finite size is considered in [8]. Forces with the Lennard-Jones po- 
tential act between gas atoms and atoms of the solid. The classical 
equations of motion of all particles were solved numerically on elec- 
tronic computers. 

In these references, a gas particle (molecule or atom) is regarded 
as a whole; however, the problem of the influence of internal degrees 
of freedom on the coefficients of energy and momentum exchange 
between the gas particles and the solid is interesting. An attempt is 
made in this work to take this influence into account on the basis of 
classical mechanics. 

1. I n e l a s t i c  l o s s e s .  F i r s t ,  l e t  us  c o n s i d e r  t he  i n -  

t e r a c t i o n  of  a m o l e c u l e  w i t h  an  i s o l a t e d  a t o m .  F i g u r e  

1 s h o w s  the  s c h e m e  f o r  s u c h  an  i n t e r a c t i o n :  a m o l e -  

cu le  w i t h  a t o m s  of m a s s  m s t r i k e s  an  a t o m  of m a s s  

M; at  a g r e a t  d i s t a n c e  f r o m  the  a t o m ,  the  a x i s  of t he  
m o l e c u l e  f o r m s  t h e  a n g l e  ~0 w i t h  t h e  i n i t i a l  d i r e c t i o n  

of t he  v e l o c i t y  v e c t o r .  We s h a l l  a s s u m e  t h a t  t h e  m o -  

t i o n  of a l l  p a r t i c l e s  in  the  s y s t e m  c a n  be  d e s c r i b e d  by  

the  e q u a t i o n s  of c l a s s i c a l  m e c h a n i c s .  The  f o l l o w i n g  

w e r e  s t u d i e d  in a s i m i l a r  f o r m u l a t i o n  in [ 9 - 1 2 ] :  a)  

c h e m i c a l  r e a c t i o n s  s u c h  a s  P + CH 3 ~ CH3 = PI ,  w h e r e  

3, pp.  42---49, 1966 

P i s  an  a lka l i  m e t a l  a t o m  [10, 11]; b) d i s s o c i a t i o n  of 

03 a n d  N20 m o l e c u l e s  [9]; c) the  e x c i t a t i o n  of t h e  
e n e r g y  of i n t e r n a l  m o t i o n  wi th  c o l l t n e a r  c o l l i s i o n s  b e -  

t w e e n  m o l e c u l e s  and  b e t w e e n  m o l e c u l e s  and  a t o m s  [12]. 
In [10,11], the potential energy of the interacting particles does 

not have the form of a simple sum of the potential energies of paired 
interactions, but an additional term is introduced to reduce the binding 
energy of the molecule (CHaI) as it approaches an atom (P). It is shown 
that the introduction of such additional terms can cause the results from 
calculations to approach the results from experiments [11]. 

We s h a l l  c o n s i d e r  p u r e l y  p a i r - p a r t i c l e  i n t e r a c t i o n s .  

We s h a l l  t a k e  a s  ou r  e x a m p l e  a n i t r o g e n  m o l e c u l e  

(N2) in  the  g r o u n d  s t a t e  and  a h e a v y  a t o m  (M = 184). 
We w r i t e  t he  p o t e n t i a l  e n e r g i e s  of i n t e r a c t i o n  in t he  

f o r m  

U (r) = D [ e  -2c('-b) - -  2e'C<r -b) 1. (1.1) 

H e r e  D is the  dep th  of the  p o t e n t i a l  w e l l ,  b is  t h e  

d i s t a n c e  b e t w e e n  p a r t i c l e s  a t  w h i c h  the  p o t e n t i a l  

e n e r g y  is  m i n i m u m .  
The i n t e r a c t i o n  p a r a m e t e r s  f o r  n i t r o g e n  a t o m s  a r e  

k n o w n  [13] (D = 0 . 9 0 4 e V ,  c = 2.85 �9 108 c m  -1, b = 1 .08 .  

