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A S t u d y  o n  t h e  P h o t o s e n s i t i v i t y  

o f  C h l o r i n e - c o n t a i n i n g  P o l y m e r s  

Q i u  J i a b a i ,  Zhou X i a o m i n ,  Wang Z h i p i n g ,  

Chen L u i s h e n g ,  Wang Y a n q i a o  

( I n s t i t u t e  o f  C h e m i s t r y ,  Academia  S i n i c a ,  B e i j i n g ,  C h i n a )  

I t  i s  r e p o r t e d  t h a t  v i n y l i d e n e c h l o r i d e - m e t h y l  a c r y l a t e  

c o p o l y m e r  i s  u s e d  a s  i m a g e  r e c o r d i n g  m a t e r i a l  i n  t e r m s  o f  

p h o t o c h e m i c a l  p r o c e s s " ) .  I t  i s  i n t e r e s t i n g  t o  b r o a d e n  i t s  

u t i l i z a t i o n  o f  p h o t o s e n s i t i v e  m a t e r i a l s .  I n  t h i s  p a p e r  a 

series o f  c h l o r i n e - c o n t a i n i n g  p o l y m e r s  o r  c o p o l y m e r s ,  s u c h  

a s  v i n y l i d e n e  c h l o r i d e - a c r y l o n i t r i l e  c o p o l y m e r ( l ) , v i n y l i d e n e  

c h l o r i d e - m e t h y l  a c r y l a t e  c o p o l y m e r ( 2 ) ,  v i n y l c h l o r i d e - v i n y l i -  

dene  c h l o r i d e  c o p o l y m e r ( 3 ) ,  c h l o r i n a t e d  r u b b e r ( 4 ) ,  v i n y l -  

c h l o r i d e - v i n y l  a c e t a t e  c o p o l y m e r ( 5 )  a n d  p o l y v i n y l - c h l o r i d e  

( 6 ) ,  a r e  s e l e c t e d .  F o r  t h e s e  m a t e r i a l s  t h e  mechan ism o f  

i m a g e - f o r m a t i o n  i s  d i s c u s s e d  and  t h e i r  p h o t o s e n s i t i v i t i e s  

a r e  c o m p a r e d .  

A .  The M e c h a n i s m  o f  Image  F o r m a t i o n  

I n  o r d e r  t o  i n v e s t i g a t e  t h e  mechan ism o f  i m a g e  f o r m a t i o n  

i n  c h l o r i n e - c o n t a i n i n g  m a t e r i a l s  t h e  v i n y l i d e n e  c h l o r i d e - m e -  

t h y 1  a c r y l a t e  c o p o l y m e r  ( 2 )  i s  c h o s e n  a s  r e p r e s e n t a t i v e .  

The p h o t o s e n s i t i v e  s y s t e m  i s  composed o f  ( 2 )  a n d  L e u c o - b a s e  

d y e  ( f l u o r a n e s  FT-2  a n d  F - 4 ) .  The mechan ism i s  s u p p o s e d  a s  

f o l l o w s :  

F i r s t l y  t h e  c o p o l y m e r  u n d e r g o e s  p h o t o l y s i s  t o  r e l e a s e  

HCL b y  U V  e x p o s u r e .  

a 
H3 

b 

Then t h e  r e l e a s e d  HCL r e a c t s  w i t h  L e u c o  b a s e  t o  f o r m  d y e .  

[653]/129 
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130/[654] Q .  JIABAI ET AL. 

The absorption spectra o f  formed d y e s ,  measured by HP- 
8451A UV-Vis spectrophotometer are shown in Fig.1 and Fig.2. 

Fig.1 The UV-Vis absorption 
spectrum o f  fluorane dye(FT-2) 

r. nm 

Fig.2 The UV-Vis absorption 
spectrum of fluorane dye F-4 

In exposed area the color is changed from colorless to 
red o r  black while in unexposed area the color is not changed, 
s t i l l  colorless. Thus a negative image is obtained by dif- 
ferent color. 

F o r  evidence o f  this mechanism following experiments 
have been made. 

