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L A S E R  C O L L I S I O N A L  P U M P I N G  O F  H F  M O L E C U L E S  
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Y u .  A .  C h e r n y s h e v ,  a n d  V .  G.  Y a k u s h e v  

UDC 539.196.5 

The effect  of IR l a se r  r ad ia t ion  on molecules  can r e s u l t  in the product ion of s t rongly  nonequi l ibr ium 
molecu la r  gas s ta tes  because  of the se lec t ive  ' hea t ing"  of the v ibra t iona l  degrees  of f r eedom.  R e s e a r c h  to use 
v i b r a t i o n a l - t r a n s l a t i o n a l  nonequi l ibr ium occur r ing  during the absorp t ion  of l a s e r  r ad ia t ion  for its effect  on 
chemica l  p r o c e s s e s  has r e c e n t l y  been p e r f o r m e d .  As a ruled the poss ib i l i t ies  of s t imula t ing  and control l ing 
reac t ions  r e l a t e  p r i m a r i l y  to the high r eac t iv i ty  of v ibra t iona l ly  excited molecu les ,  as well  as to the fo rma t ion  
of h igh-ac t iv i ty  p a r t i c l e  concentra t ions  during nonequi l ibr ium d issoc ia t ion  caused by "heat ing" the molecu la r  
v ib ra t ions .  At  this t ime  a suff ic ient ly  l a rge  number  of papers  devoted to both the d issoc ia t ion  of molecu la r  
gases  and to l a se r - induced  chemica l  r eac t ions  (e.g.,  [1, 2], as well  as the su rveys  [3, 4]), havebeenpub l i shed .  
Let  us note that  the p roof  of the se lec t ive  act ion of l a s e r  rad ia t ion  on the p r o g r e s s  of a p roces s  is not indis-  
putable in many  of the r epo r t ed  c a s e s .  Hence,  fu r ther  r e s e a r c h  in this a r e a  is expedient.  

Var ious  aspec t s  of v ibra t iona l  kinet ics  have been examined in a number  of theore t ica l  paper s  (cf .  [5-10]), 
for  s y s t e m s  of anharmonic  osc i l l a tors  under conditions of a s t rong  deviation f r o m  equi l ibr ium (finding the 
v ibra t iona l  d is t r ibut ion  function and the energy  re laxa t ion  r a t e ,  de te rmin ing  of the ene rgy  d iss ipa t ion  of the 
v ib ra t iona l  degrees  of f r eedom,  es t ima t ing  the nonequi l ibr ium dissoc ia t ion  r a t e s ) .  

Because  of the lack of quant i ta t ive data on the r a t e  constants  of all  the poss ib le  r e l axa t ion  p r o c e s s e s  for 
the ma jo r i t y  of m o l e c u l a r  s y s t e m s ,  the theore t ica l  comprehens ion  n e c e s s a r i l y  r e m a i n s  at a quali tat ive 
level .  

An analys is  of the p r o c e s s e s  occur r ing  during the inser t ion  of s ignif icant  quanti t ies of energy  during 
l a s e r  exposure ,  and the de te rmina t ion  of the l imi t  energy  capac i ty  of the v ibra t iona l  degrees  of f r eedom,  the 
total  energy  capaci ty ,  as well  as the c o m p a r i s o n  of theore t ica l  and exper imenta l  r e su l t s ,  a re  p e r f o r m e d  m o r e  
convenient ly  on model  s y s t e m s .  Small  a toms and, espec ia l ly ,  d ia tomic  molecu la r  gases ,  can be model  s y s t e m s  
s ince  the re laxa t ion  p r o c e s s e s  ( r o t a t i o n a l -  t rans la t iona l  ( R -  T), v i b r a t i o n a l -  t rans la t iona l  ( V -  T), v i b r a t i o n a l -  
v ib ra t iona l  (V-V)  exchanges) have been studied to g r e a t e s t  deg ree  for s m a l l - a t o m  molecu les ,  and the s t r u c t u r e  
of the energy  levels  of these  molecules  is s imple .  