�9 10 -8 c m ) ,  and  t h e  p a r a m e t e r s  of t he  N - M  i n t e r a c t i o n  

w e r e  t a k e n  to be  the  fo l l owing :  U 1 - D1 = 5 eV,  c 1 = 
= 3 �9 108 c m  -I ,  b 1 = 1.5 �9 10 -8 cm;  U 2 - D 2 = 0.5 eV,  c 2 = 
= 5.0 �9 108 c m  -1, b 2 = 1.5 ' 10 -8 cm;  U 3 = D3e-C3r- -D 3 = 

= 5 . 4 ' 1 0 3 e V ,  c 3 = 4 . 1 6 " 1 0 8 c m  -1. 

The f i r s t  of t h e s e  p o t e n t i a l s  c o r r e s p o n d s  q u a l i t a -  

t i v e l y  to a s t r o n g  c h e m i c a l  b o n d  b e t w e e n  t h e  i n t e r -  

a c t i n g  p a r t i c l e s ;  t h e  t h i r d  p o t e n t i a l  is  c l o s e  to the  

i n t e r a c t i o n  p o t e n t i a l s  of i n e r t  gas  a t o m s ;  t he  s e c o n d  

p o t e n t i a l  o c c u p i e s  a n  i n t e r m e d i a t e  p o s i t i o n .  A l though  

the  c h o i c e  of p a r a m e t e r s  f o r  t he  p o t e n t i a l  w a s  a r b i -  

t r a r y  to a c o n s i d e r a b l e  e x t e n t ,  it  d o e s  p e r m i t  one  to 

t r a c e  the  d i f f e r e n c e s  tn t he  n a t u r e  of t he  i n t e r a c t i o n  

b e t w e e n  a m o l e c u l e  a n d  an  a t o m  in t h e s e  c a s e s .  The 

d i f f e r e n c e  b e t w e e n  t h e s e  p o t e n t i a l s  can  b e  s e e n  in 

F ig .  2. 
The r e s u l t s  of c a l c u l a t i n g  the  e q u a t i o n s  of m o t i o n  

of p a r t i c l e s  in t he  p l a n e  c a s e  s h o w  t h a t  a c o l l i s i o n  of 

a m o l e c u l e  w i th  a n  a t o m  l e a d s  to t he  f o l l o w i n g  s t a t e s  

of t he  s y s t e m .  
1) A f t e r  c o l l i s i o n ,  t i le m o l e c u l e  r e m a i n s  a s  an  i n -  

t e g r a l  f o r m a t i o n ,  bu t  is  e x c i t e d  ( v i b r a t i o n  a n d  r o t a t i o n ) .  

In t h i s  c a s e ,  t he  e x c h a n g e  of t r a n s l a t i o n a l  e n e r g y  a n d  

a p a r t  of the  k i n e t i c  e n e r g y  of t he  m o l e c u l e  is  c o n -  

v e r t e d  to e n e r g y  of i n t e r n a l  m o t i o n  c h a r a c t e r i z e d  by 

t h e  c o e f f i c i e n t s  ~*  and  c~+, w h i c h  we  d e f i n e  a s f o l l o w s :  

E* E ~ + U* --  u,  (1.2) 
a * = ~ ,  a,+= - Eo 

H e r e ,  E * ,  E 0 a r e  t he  k i n e t i c  e n e r g y  of t he  m o l e -  

cu l e  b e f o r e  a n d  a f t e r  c o l l i s i o n ,  E ~ is  t he  k i n e t i c  

e n e r g y  of r e l a t i v e  m o t i o n  of the  a t o m s  of t he  m o l e -  

c u l e ,  U0, U* i s  t he  p o t e n t i a l  e n e r g y  of t h e  a t o m s  in  

t h e  m o l e c u l e  b e f o r e  a n d  a f t e r  c o l l i s i o n .  
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2) As a r e s u l t  of c o l l i s i o n  t he  m o l e c u l e  d i s s o c i a t e s .  