1 .  Forming dye in reaction(2) o r  ( 3 )  is direct evidence 
for photolysis o f  copolymer ( 2 )  in reaction(1). Reaction(2) 
o r  ( 3 )  could not take place, if there would be no HCL released 
in reaction(1). 

2. Detection of C L -  with A g N D j  solution. The copolymer(2) 
after UV exposure with a 8W low pressure mercury lamp during 
3 h r ,  g o d  Ilcm apart was immersed in water for 24hr. Then 
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PHOTOSENSITIVE CHLORINE-CONTAINING POLYMERS [655]/13 1 

t h e  AgN03 s o l u t i o n  was added  t o  t h e  w a t e r  a f t e r  f i l t r a t i n g  

t h e  c o p o l y m e r .  I n  t h i s  way t h e  p r e c i p i t a t e  A g C l  i s  f o u n d .  

A p a r a l l e l  v a c a n t  e x p e r i m e n t  was made b u t  n o  p r e c i p i t a t e  

was f o r m e d .  T h i s  r e s u l t  shows t h a t  c l -  a c t u a l l y r e l e a s e d  

f r o m  (2) d u r i n g  U V - e x p o s u r e .  

3 .  D e t e r m i n a t i o n  o f  s p e c t r a l  c h a r a c t e r i s t i c s .  The s p e c t r a l  

c h a r a c t e r i s t i c s  o f  (2) b e f o r e  and  a f t e r  U V - e x p o s u r e  a r e  g i v e n  

i n  c u r v e  A a n d  B i n  F i g . 3  r e s p e c t i v e l y .  

la " 3+ 4>, 

r- T T \ '  Fig.3 The s p e c t r a l  c h a r a c t e r i s t i c s  
I 

o f  ( 2 ) .  

.:I A ' ,  "y1, A: be fo re  exposure 

B: a f t e r  exposure. 
f ;i 03 0 ;, i;:,> ----+ 

3 
X l m O < .  

I t  c a n  be  s e e n  t h a t  t h e  a b s o r p t i o n  r a n g e  s h i f t s  t o  t h e  

l o n g e r  w a v e l e n g t h  r e g i o n  a f t e r  e x p o s u r e .  I t  s i g n i f i e s  t h e  

a p p e a r a n c e  o f  c o n j u g a t e d  e t h y l e n i c  h y d r o c a r b o n ,  c o r r e s p o n -  

d i n g  t o  t h e  r e a c t i o n  ( 1 ) .  

. E S C A  s p e c t r a  o f  c o p o l y m e r ( 2 )  ( 2 )  4 .  E S C A  m e a s u r e m e n t  

i n  d i f f e r e n t  a r e  shown i n  F i g . 4 .  

Fig.4 ESCA spec t ra  o f  copolymer 

i n  d i f f e r e n t  exposure t ime.  

t -0, tl=5, t2=15, t3=30, 

t4=60 (min) .  
0- 

tev, 
The s t r u c t u r a l  f o r m u l a  o f  (2) is s i g n a l i z e d  a s  f o l l o w s :  
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132/[656] Q. JIABAI ET AL. 

e f a h  
CH,  CCI,CH,CH 

A& 

T h e r e  a r e  t w o  p e a k s  i n  E S C A  s p e c t r a .  Peak C i s  i s  composed 

Peak C Y s  i s  composed o f  p e a k s  o f  p e a k s  C T s ,  C I S ,  b CIS d a n d  C ; ? s .  

C:, and  C : s .  I t  i s  f o u n d  t h a t  p e a k s  C i s  a n d  CL 

w i t h  i n c r e a s e  o f  e x p o s u r e  t i m e  a n d  a t  t h e  same t i m e  p e a k  

d e c r e a s e  
2P 

I 

i n c r e a s e s .  These  r e s u l t s  show t h a t  c h l o r i n e  c o n t e n t  i n  
I s  

c o p o l y m e r  ( 2 )  d e c r e a s e s  due t o  HCL r e l e a s e .  

