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The kinetics of nonequilibrium molecular  dissociation when vibrations are  excited by high- 
power infrared emission is investigated for a model of anharmonic  osc i l la tors .  The case 
when exchange of vibrational quanta during collision with molecules in the lower states 
plays a fundamental role in the formation of the vibratory distributionfunction at the upper  
level is analyzed. Dependences of the Nvibration tempera ture"  and the rate constant for  
nonequilibrium dissociation, as a function of the optical pumping probabili ty are  obtained 
for  different pumping conditions. The results  a re  compared with s imi lar  calculations for  
a harmonic  model.  

1. Exposure  of a molecule to l a se r  emiss ion is one of the most  promising physical methods for  
st imulating chemical  p roces ses .  The possibility of such exposure can be demonstrated by one of the 
s imples t  react ions ,  namely the dissociation reaction of diatomic or  multiatomic molecules .  A number  
of interest ing experimental  and theoret ical  [1-11] results  have been obtained in this field. In all cases 
(except for [2]) a molecular  model of a blocking harmonic osci l la tor  was considered in theoret ical ly 
analyzing the kinetics of nonequilibrium dissociation of molecules exposed to inf rared l a se r  emission.  
The ra tes  of nonequilibrium dissociation of diatomic and mult iatomic molecules under select ive vibration 
"run-up" condition, i .e. ,  at low gas tempera ture  and high vibratory energy margin,  were calculated p r e -  
viously [2] for an anharmonic  model of Morse osci l la tors .  However, questions directly connected to 
optical energy pumping at vibrational degrees of freedom were not dealt with in [2], and neither was the 
dependence of dissociation rate on the power of the emission absorbed by the molecules investigated. 

While prepar ing this ar t ic le  for printing an ar t ic le  [11] appeared which analyzed dissociat ion occu r -  
r ing when diatomie anharmonic  molecules were exposed to l ase r  emission to a diffusion approximation. 
The par t icu lar  case when energy loss from the system is determined only by dissociation p rocesses  was 
examined in this ar t ic le .  

The purpose of the cur rent  work was to analyze the behavior of the nonequilibrium distribution func- 
tion of vibrational energy during dissociat ion and to find the dissociation rate under cascaded and mul t i -  
quantum pumping of molecular  vibrations by l a se r  emission.  Unlike our preceeding studies [7, 8] we will 
consider  there  an anharmonic  molecular  model and clarify" the role of anharominici ty in the dissociat ion 
p rocess  of molecules excited by emission.  

To descr ibe  the kinetics of nonequilibrium dissociation, we take the following model: 

1) The molecules  a re  represented in the form of anharmonic Morse osci l la tors ;  

2) There  can exist  ei ther  vibrational t ransi t ions i -  1 ~-i  with probability Wi_l,i = Wi,i_l = iW10 , i = 
1,2 ..... k (cascaded pumping of vibrations to level k) or  the t ransi t ion i = 0 ~ i  = k with probability Wo k = 
Wk0 (multistage pumping) in absorption of l a se r  emission.  Here, i is the vibrational quantum number and 
the value of k is determined by the pumping conditions and the rat ios between the l a s e r  emission frequency 
and the vibration frequency of the osci l lator;  
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3) The gas tempera ture  T is assumed constant during dissociation. This assumption is justified 
since we will consider  below the possibil i ty of carrying out nonequilibrium dissociat ion in less t ime when 
that taken by energy t ransi t ion from vibrational to translat ional  degrees of f reedom, i.e.,  during which the 
gas is not heated; 

4) Rotational relaxation is assumed to have been completed and is not treated;  

5) Vibrational relaxation in the s~stem is caused by single quantum v ib ra t iona l -v ib ra t iona l  exchange 
( v -  v processes)  with probabili ty Q!~'~+] and by single-quantum vibrational - transit ional energy exchange 

l | , 1  

( v - t  processes)  with probabili ty Pi+l,i; 

6) The molecular  gas under investigation is assumed to be weakly diluted with other  gases ,  so that 
01 flQ.01.i,i_l > Pi,i-1 always for  the level i < i*. The level i* is determined from the condition fiQi*,i*-I ~ Pi*, i*-I  

where the factor  fl approximately takes into account the contribution of the level j > 1 in the probabili ty of 
the t ransi t ion i -~i-1 in vibrational exchange [cf. [2] and Eq~ (2~ 

7) Molecular dissociation begins at some level m > k. 