In t h i s  c a s e  

a~ " E I @ E ~  D 
E0 ' aa = -~0 " (1 .3 )  

H e r e ,  E 1, E 2 is  the  k i n e t i c  e n e r g y  of t he  d i s p e r s i n g  
a t o m s  of the  m o l e c u l e ,  ~ d  is  a c o e f f i c i e n t  w h i c h  t a k e s  

in to  c o n s i d e r a t i o n  t h e  p a r t  of t h e t r a n s l a t i o n a l  e n e r g y  

s p e n t  in  d i s s o c i a t i o n .  
3) The  m o l e c u l e  d i s s o c i a t e s ,  b u t  one  of i t s  a t o m s  

f o r m s  a c o m p o u n d  w i t h  a t o m  M. T h e n  

a* E~ D--  I U"I (1.4) 

H e r e  E i i s  t h e  k i n e t i c  e n e r g y  of t h a t  a t o m  w h i c h  

a v o i d e d  c a p t u r e ,  U" is  t h e  i n t e r n a l  e n e r g y  of r e l a t i v e  
m o t i o n  a n d  t h e  p o t e n t i a l  e n e r g y  of t h i s  s y s t e m .  

T h u s ,  o n l y  in  t h e  f i r s t  c a s e  i s  a p a r t  of t h e  e n e r g y  

of t r a n s l a t i o n a l  m o t i o n  c o n v e r t e d  in to  e n e r g y  o f  i n -  

t e r n a l  m o t i o n  of the  m o l e c u l e ,  f o r  in  t he  l a s t  two 
c a s e s  t he  m o l e c u l e  h a s  c e a s e d  to e x i s t  a s  s u c h .  F u r -  

t h e r ,  w e  s h a l l  u s e  c~' to  d e n o t e  t h e  c o e f f i c i e n t  c h a r -  
a c t e r i z i n g  t h a t  p a r t  of  t h e  e n e r g y  of  t r a n s l a t i o n a l  

m o t i o n  s p e n t  in  e x c i t i n g  t he  m o l e c u l e  (up to d i s i n -  

t e g r a t i o n ) .  
All the enumerated cases took place with interaction with the 

potential Uz; as an example, Fig. 3 shows the results of calculating 
the coefficients a* and a '  as a function of the impact parameter p 
with v 0 = !06 cm/sec, % = 45~ in Fig. 3, zone 1 corresponds to case 
.3) (dissociation with capture of one atom of the molecule by atom 
M), and zone 2 with case 2) (dissociation of the molecule). Only the 
first two cases were observed with interaction with the potential U2 and 
v 0 = 106 era/see. Finally, in the case of interaction with the potential 
U~, inelastic losses were caused essentially by rotation of the molecule 
and strong vibrations (and dissociation) were possible with a greater 
initial velocity of the molecule, in excess of 106 cm/sec. 

Figure 4 shows the results of calculating <a*> and <cd> as func- 
tions of p for the potentials U1 and U z , and v0 = 106 cm/sec. Here, 
<=*> and <cr are the values of a* and a' averaged with respect ot the 
initial orientations (averaging < > was carried Out over 12 values of the 
angle % ranging from 0 to 180 ~ with a 15 ~ interval). 

F ig .  1 

2. C o l l i s i o n  b e t w e e n  a m o l e c u l e  a n d  t h e  s u r f a c e .  

F i g u r e  5 s h o w s  t h e  s c h e m e  of a m o d e l  a d o p t e d  f o r  

s t u d y i n g  t h e  i n t e r a c t i o n  b e t w e e n  g a s  p a r t i c l e s  ( a t o m s  

a n d  m o l e c u l e s )  a n d  t h e  s u r f a c e  of a s o l i d .  F o u r  M 

a t o m s  l o c a t e d  a t  l a t t i c e  p o i n t s  of  a t w o - d i m e n s i o n a l  
s q u a r e l a t t i c e  s i m u l a t e  t he  s u r f a c e  of t h e  body .  It is  

a s s u m e d  w i t h  r e g a r d  to a l l  o t h e r  a t o m s  of  t h e  b o d y  

t h a t  t h e y  r e m a i n  m o t i o n l e s s  d u r i n g  t h e  i n t e r a c t i o n ,  

t h u s  the  i n t e r a c t i o n  of t h e  f o u r  c h o s e n  a t o m s  w i t h  t h e  

r e m a i n i n g  o n e s  is  r e p l a c e d  b y  i n t e r a c t i o n  w i t h  f i x e d  
c e n t e r s  l o c a t e d  a t  t he  l a t t i c e  p o i n t s .  T he  v a l i d i t y  of 

t h i s  a s s u m p t i o n  c a n  b e  s u b s t a n t i a t e d  w i t h  t h e  a i d  of 