At  this t ime,  an expe r imen ta l  invest igat ion of the v ibra t iona l  pumping of HF molecules  because  of 
r e s o n a n c e  absorp t ion  of HF l a se r  rad ia t ion  by HF molecules  in the low vibra t iona l  s ta tes  and subsequent  pump-  
ing in the high s ta te  in col l is ions of v ib ra t iona l ly  excited molecules  has been p e r f o r m e d .  For  b rev i ty ,  we will 
l a t e r  denote such a p roce s s  l a se r - induced  co l l i s ioaa l  pumping (LCP).  A pulsed HF l a se r  with ~ 10-J  r ad i -  
a t ion energy  and a pulse durat ion of 2 ~sec  a t  the foundation [11] was used in the expe r imen t s .  The s p e c t r u m  
cons is ted  of 20 l ines of the f i r s t  four v i b r a t i o n a l - r o t a t i o n a l  HF bands.  About 10% of the l a s e r  pulse  energy  
was concent ra ted  in the 1 - 0  band, about  80% in the 2 - 1  band, while the r e s t  of the ene rgy  was dis t r ibuted 
between the 3 - 2  and 4 - 3  bands.  The 1--0 band s t a r t ed  with an intense P8 line, and the mos t  intense lines in the 
the 2 - 1  band w e r e  Pr and Ps. Singular i t ies  a s soc ia ted  with the spec t r a l  compos i t ion  of the rad ia t ion  r e s u l t  in 
the p r o c e s s  of l a s e r  energy  absorp t ion  being s t a r t ed  by the HF molecules  populating the ro ta t iona l  ha l f - l eve l  
J = 8 of the v ibra t iona l  ground s ta te .  Consequently,  a sma l l  f rac t ion  of the molecules  being pumped a r e  ini-  
t ia l ly  in r e s o n a n c e  with the l a se r  r ad ia t ion  (a f rac t iona l  p a r t  of ~10 -3 of the total  number  of molecules  is in the 
ini t ial  s t a t e  a t  the J = 8 level).  The total  r ad ia t ion  intensi ty  (the mean  during a pulse) was I ~  0.5 MW/cm 2 (6.5.  
1024 photons /cm 2. sec) and could be inc reased  by focusing to I ~ 10 MW/cm 2 (1.3 �9 1026 photons /cm 2" sec) .  Fo cu s -  
ing was p e r f o r m e d  by a lens with a 50 -cm focal  length. A cy l indr ica l  zone of 6 m m  d iame te r  was exposed a t  
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the  l ens  c a u s t i c ,  w h e r e  t he  zone  d i a m e t e r  was  kep t  p r a c t i c a l l y  c o n s t a n t  a t  a l ength  of ~ 6 c m .  The  d e p e n d e n c e  
of the  i n t e g r a t e d  t r a n s m i s s i o n  of a n  H F - f i l l e d  a b s o r p t i o n  c e l l  on the  c e l l  l ength  L and p r e s s u r e  PHF was  s t u d i e d  
in  a n u m b e r  of t e s t s .  T r a n s m i s s i o n  of a n  a b s o r p t i o n  c e l l  f i l l ed  wi th  a m i x t u r e  of HF and a buf fe r  gas  (He) was 
s t u d i e d  in a n o t h e r  s e r i e s  of t e s t s .  The s p e c t r a  of the  l a s e r  r a d i a t i o n  p a s s i n g  th rough  the c e l l  w e r e  r e c o r d e d  
s i m u l t a n e o u s l y .  The  e x p e r i m e n t a l  r e s u l t s  a r e  r e p r e s e n t e d  in F i g s .  1-3 ( in F ig .  1, L = 1 e ra ,  I = 0.56 MW/cm2; 
L = 1.7 c m ,  I = 0.62 MW/cm2; L = 1.7 c m ,  I = 0.65 MW/cm2; for  c u r v e s  1, 2, and 3, r e s p e c t i v e l y .  A l s o  in F ig .  1 
fo r  an  H F  + He m i x t u r e  a t  a c o n s t a n t  t o t a l  p r e s s u r e  of 430 m m  Hg, L = 5.5 e ra ,  I = 0.64 MW/cm2; L = 10 e ra ,  
I = 0.65 MW/cm 2 fo r  c u r v e s  4 and 5, r e s p e c t i v e l y .  In F i g .  2, L = 1.7 e ra ,  I = 11.2 MW/cm2; L = 1.7 c m ,  I = 10 
MW/cm 2, a m i x t u r e  of H F  + He a t  a c o n s t a n t  t o t a l  p r e s s u r e  of 430 m m  Hg; L = 5.5 c m ,  I = 9.6 MW/cm2; L = 
10 c m ,  I = 11.3 MW/cm 2 for  c u r v e s  1, 2, and 3, r e s p e c t i v e l y ,  and in F ig .  3, L -- 1.7 e ra ,  I = 11.2 MW/cm 2, L = 
1.7 c m ,  I = 10 M W / o m  2, m i x t u r e  o fHF  + He a t  a c o n s t a n t  t o t a l  p r e s s u r e  of 430 m m  Hg, L = 1.7 c m ,  I = 0.62 
MW/cm2; L = 1.7 c m ,  I = 0.65 MW/cm2. a m i x t u r e  of H F  + He a t  a c o n s t a n t  t o t a l  p r e s s u r e  of 430 m m  Hg; L = 
1.0 cm,  I = 0.56 M W / e m  2 f o r  the  c o r r e s p o n d i n g  c u r v e s  1 -5 ,  r e s p e c t i v e l y ) .  T e s t s  showed  a n o t i c e a b l e  d i f f e r e n c e  in  
the  n a t u r e  of HF a b s o r p t i o n  a t  i n t e n s i t i e s  0.5 and 10 MW/cm 2. The  r e s u l t s  r e d u c e  to the  fo l lowing :  

