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PHOTOCHROMI S M  OF ARY LOXYQUI NONES 

VALEKY A. BARACHEVSKY 
P h o t o c h e m i s t r y  Department  of I n s t i t u t e  of  Chemical 
P h y s i c s ,  R u s s i a n  Academy of S c i e n c e ,  Moscow, R u s s i a .  

A b s t r a c t  The pho tochr  o m 1  c t r a n s f  or m a t i  on mec h a m  s m ,  
t h e  dependence  o f  p r o p e r t i e s  upon t h e  s t r u c t u r e  of pho- 
tochromi  c compounds of ar yl oxyqui  none  c l  ass as w e 1  1 as 
t h e i r  p o s s i b i l i t y  of a p p l i c a t i o n  are pe r fo rmed  i n  t h e  
p r e s e n t  r evi e w  

I NTRODUCTI ON 

I n t e n s i v e  deve lopment  of i n v e s t i g a t i o n  i n t o  photochromism of  

d i f f e r e n t  s y s t e m s  b e i n g  c o n t i n u e d  up t o  t h e  p r e s e n t  t i m e  is  

based on t h e  p o s s i b i l i t y  of p r a c t i c a l  u s e  o f  t h i s  

phenomenon . N o n t h e l e s s ,  t .he  problem of c r e a t i o n  of  pho to -  
9 

chromic  r e c o r d i n g  m e d i a  CPRMI for o p e r a t i v e  o p t i c a l  memory 

w i t h  n e c e s s a r y  c h a r a c t e r i s t i c s  a r e  f a r  f r o m  s o l v i n g .  The 

c o m p l e x i t y  i n  s o l v i n g  of t h i s  problem i s  c o n n e c t e d ,  i n  t h e  

f i r s t  p l a c e ,  w i t h  e l a b o r a t i o n  of t h e  materials b e i n g  

c h a r a c t e r i z e d  by h i g h  r e c u r r e n c e  of pho tochr  o m i  c 

t r a n s f o r m a t i o n s ,  t he rma l  s t a b i l i t y  of pho to induced  f o r m  

CPFI, c o i n c i d e n c e  of s p e c t r a l  c h a r a c t e r i s t i c s  of i n i t i a l  

CIFI and pho to induced  CPFI f o r m s  w i t h  r a d i a t i o n  w a v e  l e n g t h  

of  s m a l l  overall d imens ion  s e m i  conduc to r  1 aser s , t h e  m o s t  of 

which,  u n f o r t u n a t e l y ,  r a d i a t e s  i n  I R  s p e c t r a l  r e g i o n .  

1 --4 

PRM c r e a t i o n  s a t i s f y i n g  t o  t h e  p o i n t e d  demands would 

allow t o  r ea l i ze  t h e  o p e r a t i v e  m e m o r y  w i t h  t h e  maximum 

r e s o l u t i o n  u n l i k e  t h e  e x i s t i n g  r e v e r s i b l e  l i g h t  s e n s i t i v e  

m a t e r  i a1 s C magneto-opt i  cal media ,  m a t e r  i a1 s o n  t h e  base of 

p h a s e  t r a n s i  ti ons)  

I n  t h e  p r e s e n t  p a p e r ,  t h e  a n a l y t i c a l  r e v i e w  of r e s u l t s  

under  i n v e s t i  g a t i  on  of ar yl oxyqui  nones  C A W  pho to -  

chromi s m  and  t h e  p o s s i  bi  1 i ties for t h e i  r a p p l i c a t i o n  for 

3.6.7 
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96 V.A. BARACHEVSKY 

Paramete r  
, b e n z e n e  I I1  I11 

I 
I F ,  X , nm C l g E  3 364 400 ~ 404 

m a x  C3.701 1 C 3 . 7 6 1  ' C3. 681 

c r e a t i o n  of o p e r a t i v e  o p t i c a l  memory a r e  pe r fo rmed .  

