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SUMMARY 

Radiation chemical processes in polyphenylmethacrylate and 
several chlorinated polyphenylmethacrylate samples are 
analyzed by means of radiothermoluminescence. 
The spectral distribution of the luminescence was also stu- 
died in dependence on the temperature. The observed results 
show that the chlorine atoms play a dominating role in the 
radiation chemical reactions. 

INTRODUCTION 

The r a d i o t h e r m o l u m i n e s c e n c e  (RTL) t e c h n i q u e  i s  a v a l u a b l e  
t o o l  f o r  t he  i n v e s t i g a t i o n  o f  r a d i a t i o n  i n d u c e d  r e a c t i o n s ,  
s t r u c t u r a l  t r a n s i t i o n s  and r a d i a t i o n  damages i n  p o l y m e r i c  
s o l i d s  (PARTRIDGE, 1 9 7 2 ) .  The RTL m o n i t o r s  p h o t o n s  as a f u n c -  
t i o n  of t h e  t e m p e r a t u r e  ( g l o w  c u r v e s )  d u r i n g  �9 t h e r m a l  scan .  
D u r i n g  t he  l o w - t e m p e r a t u r e  i r r a d i a t i o n  of t he  p o l y m e r  p o s i -  
t i v e  i o n s  and e l e c t r o n s  e r e  p r o d u c e d .  The f r e e  e l e c t r o n s  a re  
t r a p p e d  by s t r u c t u r a l  o r  c h e m i c a l  d e f e c t s  o f  t h e  p o l y m e r  ma- 
t r i x .  Subsequen t  h e a t i n g  r e l e a s e s  t h e  e l e c t r o n s  f rom t h e i r  
t r a p s .  These e l e c t r o n s  recomb ine  w i t h  i o n s  and emi t  l i g h t .  

PARTRIDGE ( 1 9 7 2 ) ,  FLEMING and HAGEKYRIAKOU (1984)  have 
r e v i e w e d  t he  ma jo r  d e v e l o p m e n t s  i n  t h e  s t u d y  of  RTL f o r  
polymeric materials. 
We report RTL data on polyphenylmethecrylate (PPhMA) and 
polychlorphenylmethacrylate (PCIPhHA). PPhNA belongs to the 
group of degrading polymers (RAGHUNATH, 1983), while PCIPhMA 
with a Cl-atom on the aromatic ring in o-, m- or p-position 
crossllnks after irradiation with ionizing radiation. 
It is assumed that the crosslinking reaction takes place 
through abstraction of chlorine atoms (IMAMURA, 1982). 
The difference in these radiation chemical effects for PPhHA 
and PCIPhMA should be reflected in the RTL glow curves. 

EXPERIMENTAL 

The p o l y m e r s  were  d i s s o l v e d  i n  m o n o c h l o r b e n z e n e  and s p i n -  _ 
c o a t e d  on s s i l i c o n  o r  a lumtn tum s u b s t r a t e  end baked at  160~ 
f o r  l h .  The t h i c k n e s s  o f  t h e  p o l y m e r  l a y e r s  was 3 ~m end 
0 , 5  ~m. The e x p e r i m e n t a l  s e t - u p  used f o r  t h e  RTL measurements  
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has a l r e a d y  been d e s c r i b e d  i n  d e t a i l  e l s e w h e r e  (KUNZE, 1 9 8 3 ) .  
The samples  were  i r r a d i a t e d  w i t h  1 5 k e V - e l e c t r o n s .  The l u m i n e s -  
cence  was measured w i t h  a p h o t o m u l t i p l i e r  d i r e c t l y  a f t e r  t h e  
i r r a d i a t i o n  a t  a c o n s t a n t  t e m p e r a t u r e  T = 80K ( i s o t h e r m a l  
l u m i n e s c e n c e )  and t hen  d u r i n g  t h e  t h e r m a l  scan ( g l o w  c u r v e ) ,  
r e s p e c t i v e l y .  The s p e c t r a l  d i s t r i b u t i o n  of  t he  RTL was r e c o r -  
ded w i t h  a monochromator  SPH 2 ( C a r l  Z e i s s ,  Oena) .  