1) F o r  a n  un foeused  l a s e r  b e a m  the  d e p e n d e n c e  of the  t r a n s m i s s i v i t y  of the  a b s o r p t i o n  c e l l  on PHF is of 
q u a s i t h r e s h o l d  n a t u r e  in the  a b s e n c e  of a buf fe r  ga s :  A t  low p r e s s u r e s  ( P H F ~ 7  m m  Hg) the  r a d i a t i o n  is a b -  
s o r b e d  weak ly ;  f u r t h e r m o r e ,  the  c e l l  t r a n s m i s s i v i t y  d r o p s  s h a r p l y  for  a s m a l l  change  in  the p r e s s u r e  ( c u r v e s  
1 and 2 in  F ig .  1); 

2) upon d i l u t i on  of the  H F  a b s o r p t i o n  of the  un focused  b e a m  a t t e n u a t e s  s h a r p l y  (by a b o u t  a n  o r d e r )  ( c u r v e  
3 in F ig .  1); 

3) for  a f ocused  b e a m ,  d i l u t i on  of H F  by a buf fe r  gas  a f f e c t s  the  m a g n i t u d e  of the  t r a n s m i s s i v i t y  w e a k l y  
( c u r v e s  1 and 2 in F ig .  2); 

4) fo r  a f o c u s e d  b e a m ,  up to  ~ 2 0  quanta  of l a s e r  r a d i a t i o n  a r e  a b s o r b e d  for  each  i n i t i a l  H F  m o l e c u l e  

( c u r v e s  1 and 2 in F i g .  3);  