I V  

476 

MECHANI S M  OF PHOTOCHROMI C TRAEJSFORMATI ONS OF ARY LOXY QUI N O N E S  

PF,), , nm C l g g 3  
m a x  

Photochromic  compounds of t h i s  class w a s  r-evealed d u r i n g  t h e  

s y n t h e s i s  p r o c e s s  and i n  c o u r s e  of s t u d y  of p r o p e r t i e s  of 

a n t h r a q u i  none  d e r i  v a t i  e s ,  i n t e n d e d  f o r  u s e  as  dyes8 '  '. I t  is  

a p p e a r e d  t h a t  1 -phenoxyan th raqu i  none  C I 3  r e v e r s i  bl y c h a n g e  

i+,s color i n  c r y s t a l l i n e  s t a t e  and  i n  s o l i . i t i c j l - 1  CFig. 12-. 
f-: 

480 ' 480 461 ,490 ' 604,652 
C4.231 

I 

Fi g u r e  1 .  Abror pt,ion s p e c t r a  

of compound I i n  b e n z e n e  

b e f o r e  (13, a f t e r  UV C 2 3  and  

V I S  C33 e x c i t a t i o n .  

F i g u r e  2. A b s o r p t i o n  s p e c t i - a  

of i n i  ti a1 C 1 - 3 2  and  p h o t o i  n- 

duced  C 1  ' -3':) f o r m s  f o r  AOQ 

I I C l  ,l'> I I IC2 ,2 '1 ,  I V C 3 . 3 ' 3  

I I1 111 

0 

I V  

R 
I & / /  

0 O-C,H,R' 

TABLE 1. Spectral d a t a  of u n s u b s t i  Lu ted  ar y loxyqu i  nones  
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PHOTOCHROMISM OF ARYLOXYQUINONES 91 

'The f u r t h e r  s y n t h e t i c  i n v e s t i g a t i o n s  l e a d e d  t o  

pr oduc t i on of  a number of compound5 from ar yl oxq'qui nones  

CACQ c l a s s ,  inr.1 rrc11 ng JI.:~,1c.~cyarit.hr31ui r,,-.,i-lri>ne c:A<:)/,Q::>'-'zi- 

y1 oxynaph thacenequ i  none  CACHE' , phenoxypen tacenequ i  none  

C PPQI l B ,  ar yl oxynapht  hopht  hacenequ i  none  C AOEJEJW 

18-1 Y 

20 . 
The s t r u c + , u r e  f o r m u l a  and  a b s o r p t i o n  s p e c t r a  of- I P  and 

FF of- t y p i c a l  r e p r e s e n t  a t  1 ves of t h e s e  compounds are  g i  -,vren 

i n  T a b l e  1 and  F i g .  2 ,  a c c o r d i n g l y .  

Photochromic  t r a n s f o r m a t i o n s  of p e r 1  - a l k y l ,  peri - 
7 acyloxy-p-anthraquinones a r e  d i s c u s s e d  ea r l i e r  i n  d e t a i l  . 

Nowadays, t h e y  a re  not, of p rac t i ca l  u s e ,  t h a t  is  why t h e y  

a r e  only s l i g h l y  ment ioned  i n  t h e  p r e s e n t  r e . > r i e w .  

I t  is  a p p e a r e d  t h a t  t h e  pho tochromic  t r a n s f o r m a t i o n  

mechanism of AOQ depends  upon t h e  s t r u c t u r e  of  i n i t i a l  

compounds. 

Phenoxynapht  hacenequi  nones  and  O t h e r s  Urlsuhst-i tut-ed A r  yl ox-,- 
qu i  nones .  

Expe r imen ta l  d a t a  o b t a i n e d  a l l o w e d  t o  r e p r e s e n t  n o w  t h e  

photochromi  c conve r  si o n s  of 

6 I t  h a s  been  p roposed  t h a t  t h e  r e v e r s i b l e  

p h o t o i s o m e r i z a t i o n  is c a r r i e d  out as pho to -  and 

the rmoinduced  i n t r a m o l e c u l a r  s u b s t i t u t i o n  a c c o r d i n g  t h e  

associ a t i  ve mechanism t h r o u g h  s p i  r a n e  6-compl ex. 

