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PHOTOSTI MULATED FREE VALENCE MI GRATI ON I N THE SOL1 D 

ORGAN1 C MATRIX 

M. Y a .  MEL ' N I  KOV and V. I .  PERGUSHOV 
Chemical Department of M o s c o w  State U n i v e r s i t y .  
Russ ia  

A b s t r a c t  The main mechanisms, t h e  g e n e r a l  f e a t u r e s ,  
t h e  l e n g t h  of r e a c t i o n  c h a i n  and t h e  e f f e c t i v i t y  of 
t h e  photochemical s t a g e  of t h e  r e a c t i o n  of photostimu- 
l a t e d  r a d i c a l  m i g r a t i o n  i n  t h e  o r g a n i c  s o l i d s  and t h e  
p h o t o s t i m u l a t e d  m i g r a t i o n  of i sopropyl  benzene r a d i c a l s  
i n g l  ass i s o p r  opyl benzene a r e  cons i  d e r  ed .  

I NTRODUCTI ON 

I t  i s  known t h a t  t h e  a b s o r b t i o n  s p e c t r a  of d i f f e r e n t  r a d i -  

c a l s  are t y p i c a l l y  s h i f t e d  t o  a longer  wavelength l i g h t  

r e g i o n  compared t o  t h e  s p e c t r a  of t h e  i n i t i a l  compounds. 

The s h i f t  v a l u e  changing from t e n s  t o  hundreds of nanome- 

ters. '  The r e s u l t s  of t h e  a b s o r b t i o n  i s  h i g h  e f f i c i e n c y  

photochemical r e a c t i o n s  of r a d i c a l s  t h a t  are w i d e l y  occur  

and t a k e  a n  active p a r t  i n  n a t u r e .  2-4 

PHOTOMI GRATI ON OF FREE VALENCE 

M a i  n mechani s m s  of free V a l  e n c e  photomi gr a t  f on 

The r e a c t i o n s  of excited radicals may be d i v i d e d  i n t o  t w o  

main t y p e s  a c c o r d i n g  t o  t h e i r  chemical r e s u l t s .  ' v 3  c i >  me 
excited radical R forms a s t a b l e  molecule p and a thermal 

u n s t a b l e .  under t h e  exper imenta l  c o n d i t i o n s .  r a d i c a l  r by 

t h e  d i s s o c i a t i o n  as  i t  is shown by Ca3. The r a d i c a l  r can 

i n t e r a c t  w i t h  a n  a d j a c e n t  m a t r i x  molecule RH t o  r e g e n e r a t e  

t h e  photochemical act ive r a d i c a l  R. T i i 3  The e x c i t e d  r a d i -  

cal  R i n t e r a c t s  w i t h  t h e  a d j a c e n t  matrix molecule  RH by 

* 

* 
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86/[594] M .  YA. MEL'NIKOV AND V.I. PERGUSHOV 

an H - a b s t r a c t i n g  t h a t  r e s u l t s  i n  t h e  r e g e n e r a t i o n  of t h e  

photochemical act ive r a d i c a l  R Csee Cb33. 

R + h v  + R  + r + p  

R + R H  - + R H + R  

The r e s u l t  of t h e s e  r e a c t i o n s  is a p h o t o s t i m u l a t e d  migra- 

t i o n  of free v a l e n c e  i n  t h e  volume of a s o l i d  matrix t h a t  

c a u s e s  t h e  change of t h e  r a d i c a l  s p a c e  d i s t r i b u t i o n .  t h e  

s tab le  product  C p  and r H 3  format ion  and t h e  r a d i c a l  r e c o m -  

b i  n a t i o n .  

General f e a t u r e s  of t h e  photomigrat ion p r o c e s s  

The main f e a t u r e s  of t h e  c o n s i d e r e d  p r o c e s s e s  are  t h e  pos- 

s i b i l i t y  p of o n e  r e a c t i o n  c y c l e  Cwhere 'p e q u a l s  t h e  quan- 

tum y i e l d  of t h e  photochemical r e a c t i o n s  for circle Ca3 or 

Cb33 and t h e  number of r e a l i z e d  c i rc les  n C n e q u a l s  t h e  

number of s tab le  molecules  p or rH f o r  c i rc le  Ca3 3 .  These 

t w o  parameters  are related t o  each  o t h e r  by t h e  f o l l o w i n g  

e q u a t i o n  
t t 

n = I o c p t f  ~ i - e x p C - P , 3 ~ N C t > l / ~ ) d t / f  NCtJdt Cl3,  
0 0 

where I is t h e  i n t e n s i t y  of acted l i g h t .  NCt>l/v is t h e  

c o n c e n t r a t i o n  dependence of t h e  p h o t o a c t i v e  r a d i c a l s  on 

t h e  p h o t o l y s i s  t i m e  t CN is t h e  number of r a d i c a l s  i n  t h e  

volume v of a s o l i d  m a t r i x ] ,  E is t h e  e x t i n c t i o n  c o e f f i c i -  

e n t  of radicals  and 1 is t h e  o p t i c a l  l e n g t h .  When t h e  non- 

monochromatic l i g h t  is used i t  is n e c e s s a r y  t o  t a k e  i n t o  

account  t h e  dependences of a l l  parameters  cp. E and I on 

t h e  wavelength and t o  u s e  average  v a l u e s .  