5) a s  the  op t i~a l  d e n s i t y  g r o w s ,  the  l e v e l  of the  l a s e r  e n e r g y  which  has  p a s s e d  t h rough  the  c e l l  e m e r g e s  
a t  a p l a t e a u  c o r r e s p o n d i n g  to  N 35% of the  t r a n s m i s s i t i v y  fo r  the  focus ed and ~40% of  the  t r a n s m i s s i v i t y f o r  the  
unfocus  ed b e a m s .  
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For  P H F ~ 7  m m  Hg, the unfocused l a se r  beam is not a t tenuated during passage  through the absorp t ion  
cel l  (curves  1 and 2 in Fig. 1). We r e l a t e  this to the fact  that  a t  low HF p r e s s u r e s ,  a sa tu ra t ion  mode is 
r eached  which is due to the p r e s e n c e  of a "na r row  throa t"  for the inse r t ion  of energy  into the sy s t em.  The 
"na r row throat"  of LCP occurs  because  the de l ive ry  of molecules  a t  the low level  of the abso rb ing  t rans i t ion  
is l imi ted by the r a t e  of the R - - T  p r o c e s s e s .  As the HF p r e s s u r e  i n c r e a s e s ,  the de l ive ry  r a t e ,  and the re fo re ,  
the l a s e r - e n e r g y  absorp t ion  r a t e  as well ,  will grow. In the long run,  the  molecules  lose  the v ibra t iona l  ene rgy  
in V - T  p r o c e s s e s  for a pumping cons t ra ined  by R - - T  re laxa t ion .  A par t ia l  t rans i t ion  of the absorbed  ene rgy  
occurs  in the t r a n s l a t i o n a l - r o t a t i o n a l  degrees  of f r eedom a l so  because  of the nonresonanee  of the V - V  
exchange.  This causes  heat ing of the s y s t e m  and an i nc r ea se  in population of the ro ta t io iml  sublevel  r e s p o n -  
s ible  for  the absorp t ion .  The nonlinear t e m p e r a t u r e  dependence of the population r e su l t s  in a p r o g r e s s i v e  
a c c e l e r a t i o n  of the energy  inse r t ion  into the s y s t e m  and the p a s s a g e  to an unsatura ted  absorp t ion  mode. We 
c h a r a c t e r i z e  the absorp t ion  by the specif ic  quanti ty e, the mean  number  of quanta (with r e s p e c t  to the cel l  
length) absorbed  f r o m  the l a se r  beam in a computa t ion  pe r  each init ial  HF molecule :  e = AE/qn~ where  
AE is the absorbed  energy,  q is the ene rgy  of a HF l a s e r  quantum (q = 10 kcal /mole) ,  n o is the initial  HF con-  
cen t ra t ion  in the cel l ,  S is the l a s e r  beam c r o s s  sect ion,  and L is the cell  length. The above is i l lus t ra ted  
g raph ica l ly  in Fig. 3 (curves  3 and 5) in which the dependence of e on PHF is shown: A sha rp  i nc r ea se  in the 
spec i f ic  absorp t ion  occurs  for a change in p r e s s u r e  in a sma l l  band. Upon dilution of the HF by a buffer gas ,  
s y s t e m  heat ing because  of l a s e r  energy  absorp t ion  turns out to be insufficient  to cause  the n e c e s s a r y  growth in 
population of the absorb ing  ro ta t iona l  sublevel .  Consequently,  the magnitude of the absorbed  energy  (curve 4) 
d iminishes  by app rox ima te ly  an order .  

Each HF molecule  abso rbs  7.5 quanta, i .e . ,  app rox ima te ly  half  the s to re  of quanta in the beam capable  of 
being absorbed  that  a r r i v e s  a t  each  HF molecule ,  a t  the m a x i m u m  of cu rve  5 in Fig.  3 (PHF~ 20 m m  Hg) (ac-  
cord ing  to the data in Fig. 1, this s t o r e  is ~ 60% of the total s t o r e  of quanta in the l a se r  beam).  It  is seen  f r o m  
a c o m p a r i s o n  of the data (curves  3 and 5) for  the cei ls  d i f fer ing not iceably (1.7 t imes)  in s ize  that  the values 
of e near  the m a x i m u m s  of the curves  differ  modera te ly .  It  can be concluded that under these  conditions ab -  
so rp t ion  is r ea l i zed  in an opt ical ly  thin l aye r  in p rac t i ce ,  and the re fo re ,  the mean specif ic  absorp t ion  measured  
r e l a t i ve  to the length of the cel l  is c lose  to the t rue  m a x i m u m  for  a given specif ic  absorp t ion  intensity.  The 
s ize  of the absorb ing  layer  becomes  less  than the cel l  s i ze  as the HF concentra t ion i n c r e a s e s .  This r e su l t s  in 
an a p p a r e n t  reduct ion  in the quantity e. 