This model is s imi la r  to a previous model [7, 8], differing from it in taking into account the anhar-  
monici ty of the molecular  vibrat ions.  In the general  case,  anharmonici ty substantially complicates the 
physical  picture of vibrational relaxation and nonequilibrium dissociation.  Therefore ,  we take below the 
additional condition m < i* in order  to obtain resul ts  in a graphically analytic form.  Since, in accordance 
with 6),fl Q01 i,i-1 > Pi,i-1, always when i < i * the condition m < i* means that v - t  p roces ses  do not exer t  
any influence throughout the region i < m on the form of the vibrational distribution function and can only 
determine the total vibrational energy margin  in the system.  

This model of nonequilibrium dissociat ion for a sys tem of bIoching anharmonic osci l la tors  narrows 
the c lass  of sys tems  to be t rea ted  and is not suitable for  analyzing collisional dissociation of diatomic 
molecules  with high boundary levels,  since in this case Pi i-1 >> fiQ01 1, always at the dissociat ion boundary 
due to the low magnitude of the vibrational quanta. However, for the case of pract ical  importance that shall 
be analyzed below and which is typical of low (on the o rder  of room) gas tempera tures ,  such dissociat ion is 
often not of in teres t  since it proceeds  at a low rate.  Physical ly speaking, this is because this population in 
spite of the possibil i ty of selective oscillation run-up due to v - t  p rocesses ,  which a re  substantial at the 
upper levels,  will be p r imar i ly  determined by the gas tempera ture ,  so that at low T it will sharply fall 
upon t ransi t ion to the boundary level. In the model we will take for blocking anharmonic osci l la tors  with 
the boundary level m < i*, the population of the upper states when running up the vibrations by means of 
emiss ion  can be sufficiently great ,  which ensures  a high dissociat ion ra te .  

Our model can descr ibe  dissociat ion of mult iatomic molecules if the i r  dissociation occurs  from a 
comparat ively  low level due to predissociat ion,  as  well as dissociation of diatomic and mult iatomic mole -  
cules when their  t ransi t ion in the continuous spect rum from a level m < i* occurs  by an par t icu lar  method 
(for example, by photodissociation).  

To determine the dependence of the nonequilibrium dissociaton rate on the power of absorbed emission 
it is neces sa ry  to solve a sys tem of gasokinetic equations for the population x i of the vibrational levels i. 
Under assumptions ~, 2, 4-7 it can be writ ten in the form 

t dx~ = Pi+l,~gi+i-- (Pi, i+i+P~j-1) Y~+Pi-l, lY~-l+ Gi--Pm~xm6im + 
N dt  (i.I) 

Wi,i+~YJ~i + Qi-i,~yj+l Y~-i, i = O, l ,  2 , . . ,  m + ~'~+l,~yj) y~+~ - ~,  + w,~-~y~ y~ 
j " 1  " 

Here,  Yi = xi /N is the relat ive population of the i- th vibrational level of the gas molecules  with total 
concentrat ion N, Pmd is the t ransi t ion probabili ty of the molecules in the continuous spectrum from the 
level m, ~im is the Kroneker  symbol,  G i descr ibes  the change in population exposed to absorbed emiss ion 
in cascaded 1) and multiquantum 2) pumping, which respect ively take the form 

Gi = / [(i --  6ik) (i + l) y~+~ -- (i --  6i~) yi - -  iyi -5 igj_~] W~o (1.2) 
[[(Yk -- Y0) ~0 -- (Y~ -- Y0) 6M W~o 

To solve Eqs.  (1.1) it is neces sa ry  to know the dependence of the probabil i t ies QsdPq and Pst  on the 
number  of the vibrational level.  Anharmonici ty  is usually taken into account to find this dependence only 
in calculating the exponential factors ,  which yield the mos t  important  dependence on the transi t ion energy.  
In this case we have 
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QG, 1, = Q10 ~1 (i + 1)(] + t)~,~(~-J), p,+,,~ = plo (i + f ) e %  (1.3) 