The r e s u l t s  ob ta ined"  g a v e  e v i d e n c e  t h a t  c o n t r a r y  t o  

t h e  ana -qu inone  f o r m ,  T - s t a t e  a r i s i n g  i n  c o u r s e  of 

p h o t o e x i t a t i o n  of I F  I1 h a v e  n o t  t h e  p a r a - q u i n o n e  f o r m  

c o n f i g u r a t i o n  a n d ,  o b v i o u s l y ,  a re  t h e  T - s t a t e  of t r a n s i e n t  

s p i  r a n e  f o r m  ment i  oned above .  

Pho toex i  tati on of I F 1 e a d s  t o  m o l e c u l e  i s o m e r i  z a t  i on  

only t h r o u g h  T - s t a t e  of' t r a n s i e n t  s p i r a n e  form.  T h i s  i s ,  

e v i d e n t l y .  d u e  t o  t h e  h i g h  r a t e  of e n e r g y  c o n v e r s i o n  of  S - 

. Quenching of t h i s  T - s t a t e  a n d  i s o m e r i z a t i o n  i n  

T - s t a t e  is d u e  t o  o n e  a n d  t h e  s a m e  p r o c e s s .  As a r e s u l t ,  

I F  as w e l l  as PF I1 fo rms  are  p roduced .  

* 

-~ 
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98 V.A. BARACHEVSKY 

S u b s t i  t,ut e d  Phenoxvanthr  a q u i  nones  

I n t r o d u c i n g  of a number of a d d i t i o n a l  s u b s t i t u t e s  i n  pheno- 

x y a n t  h r a q i  onones  l eads n o t  on1 y t o  p h o t o i  nduced m i  g r  a t i  o n  of 

phenyl  b u t  a lso of t h e  o t h e r  s t r u c t u r e d  f r a g m e n t s  . 1 4  

The p roposed  pho tochromic  c o n v e r s i o n  mechanism of t h i s  

t y p e  compounds7 is  compr i sed  f r o m  pho tochemica l  mig ra t . i on  

s t e p  of t h e  phenyl  g r o u p  and  t h e  consequen t  c t e p  of t h e r m a l  

m i  g r a t  i on of' t h e  a c e t y l  g r o u p  for 1 -phenoxy-4-acetoxy-9,10- 

a n t h r a q u i o n o n e .  or of t h e  p r o t o n  of  hydroxy l  g r o u p  f o r  1 - 
phenoxy-4-hydroxy-9,10-anthraquinone. These  r e p r e s e n t a t i o n s  

h a v e  been  deve loped  as a r e s u l t  o f  i n v e s t i g a t i o n  of  t h e s e  
15 s y s t e m s  u s i n g  laser p h o t o l y s i s  method . 

A s  a r e s u l t  o f  r e a l i z a t i o n  of t h e  pho tochromic  

c o n v e r s i o n  mechanism, t h e  m o r e  t h e r m a l  and  pho tochemica l  

s t a b l e  PF is  g e n e r a t e d .  U n f o r t u n a t e l y ,  i t s  s p e c t r a l  

c h r a c t e r i c t i c s  a l m o s t  completely c o i n c i d e  wit.h o n e s  of I F ,  

t h a t  e x l u d e s  t h e  p o s s i b i l i t y  of practical u t i l i z a t i o n  of 

t h e s e  pho tochr  o m i  c compounds. 

I EWESTTI GAT1 ON OF I NTERCONNECTI ON BETWEEN STRUCTURE AttD 

PROFERTI E S  OF FHOTWHROMI C ARY LOXY QUI NONES 

A r v l  oxyan th r  a q u i  nones, T h i s  s u b c l a s s  of  photochroini  c 

compounds is t h e  m o s t  s t u d i e d  o n e s .  

