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The degree  of d i sp lacement  of  chemica l  equi l ibr ium in d issocia t ion reac t ions ,  including 
t h r e e - p a r t i c l e  recombina t ion  due to l a s e r  radia t ion at an isola ted vibrat ional  degree  of 
f r eedom of the molecu les ,  is de te rmined .  Dependences of the "vibra t ional  t e m p e r a t u r e "  
and the chemica l  equi l ibr ium constant  on the v ibra t ional  exci ta t ion probabi l i ty  a r e  ob-  
tained.  

The theol?etical poss ib i l i ty  of vary ing  the r a t e  of a chemical  reac t ion  as in f ra red  l a s e r  radiat ion is ab-  
so rbed  by a m o l e c u l a r  gas was demons t r a t ed  in [1-10]. A var ia t ion  in the r a t e s  of chemica l  reac t ions  in- 
va r i ab ly  leads to a shift  of chemica l  equi l ibr ium into a r e sonance  l a se r  radia t ion field. 

Disp lacement  of chemica l  equi l ibr ium was f i r s t  cons idered  in [11] for  a d issocia t ion reac t ion  in a sys t em 
with a non-Maxwel l ian  r a t e  d is t r ibut ion due to a sou rce  of energe t ic  pa r t i c l e s  that "heated up" the v ibra t ions .  

The "d isp laced  chemica l  equi l ibr ium constant" ~(T,  0 v} = N2A/NM cor responding  to the s t eady- s t a t e  d is -  
socia t ion reac t ion  of t h r e e - p a r t i c l e  r ecombina t ion  occu r r ing  with resonance  l a s e r  radiat ion at the v ibra t ional  
levels  0 and 1 with absorp t ion  W0~ and radia t ion  W10 probabi l i t ies  (W0~ ~ Wl0) (N M and N A a r e  the densi t ies  of 
the n u m b e r  of molecu les  and a toms,  that  is,  the reac t ion  products  in the  final s teady state} is defined for  a s y s -  
t e m  of t runca ted  ha rmonic  o sc i l l a to r s .  The equations for  the v ibra t iona l  t e m p e r a t u r e  T v and concentrat ions 
N M and N A have the fo rm,  * given that  d issocia t ion  and recombina t ion  are  in dynamic equil ibrium, 

( ~--~)/~o~=Wlo(yo--yl); (1) 

2N~ + N A :  N0= eonst; 

N~/NM = • 0v) = • --  e -~ (I L e-~ 

where  0 v = h v / k T v ,  0 T = h v / k T ,  v is the f requency  of m o l e c u l a r  v ibrat ions ,  T is the t e m p e r a t u r e  of t r a n s l a -  
t ional  deg rees  of f r eedom,  which is a s s u m e d  constant ,  a T and a a r e  the r e s e r v e s  of vibrat ional  quanta c o r -  
responding to the t e m p e r a t u r e s  T and Tv,  Y0 and y~ a r e  the re la t ive  populations of  the vibrat ional  levels  0 and 
1, >t(T) is the chemica l  equi l ibr ium constant  in the absence  of l a s e r  radiat ion,  and m is the number  of a d i s -  
c r e t e  boundary level  (m >> 1). 

The re laxa t ion  t ime  T vt occu r r ing  in Eqs.  (1) depends on N M and NA, 

where  pM and pA a r e  the nt tmber  of 1 - -  0 t rans i t ions  within a unit of t ime as a single molecule  coll ides with 
molecu les  o r  a toms ,  r e f e r r e d  to a unit concent ra t ion  of col l is ion p a r t n e r s .  Usually, FA>> Pl0 M, so that  the na :  
tu re  of v ibra t iona l  re laxa t ion  will v a r y  as the degree  of d issocia t ion  of the gas i n c r e a s e s .  

*Since the v ibra t iona l  dis t r ibut ion function is d i s to r ted  at the levels  0 and 1 by optical  pumping, the re la t ion 
between ce and T v is m o r e  complex  (in the gene ra l  case) than in the case  of a Boltzmann distr ibut ion,  which 
o c c u r s  for  levels  above the f i r s t  [1, 7]. 
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For  i l lus t ra t ion,  we f i rs t  consider  the highly unsaturated regime of optical pumping (the condition 
W~0<< NMQI0 , where Ql0 is the probabili ty of the 0 -~ 1 and 1 - -  0 v ib ra t iona l -v ib ra t iona l  t ransi t ions within 
a unit of t ime as two molecules  in the zero  and f i rs t  vibrational  s tates  collide, r e f e r r e d  to a single part icle  
and unit concentrat ion of coll ision par tners) .  In this case,  we find that when 0 v>> 1 and when NAP~<< 
N M PIM0, 

( " 2eOTW'~~ _ ~ ( 2e0TWl~ ) r - I n  I §  ), ' +  , (2) 

while when NAP M 
>> NMPI0, NA <<N M 

• 0 e,~TWlo2+ TM2'~ [x(T) mOT~--2+.,; 
(r) "!~ [,-vT' ) 

A M 
and when NAP10>> NMP~;  NA>>NM 

( eOTW~~ ( eOTWxo \ ra 
0 ~ 0 T - - l n  I~--77-EX--A , ~. l ) . (4) 

It is evident f rom Eqs. (2)-(4) that the chemical  equilibrium constant u(T0 0 v ) depends in the laser  rad ia-  
tion field on radiation intensity and can significantly exceed its equilibrium value n(T). 

Saturation conditions, under which the rate of energy influx to the vibrational  degree of f reedom of 
the molecules  is limited by the rate  of in termolecular  energy exchange, is attained when W10 >>MMQ10. 
When 0 v >> :i and N APA >> NMPM, we have 

• 0~)~-Te3 8. Q,oe__~0 ~ No; 0o--~-~-T In L 1  
The equilibrium constant is independent of pumping power and maximally differs f rom its equilibrium 

value under saturat ion eonditions. The dependence of n(T,  0 v)/U(T) (curve 1) and of the vibrational t em-  
pe ra tu re  (eurve 2) on the probabili ty W10 is i l lustrated in rig.  ~ for m =6, Q~0/p M =10 3, p A / p ~  =10 2, No= 
10 ~s cm -3, and 0 T = 7. Values of u(T,  0 *v)/u(T) (curve 3) calculated using theoret ical  vaIues of T*v (curve 
4) cha rac te r i s t i c  for the initial stage of dissociation a re  depicted for  comparison.  

The substantial difference between x(T, 0 v) and x(T,  0 *) is due to the difference between the initial 
and final (steady-state)  values of 0 v (curve 2). This indicates the need for  t rac ing  the development of the 
kinetics in t ime and for  taking into account the variat ion in gas composit ion and rate in the course  of the 
reac t ion  in considering the kinetics of chemical  react ions  due to radiation without limiting ourselves  to the 
initial t ime intervals,  as has been done until now. 

In conclusion, we wish to note that all our  resul ts  remain  in force  for other  methods of exciting vi- 
brat ions (for example, for  e lec t r ica l  pumping). 

The authors wish to express  their  appreciat ion to R. V. Khokhlov for  support and interest  in the work. 
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