t h e  F r e n k e l  c r i t e r i a  [14],  b u t  s i n c e  t h e s e  c r i t e r i a  

a r e  of  a n  o r i e n t a t i o n a l  n a t u r e ,  t h e  a s s u m p t i o n  m a d e  

h e r e  w a s  v e r i f i e d  f o r  e a c h  a c t u a l  f o r m  of t h e  p o t e n t i a l  
of i n t e r a c t i o n  of a m o l e c u l e  w i th  the  " s u r f a c e "  of t he  

body .  It  w a s  a l s o  a s s u m e d  t h a t :  a) on ly  n e a r e s t  n e i g h -  

b o r s  i n t e r a c t  in  t he  so l id ;  b)  a t  t he  i n i t i a l  i n s t a n t  of 
t i m e ,  a l l  a t o m s  in  the  s o l i d  a r e  m o t i o n l e s s  a n d  in t h e  
e q u i l i b r i u m  p o s i t i o n ;  c) t he  a t o m s  of t h e  m o l e c u l e  

i n t e r a c t  w i t h  e a c h  of t he  s e l e c t e d  a t o m s  l o c a t e d  on  

the  s u r f a c e .  

eV 

32 

18 

3 

ode 

Fig .  2 

The  M o r s e  f u n c t i o n  (1.1) w a s  t a k e n  as  t he  p o t e n t i a l  
i n t e r a c t i o n  f u n c t i o n .  

L e t  u s  c o n s i d e r  t h e  i n t e r a c t i o n  of  a n i t r o g e n  m o l e -  

cu l e  i n  t h e  g r o u n d  s t a t e  a t  t h e  i n i t i a l  i n s t a n t  of t i m e  

w i t h  t h e  " s u r f a c e "  of t u n g s t e n .  T h e  p a r a m e t e r s  of t h e  

i n t e r a c t i o n  p o t e n t i a l  of  n i t r o g e n  a t o m s  w e r e  g i v e n  

a b o v e  a n d  t h e  p a r a m e t e r s  of t h e  p o t e n t i a l  of  t h e  N - W  

i n t e r a c t i o n  w e r e  c h o s e n  to  be  of two t y p e s :  U4--D 4 = 
= 0 .5  eV,  b 4 = 1 . 5 . 1 0  -8 e ra ,  c 4 = 5" 108 c m - 1 ;  Us--D ~ = 

= 0 .0535  eV ,  b 5 = 3 . 0 . 1 0  -B c m ,  c a = 1 . 4 7 . 1 0 8  c m  -1 

( F i g .  2 ) .  T h e  p a r a m e t e r s  of  t h e  p o t e n t i a l  U 5 w e r e  d e -  

t e r m i n e d  w i t h  t h e  a id  of t h e  c o m b i n ~ i t i o n  p r i n c i p l e  

( r e f e r ,  f o r  e x a m p l e ,  to  [15]),  m a k i n g  u s e  of d a t a  on  

W - W  a n d  N2-N ~ i n t e r a c t i o n s  [16,  17]. T h e  p a r a m e t e r s  

f o r  t h e  W - W  i n t e r a c t i o n  (UG) w e r e  c h o s e n  to  b e  d i f f e r -  

en t  f r o m  t h o s e  of r e f e r e n c e  [16] s i n c e  t h e  p l a n e  c a s e  i s  
c o n s i d e r e d .  S i n c e  o n l y  t h e  i n t e r a c t i o n  of  n e a r e s t  n e i g h -  

b o r s  w a s  t a k e n  in to  c o n s i d e r a t i o n ,  D 6 = H / 3  = 2 .9  eV;  

h e r e ,  t h e  v a l u e  of t h e  s u b l i m a t i o n  e n e r g y  of a t u n g s t e n  

a t o m  f r o m  t h e  s u r f a c e  w a s  t a k e n  as  t h e  q u a n t i t y  H i n  
a c c o r d a n c e  w i t h  t h e  d a t a  of [18] (H = 8 .741  eV) .  