For  a 20-fold i nc r ea s e  in the rad ia t ion  intensi ty  because  of l a s e r  beam focusing, the speci f ic  absorp t ion  
doubles a p p r o x i m a t e l y  (curve 1) under conditions co r respond ing  to the max imums  of cu rves  3 and 5 in Fig. 3. 
The tendency to a fu r ther  growth in the quantity e as PHF i n c r e a s e s  indicates that  a sa tu ra t ion  mode is hence 
aga in  achieved which is due, as in the ca se  cons idered  e a r l i e r ,  to a cons t ra in t  on the ve loc i ty  of energy  i n s e r -  
tion in the s y s t e m  by the r a t e  of the R - T  p r o c e s s e s .  An i n c r e a s e  in the r a t e  of the R -  T p r o c e s s e s  by ra i s ing  
the HF concent ra t ion  yields the magnitudes e~20  quan ta /molecu le  for  beth undiluted HF and HF diluted with 
he l ium (curves  1 and 2 in Fig. 3). The HF should he re  be subjec t  to significant  d issocia t ion.  Indeed, p rac t i ca l l y  
comple te  adiabat ic  d i ssoc ia t ion  of HF in the equi l ibr ium mode r e q u i r e s ,  onthe  onehand, the expendi ture  of~16 
quanta /molecule .  The ene rgy  of the HF molecules  r each ing  the v = 19 v ibra t iona l  level  during upward motion, 
because  of V - V  exchange,  differs f r o m  the d i ssoc ia t ion  ene rgy  by jus t  the quantity kT; on the other hand, in 
p r ac t i ce ,  such molecules  should d i s soc ia te  in each col l is ion.  Hence,  expenditures on HF d issoc ia t ion  should 
not exceed 19 quanta /molecule .  The question is t he re fo re  what d issoc ia t ion  mode is r ea l i zed  in t es t s .  If the 
equi l ibr ium d issoc ia t ion  mode were  r ea l i zed ,  then upon diluting HF by the buffer gas the absorbed  ene rgy  
should i n c r e a s e  not iceably since the energy  capac i ty  of the s y s t e m  is magnified substant ia l ly .  This is valid if 
t he re  is a suff icient  s t o r e  of quanta in the l a s e r  rad ia t ion  flux. Le t  us e s t ima te  the magnitude of the s to re .  
Under  t es t  conditions the u l t imate  absorbed  energy  is ~ 65% of the total  energy  of the incident radia t ion .  A s i m -  
ple computa t ion  shows that  100 quanta per  HF molecule  a r r i v e  near  the max imums  of cu rves  1 and 2 in Fig. 3 
(on the a v e r a g e  PHF ~' 50 m m  Hg), which a r e  potent ial ly  abso rbab le ,  i .e. ,  a f ive-fold s to re .  The insignif icant  
dilution by he l ium indicates that  the HF d issoc ia t ion  occurs  in the nonequfl ibr ium mode,  under conditions of 
" sepa ra t ion"  of the v ibra t iona l  f r o m  the t rans la t iona l  t e m p e r a t u r e .  