Among t h e  compounds w i t h  mono- and  d i  a1 k y l  -ami no-sub- 

s t i t u i t e s .  nonphotochromic  o n e s  a r e  r e v e a l e d ,  i n c l u d i n g  t h e  

compounds,  u n d e r g o i n g  t h e  u n r e v e r s i  b l e  photochemucal  t r a n s -  

Compounds f r o m  1 -phenoxy-2- a c e t y l a m i n o - 5 . 1 2  

- a n t  h r  a q u i  nones  a r e  pho toc  h r  o m i  c o n e s  w i  t hou t  excpti  on .  The 

a n a l o g o u s  r e s u l t s  is  o b t a i n e d  for s y n t h e s i z e d  hydroxy-  

methoxy-,  a c e t y l  oxy-,  and  oxyphenyl  - d e r i  va t i  ves mani f a s t i  ng 

photochromism, t r u e .  w i t h  t h e  e x c e p t i o n  of 1 -phenoxy-8- 
6.7 hydroxy-5.12- a n t h r a q u i n o n e  . 

I n t r o d u c i n g  of e l e c t r o n - d o n o r  s u b s t i t u t e s  i n t o  p o s i t i o n  

s i t u a t e d  n e a r  oxygen ,  l e a d s  t o  longhwave  s h i f t  of a b s o r b t i o n  

bands  of I F  as w e l l  as PF. 
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PHOTOCHROMISM OF ARYLOXYQUINONES 99 

R e a l  i z a t i  on of ur i rever  si b l  e photoconver-s i  o n s  a n d ,  as  a 

r e s u l t  of t h i s ,  1 i m i  t e d  r e c u r  r e n c e  of pho tochr  omi c 

t r a n s f o r m a t i o n s  of AOAQ a r e  e x p l a i n e d  by t h e  h i g h  react ive 

abi 1 i t y  of d e r  i vati v e s  of 1 , l O - a n t h r  a q u i  none g e n e r a t e d  under  

a c t i o n  of l i g h t  due t o  t h e  h i g h  e f f e c t i v e  i n t e r a c t i o n  

between m o l e c u l e s  i n  p o s i t i o n  9 and n u c l e o p h i l s  . J u s t  for 

t h i s  r e a s o n  d u r i n g  l o n g  time o n e  f a i l e d  i n  t h e  s y n t h e s i s  of  

t h i s  t y p e  compounds . D e r i v a t i v e s  s y n t h e s i z e d  a t  l a s t  w e r e  

7 

24 

c h a r  acter i  zed  b y  a b s o r  pLi on bands  w i  t h  maxi m a  over t h e  r a n g e  

484-491 nm25. They c o i n c i d e s  w i t h  s p e c t r a l  c h a r a c t e r i s t i c s  

of  PF for photochromic  compounds of c o r r e s p o n d i n g  s t r u c t u r e .  

I t  w a s  shown ‘’ t h a t ,  i n  t h e  case of- PF of 

g-ary loxy-1  , l o -  a n t h r a q u i n o n e s .  t h e  n a t u r e  of s u b s t i t u t e s  i n  

a n t h r a q u i n o n e  s t r u c t u r e s  i n f l u e n c e s  on i t s  s t a b i l i t y .  

E l e c t r o n - a c c e p t e r  s u b s t i t u t e s  C n i t r o -  group3 i n c r e a s e ,  and 

e l e c t r o n - d o n o r  s u b s t i t u t e s  Camino- and  methoxy- g roups3  

d e c r e a s e  t h e  stab1 1 i t j r  of p h o t o i  nduced form.  

I n  t h e  case of photochromic  d e r i v a t i v e s  of AOAQ. ‘ h i g h  

v a l u e s  of r a t e  c o n s t a n t s  of the rma l  c o n v e r s a t i o n  of PF i n t o  

I F  are typ ica l .  The r e a c t i o n  of the rma l  b l e a c h i n g ,  i n  t h e  
6.7 best case. is c o n d u c t e d  d u r i n g  several m i n u t e s  . 