Here,  5vv = 0.427/vv ( # w / T ) I / 2 A E - - A E / T ;  # is the reduced mass  of the colliding molecules in atomic 
units; l is the charac te r i s t i c  constant in the exponential in in termolecular  interaction in A; and AE is 
molecu la r  anharmonici ty  expressed  in degrees ( AE = ~eXe, where We and )/e are  the spect roscopic  con- 
stants of the molecule) .  The expression for  5vt is s imi lar ,  however # and l may be different if v -  t p ro-  
cesses  are  determined by collision with an impure gas. The probabili t ies of opposite transi t ions are  
determined from the detai led-balance principle.  

Multiplying Eq. (1.1) by i and adding over all i, we obtain an equation for the vibrational quantum 
margin  ~ taken over one molecule,  that is 

da / dt = cz - -  aT / w~t ~ - (m - a) Kd + F (1.4) 

Here aT  is the equilibrium quantum margin  at tempera ture  T, K d = TmdY m is the rate constant of 
nonequilibrium dissociation,  "%t a is the relaxation t ime of vibrational energy due to v -  t p rocesses  for the 
anharmonic  model,  and F is the quantum pumping rate due to absorption of emission in multiquantum 1) 
and cascaded 2) pumping given, respect ively ,  by 

kW~o (go - -  g~) 
~-i (1.5) 

F = Wi0(__ky~_~ ~ ,y , )  

The variable Vvt a depends in the general case on ~ and can substantially differ from the cor respond-  
ing relaxation time for  the harmonic  model.  The value of Vvt a has been previously calculated [12] for  an 
a r b i t r a r y  nonequilibrium margin ~. It has the form for a comparat ively small deviation from equilibrium 
[12, 13] 

%t~ = ~,h it -- c~ (e~- -- i)] 2 (1,6) 

Below, we will use Eq. (1.6) everywhere  as the definition of vvt a. It was obtained for  small deviations 
from equilibrium assuming a Boltzmann [13] or  Trinorovski i  [12] form of the vibrational distribution func- 
tion. In the la t ter  case,  

Y l T = y ~  "EiT1 AfT ( i - - i ) ] i }  (1.7) 

where TI = E1/ln(y0/yt) is the "vibrational tempera ture"  of the f i rs t  level, which can be determined by the 
total nonequilibrium vibrational energy margin  of the sys tem.  This function has a minimum depending on i 
which taken over  one level is given by 

T Ei 
imin T, 2hE ~' 2 (1.8) 

Under actual condition, the distribution function when highly deviating from equilibrium at levels i > 
imi n takes the form due to the effect o f v - t  p roces se s  of a flat plateau, whosepresence  can substantially in- 
c r ea se  the energy relaxation rate and falisfy Eqo (1.6) [12]. This plateau will be absent in the model being 
analyzed here  only if 

imm ~-~ m (1.9) 

Thus inequality (1.9) determines  the maximum value of T1 at a given boundary level m and, conse-  
quently, the maximum a at which Eq. (1.6) is still t rue.  Moreover ,  condition (1.9) allows us to obtain a 
simple dependence of the quantum margin  ~ and the value of Y0 on the vibrational tempera ture  T i for many 
pumping conditions (under weak optical pumping when W10 and Wk0 << Q10, and for strong pumping when W10 
and Wk0 >> Q10 and kE1/TI << 1). This dependence can be highly accurate ,  represented by formulas  that 
coincide with s imi lar  expressions for  the model of a harmonic osci l lator;  

-TT)J (1.1o) 

An examination of the case of a weak deviation from equilibrium [condition (1.9)] makes it possible 
to obtain analytic expressions for the vibrational distribution function and the dissociation rate .  