Le t  us take the following model ,  which r e su l t s  f rom the cons idera t ions  elucidated above,  to de sc r i b e  non- 
equi l ib r ium dissocia t ion:  

1) The l imit ing s tage  of pumping in the sa tu ra t ion  mode is R -  T; 

2) only the cascade-bound  t rans i t ions  P j ( 0 - 1 )  and P j_1 (1 -2 )  (J = 8) yield a fundamental  contr ibut ion to 
l a s e r  energy  abs orption;  
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3) v ibra t iona l  energy  d iss ipa t ion  is de te rmined  main ly  by the d issoc ia t ion  p r o c e s s ;  

4) molecu la r  d issoc ia t ion  occurs  f r o m  the boundary level  v d = 19. 

Upon compl iance  with ca se  1)nv<<nv=0 ~ n = n~ is valid,  where  a is the degree  of dissociat ion.  
Neglecting the s t o r e  of quanta a t  the v ibra t iona l  degrees  of f r e e d o m  of the HF molecu les ,  we have a ___ s/vd. 
Taking ca se  2) in a quas i s t a t iona ry  approx imat ion  for the pumping veloci ty  into account,  we obtain 

~ _ _ x (  - ), (1) 

where  w ~ - - ~  exp - -  "~-](J-I- t) is the normal ized  Bol tzmann fac tor  of the J - t h  ro ta t ional  sublevel  of the 

v ibra t iona l  ground s ta te ,  Qro t  :~ kT/Bhc is the ro ta t ional  s t a t i s t i ca l  sum,  B is the ro ta t iona l  constant ,  T J T  is 
the c h a r a c t e r i s t i c  t ime  of R - T  re laxa t ion  of the J - t h  sublevel .  To desc r ibe  the adiabatic  d issoc ia t ion  p r o c e s s ,  
we add the t r a n s l a t i o n a l - r o t a t i o n a l  energy  ba lance  equation 

C A T  = ~ A q ,  (2) 

to (1), where  ~Q = q v d - Q  d is the pa r t  of the energy  of the v ibra t iona l  quanta that  makes  the t rans i t ion  into hea t  
dur ing upward mot ion in ene rgy  space  because  of anharmonie i ty  of the v ibra t ions ,  Qd is the HF d issoc ia t ion  
energy  (Qd = 135 kcal /mole) ,  AT is the gas t e m p e r a h l r e  r i s e ,  C = ~, c~a~ is the effect ive  specif ic  heat  of the 

mix tu re ,  c i is the specif ic  hea t  of the i - th  mix tu re  component ,  and a i  is the r a t io  of the i - th  component  con-  
cen t r a tmn  to the initial  HF concentra t ion.  Only two a toms a r e  fo rmed f r o m  the HF molecule  during d i s so -  
ciat ion,  and their  total  specif ic  hea t  only exceeds  the specif ic  hea t  of the HF molecule  by 20%; the re fo re ,  

r nile 
C ~ CHF-r He--~. F r o m  (1) and (2), we obtain 

i (3) 
vd 

~imp 
where  T O is the ini t ial  t e m p e r a t u r e ,  y = T / T ~  1 . \  = l ~  I- d t_t. The 

\ / 

quantity ~ is r e l a t ed  to y by the re la t ionship  s = V d C T ~  - -  i)/hQ. (4) 

It  is a s sumed  \ ~ - ~ - - ~ / = ~ , ~  Rr]o is the c h a r a c t e r i s t i c  t ime  of R - T  r e l axa t ion  in the initial  mix ture ,  in the 
RT k RT]O 

numer ica l  solution of (3). Accord ing  to data [12, 13], the R - - T  re laxa t ion  in He in the ini t ial  mix tures  can be 
neglected for a l l  the HF dilutions exis t ing in t es t s .  As the gas t e m p e r a t u r e  r i s e s ,  the hel ium contr ibut ion to 
the R - T  exchange should grow and together  with the contr ibut ion of the H and F a toms  being formed during 
dissocia t ion,  should compensa te  to some  degree  the diminution in the ro ta t iona l  r e l axa t ion  r a t e  because  of the 
drop in HF concent ra t ion .  The quantity (TJT)0 is evaluated by using the fo rmula  (TJT)~ t = PHF(PTJT) - I  = PHF" 