A l l  a b o v e  r e s u l t s  p r o v e d  t h a t  t h e  c o p o l y m e r  ( 2 )  u p o n  U V  

l i g h t  e x p o s u r e  u n d e r g o e s  p h o t o l y s i s  a s  r e p r e s e n t e d  i n  r e a c t i o n  

( 1 ) .  

8 .  P h o t o s e n s i t i v i t y  o f  t h e  d i f f e r e n t  c h l o r i n e - c o n t a i n i n g  

p o l y m e r s  a n d  c o p o l y m e r s .  

I n  o r d e r  t o  compare  t h e  p h o t o s e n s i t i v i t y  o f  d i f f e r e n t  

C 1 - c o n t a i n i n g  m a t e r i a l s  t h e  p h o t o s e n s i t i v e  f i l m s  a r e  p r e -  

p a r e d  b y  f o l l o w i n g  p r o c e d u r e :  c o a t i n g  s o l u t i o n s  a r e  composed 

o f  C 1 - c o n t a i n i n g  p o l y m e r ,  L e u c o  Base  d y e  a n d  s o l v e n t  i n  

t h e  w e i g h t  r a t i o  o f  5 :1 :25 .  These s o l u t i o n  a r e  c o a t e d  o n  t h e  

base  f i l m  and  d r i e d .  The t h i c k n e s s  o f  t h e  p h o t o s e n s i t i v e  

l a y e r  is a b o u t  4 - 5 u m .  The c o m p o s i t i o n s  o f  t h e s e  f i l m s  a r e  

l i s t e d  i n  t a b l e  1 .  
Table 1. Compositions o f  These  f i l m s  a r e  e x p o s e d  

pho tosens i t i ve  f i l m s  w i t h  a 8W l o w  m e r c u r y  l a m p .  

No. C1-content Leuco base The l i g h t  i n t e n s i t y  o n  t h e  
i n  m a t e r i a l  L dye 2 f i l m  i s  a b o u t  1.45mW/cm . 1 48 * 27 FT-2  

2 5 7 . 1 4  FT-2 The o p t i c a l  d e n s i t y  w h i c h  

4 65 .13  
3 63.87 FT-2  

F T - 2  i s  measuremen t  o f  p h o t o s e n -  

5 48 0 5 5  FT-2  s i t i v i t y  i s  d e t e r m i n e d  b y  
6 56 .59  FT-2  
7 48 .27  F - 4  S a k u r a  PDA-65 D e n s i t o m e t e r .  

8 57 .14  F -4  The r e s u l t s  a r e  shown i n  

F i g . 5  a n d  F i g . 6 .  

F - 4  1 2  56 .59  
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PHOTOSENSITIVE CHLORINE-CONTAINING POLYMERS [657]/133 

L .  . . . . . . _  
0 2 4 6  8 10 12 

- LI 
c 

t nia t m l n  

Fig.5 Photosensitivities o f  films o f  C1-containing 
polymers and F T - 2 .  

1: vinylidene chloride-acrylonitri e copolymer 
2: vinylidene chloride-methyl acry ate copolymer 
3 :  v i n y l c h l o r i d e - v i n y l i d e n e  chloride copolymer 
4 :  chlorinated rubber 
5 :  vinylchloride-vinyl acetate copolymer 
6 :  polyvinyl-chloride 

It can be concluded that the photosensitivity o f  these 
materials is arranged in following sequence: 

( I ) >  ( 2 ) >  (3)>(4)>(5)> (6). From these results it can 
be seen that the photosensitivity is undependent on the 
chlorine content in materials, but dependent on the enviro- 
ment conditions o f  C1-containing chain in polymer or copo- 
lymer, such as interaction o f  neighbouring groups in macro- 
molecules in materials, crystalinity and others(3). F o r  

example, activation energy f o r  dehydrochloride in polyviny- 
lidene is reduced in 4 - 7  Kcal/mol., When vinylidene is C O -  
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134/[658] Q. JIABAI ET AL. 

polymerized with styrene o r  methyl methacrylate. 
The conclusion give a guide for choice o f  C1-containing 

polymer o r  copolymer in making acid sensitive film, as 
organic information recording materials. 
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