2. Let us consider  a rec tangular  emission pulse of len "r i > 7 d 1/K d. We assume,  as in [7,8] that 

w~ ~ ~d (2.1) 
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for  the c h a r a c t e r i s t i c  t ime  T~ ~ O{ I da,/dt I of the re laxat ion of the quantum marg in  ~'. 
�9 O~ 

Since, in accordance  with Eq. (1.4), r a ,~  rain [Vvt ; ( a / m )  1/Kd] , and, m o r e o v e r ,  ~ >>m usual ly ,  Eq. 
(2.1) holds for  many  cases  of p rac t i ca l  in te res t .  The exception is only h igh-power  (with probabi l i t ies  W10, 
Wk0 >>Qi001) pumping to the level  k ,~m and the case of smal l  m.  Under these  conditions e / m  ~ 1 and it may  
turn out that T d ~ "ra. 

If Eq. /2.1) holds for  an in terva l  of t ime T~<< A t << "rd, we may a s s u m e  d e / d t  = 0, and the population 
xl(t) is found in the fo rm (cf. [7, 8]) 

x~ (t) = N (t) y,, Y, y~ = l (2 .2)  

Exchange in coll is ion with molecules  at lower  levels  where  the distr ibution (1.7) is valid plays the 
greatest ro le  for  molecules  at  the i - th  pumping level  fo r  a smal l  deviation f rom equi l ibr ium in v - t  p r o -  
c e s s e s .  The re fo re ,  using Eq. (1.7) as the ze ro  approx imat ion ,  it is poss ib le  to l inear ize  the nonl inear  pa r t  
of Eqs. (1.1) that descr ibe  the var ia t ion  in the par t i c le  number  at  the i - th  level due to v - t  p r o c e s s e s .  An 
approximat ion  of the sums  in this case  yields  [2] 

~ ~j,j+l 01 t -- exp (-- El~T1) 
j=o t~i+l,igj ~ ~3Qi+l.i, ~ = It - exp (6vv - El~T1)] ~ (2.3) 

The sys t em of ba lanced equations thus l inear ized  for  the populations,  which takes into account  Eq. (2) 
can be solved by the doub le - summat ion  method [2, 7, S]. As a resu l t ,  we obtain for  the vibrat ionaI  d i s t r i -  
bution function the following express ions :  

F o r  mult iquantum pumping 

y,~ ~- ( - -  Kd - -  W~oy~ -~ Wo~Yo) YnT/n (~Q~o) -1 q- gn T (0 ~< n ~< k) (2.4) 
Yn == - -  KdYn T (]n --/Ir ,~Qlo -1 ~- ( y J g S )  y J  (k -]- t ~< n .~< m) 

F o r  cascaded pumping 

n 

Yn = - -  KaynTtPn ~ [iyiT~ (~Qlo e-(i-1)~ ~- W10)] -I -~- ynT~n (0 ~ n ~ k) 
~ 1  

y~ = _ Kay, r (1~ _ 1~) (~Qlo)-I ~_ ( g j g  r) g j  (k -~ i .~  n ~ m (2.5) 
n 

/~ = ~ [ie-(~-l)SvvgiT] -1 

i 

As is evident f rom Eqs.  (2.4) and (2.5) the v ibra t ional  distr ibution function in a gas dissocia t ing due 
to emiss ion ,  differs  f rom the Tr inorovsk i i  equation (1.7). Using Eqs. (2.4) and (2.5) and taking into account  
the fact  that  K d = TmdY m,  it is poss ib le  to find the d issocia t ion  ra t e  constant  K d. We have for  the mos t  

>> ~,0i for  mult iquantum and cascaded  pumping respec t ive ly ,  f requently encountered case  Prod ~ m , m - i  

K~l = ~Q10 (1 + ~ / ~ ]  ~ (2.6) 

w~oil Kd = ~ Q , o % [ ] m - - ] ~ - f - % . ~ ,  iyiTcP'( e-(~-l)sr~ + ~Q,o]J 
i = 1  