�9 ~ (W:~T)--lXi, and the data of [3], where  priRJ T is  the c h a r a c t e r i s t i c  t ime  of rota t ional  energy  t r a n s f e r  fe r  

g=8 
f r o m  the level  i to the level  J for  PHF = 1 m m  Hg. Accord ing  to the data in [13], PTRT:* 7.0 �9 10 -8 s e c ' m m  Hg. 
The r e s u l t s  of a computa t ion  using (3) and (4) for  a HF + He mix tu re  at  a total  p r e s s u r e  of 430 m m H g a r e p r e -  
sented in Fig. 3 (curve 6). I t  is seen  that  quanti tat ive a g r e e m e n t  between expe r imen t  and computat ion is c o m -  
p le te ly  s a t i s f ac to ry ;  there  i s  quant i ta t ive a g r e e m e n t  between e x p e r i m e n t  and computat ion,  the model desc r ibes  
ab rup t  growth of the speci f ic  absorp t ion  in a sma l l  r ange  of HF p r e s s u r e  va r ia t ion  because  of the i nc r ea se  in 
the r a t e  of the R - - T  p r o c e s s e s .  

I t  follows f r o m  the expe r imen t s  and the model  analys is  that  d i ssoc ia t ive  instabi l i ty  occurs  in the s y s t e m  
with the a c c e l e r a t i o n  of ro ta t iona l  r e l axa t ion  because  of the r i s e  in HF p r e s s u r e  for a sufficient  rad ia t ion  in-  
tensi ty .  We r e l a t e  the "bleaching n of the med ium obse rvab le  in tes ts  during the pa s sage  f r o m  an intensi ty  of 

0.5 to the in tensi ty  10 MW/cm 2 to this phenomenon (compare  curves  2 in Fig. 1 and 1 in Fig.  2). The d rop  in  
cu rves  1 and 2 in Fig.  3 is  a r e s u l t  of l a s e r  b e a m  at tenuation because  of l o s se s .  
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The "extra-l imitation" of the t ransmissivi ty by the absorption cell by approximately an identical level 
for beam intensities differing by more than an order as the optical density r i ses  can be explained by assuming 
that generation occurs ear l ier  during the 2 - 1  transition than in the 1 -0  transition. Then, the par t  of the laser 
energy which has passed through the cell prior  to the time generation occurs at the 1 -0  transition cannot be 
absorbed. Independently of whether the laser beam is focused or not, this par t  indeed determines the minimum 
level of cell t ransmissivity.  The justification for the assumption results from the fact that the population of 
the v = 2 level is noticeably greater  than the population of the v = 1 level because of the singularities in the 
pr imary  vibrational distribution of the HF molecules obtained in the react ion H 2 + I~2, and hence the threshold 
is reached ear l ier  for generation at the 2 - 1  transition. The assumption that generation does not occur simul- 
taneously is indeed confirmed experimentally: It is seen from spectrograms obtained that the P6(2-1) line is 
not absorbed, therefore,  generation ceases ear l ier  there than it occurs at the 1 - 0  transition. 

In conclusion, let us note that the high efficiency of LCP at comparatively low levels (~ 107 W/cm 2) of the 
incident radiation power and the small initial fraction (~ 103) of the absorbing molecules has been demonstrated 
by the example of HF. Let us note that the power thresholds for col l is ion-free pumping are  in the limits 108- 
109 W/em 2. It can be assumed that the HF pumping scheme and its fundamental regulari t ies are  sufficiently 
general. These regulari t ies are  the following: a) Rotational relaxation is the "narrow throat" of the pumping 
process in the saturation mode; b) dissociative instability of the system occurs for a sufficient laser radiation 
intensity when the rotational relaxation accelerates ;  c) the degree of nonequilibrium dissociation can reach a 
significant value (up to ~100%). This corresponds to the formation of high-activity atom concentrations under 
sufficiently low-temperature conditions, which discloses prospects for investigation of their subsequent r e -  
actions. 
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