- A r  yl oxfnaph thacenequ i  nones .  The pho t  och r  o m i  c t r  a n s f o r  m a t i  o n s  

a r e  n o t  o b s e r v e d  for 6 - a m i  no- ,  6-phenyl a m i  no-, 6-hydr oxy- and  

6-acetoxy-l l -phenoxy-5.12-naphthacenoqui nones1 ’. The a b s e n c e  

of photochromism i n  t w o  l a s t  compounds c a n  be c o n n e c t e d  w i t h  

c o i n c i d e n c e  of spectral  c h a r a c t e r i s t i c s  of I F  and  PF‘. 
r7 

The n a t u r e  o f  s u b s t i t u t e s  i n  phenoxyl  g r o u p  p r a c t i c a l l y  

i n f l u e n c e s  weakly  on t h e  p o s i t i o n  of  a b s o r p t i o n  bands  o f  

b o t h  forms of photochromic  compounds. as i t  i s  for t h e  case 

of A0AQl7. A t  t h e  s a m e  t i m e ,  c o n s i d e r a b l e  i n f l u e n c e  on t h e  

s p e c t r a l  c h a r a c t e r i s t i c s  h a v e  t h e  s u b s t i t u t e s  i n  

n a p h t h a c e n i c  s t r u c t u r e  18. Maximum ba thochromic  s h i f t  of  ab- 

s o r p t i o n  bands  is o b s e r v e d  for a m i n o s u b s t i  t u t e d  d e r i v a t i v e s  

of phenoxynapht  hacenoqui  none  C P N C E  . El ectr  on - a c c e p t o r  

s u b s t i t u t e s  have  less c o n s i d a r a b l e  i m p a c t .  

Quantum y i e l d s  of p h o t o c o l  Ouri ng  under  a c t i o n  of UV 
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100 V.A. BARACHEVSKY 

I- a d i  a t  i on C 386 nm'? , as a I- r r l  e ~ exceed t lie quaint- um y i  el ds of 

phot  obl. eac h i  ng ' - '  . FOI- I1 the). a r e  equal t -0  0 . 3 0  arid 0 .05 ,  
1 '7 -37 

ze 
c o r - r e s p o n d i n g l y  . I t  is  o f  p r i n c i p a l  i m p o r t a n c e  t h a t  a t  

t r a n s f e r  f r o m  l i q u i d  t o  polymer s o l u t i o n  t h e  quantum y i e l d s  

a r e  n o t  changed  p r a c t i c a l l y  

The d i s t i n c t i v e  f e a t u r e  of- AONQ photochromism is  a l o n g  

l i f e  t i m e  o f  PF. For t h e  compound i n  t o l u e n e , o u t l i n e d  a b o v e ,  

a t  25 C i n  t h e  d a r k n e s s  t h e  l i f e  t i m e  of PF is  e q u a l  t o  a 

many y e a r s  o n e  C k  = 10 s 2 . I n  a d d i t i o n , P F  c a n  b e  t r a n s -  

formed i n t o  t h e  o the r -  compound as a r e s u l t  o f  chemica l  

i n t e r  act.i on  w i  t h  nuc l  eophyl  s , f or example. w i  t 1-1 a m i  necl . 

o 

-8 -1. 29 
T 
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Phenoxypentacenequinone, J u s t  5-phenoxy-6, 13 -pen tacenqu i  none, 

is  c h a r a c t e r i z e d  by  s p e c t r a l  c h a r a c t e r i s t i c s  b e i n g  c lose  t o  

t h a t  for I1 CFig.EI''. However, t h e  t h e r m a l  r e a c t i o n  o f  PF 

c o n v e r t i o n  i n t o  I F  is ca r r i ed  o u t  a t  h i g h e r  r a t e  i n  

compar i son  w i t h  t h e  l a s t  compound. 