Equations (2.4)- (2.6) a r e  close in form to the cor responding  express ions  for  the h a r m o n i c - o s c i l l a t o r  
model  [7, 8]. However ,  the function (1.7) occurs  as  the undis tor ted optical pumping and dissocia t ion d is -  
t r ibtuion function in place of the Boltzmann equation, and, m o r e o v e r ,  the influence of anharmonic i ty  on the 
v ibra t ional  exchange probabi l i ty  is taken into account by fac to r s  of the type e x p [ - ( i - l ) 6 w ] .  Equations (2.6) 
toge the r  with Eqs .  (1.4) and (1~ (1.6) and (2.3) de te rmine  the dependence of the constant  K d and t e m p e r -  
a tu re  Tl  on the probabi l i ty  of optical m o l e c u l a r  pumping.  Dependences of T1 and K d on the probabi l i ty  
W10 at k = 1 and on different  values of the p a r a m e t e r s  Q10/T10 m,  AE/T ,  and 6vv ~Sv t  were  calcuIated by 
these  equations,  a s suming  that  a T << ~ (i.e., the gas t e m p e r a t u r e  T < TI).  

Resul ts  on the dependence of vibrat ional  t e m p e r a t u r e  T1/E1 on the d imens ionless  probabi l i ty  of 
opt ical  pumping W10/T~0 a r e  depicted in Figs .  1 and 2, which a lso  p re sen t  data of s i m i l a r  calcuIat ions 
fo r  the h a r m o n i c - o s c i l l a t o r  model [7, 8] fo r  compar i son .  Curves  1, 1 ' ,  and 1" (Fig. la) c h a r a c t e r i z e  the 
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following values: k = 1, In. = 15, and Q10/Pl0 = 102, while curves 2,2', and 2" characterize a value for 10 
Ql0/Pl0 of 104 . The value of AE/T is 3.10 -2 for curves 1' and 2' and AE T has a value of 4.10 -2 for curves 

I" and 2"~ We also have 5w ~ 5vt = 2.7 �9 I0 -i for 1' and 2' and 2.6 �9 10 -I for I" and 2". Curve I and 2 

correspond to the harmonic model. The values of the parameters for the curves in Fig. Ib are as follows 

k = i, In = 40, Ql0/Pi0 = 102 , and AE/T = (4, 5, 7) �9 10 -3 for curves 2, 3, and 4, respectively, curve 1 corre- 

sponds to a harmonic model. The number of the curves in Fig. 2ab correspond to the same values of the 

parameters as in Fig. la,b. 

As is evident from these figures, the values of TI/EI and, in particular, Kd/Pl0 for anharmonic 

oscillators can significantly differ in a given range of probabilities of optical pumping from the correspond- 
2 4 1 2 p in~ values for a harinonlc model. For example, Wl0/Pi 0 ~ 10 (when Qi0/PI0 ~ I0 ), and 2 - 0 (when Ql0/ 10 ~ 

10 ) are required for reaching the regime Kd/P10 ~ 1 for BCI3 molecules (k = I, In ~ 40, El "~ 1440~K, 
~" ~ 6vt ~ 6.3 �9 10-2), which amounts to respectively ~0.7 �9 102 W/crn 2 �9 (ram Hg)2p 2 upon AE/T~ 7-10 -3 , and 5 w 

conversion to the emission intensity I of a CO2 laer [8] at pressures p ~ I0 Inin Hg. 

In the harmonic model I ~ 4 W/cm 2. (inin Hg) 2. p2 for the first case and when Qi0/Pi0 = 102 this 

regime is impossible. To obtain an explicit dependence of TI and K d on Wk0 (or W10) and the parameters 

Qi0/Pi0, In, AE/T, 5vv , adn 6vt we simplify Eqs. (1.4)-(1.6), (2.3), and (2.6), considering the different 

regimes of weak (Wi0, Wk0<<Ql0) and strong (Wi0, Wk0 << Ql0) pumping. 

