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The propagation of light in a po lymer  medium containing an admixture of different molecules 
with l a rge  photoabsorption c r o s s  section is considered theoretically.  The absorptivity of the 
medium is assumed to depend strongly on the density of the internal energy. The solution 
y ie lds  two absorption regimes:  intense, determined by the host medium, and weak, due solely 
to the impurity molecules.  

1. The phenomena that result  f rom the passage of resonantly absorbed monochromatic  l a se r  radia-  
tion in gaseous and liquid media have been well studied (bleaching waves [1], photochemical waves in gases  
[2]). The propagation and absorption of light in t ransparent  polymer  media have been considered less often. 
The successes  of po lymer  chemis t ry ,  the great  variety of possible s t ruc tures  and propert ies ,  and also the 
increasing number  of studies of the migrat ion of absorbed energy in an individual complex molecule and in 
a molecule implanted in a medium make it possible to predict  and rea l ize  a number of effects result ing 
f rom the interaction of intense light beams with such substances.  

In pract ical  applications one has the problem of maintaining the intensity of a l a se r  pulse that passes  
through a l aye r  of mat te r  in definite l imits  when there a re  a rb i t ra ry  fluctuations in the radiation intensity 
on its entry into the medium. An interest ing problem is the attentuation of an originally monochromatic  
light beam that propagates in a given direction. The par t  of the light flux that is diffusely re -emi t ted  during 
the propagation p rocess  and also the radiation of the energy absorbed by the mat te r  af ter  the action of the : 
light pulse has ceased  a re  of no par t i cu la r  interest .  We consider  intensities and durations of the light flux 
that do not lead to optical breakdown in gases  o r  mechanical  destruct ion of a sample.  Under such conditions 
it is of interest  to pose and solve a model problem. 

We assume that, beginning with the t ime t = 0, a plane-paral le l  monochromatic  light flux of constant 
intensity is incident f rom the left on the surface  of a mater ia l  that fills the right-hand half-space.  We con-  
s ider  a po lymer  mater ia l  that is t ransparent  at the initial t ime at the given frequency but contains an ad-  
mixture of different molecules which have a large photon capture  c r o s s  section. The t ransformat ion of the 
light energy absorbed by the impurity molecules is determined by the ratio of the probabilit ies of nonradia-  
tive p rocesses  and p rocesses  with the emission of a photon. Bearing in mind that for  some organic c o m -  
pounds in an appropria te  environment the probability of nonradiative relaxation of an excitation in the me-  
dium is large,  we cons ider  the case  when this process  is appreciably more  probable than deactivation with 
radiation. 

The energy of the photon absorbed by the impurity molecule is redistr ibuted in the molecule-medium 
sys tem and goes over  into the internal degrees  of f reedom of the medium. The t ime of transit ion of the 
excitation to the medium is appreciably shor te r  than the t ime between two success ive  absorptions of pho- 
tons by the molecule. As a result  of the relaxation p rocess ,  there  is a rapid local heating of the medium 
near the impurity molecule. The absorptivi ty of polymer  media depends strongly on the " temperature"  and 
this process  therefore  ra i ses  the absorption in the considered region. As an example, we mention copoly-  
mers  with groups of t rans-3- thiabicyclo[3.3.0]octane or  2-aminopyrene,  which have a steep drop in the 
absorption band in the region of 220 and 340 nm. We assume that adjustment to resonant  n-photon absorp-  
tion of light makes the main contribution to the tempera ture  dependence of the absorption coefficient under 
these conditions. F o r  copolymers  with groups of t rans-3- thiabicyclo[3.3 .0]octane n =3, while for  the 2- 
aminopyrene n =2 for  a ruby l a se r  photon. We consider  also durations of the action of the light flux and 
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c o n c e n t r a t i o n s  of i m p u r i t y  m o l e c u l e s  a t  which  o v e r l a p p i n g  of the  expand ing  h e a t e d  z o n e s  does  not o c c u r  b e -  
f o r e  the  end of the  p u l s e  and each  i m p u r i t y  m o l e c u l e  can  be  t r e a t e d  s e p a r a t e l y .  