A r v l  oxynaphthornaphthacenequi nones .  S p e c t r a l  c h a r a c t e r  i st i c s  

of- t h e s e  compounds a r e  d i s t 4 i n g u i s h e d  from o n e s  e a r l i e r  

c o n s i d e r e d  by longwave  s h i f t  of a h s o r p t i o n  bands  of b o t h  

forms, e s p e c i a l l y ,  of PF CFiy.  1 .  T a b l e  11 . As i n  t h e  case 

of AOAQ and  AONQ. r e p 1  acement  of s u b s t i t u t e s  i n  phenyl  g r o u p s  

do n o t  change  s p e c t r a l  c h a r a c t e r i s c i c s  of I F  and  PF. 

EC3 

I NVESTI GAT1 ON I NTO THE POSSI BI L I  TY FOR REAL1 ZATI ON OF 

RECORDING MEDIA ON THE BASE OF ARYLOXYQUINOEJES 

The a n a l y s i s  of- s y n t h e s i z e d  compounds f r o m  AOX c lass  shows 

t h a t  d u e  t o  u n u s u a l l y  h i g h  t h e r m a l  s t a b i l i t y  of  PF and  

relative v a r i e t y  of spectral  c h a r a c t e r i s t i c s  of b o t h  f o r m s  

depend iny  upon t h e  s t r u c t u r e  of t h e  compound, AONQ and AONNQ 

c a n  r e p r e s e n t  pract ical  i n t e r e s t  for PRM c r e a t i o n .  S p e c i a l  

i n v e s t i g a t i o n s  showed t h a t  t h e s e  compounds are c h a r a c t e r i z e d  

b y  h i  gh  r e c u r r e n c e  of r ever si bl e pho t  oconver  si ons of para- 

and ana-qui  none  f o r m s  6,30 

On t h e  b a s e  of I1 t h e r e  w e r e  c r e a t e d  t h e  polymer 

photochromic  m a t e r i a l s ,  i n  which p o l y m e t h y l m e t a c r y l a t e  and  
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QY o t h e r  polymers wer’e used as a mat r ixL  . The p o s s i b i l i t y  of 

t he i  r u t i  1 i z a t i  on f o r  hol ggr  a m  r eco r  d i  ng u s i  ny r a d i  a t i  on of 

he1 i urn-cadmi um 1 aser C 4 4 1 . 6  nml and nondes t r  oyed r ead i  ng i n  
30 t h e  l i g h t  of helium-neon laser C632. t3 nm> i s  shown . 

I n  o r d e r  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  of‘ r e a l i z a t i o n  

of’ o p e r a t i v e  o p t . i c a l  memory on o p t i c a l  d i s k s ,  t h e  expe r imen t s  

f o r  o b t a i n i n g  t h e  polymolecular  l a y e r s  of’ AONQ d e r i v a t i v e s  

u s i  ng Langmui r -B1 o g e t  t C LB3 method were car r i ed  o u t  . 31 

t.he CgHIS g roup  

i n  phenoxyl s u b s t i t u t e  t h e  e f f e c t i v e  photochromic t r a n s f o r -  

mati ons under a c t i o n  of a c t i v a t e d  r a d i a t . i  on b e i n g  absorbed 

by I F  and PF C 3 1 3  and 500 nm,correspondingly3 w e r e  observed.  

L i f e  t i m e  of PF w a s  p r a c t i c a l l y  u n l i m i t e d . A f t e r  30 c y c l e s  of’ 

I F  and PF mutual t r a n s f o r m a t i o n ,  s p e c t r  a1 c h a r a c t e r  i sti cz 

d i d  not change. Pho toproduc t s  of s i d e  r e a c t i o n s  were no t  

r e v e a l e d .  The a v a i l a b i l i t y  of i s o b e s t i c a l  p o i n t  i n  t h e  f a m i l y  

of s p e c t r a l - k i n e t i c  c u r v e s  i s  t h e  a d d i t i o n a l  argument.  L i g h t -  

s e n s i t i v i t y  of polymer l a y e r s  depended upon t h e  method of 

t he i  r pr oduc t i on. 