0 

0 

Length of  r e a c t i o n  c h a i n  

Using a numerical  i n t e g r a t i o n  a s s a y  w e  have shown t h a t  t h e  

v a l u e  of t h e  i n t e g r a l  r e l a t i o n  i n  C13 is c o n s t a n t  w i t h i n  

15% of error when ENCt>L/v I 2 and i t  is e x a c t l y  2.3~11 

when ENC t >  1/v 5 0.15. Thus, t h e  v a l u e  of n should  be pro- 

p o r t i o n a l  t o  t h e  p h o t o l y s i s  t i m e  t for t h e  m o s t  of t h e  

0 
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PHOTOSTIMULATED FREE VALENCE MIGRATION [595]187 

p o s s i b l e  i n v e s t i g a t e d  experimental  s i t u a t i o n s .  The d a t a  

presented i n  Table  1 prove t h i s  dependence. 

TABLE 1. The dependence of photoradical  c h a i n  r e a c t i o n  

l eng th  on t h e  p h o t o l y s i s  t i m e  f o r  d i f f e r e n t  chemical 

compounds a t  7 7 K .  

Compounds Time, min 
~ ~~ 

5 10 15 20 30 

- - i sobutyraldehyde 1 . 4  3.2 5 

pol yv iny lace ta t e  1.8 3.4 4 .6  5.7 7.5 

acetaldehyde - 18 - 24 30 

60 120 180 240 300 360 

30 

48 

- 23 

33 

- ethanol  9 15 

methyl a m i  ne  8 17 - - 
acetanhydr i d e  0.5 11 - 16.5 - 21 

po lyac ry l i c  a c i d  8 17 26 35 44 - 
- pol yacr y l  ami d e  19 30 45 60 76 

Ef f i c i ency  of photochemical r e a c t i o n s  

To e v a l u a t e  t h e  e f f i c i e n c y  of t h e  product ion of r a d i c a l s  r 

C a I  w e  have analyzed quantum y i e l d s  of a r a d i c a l  formation 

f o r  a pho tod i s soc ia t ion  of d i f f e r e n t  s t a b l e  molecules or 

s t a b i l i z e d  r a d i c a l s  i n  o rgan ic  s o l i d s  a t  77K.’ W e  have a l -  

so made t h e  a t tempt  t o  connect t h e  e f f i c i e n c y  of cage es- 

cape f o r  t h e  r a d i c a l  r with  t h e  Van der  Waals volume v of 

t h i s  radical CFigure 13. The r eg res s ion  a n a l y s i s  has  been 

made and t h e  l i n e a r  dependence of Logp on v : -1ogp 2r 0.iv 

or -1ogp 2 i + 0.7~ which a l l o w s  t o  e v a l u a t e  t h e  va lue  of 

logp with in  25% of error has  been suggested.  
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OH 
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20 40 60 0 
0 

A" 

FIGURE 1. The dependence of t h e  quantum y i e l d s  for homo- 
1 y t i  c photodi  ssoci a t i  on of d i  f f e r e n t  stab1 e m o l  ecu l  es and 
t h e  s t a b i l i z e d  r a d i c a l s  on t h e  volume of r a d i c a l  e s c a p i n g  
c a g e  of t h e  so l id  m a t r i x  Cm is t h e  number of t h e  i n v e s t i -  
g a t e d  sys tems and m = 9 Cfor H I ,  3 COH3, 9 CC13. 2 CBr3. 
36 C C H s > ,  6 C C z H d ;  t h e  v e r t i c a l  l i n e s  denote  v a r i a t i o n  
i n t e r v a l s  for t h e  exper imenta l  v a l u e s  of t h e  quantum 
yi  el ds3 . 