The  e x c i t a t i o n s  of the  m e d i u m  r e s u l t i n g  f r o m  the  n - p h o t o n  a b s o r p t i o n  need  not  m a k e  a s i g n i f i c a n t  c o n -  

t r i b u t i o n  to the  f u r t h e r  a b s o r p t i o n  of the  o r i g i n a l  flux. We c o n s i d e r  the  two fo l lowing  p o s s i b l e  c h a n n e l s  f o r  
the  s u p p r e s s i o n  of t he  r e s u l t i n g  e x c i t a t i o n s :  d i r e c t  f a s t  d e a c t i v a t i o n  with  e m i s s i o n  a t  new f r e q u e n c y  and 
d e a c t i v a t i o n  with  e m i s s i o n  a f t e r  a p o s s i b l e  f a s t  e s c a p e  of the  exc i t a t i on  f r o m  the  r e g i o n  in which  i t  w a s  
f o r m e d .  B e c a u s e  of the  a d j u s t m e n t ,  the  p h o t o a b s o r p t i o n  c r o s s  s e c t i o n  of the  photon of the  new f r e q u e n c y  
is  s m a l l  and r e a b s o r p t i o n  in the  c o n s i d e r e d  l a y e r  of m a t e r i a l  can  be  i g n o r e d .  We sha l l  a s s u m e  tha t  t h e s e  
two p r o c e s s e s  s u c c e e d  in r e d u c i n g  the  d e n s i t y  of e x c i t a t i o n s  so much tha t  the  s a t u r a t i o n  e f fec t  does  not o c -  
c u r  f o r  the  c o n s i d e r e d  p u l s e  d u r a t i o n s .  The  h i g h e r  l y i n g  l e v e l s  a r e  a s s u m e d  to have  a s t r u c t u r e  such tha t  
the  p r o b a b i l i t y  of o c c u r r e n c e  of a h i g h e r  e x c i t a t i o n  as  a r e s u l t  of a b s o r p t i o n  of a photon of the  o r i g i n a l  r a -  
d i a t i on  is  neg l i g ib ly  s m a l l .  U n d e r  t h e s e  c o n d i t i o n s ,  the  e n e r g y  a b s o r b e d  in the  n -pho ton  p r o c e s s e s  l e a v e s  
the  c o n s i d e r e d  r e g i o n  and need  not b e  c o n s i d e r e d  f u r t h e r .  

2. We c o n s i d e r  the  k i n e t i c s  of the  p r o p a g a t i o n  and a b s o r p t i o n  of l igh t  in the  m e d i u m  on the  b a s i s  of 
t h e  ba lanc  e equa t ions  

Ou / Ot A- ccgu / Ox = - - ( r c N l u  - -  b N 3 u " ,  ON1 I' Ot = - - ( ~ c N l u  -4- No. / ~, N1 -t- No. = N (2.1) 

H e r e ,  u i s  the  d e n s i t y  of the  photons  of the  r a d i a t i o n ;  N 1 and N 2 a r e  the  d e n s i t i e s  of the  unexc i t ed  and 
e x c i t e d  i m p u r i t y  m o l e c u l e s ;  N i s  the  t o t a l  d e n s i t y  of i m p u r i t y  m o l e c u l e s ;  N 3 is  the  d e n s i t y  of the  "hea t ed"  
m o l e c u l e s  of the  m e d i u m  c a p a b l e  of r e s o n a n t  n -pho ton  a b s o r p t i o n ;  a is  the  c r o s s  s e c t i o n  f o r  the  c a p t u r e  of 
a photon by an i m p u r i t y  m o l e c u l e ;  c is  the  v e l o c i t y  of l igh t  in t he  m e d i u m ;  T i s  the  c h a r a c t e r i s t i c  t i m e  of 
t r a n s f e r  of an exc i t a t i on  by an i m p u r i t y  m o l e c u l e  to  the  m e d i u m ;  and b is  a c o n s t a n t  tha t  c h a r a c t e r i z e s  t he  
p r o c e s s  of n - q u a n t u m  a b s o r p t i o n  of l ight  by  the  m e d i u m .  

We c a l c u l a t e  N 3 a p p r o x i m a t e l y ;  i t  i n c l u d e s  the  m o l e c u l e s  of the  s e c t i o n s  of the  m e d i u m  in which  the  
d e n s i t y  p of the  i n t e r n a l  c n e r g y  i s  g r e a t e r  than a t h r e s h o l d  va lue  P0, i . e . ,  the  su f f i c i en t ly  "hot"  m o l e c u l e s .  