I n  LE f i l m s  based on t h e  compound w i t h  

CONCLUSI ON 

I n  c o n n e c t i o n  w i t h  t h e  problem of t h e  c r e a t i o n  of- o p e r a t i v e  

o p t i c a l  memory w i t h  h igh  r e s o l u t i o n ,  photochromic AONQ are  

r e p r e s e n t e d  t h e  s p e c i a l  i n t e r e s t  due  t o  t h e  h igh  r e c u r r e n c e  

of photochromic t r a n s f o r m a t i o n s  , practical1 y nonl i m i  Led 1 i fe 

t i m e  of PF, dependencies  of s p e c t r a l  c h a r a c t e r i s t i c s  upon 

t h e  compound s t r u c t u r e s .  

A t  t h e  s a m e  t i m e ,  i t  is n e c e s s a r y  t o  performed t h e  

f u r t h e r  i n t e n s e  s y n t h e t i c  and photochemical i n v e s t i g a t i o n s  
i n  o r d e r  t o  c a r r y  o u t  t h e  pu rpose fu l  s y n t h e s i s  of 

photochromic compounds or t h i s  class t a k i n g  i n t o  accoun t  t h e  

demands for c o n c r e t e  a p p l i c a t i o n .  

REFERENCES 

1 .  Phot.ochromism, ed i t . ed  by G.H.Rrown CWiley.N.Y,1971>.853p. 
2. G. H.  Dori0n.A. F. Wiebe, Photochromism: O p t i c a l  and Photo- 

g r a p h i c  A p g l i c a t i o n  CFocal P r e s s , L .  and N .  Y. ,19701,121 p. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
23

 1
8 

Fe
br

ua
ry

 2
01

3 



102 V.A. BARACHEVSKY 

3. 

4 

5 

6. 

7 

8. 

9 

10. 
11. 

12. 

13 

14. 
15. 

16. 
17. 

18. 

1 9  

20. 
21. 

22 

23 

24. 
25. 

26 

27. 
28. 
2Q. 

30. 

31. 

V. A .  Barachevsky ,  G. I .  Lashkov,  V. A .  Tsekhomsky, Photo-- 
chromism and  I t s  A p p l i c a t i o n  CKhimia, Moscow.19773 ,280 p. 
Photochromism Molecu le s  and Systems. e d i t e d  b y  H .  Durr 
and H .  Bouas-Laurent  C E l s e v i  er -  , Lcmdon, 1Y90 3 , 1 0 6 8  p. 
Y .  H i r - shbe rg ,  B u l l .  R e s .  Counc i l  I s r a e l ,  5 4, 1 8 8  C19563 ; 
J. Am. Chem. SOC. ,78. 2304 C19561. 
Yu. E. G e r a s i m e n k o , i n  O r q a n i c  Photochrornes ,ed i t -ed  by A. V .  
El tsov C Khi m i  a ,  Leni  nyr  a d ,  1982) , p. 224 C Rus. 3 . 
N .  P. G r i t s a n .  L. S. Klimenko. J .  Photochem. P h o t o b i o l .  A: 
Chem. ,-d, 1 0 3  C19933. 
Yu. E. Geras imenko,  N.T. P o t e l e s h e n k o ,  Zh. VKhO i m .  Men- 
d e l e e v a ,  13. 1 0 5  C19713 CRus. > .  
Yu. E. Geras imenko,  N. T. P o t e l e s h e n k o ,  Zh. O r g .  Khim. ,z, 
2413 C19711 CRus.3.  
E. P.  Fokin .  S. A. et a l . ,  I b i d .  ,9. 2010 C19773 CRus.3.  
E .  P. Fokin .  S .  A. Russk ikh .  L .  S .  Klimenko et a l . ,  Izv. 
S i b .  Otd.  Akad. Nauk S S S R .  se r .  Khim. Nauk, L 1 1 0  C19783 
Yu. E. Geras imenko,  N.  T. P o t e l e s h e n k o ,  V. V. Romanov, 
Zh. 0 r u .  Khim.,  14, 2387 C13783 CRus.1.  
E. P. Fokin .  S .  A. Russk ikh ,  L.S.  Klimenko,  I z v . S i b . 0 t d .  
Nauk SSSR.ser .  Khim. Nauk , 9. 1 1 7  C19791 CRus. 3 .  
E.  P. Fokin .  S.A.  Russk ikh  e t  a l . ,  I b i d .  ,12, 1 1 6  C19813. 
N .  P. G r i t s a n .  S .  A. Russk ikh ,  L. S .  Klimenko et a l .  ,T= 
or.  Eksp. Khim.,  9, 577 ClQ833 CRus.3.  
Yu. E. Gerasimenko et a l .  .Zh. O r q .  Khim. .l5,393C19793CRus>. 
Yu. E. Gerasimenko.  A.  A.  P a r s h u t k i n ,  N. T. P o t e l e s h e n k o  
et a l .  , Zh. P r i k l .  S p e k t r .  , 30. 954 C19793 CRus. 3. 
Yu. E. Geras imenko,  N. T. P o t e l e s h e n k o .  V. V. Romanov. 
Zh. O r g .  Khim. ,  1 6 ,  1938.2022 C19803 CRus.3.  
Yu. E. Gerasimenko.  N.T. Soko luk .  L . P .  P i s u l i n a ,  I b i d . ,  
Z A  1 1 0 0  C19903 CRus.3 
Yu. E.  Geras imenko et a l , ,  I b i d .  , 9, 2392 C19733 CRus. 1. 
N. N .  K o s t u l e v .  B. E. Z a i t s e v ,  V. A. Barachevsky  et 31. , 
O g t .  i S p e k t r . ,  30. 86 C19711 CRus.3.  
Yu. P. S t r o k a c h ,  V. A. Barachevsky.  N.T. Sokoluk  et a l . ,  
Khim. F i z . ,  6, 320 C19873 CRus.3.  
I. L .  B e l a i t s ,  N. T. Soko luk .  A. A. P a r s h u t k i n  et a l . ,  