3. Let us consider dissociation under weak optical pumping (Wi0, Wk0 >> Qi0). In this case, Eqs. (2.6), 

which determined the dependence of K d on TI, QI0, in, and AE/T under Inultiquantuin and cascaded pumping 

take the form 

Ka = ~ Q ~ 0 1 , ~  (3.1) 

The  r e l a t i o n s h i p  be tween  T1 and Wk0 (W10) i s  d e t e r m i n e d  by Eqs .  (1.2)-(1.4)  and (1.8), t ak ing  into 
a c c o u n t  the  f ac t  tha t  ~, << In and  de~/dt = 0. A f u r t h e r  s i m p l i f i c a t i o n  of Eqs .  (1.2)-(1.4) b e c o m e s  and the 
derivation of dependence of K d and T t on Wi0 (Wk0) become possible if, following [7, 8], we examine the 
ease of high and low Ti, Thus, for small TI/EI < I, by considering the quantum margin as independent 

of the dissociation rate [i.e., ignoring the second term in the right side of Eq. (1.2)], we find 

K~-~ Qiom \ ~ /  exp ( ~ ) ,  - T - ~ l n  (3.2) \ A~] 

H e r e  t in  = (AE/T)In  2 -  m6vv .  and  A k = kWk0 f o r  Inul t iquantuin  pumping  and  Ak  = Wl0 fo r  c a s c a d e d  
p u m p i n g .  As  i s  ev iden t  f rom Eq.  (3.2) the  t e m p e r a t u r e  Tt and d i s s o c i a t i o n  r a t e  c o n s t a n t  K d r a p i d l y  i n -  
c r e a s e  wi th  i n c r e a s i n g  pumping  p o w e r .  Beginning  at  s o m e  Wk 0 (or  W10) the  va lue  of K d can be  such  tha t  
the  l o s s  of v i b r a t i o n a l  e n e r g y  f r o m  the  s y s t e m  wi l l  be b a s i c a l l y  c a u s e d  by d i s s o c i a t i o n ,  i . e . ,  by  the  s e c o n d  
t e r m  in the  r i g h t  s ide  of Eq. (1.2). In th is  e a s e ,  we have f r o m  Eqs .  (1.2)-(1.4) and  (3.1), 

K~- -  t a Ex/Ti i ( ~ 4 o k )  ~1~ .--7- ~' ~" ~ in m 2 & ,; (3.3) 
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The values of W'k0 (or Wl0*) and of T*t a t  which the r eg ime  (3.2) changes into (3.3) can be found by 
using Eq. (3.1) and assuming  that the f i r s t  and second t e r m s  of the r ight  side of Eq. (1.2) a r e  the s ame ,  
that is 

1 E1 E, m__..~_]_ [il m + in (p~oO m')] A<o* P,o exp [~lm-~- ,~,-7~1, (1 -  m)] T I *  - -  ' (3.4) 

Equations (3.2) and (3.3) at v m = 0 change into the cor responding  express ions  fo r  the harmonic  model  
[7, 81. Since ] ~m I >> 1 often fo r  anharmonic  osc i l l a to r s ,  the t e m p e r a t u r e  T 1 in the case  (3.3) and the 
d issocia t ion ra te  in the case  (3.2) can signif icantly differ  f rom the express ions  a s sumed  for  the harmonic  
model  (cf. a l so  F igs .  1 and 2). Here  and below, blocking anharmonic  and harmonic  osc i l l a to rs  with identical  
E1 and m a r e  compared .  Consequently,  the dissocia t ion ene rgy  in an anharmonic  osc i l l a to r  is a lways l e s s  
than that  of the harmonic  osc i l l a to r  being compared .  

Phys ica l ly ,  the var ia t ion  in exp07m) and of the d issocia t ion ra te  constants  in Eq. (3.2) due to a n h a r -  
monic i ty  is r e la ted  to the var ia t ion  in par t ic le  flow f rom level  m - 1 to the boundary level  m,  which is 
caused by an inc rease  in the population of level  m - 1 by a f ac to r  exp(m2AE/T) and by the dec r ea se  in the 