The  q u a n t i t y  b 6 = ( M / p l ) l / 3  = 2 . 5 . 1 0  -8 c m  w a s  t a k e n  

a s  t h e  l a t t i c e  p a r a m e t e r ;  t he  v a l u e  ce = 3 -  108 c m  -1 
w a s  s e l e c t e d  so  t h a t  t h e  p e r i o d s  of  v i b r a t i o n s  of  a t o m s  

in  t h e  d i r e c t i o n  n o r m a l  to  t he  s u r f a c e  d i f f e r e d  l i t t l e  

f o r  t he  t w o - d i m e n s i o n a l  a n d  t h r e e - d i m e n s i o n a l  l a t -  

t i c e s .  
After the parameters of the interaction potentials were selected, 

it was necessary to solve a system consisting of 12 second-order 
ordinary differential equations. The system of equations was solved 
on an electronic computer by the Runge-Kutta method. The inte- 
gration step was chosen constant and equal to h = k(a0/v0), where 
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a0 = 10 -6 cm and v0 the initial velocity of the molecule. The coef- 
ficient k was selected so that a given degree of accuracy of the solu- 
tion of the system was achieved. Usually, k = 0.02 to 0.05, and in 
this case the error in the law of conservation of energy amounted to 
0.1 to 0.01~ The impact parameter p (Fig. 5) varied by 0.1k. The 
initial distance between the molecule and the surface was chosen so 
that the potential energy of interaction of the molecule with atoms of 
the solid body was far less than its kinetic energy. 

,( 6 ~ ~ 1 1  . =/~D-ol / -  I 

(I) i(L In ] / " ' < ~ 1  I t 

i, ~ I.o z.o p(~J 

Fig. 3 

The exchange of coefficient of translational energy between the 
molecule and the surface c~* and the coefficients which take into ac- 
count the part of the energy of translational motion converted into 
internal energy and spent on dissociation, ~+, ad determined by 
formulas (1.2)-(1.4) were calculated for two values of the parameters 
of the potentials (U4, Us). In this case, the atoms of the solid were 
either bound by the potential Us or ~he bond between them was broken 
(D 6 = 0)-this is the ease of an isolated atom. The table gives values 
of the coefficients <~ > averaged over angles ~~ 0 and over P. Averaging 
over the angles was performed for the case in which ~00 ranged from 
0 to 180 ~ with an interval of 30 ~ (changing to an interval of 15" 
doubles the computation time while the average values {o~ > for/x~ 0 = 
= 15 ~ are close to the average values for /x~00 = 80 ~ which is illustrated 
in Fig. 6 for the case v 0 = 106 cm/sec, D6 ~ 0, U4). 

C a l c u l a t i o n s  s h o w  t h a t  the  a v e r a g e  v a l u e s  (ce) w i t h  

t he  N - W  i n t e r a c t i o n  d e s c r i b e d  b y  t h e  p o t e n t i a l  U 4 do 

no t  d i f f e r  g r e a t l y  f o r  t he  e a s e  D 6 e 0 a n d  D6 = 0 w h e n  
v 0 = 10 6 c m / s e c ;  m o r e  n o t i c e a b l e  d i f f e r e n c e s  o c c u r  

f o r  t h e  p o t e n t i a l  U 5. H o w e v e r ,  t he  e f f e c t  of a c h a n g e  

in  t h e  p o t e n t i a l  of t h e  N - W  i n t e r a c t i o n  i s  c o n s i d e r a b l y  
s t r o n g e r  o n  (~)  t h a n  t h e  p r e s e n c e  o r  d i s r u p t i o n  of 

b o n d i n g  of a t o m s  in  the  l a t t i c e .  T h u s ,  w h e n  c o n s i d e r i n g  

t he  i n t e r a c t i o n  of m o l e c u l e s  w i t h  t he  s u r f a c e  in  c a s e s  

in  w h i c h  t h e  F r e n k e l  c o n d i t i o n s  a r e  e i t h e r  s a t i s f i e d  
o r  a l m o s t  s a t i s f i e d ,  t h e  r e q u i r e m e n t s  w i t h  r e s p e c t  to  

t h e  f o r m  of t h e  i n t e r a c t i o n  p o t e n t i a l  of a t o m s  in  t h e  

l a t t i c e  c a n  b e  r e d u c e d .  T he  d e t a i l s  of i n t e r a c t i o n  f o r  

p o t e n t i a l s  U4 a n d  U5 d i f f e r  a s  in  t he  c a s e  of t h e  i n t e r -  

a c t i o n  of a m o l e c u l e  w i t h  a n  i s o l a t e d  a t o m .  