If the  m a t t e r  has  an i s o t r o p i c  d i s t r i b u t i o n ,  t h e s e  s e c t i o n s  a r e  s p h e r i c a l  v o l u m e s  with  an i m p u r i t y  
m o l e c u l e  a t  the  c e n t e r .  If v is  the  v e l o c i t y  of p r o p a g a t i o n  of an exc i t a t i on  in the  m e d i u m ,  then a t  a t i m e  t 
a f t e r  the  a b s o r p t i o n  of a photon by an i m p u r i t y  m o l e c u l e  the  e n e r g y  ~ of th i s  photon h a s  been  d i s s i p a t e d  in 
the  v o l u m e  of a s p h e r e  of r a d i u s  R = vt. A f t e r  a t i m e  t >>r the  i m p u r i t y  m o l e c u l e  wi l l  have  a b s o r b e d  and 
t r a n s m i t t e d  to the  m e d i u m  m = ~ctn photons .  Tak ing  m to b e  l a r g e ,  we s h a l l  a s s u m e  i t  i s  equal  to the  n e a r -  
e s t  i n t e g e r .  The  r a d i u s  of the  s p h e r e  in which the  e n e r g y  of the  i - t h  photon a b s o r b e d  s i n c e  t = 0  i s  d i s t r i b -  
u ted is 

R i  = v t  (m  + 1 - -  i) , / m ,  t -.~ L ~..~ m 

and the  c o r r e s p o n d i n g  e n e r g y  d e n s i t y  i s  

~)i = ~ / Vi, Vi = 4 / 3 , ' t H i s  

The  to t a l  e n e r g y  d e n s i t y  a t  a d i s t a n c e  r (Ri+  1 < r < Ri) f r o m  the i m p u r i t y  m o l e c u l e  i s  

i 

t' (r) : V~ (2.2) 

Light  w i l l  be  a b s o r b e d  by the  m e d i u m  in the  r e g i o n s  in which P>P0 and r < r  0 (r  0 is  the  t h r e s h o l d  r a -  
d ius ) .  The  ma in  c o n t r i b u t i o n  to the  a b s o r p t i o n  c o m e s  f r o m  the  r e g i o n  with  l a r g e  v a l u e s  of r0, and in (2.2) 
w e  can  t h e r e f o r e  go o v e r  f r o m  s u m m a t i o n  to i n t e g r a t i o n :  

(2.3) 

S ince  P0 is  a p p r e c i a b l y  h i g h e r  than the  i n i t i a l  e n e r g y  dens i tT  ( o r i g i n a l l y  t h e r e  i s  no a b s o r p t i o n )  r0<<vt, 
i t  fo l lows  f r o m  (2.3) tha t  

ro = (3eocu/8np0v)',, = (Au)','~ 

F o r  the  t h r e s h o l d  v o l u m e  V 0' we ob ta in  
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V0 = 4/s~ (A u)"' 

T h e  d e n s i t y  of the  a b s o r b i n g  m o l e c u l e s  of the  m e d i u m  is  

N 3 = 4~aNn (A u) ~ No  = (a / b) N ~ "  

w h e r e  N O is  the  d e n s i t y  of the  m o l e c u l e s  of the  m e d i u m .  H e r e  we have  r e m e m b e r e d  tha t  the  c o n t r i b u t i o n  
f r o m  each e n e r g y  quantum ~ t r a n s m i t t e d  to the  m e d i u m  by the  i m p u r i t y  m o l e c u l e  i s  s m a l l  a f t e r  m ix ing  and 
the  a b s o r b i n g  v o l u m e  a r o u n d  the  m o l e c u l e s  N 1 and N~ is  a p p r o x i m a t e l y  the  s a m e .  Equa t i ons  (2.1) t a k e  the  
f o r m  

Ou / Ot ' i  cOu / Ox =- - - o c N ~ u  -- a N u  n+',',, ON~ / at  

= - - ~ c N l u  -+ N 2 / "r, N 1 -.~ N 2 --  N (2.4) 

wi th  the  i n i t i a l  and  b o u n d a r y  c o n d i t i o n s  

Na(x,  t =  O) = N ,  u ( x =  O, t ) - -  wO(t) 

O(t) = { ~  for t > O  
for t < O  

w h e r e  w is  the  d e n s i t y  of the  pho tons  in the  i nc iden t  f lux a t  i t s  poin t  of en t ry  into the  m e d i u m .  