01 t rans i t ion  probabi l i ty  Q m - m , m  by a f ac to r  e x p ( - 6 w m ) .  The gas t e m p e r a t u r e  can affect  the s ize of exp(~m) 
and, consequently,  the d issocia t ion ra te  in the case  (3+2). F o r  example ,  we have expi~?m)= 40 o 103 and 4.  
103, r espec t ive ly ,  for  BC1 molecu les  used in expe r imen t s  into mo lecu l a r  dissociat ion in the emiss ion  field 
of a CO2 l a s e r  a t  T = 500 and 300~K. As has been previous ly  noted [2], it thus becomes  poss ib le  additionally 
to regulate  the nonequil ibrium dissociat ion ra te  by vary ing  the gas t e m p e r a t u r e .  The dependence of K d on 
AE/T  when Wi0/P10 is held constant  a t  10 is i l lus t ra ted  in Fig.  3. The values of the p a r a m e t e r s  in Fig. 3 
a r e  as  follows: Ql0/P10 = 102, 5 w ~50k = 10 -1 and m = 5, 15, and 40 fo r  curves  1, 2, and 2 ' ,  and 3 and 3' ,  
r e spec t ive ly .  The s t ra igh t  l ines  co r r e spond  to the harmonic  model .  

As Wk0 >> Wk0* (Wi0 >> Wl0*), which is the case  when Eq. (3.3) holds,  anharmonic i ty  does not va ry  
Kd and leads to values  for  T1 that somewhat  di f fer  f rom the v ibra t ion  t e m p e r a t u r e  of ha rmonic  osc i l l a to r s  
(cr. Eq~ (3.3) and Figs .  la  and 2a)~ This is because  the dissocia t ion ra te  is de te rmined  by the energy 
pumping ra te  at a v ibra t iona l  degree  of f r eedom,  and, consequently,  is propor t ional  to Wk0 (Wl0) and 
independent of the fo rm of the v ibra t ional  dis t r ibut ion function. 

At a high vibra t ional  t e m p e r a t u r e  T1 > Et an explici t  dependence of K d on Wk0 (or W10) cannot be 
found. If in this case  the diss ipat ion of v ibra t ional  energy  f rom the sys tem is de te rmined  only by v - t  
p r o c e s s e s ,  it is sui table to use  Eq. (3.1) for  K d and the dependence of T1 on Wk0 (or Wi0) is found f rom the 
re la t ionships  

where  B k = k2Wk0 fo r  mult iquantum pumping and B k = k(k + 1)W10/2 for  cascaded  pumping. 

Whenever  v -  t p r o c e s s e s  a r e  ignored and it is a s sumed  that energy  los t  f rom the sy s t em is caused 
sole ly  by dissociat ion,  
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When k ( E I / T I  ) < I the funct ion f m  o c c u r r i n g  in Eqs .  (3,1) and 
(3.6) has  the fo rm 

-,/4-h--k-- (6~, --  z 2 T '~ 
/,~-: ~ yore V ~ Y -  exp --h-U) 

(3.7) 

where  �9 is the e r r o r  function and z = 1/2(5 w + E I / T t ) .  

P r o c e e d i n g  on the bas is  of Eqs .  (3.5)-(3.7) it is  poss ib le  to 
c la r i fy  the na tu re  of the behav io r  of K d as  a funct ion of Wi0 in F ig .  2 
within the reg ion  T1/E1 < 1. F o r  example ,  if fo r  a r e g i m e  (3.3), (3.6) 

wi thin  the reg ion  T1/E1 < 1 h a r m o n i c  and a n h a r m o n i c  mode l s  y ie ld  ident ical  values  fo r  K d as  a function of 
W10 [cf. Eq. (3.3)], when TI /E1  > 1, these  values  will  begin to di f fer .  This  is c a u s e d b y  the appea rance  in 
the e x p r e s s i o n  fo r  K d of f a c t o r s  conta ining the p a r a m e t e r  E I / T I  and by the d i f fe rence  in TI for  the  two 
m o d e l s .  