The f r e e  v a l e n c e  photomi gr a t i  on conseqence 

I t  w a s  shown earlier t h a t  t h e  c o n c e n t r a t i o n  r e d u c t i o n  of 

t h e  paramagnet ic  p a r t i c l e s  i n  g l a s s e s  is w e l l  d e s c r i b e d  by 
3.6-8 The t h e  i s o t r o p i c  model of r a d i c a l  photomigrat ion.  

s p a c e  d i s t r i b u t i o n  of t h e  produced molecules  Cstable m o l e -  

c u l e s  p and rH for C a > >  may b e  d e s c r i b e d  by t h i s  hypothe- 

sis b u t  i t  is n e c e s s a r y  t o  t a k e  i n t o  account  t h e  i n i t i a l  

s p a c e  d i s t r i b u t i o n  of p h o t o a c t i v e  r a d i c a l s .  The average  

s i z e  of t h e  m i g r a t i o n  r e g i o n  can  be determined by a s p h e r e  

w i t h  r a d i u s  p which is approximated by t h e  f o l l o w i n g  rela- 

t i o n  p Y A& f o r  t h e  c o n d i t i o n  of R 1 4. where A is t h e  

a v e r a g e  d i s t a n c e  of t h e  free v a l e n c e  t r a n s f e r  for a circ-  

le. T h i s  parameter depending on t h e  n a t u r e ,  t h e  s i z e  and 

t h e  a c t i v i t y  of a radical r. The v a l u e  of A changes from 

20.3 nm t o  
3 ==2- 2 nm C R = -CHzCCCOOH3--, r = OH, high-molecular g l a s s 3  

for a l l  our  experiments .  The average product  d e n s i t y  i n  

t h e  photomigra t ion  r e g i o n  i n  f r a m e s  of such  c o n d i t i o n  sho- 

u l d  be g i v e n  by t h e  r e l a t i o n  p 'c 1/C4h3.7'2. 

CR = CCHsIzCOH. r = H ,  low-molecular g l a s s 3  * 
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PHOTOSTIMULATED FREE VALENCE MIGRATION (597]/89 

P h o t o s t i m u l a t e d  m i g r a t i o n  of i sopropyldenzene  r a d i c a l s  

W e  i n v e s t i g a t e d  t h e  p h o t o s t i m u l a t e d  m i g r a t i o n  of CCHs3zCPh 

r a d i c a l s  which underwent an  a c t i o n  of t h e  l i g h t  b e a m  w i t h  

wavelength of 313 nm i n  t h e  i sopropylbenzene  g l a s s e s  t h a t  

t a k e s  p l a c e  a c c o r d i n g  t o  mechanism C b > . '  T h i s  m i g r a t i o n  

w a s  r e v e a l e d  by d e c r e a s i n g  of an  EPR-spectrum l i n e  broa- 

dening  t h a t  r e s u l t s  f r o m  t h e  i n c r e a s i n g  d i s t a n c e  i n  t h e  

radical p a i r s .  CThe i n i t i a l  d i s t a n c e  d i s t r i b u t i o n  i n  r a d i -  

cal  p a i r s  is t h e  r e s u l t  of t h e  w a y  of t h e i r  format ion  by 

p h o t o l y s i s  of c h l o r i n e  molecules  i n  t h e  i s o p r o p y l  benzene 

g l a s s .  3 The d i s t a n c e  between r a d i c a l s  i n  any  r a d i c a l  p a i r  

d u r i n g  t h e  experiment  w a s  such  t h a t  t h e  photomigra t ion  do- 

es n o t  r e s u l t  a change of t h e  number of r a d i c a l  p a i r s  un- 

d e r  t h e  exper imenta l  c o n d i t i o n s .  W e  have found t h e  depen- 

dence  of t h e  c h a r g e  f o r  a n  EPR-spectrum parameter on t h e  

d i s t a n c e  between r a d i c a l s  i n  a r a d i c a l  p a i r .  Based on t h e  

p r e v i o u s  r e s u l t s  o b t a i n e d  lo, where k i n e t i c s  of r a d i c a l  

recombina t ion  i n  s e p a r a t e d  r a d i c a l  p a i r s  w a s  s i m u l a t e d  by 

Monte- C a r l o  method. The dependence of t h e  d i s t a n c e  i n  a 

r a d i c a l  p a i r s  on t h e  doze of l i g h t  absorbed by t h e  r a d i -  

cals h a s  been c a l c u l a t e d .  Being i n  f rames of t h e  hypothe- 

sis of i s o t r o p i c  photos t imula ted  m i g r a t i o n  i n  g l a s s e s  and 

assuming t h a t  t h e  d i s t a n c e  of free v a l e n c e  t r a n s f e r  f o r  

one  c i rc le  equal  t h e  molecular s i z e .  w e  have e v a l u a t e d  t h e  

p o s s i b i l i t y  of t h e  r e a l i z a t i o n  of one  c i rc le  for t h e  pho- 

t o m i g r a t i o n  of i sopropylbenzene  radicals p 2r C 4 + 6 >  - l o ?  
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