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In recent years, in connection with intense development of different types of CO lasers, the number of 

papers concerning numerical modeling of relaxation kinetics of vibrationally excited CO molecules at low 
translational temperatures has increased considerably (see, for example, [I]). As demonstrated in [2], to de- 
scribe the characteristics of CO lasers correctly it is necessary to include the isotopic composition of carbon 
monoxide. To perform correct numerical calculations it is necessary to know the probabilities of vibrational- 
vibrational exchange between isotopic modifications of CO molecules (12C~cO, 13CI~O, 12C180), data on which 

are extremely sparse in the literature. 

The purpose of this paper is to calculate the temperature dependences of the rate constants of vibra- 

tional-vibrational exchange K~(T) for the following processes: 

12C160(n = 1) -~- 12C1~0(n = O) --+~2C160(n = O) @ 12C160(n ~--- 1); (1)  

~C~60(n ~ t) + ~8C~60(n - -  O) -+~3060(n ~ O) + 1 3 0 6 0 ( n  - -  t); (2) 

~C~O(,z = 1) + ~C~O(n - -  O) - - , .~C '~O(n  = O) + ~ C ~ O ( n  = t ) ;  (3 )  

~2C160(n ~ 1) + ~3C~O(n = O) :-~ ~2C~60(n = O) + ~ 0 6 0 ( n  = 1); (4) 

12C160(rt, = 1) + 12ClSO(?g = O) --~12Cl6O(Ft, = O) + 12C180(?$ = 1); (5) 

13Cl6O(n, = l)  @ 12C180(n ~- O) ---~13C160(n = 0) -@ 12C180(n = 1)~ (6) 

w h e r e  n is the v i b r a t i o n a l  quan tum n u m b e r .  

The  r a t e  c o n s t a n t s  K]~(T) w e r e  c a l c u l a t e d  in the t e m p e r a t u r e  r a n g e  100-500~ which  is  of  g r e a t e r  in -  
t e r e s t  for  o p e r a t i d n  of  CO l a s e r s .  In the ca l cu l a t i on ,  we u sed  the t h e o r y  of  n e a r - r e s o n a n t  t r a n s f e r  of v i b r a -  
t iona l  e n e r g y ,  owing to t r a n s i t i o n s  induced  by  d i p o l e - d i p o l e  i n t e r a c t i o n s .  This  t h e o r y  was f i r s t  p r o p o s e d  in 
[3, 4] ,  m o d i f i e d  in [5, 6] ,  and was u sed  s u c c e s s f u l l y  to c a l c u l a t e  the p r o b a b i l i t i e s  of V - V  exchange  be tween  
d ipo le  m o l e c u l e s  ( see  [7]) .  

The  m a i n  work ing  equa t ions ,  u s e d  in th is  p a p e r ,  a r e  ana logous  to those  p r e s e n t e d  in [6] .  The  s p e c t r o -  
s cop i c  c o n s t a n t s  w e r e  taken  f r o m  [8] ,  the c o l l i s i o n  d i a m e t e r  a c c o r d i n g  to the h a r d  s p h e r e  m o d e l  was t aken  as  
equal  to d = 3.7" 10 -s m,  and in a v e r a g i n g  the p r o b a b i l i t i e s  o v e r  the r o t a t i o n a l  quan tum n u m b e r s ,  i t  was suf -  
f i c i en t  to inc lude  40 r o t a t i o n a l  l e v e l s  of  the CO m o l e c u l e .  The c a l c u l a t i o n  was p e r f o r m e d  on a ES-1033  c o m -  
pu t e r .  The a v e r a g e  t i m e  fo r  c a l c u l a t i n g  p r o b a b i l i t i e s  fo r  a s i ng l e  f ixed  t e m p e r a t u r e  was 10 rain [9] .  F i g u r e  1 
p r e s e n t s  the v a l u e s  of  the r a t e  c o n s t a n t s  K~ 1 a t  t e m p e r a t u r e s  T = 100, 300, and 500~ (points  1-3, r e s p e c -  
t i v e l y )  c a l c u l a t e d  in this  work  (cont inuous  h n e s )  and the e x p e r i m e n t a l l y  m e a s u r e d  va lue s  t aken  f r o m  [ 10]. The  
d i f f e r e n c e  be tween  the c o m p u t e d  and e x p e r i m e n t a l  v a l u e s  d id  not  e x c e e d  30%. 

F i g u r e  2 i l l u s t r a t e s  the t e m p e r a t u r e  d e p e n d e n c e s  of  the p r o b a b i l i t i e s  of V - V  exchange  Q~g (T) fo r  p r o -  
c e s s e s  ( 1 ) - (6 )  (the n u m b e r  of the c u r v e  c o r r e s p o n d s  to the o r d e r  n u m b e r  of the p r o c e s s ) .  The po in t  i n d i c a t e s  
the p r o b a b i l i t y  of  V - V  exchange  m e a s u r e d  in [11] fo r  the p r o c e s s  (4) ~t T -- 293~ F o r  p r o c e s s e s  (5) and 
(6) ,  no e x p e r i m e n t a l  da t a  w e r e  found in the l i t e r a t u r e .  S a t i s f a c t o r y  a g r e e m e n t  be tw e e n  e x p e r i m e n t a l  and c o m -  
puted  va lues  of the r a t e  c o n s t a n t  for  p r o c e s s e s  (1) and (4) g i v e s  a b a s i s  f o r  a s s u m i n g  tha t  the qua n t i t i e s  
K~ ob ta ined  in th is  work  fo r  p r o c e s s e s  (2) ,  (3) ,  (5) ,  and (6) a r e  c l o s e  to the t r u e  va lue s  a s  wel l .  
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TABLE 1 

A~ t Bi Cr 
! 