4. We now c o n s i d e r  d i s soc ia t ion  of mo lecu l e s  at  high optical  pumping (Wl0, Wk0 >> Q10). In this case ,  
a s a tu r a t i on  r e g i m e  is a t ta ined,  and the values  of K d and T1 become  independent  of opt ical  pumping in tens i ty .  
Phys i ca l l y ,  this is due to the p r e s e n c e  of a " n a r r o w  si te  ~ fo r  ene rgy  input to a v ibra t iona l  deg ree  of f r e e -  
dom.  The m a x i m u m  e n e r g y  input r a te  is d e t e r m i n e d  by i ts  concen t r a t ion  ra te  at  nil v ib ra t iona l  l eve l s ,  ie. ,  
by exchange  p robab i l i ty .  In the s a tu ra t i on  r e g i m e ,  the l imi t ing  values  K~ nax and T~ nax fo r  this  a n h a r m o n i c  
mode l  and the m o s t  often encoun te red  case  Tl max  > El can be found us ing  the method  s i m i l a r  to a p rev ious  
method  [7, 8]. We p r e s e n t  s o m e  final r e su l t s .  If d i s soc ia t ion  does not a f fec t  the l imi t ing  m a r g i n  of the 
v ib ra t iona l  quanta,  K~ nax will  be d e t e r m i n e d  f r o m  Eq. (3.1) and T~ nax  f r o m  the re la t ionsh ip  

T~ax- - [C Ql~ ~v2V E~/Tlmax--svt 1 (4.1) 
E1 . . . .  \ k Plo ] L a x - S v v  

k I 

w h e r e  C ~ = k  2 / ~  i -1 for  mul t iquantum pumping and C k = k(k + 1)/2 f o r  c a s c a d e d  pumping.  In the o the r  

l imi t ing  case ,  name ly  when v ibra t iona l  ene rgy  los t  f r o m  the s y s t e m  is caused  by d i s soc ia t ion ,  we have 

C~ (E~lT~ax) 3 T~ ax ( C~ \'h K r~ lax Ql0 -~ (E,/T[nax_Sw)2' E~ ~ U-s 1"~) (4.2) 

It is of i n t e r e s t  to ana lyze ,  bes ides  the d i s soc ia t ion  kinet ics  t r e a t e d  above  fo r  the model  of blocking 
a n h a r m o n i e  o sc i l l a t o r s  p o s s e s s i n g  a smal l  deviat ion f rom equi l ibr ium (condition (1.9)), the case  of a s t r ong  
edvia t ion f r o m  equ i l ib r ium,  as  well as  to inves t iga te  nonequi l ib r ium d i s soc ia t ion  of d ia tomic  mo lecu l e s  
when the i r  t r ans i t i on  in the cont inuous s p e c t r u m  occu r s  f r o m  the boundary  leve ls ,  i .e . ,  f r o m  levels  whose  
popula t ion is subs tan t ia l ly  a f fec ted  by v - t  p r o c e s s e s .  In the l a t t e r  case ,  the d is t r ibut ion  function and the 
d i s soc ia t ion  r a t e  can be found by the technique we have cons ide red .  If v ibra t iona l  ene rgy  d iss ipa t ion  is 
c a u s e d  by d i s soc ia t ion ,  the cons tan t  K d can be e s t i m a t e d  to within a f ac to r  on the o r d e r  of 2-3 f rom the 
equat ions  [including Eqs.  (3.3), (3~ and (4.2)] fo r  any deviat ion f r o m  equi l ibr ium and for  any mode l  when 
k = 1. In the case  of weak (W10 << Q10) and s t rong  (Wt0 >> Qt0) optical  pumping,  we find, r e spec t i ve ly  

hv ~ -  W~o 
Kd ~ hv 

-~ Qlo 

Here ,  D is the d i s soc i a t i on  e n e r g y  of a molecu le  and v is the f r equency  of the e m i s s i o n  a b s o r b e d .  
Such a f o r m  fo r  K d is due to the fact  that  it weakly  depends on the fo rm of the v ibra tonaI  d i s t r ibu t ion  func -  
t ion  and,  in ac tua l  p r a c t i c e ,  can be e s t i m a t e d  by equat ing the e n e r g y  f lows,  namely ,  the t r ans la t iona l  flow 
as  a funct ion of e m i s s i o n  and the d i s soc ia t ion  flow [cf. Eq. (1.4)], unde r  the indicated  r e g i m e  of the v i b r a -  
t ional  e n e r g y  ba lance .  Such a r e g i m e  of n o a e q u i l i b r i u m d i s s o c i a t i o n  of d ia tomic  a n h a r m o n i e  mo lecu l e s  has 
been  p r e v i o u s l y  ana lyzed  [11]. 
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