RESULTS AND DISCUSSION 

RTL g low  c u r v e s  o f  PPhMA and PC1PhNA w i t h  a C l - a t o m  on t h e  
a r o m a t i c  r i n g  i n  o - .  ~-  o r  p - p o s i t i o n  a re  shown i n  F i g u r e  1.  
The g low  c u r v e  of PPhNA has one peak around 115K and a more 
o r  l e s s  p ronounced  s h o u l d e r  a round  160Ko E l e c t r o n  t r a p s  of  
t h e  low t e m p e r a t u r e  peak o r i g i n a t e  f rom the  p o l y m e r  c h a i n s  
t h e m s e l v e s  (FLEMING, 1968)o 
PC1PhNA-samples have two p ronounced  peaks  a round  110K and i n  
t he  range  of  150K - 165K. The i n t e n s i t y  and t e m p e r a t u r e  o f  
t h e s e  peaks  depend on t h e  p o s l t l o n  of  t he  C l - a t o m  on t he  a r o -  
m a t i c  r i n g .  The i n t e n s i t y  shows a s t r o n g  d e c r e a s e  f o r  
P(o-C1PhMA) i n  compar i son  t o  P(p-C1PhNA) and P(m-C1PhNA). 
F u r t h e r m o r e ,  t h e  s p e c t r a l  d i s t r i b u t i o n  of  t he  RTL was i n v e s t i -  
g a t e d  i n  dependence  on t h e  t e m p e r a t u r e  f o r  PPhNA and 
P ( p - C 1 P h N A ) ~ F i g u r e  2 ) ~  The spec t rum of PPhNA r e v e a l s  a max i -  
mum a round  ~ =  425 nm, and t he  d i s t r i b u t i o n  i s  i n d e p e n d e n t  of  
t he  t e m p e r a t u r e .  In  t he  case of  P(p-C1PhMA) a maximum was ob-  
s e r v e d  a round  ~ =  480 nm f o r  t he  low t e m p e r a t u r e  range and' 
a round  ~ =  435 nm f o r  t he  peak a t  150K. 
The R T L - r e s u l t s  i n d i c a t e  t h a t  t he  c h l o r i n e  atoms p l a y  a domi-  
n a t i n g  r o l e  i n  t h e  r a d i a t i o n  c h e m i c a l  r e a c t i o n s  and sugges t  
t h a t  t h e  c h l o r i n a t i o n  of  PPhMA changes t he  r e a c t i o n  mechanism. 
D u r i n g  t he  i r r a d i a t i o n  the  p r i m a r y  r e a c t i o n s  can be t y p l f l e d  
by= e-  

P ) ~P ] §  + e- (I) 

PC1 le--I ~ ~PCIJ + + e- (2) 

e- > e- (3) 
t r  

PCZ e - )  P" + C I "  _ _ g _ _ O  (4)  

e ; r  : t r a p p e d  e l e c t r o n  / ~  v ~___/ 

C1 i : r a d i a t i o n  i nduced  c h l o r i n e ;  C I "  o r  C I -  

The r e a c t i o n  (4 )  l s  a t y p i c a l  p r o c e s s  d u r i n g  t he  i r r a d i a t i o n  
of  c h l o r i n a t e d  h y d r o c a r b o n s  (SYMONS, 1 9 8 2 ) ,  I t  i s  t he  s o - c a l -  
l e d  d i s s o c i a t i v e  e l e c t r o n  c a p t u r e  of  a C l - a t o m ,  
The l u m i n e s c e n c e  i n  t he  low t e m p e r a t u r e  range (a round  T=115K 
and T = l l O K ,  r e s p , )  l s  t he  r e s u l t  of  r e c o m b i n a t i o n  p r o c e s s e s  
be tween t h e  t r a p p e d  e l e c t r o n s  b e i n g  r e l e a s e d  at  t h i s  t empera -  
t u r e  and t h e  p o l y m e r  c a t l o n s :  

P+ + e r r  ) P~ ) P + h~p (5)  