1,080.i0-~ [ 2,245359i --6,438503 
! 

--2,358.t0 -~ --6,827575 

9,788.{0 ~7 --;,969898 

i 

l 

2 

3 

4 

5 

0 

�9 2,339i946 

2,39i2797 

4,909.t0-~ t,889tt69 --47,4991t4 

---1,266.t0-~ I 2,0035623 --71,728275 

1,783.10 -s --4,816896 2,3636049 

As expected, the values of the rate constants for p roeesses  (1)-(3) differ insignificantly f rom one 
another and in performing the kinetic calculations, they can evidently be assumed to be eoual to one another. 

For  convenience in using the computed temperature  dependences of probabili t ies of V - V  exchange 

~10 ~1, on a computer,  they were approximated by the dependence 

(1)Q~t o (T) = Ai "+ B J T  + CdT 2. 

The values of the coefficients are  presented in Table 1. The index i cor responds  to the number of the 
process  in sys tem (1)-(6). 

In conclusion, we note that in the calculations the muttipole interaction of higher o rde r  than dipolar was 
neglected. As demonstra ted in [1]] ,  at t empera tures  T <~ 500~ and energy defect LE <~ 183 cm -1, the contr i -  
bution of d ipole-quadrupole ,  quadrupole-quadrupole ,  etc. interactions can be neglected in the probabili ty of 
V - V  exchange between CO molecules.  

The results  obtained can be used both in calculating the charac te r i s t i cs  of CO lase rs  and in calculating 
the pa ramete r s  of separat ion of carbon isotopes in chemical  react ions,  occurr ing under thermodynamical ly  
nonequilibrium conditions [ 12]. 
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E Q U I L I B R I U M  C O N S T A N T  IN T H E  D I F F U S I O N  

T H E O R Y  O F  C H E M I C A L  R E A C T I O N S  

S. A.  R e s h e t n y a k  a n d  L.  A.  S h e l e p i n  UDC 530.16 

The co r r ec t  determination of the domains in the phase plane that correspond to the initial and final stages 
is important  to the construct ion of a diffusion model of a chemical reaction. In case [ 1 ] the sys tem state 
passes  a potential b a r r i e r  with a maximum considerably exceeding the temperature  of the medium, the r e a r -  
tion between the par t ic les  can be considered complete if the spacing between them is g rea t e r  than the coordi-  
nate corresponding to the position of the maximum of the potential function. The react ion rate is determined 
here by the probabili ty flux density through a "na r row place,"  the vertex of the potential ba r r i e r .  In the prob- 
lem of dissociat ion of a diatomic molecule, the situation is ra ther  different. The potential function U (x) of 
atom interaction in the molecule (its main electronic term) takes on a constant value equal to the dissociat ion 
energy, s tar t ing with a cer tain spacing xt. Although the atom interaction force vanishes for x ~ x  t and the 
atoms can be considered free,  it would be erroneous to a s se r t  that the dissociat ion reaction is completed upon 
removal  of the atoms to a distance equaI to xt, and its rate is given by the flux at the point x = x 1. The Kram-  
ers model to compute the dissociation rates of diatomic molecules was f i rs t  applied in [2] and it was shown 
that the values of the rate constants, which agreed cor rec t ly  with experimental  values, a re  not determined by 
the flux at the point x = x~ but by the flux at the point x =l, where l is a cer tain pa rame te r  equal, in o rde r  of 
magnitude, to the part icle  mean free path in the medium. However, the pa rame te r  l was not defined r igorously  
in [2J. 

The purpose of this paper  is to consider  the problem of atom associat ion in a diatomic molecule and to 
determine the equilibrium constants for di rect  and reverse  reactions,  f rom which the p a r a m e t e r  1 is found 
single-valuedly. 

Since the build-up process  for a Maxwell equilibrium velocity distribution for  reacting par t ic les  is more  
rapid as compared with the process  of Boltzmann coordinate distribution formation [2], we consider  the 
Smoluchowski equation in the segment [0, /] :  

OMo/Ot + OM1/Ox = O~ M1 = (~?)-I(KMo - -  TOMo/Ox),, (1) 

where M0(x, t) is the probabili ty density of detecting an atom at the distance x at the time t; Ms(x , t) ,  prob-  
ability flux density; K(x) =-OU/Ox, force of reacting atoms interaction; ~t, their  reduced mass;  and -/ and T, 
friction coefficient and the temperature  of the surrounding medium. 

Let us supplement (1) with the initial and boundary conditions 

Mo(x, O ) =  8(x.7- /); (2) 

MI(0,: t) = M~(/,: t) = 0,: (3) 
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