The  c h a n g e  in (~)  w h e n  t he  v e l o c i t y  v 0 i s  d e c r e a s e d  

is  no t  t h e  s a m e  f o r  t h e  two  p o t e n t i a l s  U 4 a n d  U 5. A 

p o s s i b l e  e x p l a n a t i o n  of t h i s  f a c t  c a n  b e  f o u n d  in  c h a n g e s  

in  t he  r e l a t i o n s h i p s  b e t w e e n  t he  c h a r a c t e r i s t i c  t i m e  

of c o l l i s i o n  t a n d  t h e  c h a r a c t e r i s t i c  t i m e s  of t h e  p r o -  

c e s s e s  of e x c i t i n g  r o t a t i o n  ~' a n d  v i b r a t i o n  ~-" of a 

m o l e c u l e .  We  s h a l l  c a l l  a c o l l i s i o n  a n  i m p u l s i v e  c o l -  

l i s i o n  w h e n  t << T a s  o p p o s e d  to  a d i a b a t i c  c o l l i s i o n  

(t << ~-). If a c o l l i s i o n  i s  i m p l u s i v e  in  n a t u r e  r e l a t i v e  

to  a n y  d e g r e e  o f  f r e e d o m ,  i t  c a n  b e  e x c i t e d ;  w h e n  t h e  
c o n d i t i o n s  of  i m p u l s i v e  i m p a c t  a r e  v i o l a t e d ,  t h e  p r o b -  

a b i l i t y  of  e x c i t a t i o n  i s  d e c r e a s e d  ( c o l l i s i o n s  w i t h  a 
r e l a t i v e  v e l o c i t y  v > 104 c m / s e e  a r e  i m p u l s i v e  r e l a -  

t i v e  to  r o t a t i o n s ,  t h u s  r o t a t i o n s  a r e  e a s i l y  e x c i t e d ;  

potential U4, a collision is an impulsive collision re la-  
tive to vibrations when v 0 = 10 6 em/sec, and the con- 

dition of impulsive impact is violated when v 0 = 5.10 5 

em/sec, then the decrease in that part of the energy 
going into internal degrees of freedom becomes un- 
derstandable. 

In the case of the potential Us, we assume that the 
condition of impulsive collision relative to vibrations 
of a molecule is not satisfied for either value of the 
velocity v 0 and vibrations are weakly excited (as we 
noted in w The transition of energy in internal 
degrees of freedom is connected essentially with ro-  

tation. Figure 7 shows the dependence of the coef- 
ficient ~+, averaged over angles ~e, with v 0 = 10 6 
cm/sec (curve 1) and v 0 = 5. i0 5 em/sec (curve 2) on 
the impact parameter. It can be seen that the values 
of <if+) differ slightly in these two cases, but when 

v0 = 5 �9 10 5 em/sec, the maximum values of <if+) are 

shifted toward large impact parameters,  which was 
the cause for increasing (o~+) when averaging over 

the impact parameters. Averaging over p was car-  
ried out in the following way: 

H o w e v e r ,  t h e  c h a n g e  in (~l> w h e n  vo = 5 -  105 c m /  

/ s e c  in  t he  t r a n s i t i o n  f r o m  t h e  p o t e n t i a l  U4 to U5 i s  

a p p a r e n t l y  c o n n e c t e d  w i t h  v i o l a t i o n  of t h e  F r e n k e l  
c o n d i t i o n s .  
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3. C o l l i s i o n  of a m o l e c u l e  r e g a r d e d  a s  a w h o l e  w i t h  

a s u r f a c e .  Now, l e t  u s  c o n s i d e r  t he  c o l l i s i o n  of N 2 

m o l e c u l e  w i t h  t h e  s u r f a c e  of a b o d y ,  a s s u m i n g  t h a t  

t he  m o l e c u l e  i s  a n  i n t e g r a l  e n t i t y  a n d  no t  a g r o u p  c o n -  