A .  Topp, P. B o l d t  et a1 . , L i e b i s s  Ann. Chem. , 1 1 6 7  (19743. 
M. V. G o r e l i k .  S . P .  T i t o v a .  V.A. T r d a t y a n .  Zh.Orq.Khem. , 
13. 463 C19773; Is, 1 5 7  C19793 CRus. 3. 
L. S .  Klimenko,  N .  P. G r i t s a n .  E .P .  F o k i n , I z v . A k a d .  Nauk 
SSSR,ser. Khim. Nauk, 366 C19903 CRus.1.  
V. V. Romanov, Ph. D. T h e s i s ,  Moscow, 1981 CRus. 1. 
N. T. P o t e l e s h e n k o ,  Ph. D. T h e s i s ,  Moscow, 1 9 7 3  CRus.3 .  
A. A. P a r s h u t k i n .  P. P. K i s i l i t s a .  Yu. E. Geras imenko et 
31. , i n  Theses  of P a p e r s  on I1 I A 1  1 u n i o n  C o n f e r e n c e  on  
Nonsi 1 ver and  Unusi a1 Pho toqr  a p h i  c P r o c e s s e s  C V i  1 n u s ,  
SSSR, 19801, p. 163-165 CRus. 3 .  
V. V. Belov .  V. A. Ba rachevsky ,  N. I .  Bolondaeva  et a l . ,  
i n  T h e s e s  of P a p e r s  on I1 A l l u n i o n  C o n f e r e n c e  o n  H o l o q -  
r a p h v  ( K i e v ,  S S R .  1Q753, 1. p. 50 CRus.3.  
V.  Barachevsky .  G. Chudinova.  E.  Denisova  et a l . ,  i n  

A b s t r a c t s  of 1 4  IUPAC S m o s i u m  on P h o t o c h e m i s t r y  C B e l -  
gium, 19921 pp. 106-107. 

F i z .  k h i m . ,  60, 640 C19863 CRus.3.  

- 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
23

 1
8 

Fe
br

ua
ry

 2
01

3 