3. With a l l o w a n c e  f o r  the  i n i t i a l  c o n d i t i o n s  fo r  N 1, we ob ta in  f r o m  (2.4) 

t I t  t 

Nj.= NIl +Sexp {S[I-l-,c~u(t2, x)],-adt2}-.~]exp{-- I [ ,  _.mc,u(t2, x)]T-Xdt2} 
0 0 0 

(3.1) 

In a c c o r d a n c e  with t he  adop ted  a s s u m p t i o n s  crcru<< 1, and N 1 ~-N fo l lows  f r o m  (3.1). The  f i r s t  of Eqs .  
(2.4) t a k e s  the  f o r m  

Ou / Ot -i- cOu / Ox = - - o c N u  - -  aNuS+',, 

Going o v e r  to the  v a r i a b l e s  x 1 = x, t 1 = t - x / c ,  and making  t r a n s f o r m a t i o n s ,  w e  ob ta in  

(3.2) 

c 

n-F 1/~ 

This  r e l a t i o n  can  be  i n t e g r a t e d :  

Oun+t.'s 

cgxx 
- -  _ _ zcNun+V, _ Nau2,,+~ 

u = [-~- {Bexp [vN ( n - ~  1 / 2 ) x l -  l}- l j  1'("+''~ B = O ( t - - z / c ) w " + V ' -  z c / a  
0 (t - z / c) w n+'' (3.3) 

w h e r e  the  b o u n d a r y  cond i t i ons  have  been  used .  

F o r  s u f f i c i e n t l y  l a r g e  t, B = c o n s t  and the c o o r d i n a t e  d e p e n d e n c e  of the  d e n s i t y  of quanta  is  d e t e r -  
m i n e d  by  (3.3). Le t  us c o n s i d e r  a c a s e  of p r a c t i c a l  i n t e r e s t :  o c / a  <<wn+l/2. U n d e r  t h e s e  c o n d i t i o n s  the  i n -  
t e n s i t y  d e c r e a s e s  f o r  s m a l l  x a s  

F o r  l a r g e  x, (3.3) y i e l d s  

U = W  , - -  = W 
aw~+', ', N~ (n + 1/~) x' 

x'  = xA-  A', A' = c [ N a w  ~+v, (n  + 1]2)]-1 

u ~ (zc / a)l/r247 exp ( - -x  / A) 

w h e r e  A = 1/Nor. It c an  be  s e e n  f r o m  the  r e l a t i o n  

A' / A - -  ere [aw '~§ (n  + I/2)l-' ~ t 

tha t  in the  c o n s i d e r e d  c a s e  the  fa l l -o f f  of the  i n t ens i ty  a t  the  c o o r d i n a t e  o r i g i n  is  m o r e  r a p i d  than in the  r e -  
m a i n i n g  p a r t  of t he  m a t e r i a l .  

4. T h e  r eg ion  of a l igh t  f lux w h o s e  i n t e n s i t y  on en t ry  into the  m e d i u m  is  su f f i c i e n t l y  high b r e a k s  up 
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into two zones. In the first ,  which is comparat ively  thin (character is t ic  d i s t a n c e - L ' ) ,  there  is intense ab-  
sorption of light by the host medium. The major  par t  of the light flux is absorbed here.  The second region 
is much thicker (character is t ic  distance 4). In it the absorption of light is determined by the impurity 
molecules and is much weaker  than in the f i r s t  zone. If the intensity of the incident flux is increased,  the 
relat ive thickness of the f i rs t  zone decreases .  The photon density at a fixed x in the second zone depends 
weakly on the intensity of the incident flux [see (3.3)]. If the intensity of light is increased,  it remains  al-  
most constant.  

The transit ion between the two absorption regimes  is abrupt. This can be seen f rom (3.2}. To the 
f o r m e r  there  cor responds  a te rm l inear  in the density, to the latter,  a te rm containing the photon density to 
the power n + 3/2. The abruptness of the transit ion f rom one absorption regime to the other  is due to the 
large  difference between these powers.  The corresponding  coefficients in (3.2) a re  determined by the phys-  
ical proper t ies  of the medium and the impurity molecules and lie within ranges of pract ical  in teres t  for  a 
number of substances.  

1, 
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