s i s t i n g  of  two a t o m s .  The  m o d e l  of i n t e r a c t i o n  w i t h  
t h e  s u r f a c e  r e m a i n s  a s  b e f o r e ,  a n d  we s h a l l  t a k e  t he  
M o r s e  p o t e n t i a l s  a s  t he  p o t e n t i a l s  of t h e  N2-W i n -  

t e r a c t i o n :  1) w i t h  p a r a m e t e r s  d e t e r m i n e d  o n  t h e  
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b a s i s  of the  c o m b i n a t i o n  p r i n c i p l e ,  m a k i n g  u s e  of the  

da ta  of [16 ,17] ,  D 7 = 0.107 eV,  b 7 = 3 . 5 3 " 1 0  -8 c m ,  

c 7 = 1 . 4 7 . 1 0  s cm-1 ;  and  2) wi th  p a r a m e t e r s  of the  p o -  

t e n t i a l  U e If we t ake  the  p o t e n t i a l  U G as  the  i n t e r -  

a c t i o n  p o t e n t i a l  in t he  so l i d ,  t h e n  we ob t a in  the  f o l -  

l owing  v a l u e s  f o r  t he  c a s e  v 0 = 106 c m / s e c  f o r  t he  

c o e f f i c i e n t s  (ce): UT, (ce.) = 0.654, (oq) = 0.346; U4, 

(o~*) = 0.529,  (ce~) = 0.471. T h e s e  r e s u l t s  can  be  

c o m p a r e d  wi th  t he  t a b u l a t e d  r e s u l t s  a s s o c i a t e d  wi th  

the  p o t e n t i a l s  U~ and  U4, r e s p e c t i v e l y ,  f o r  a l t h o u g h  

the  to ta l  i n t e r a c t i o n  of the  a t o m s  in the  s o l i d  wi th  the  
a t o m s  of the  m o l e c u l e  is  no t  equa l  to  t he  i n t e r a c t i o n  

wi th  t h e  m o l e c u l e  a s  a who le ,  t he  n a t u r e  of  t h e  i n t e r -  

a c t i o n  is  s i m i l a r  f o r  c o m p a r a b l e  p o t e n t i a l s .  It c a n  be  

s e e n  t h a t  in t he  c a s e  of t he  p o t e n t i a l  U 4, t h e  d i f f e r e n c e  

is  c o n s i d e r a b l y  l a r g e r  t h a n  in t he  c a s e  of p o t e n t i a l s  

U~ and  U~; h e r e ,  t h e  d i f f e r e n t  n a t u r e  of t h e  i n t e r a c -  

t ion ,  w h i c h  w a s  no ted  p r e v i o u s l y  in S e c t i o n s  2 and 3, 

i s  a l s o  n o t i c e a b l e .  

I 

M 

Fig .  5 

Now, we s h a l l  c h a n g e  t h e  W - W  i n t e r a c t i o n ,  

Ds = 2.9eV, b 8 ~ 3 .0 . t0-Scm,  c s = 1.4t . t0Scm-1; 

t he  p a r a m e t e r s  b and  c of t h i s  p o t e n t i a l  a r e  t a k e n  in 

a e c o r d a n e e  wi th  [16], and  the  d e p t h  of t he  p o t e n t i a l  

w e l l  i s ,  as  b e f o r e ,  D8 = H / 3 .  The  i n t r o d u c t i o n  of s u e h  

a p o t e n t i a l  m a k e s  it p o s s i b l e  to t r a c e  t h e  d e p e n d e n c e  

of {oz) on the  d i s t a n c e  b e t w e e n  a t o m s  in t he  l a t t i c e  

s i n c e  the  d i s t a n c e s  b e t w e e n  a t o m s  in the  l a t t i c e  v a r y  

fo r  d i f f e r e n t  d i r e c t i o n s ~  ( F o r  e x a m p l e ,  in the  t u n g -  

s t e n  l a t t i e e ,  the  s m a l l e s t  d i s t a n c e  b e t w e e n  a t o m s  is  

2 . 7 3 . 1 0  -8 c m  and  the  l a t t i c e  c o n s t a n t  is  3 .16" 10 -8 em.)  