PCI+ + e t r  ~ [PC1] ~ ~ PC1 + h ~ ;  (6 )  
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P~ and [PC1] ~ denote the e x c i t e d  s t a t e  of the po lymers .  The 
broad spectrum w i th  ~max = 425 nm and 480 nm, r e s p e c t i v e l y ,  

observed at low tempera tures  seems to correspond to  the 
r a d i a t i v e  t r a n s i t i o n  from the t r i p l e t  s t a t e  of the e x c i t e d  
pheny l  or c h l o r i n e - p h e n y l  group (phosphorescence) produced 
by the r e a c t i o n s  (5) or ( 6 ) .  
The luminescence peak around T = 160K of the c h l o r i n a t e d  
polymers ( F i g .  1) i s  the r e s u l t  of a b s t r a c t i o n  of p ro tons  
(hydrogen) from the polymer m a t r i x  accord ing t o :  

PH + CI"  ~ P" + HC1 + h~'~ (7) 

.>-c-o-Oct 
U 
0 

The e m i s s i o n  of  N= 435 nm ( F i g .  2 ) ,  h o w e v e r ,  c a n  n o t  be  
directly attributed to excited HCl-molecules (7). It is 
likely that the excited HCl-molecule transfers its energy to 
the polymer chromophores. Further investigations are in pre- 
paration. The variation of the RTL-intensity for the second 
glow peak can be connected with the acidity of the chlorina- 
ted phenyl cycle�9 The acidity rises in direction from 
P(p-C1PhMA) to P ( o - C 1 P h ~ ) .  I t  i s  known tha t  w i t h  i n c r e a s i n g  
a c i d i t y  of the c h l o r i n a t e d  phenyl  r i n g  the p r o b a b i l i t y  of 
degrading r e a c t i o n s  r i s e s  in  comparison to  the d i s s o c i a t i v e  
e l e c t r o n  cap ture  of the C l -a toms.  
The recombina t ion  of the polymer r a d i c a l  formed by the 
d i s s o c i a t i o n  of the c a r b o n - c h l o r i n e  bond ( r e a c t i o n  4) and 
the a b s t r a c t i o n  of p ro tons  ( r e a c t i o n  7) leads to  c r o s s l i n k -  
ing r e a c t i o n s  in  c h l o r i n a t e d  aromat ic  polymers (IMAMURA,1982)�9 

The proposed c r o s s l i n k i n g  r e a c t i o n  i s  suppor ted by f u r t h e r  
i n v e s t i g a t i o n s  on t h i s  polymer system. 
The dependence of the RTL glow curves of P (p -C1Ph~)  p r e i r r a -  
d i a t ed  w i t h  e l e c t r o n  beams was i n v e s t i g a t e d .  The e l e c t r o n  
beam i r r a d i a t i o n s  were performed w i th  30keV-e~ectrons and 
the doses were v a r i e d  between 1 x 10-6 C.cm- and 
1 x 10 - 4  C.cm - 2 .  As repo r ted  p r e v i o u s l y  (WASCHE, 1985),  ESCA 
i n v e s t i g a t i o n s  showed a decrease of the C l - c o n t e n t  of exposed 
samples. Analyzing the C:CI atomic ratios, intense chlorine 
abstraction is found already for small irradiation doses. 
This effect should also be reflected in the shape of the 
RTL-glow curves, especially of the second peak around 16OK. 
Fig. 3 represents the ratio of the intensity of this peak 
(I2) to the intensity of the first peak around IIOK (11) as 
a function of the deposited energy E a. The deposited energy 
per unit volume is expressed by: 

.L 1o ~ f E a 

eV 
: energy d i s s i p a t i o n  (~1,8-~-~ f o r  30keY-e lec t rons )  

f , fluence [particle/ cm 2] 
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F i g . 2 :  S p e c t r a l  d i s t r i b u t i o n  
of  t he  RTL at  v a r i o u s  
t e m p e r a t u r e s  
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Fig .3 :  R a t l o  of i n t e n -  
s i t y  o f  t he  
second peak 
( a r o u n d  16OK) 
to  t h e  f i r s t  peak 
( a r o u n d  11OK) 
as a f u n c t i o n  of  
t he  p r e i r r a d i a -  
t i o n  dose 



289 

Fig. 3 shows significantly a decreasing intensity of the 
second glow peak in dependence on the preirradiation dose. 
With increasing preirradiation dose the influence of the 
Cl-atoms on the RTL-process is lowered. 
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