We s h a l l  d e s c r i b e  the  i n t e r a c t i o n  b e t w e e n  a n i t r o g e n  

m o l e c u l e  a n d  a t u n g s t e n  a t o m  by the  p o t e n t i a l  UT. I n -  

c r e a s i n g  the  d i s t a n c e  b e t w e e n  the  a t o m s  in the  b o d y  

l e a d s  to a d e c r e a s e  in the  i n f l uence  of the  r e m o t e  

a t o m s  in the  body  ( r e m o t e  r e l a t i v e  to the  g i v e n  in i t i a l  

i m p a c t  p a r a m e t e r )  on the  i n t e r a c t i o n  p r o c e s s ,  tha t  i s ,  
the  n a t u r e  Of ind iv idua l  c o l l i s i o n  is  m o r e  p r o n o u n c e d .  

tZr ~a.t> 

--, a ~ 4  t 0 -,, f 
~4 ~g [2 

Fig. 6 

Thus, <~*) should be decreased, We present the re- 
sults from computations of the accommodation coef- 

ficients for different values of the angle of incidence 
for the same case: 

= 0 o 15 ~ 30 ~ 45 ~ 60 o, 
<a*> = 0.586 0 .620 0 .690 0 .748 0.90t 
<al> =0.4t4 0 .380 0.3t0 0 .252 0.099 

T h e s e  da ta  a g r e e  q u a l i t a t i v e l y  wi th  t he  r e s u l t s  o b -  

t a i n e d  f o r  a s o l i d  s p h e r e  m o d e l  [20, 21]. We no te  t h a t  

t he  e f f e c t  of t h e  b o u n d a r y  of t he  c h o s e n  z o n e  of a 

s o l i d  body  b e g i n s  to be  n o t i c e a b l e  wi th  l a r g e  a n g l e s  of 

i n c i d e n c e  ft. T h u s ,  a *  = 0.875 w h e n  [3 = 60 ~ w h e n  

t h e  d i r e c t i o n  of  the  in i t i a l  m o t i o n  of t he  m o l e c u l e  p a s -  

s e s  t h r o u g h  the  c e n t e r  of a t o m  2, and  (~* = 0.834,  

w h e n  the  d i r e c t i o n  of  t he  in i t i a l  m o t i o n  p a s s e s  t h r o u g h  

the  c e n t e r  of a t o m  3 ( see  F ig .  5). 

a2 

0 ~4 08 tZ~,~ 

Fig .  7 

In conclusion, we note that in this article we have investigated a 
case in which the Frenkel conditions are satisfied or almost satisfied, 
which is ensured by the high speed of the incident particle and the 
small ratio of the mass of the molecules to the mass of an atom in the 
body 04 = 28/184 = 0.152). Therefore, the solid body is simulated by 
just its surface layer. It is necessary to comment in regard to inelastic 
losses that the obtained results are qualitative in nature; this is con- 
nected, on one hand, with the fact that the phenomenon was consid- 
ered from a purely classical standpoint whose identity with quantum 
reasoning is indicated only in the case of small excitations of internal 
degrees of freedom [22, 23] ; on the other hand, it was necessary to 
choose the interaction potentials of the particles, and the information 

vo UN -- W UW-- W (a*> (~+> <ad) (a,> 
ca/see 

5. t05 

U4 

U~ 

U4 

U5 

D~4=0 
D6=0 
Ds=/=0 

�9 D6=0 

D64=0 
D~q=0 

0.278 
0. 246 
0. 576 
0.490 

0. 328 
0.632 

0.3t5 
0.299 
0.076 
0.079 

0. 236 
0.095 

0.045 
0.04i 

0. 362 
0.414 
0. 348 
0.431 

0.430 
0.253 

The quantity <al) = t -- <:~*) - -  <a+> - -  <aa> characterizes that part of the energy 
transmitted to the solid body. 
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available in this field is far from complete. Nevertheless, in spite 
of these gaps, we may hope that the results from solving this type of 
problem on the basis of classical mechanics with suitable choice of 
the parameters of the interaction potentials will yield qualitative 
agreement with the experimental data, as noted in w and 2. 

We also note that the energy accommodation coefficient did not 
exceed 0.5 in any of the problems under consideration; moreover, 
the share of the energy transferred to internal degrees of freedom can 
reach a substantial vatue (from 0.1 to 0.85, depending on the inter- 
action potential). 
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