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SUHHARY 

ESCA i s  used to  c h a r a c t e r i z e  i o n  beam t r r m d i a t e d  
P(p -C IPhHA) -samp les .  The r e s u l t s  show a c h l o r i n e  a b s t r a c t i o n .  
The e x p e r i m e n t a l  f i n d i n g s  are  i n  accordance w i t h  a r e c e n t l y  
proposed model f o r  a c r o s s l i n k i n g  mechanism of  ha logena ted  
s r o m a t i c  p o l y m e r s .  

INTRODUCTION 

The ESCA t e c h n i q u e  i s  a v a l u a b l e  t o o l  i n  t he  composi -  
t i o n a l  and s t r u c t u r a l  a n a l y s i s  of  p o l y m e r i c  t h i n - f i l m  mete-. 
r i a l s  (CLARK, 1977) .  The s p e c l a l  advantage of  ESCA l s  t h a t ,  
i n  a d d l t t o n  t o  d e t e c t i n g  e lemen ts ,  i t  p r o v l d e s  r e l i a b l e  lr~- 
f o r m a t i o n  on t h e i r  b l n d l n g  s t a t e s  by means of  chem lca l  
s h i f t s ,  l i n e - s p l i t t i n g  and shake-up s a t e l l i t e s .  

We r e p o r t  here  ESCA data  on p o l y - p - c h l o r p h e n y l m e t h a c r y l a t e .  
I n  p o l y p h e n y l m e t h a c r y l a t e  the  d e g r a d a t i o n  r e a c t i o n  i s  p redo-  
m inan t  (RAGHUNATH. 1983) ,  w h l l e  i n  p o l y - p - c h l o r p h e n y l m e t h a -  
c r y l s t e  c r o s s l l n k i n g  l s  observed a f t e r  e l e c t r o n  o r  i o n  beam 
I r r a d i a t i o n .  I t  l s  assumed t h a t  the  c r o s s l l n k l n g  r e a c t i o n  
t akes  p l a c e  t h rough  a b s t r a c t i o n  of  c h l o r l n e  under  exposure  
w i t h  i o n i z i n g  r a d i a t i o n .  In  t h i s  paper  we w ish  to r e p o r t  ESCA 
measurements s u p p o r t i n g  c h l o r i n e  a b s t r a c t i o n  under  argon i o n  
beam exposu re ,  wh ich  may g i v e  r i s e  to  c r o s s l i n k i n g  of  p o l y -  
mer c h a i n s .  

EXPERIMENTAL 

H e t h e c r y l s t e  monomers were s y n t h e s i z e d  by r e a c t i o n  of  
m e t h a c r y l o y l c h l o r i d  end p - c h l o r p h e n o l .  P o l y - p - c h l o r p h e n y l -  
m e t h a c r y l s t e  was p repared  by d i b a n z o y l p e r o x i d  i n i t i a t e d  
r a d i c a l  p o l y m e r i z a t i o n  of  monomer i n  benzene at  80 ~ f o r  
20 h. The po l ymers  were i s o l a t e d  by p o u r i n g  the  r e a c t i o n  
s o l u t i o n  l n t o  methano l  and p u r i f i e d  by r e p r e c i p i t e t i o n .  P o l y -  
mers were d i s s o l v e d  i n  monoch lorbenzene end s p l n c o a t e d  on a 
s i l i c o n  s u b s t r a t a  and baked a t  160 oc f o r  I h. 
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The argon beam exposure were c a r r i e d  out w i th  an ion beam 

gun at  1 keV energy, and ion doses between 1013 cm "2  and 

lO 16 cm -2 were used f o r  the exper iments .  

The ESCA i n v e s t i g a t i o n s  were made w i t h  sn~I-KRATOS ES 200 B 
e l e c t r o n  spec t romete r .  The ana lyze r  was used in  the cons tan t  
A E/E mode. The p h o t o e l e c t r o n s  were e x c l t e d  w i t h  A 1 K ~ - r a d t a -  
t t o n .  The p ressure  in  the measuring chamber was in  the 

10 -7  Pa range. 

RESULTS AND DISCUSSION 

An ESCA spectrum of P(p-C1PhHA) i s  shown in  F igure  1. 
Using the C ls ,  Ois and C12p core l e v e l  i n t e n s i t i e s ,  we 
i n v e s t i g a t e d  the i n f l u e n c e  of ion beam exposure on the po l y -  
mer samples. 
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a i a I | 

Binding energy [eV] 

R 

100 F ig ,  1 
Wide-scan spectrum 
of P(p-C1PhHA) 

We used v e r y  low ion energ ies  (E = I keV), because ESCA i s  a 
s u r f a c e - s e n s i t i v e  method. The o v e r a l l  l a y e r  t h i ckness  i s  
g iven by the escape depth of t henpho toe lec t rona ,  The range 
i s  from a few monolayers to 100 A. 

We determined the Cls/C12p i n t e n s i t y  r a t i o s  using the C ls  
and C12p core l i n e  i n t e g r a t e d  i n t e n s i t i e s .  The p r e c i s i o n  of 
the r e l a t i v e  core l i n e  i n t e n s i t i e s  i s  about 10~, T h e o r e t i c a l  
atomic p h o t o l o n l z s t i o n  c ross  s e c t i o n s  r e l a t i v e  to carbon 
were used in  c a l c u l a t i o n  the atomic r a t i o s  (SCOFIELD, 1976). 
The energy dependences of the escape depth end of the spec t ro -  
meter t r a n s m i s s i o n  were taken i n t o  account (RZCHTER, 196$). 
The r e s u l t s  are summarized i n  Table I .  
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TABLE 1 

substance 

1on dose atomic ratios chlorln, 

cm -2 C : CI C : 0 0 : CI removal 
rate cal. exp. cal, exp, cal. exp. 

P(p-CIPhHA) 

- 10:1 9 ,9 :1  5 : 1  5 , 2 : I  2:1 2 ,1 :1  

lx1013 12,8 :1  6 ,1 :1  2 ,3 :1  22,6 

3x101~ 16,8 :1  7 ,2 :1  2 ,6 :1  41,1 

3x1016 19 ,4 :1  4 4 : 1  0 ,5 :1  48,9 

The chlorlne removal rate decreases wlth increasing 1on ener- 
gy, because the energy deposition takes place deeper inslde 
the polymer sample. Argon lons  of 1 keV energy depos i ted  
t h e i r  energy on ly  on the top su r face .  We a lso  used argon ions 
w i t h  energ ies  of 40 keV and l a r g e r .  In  t h i s  case we could 
on l y  de tec t  a v e r y  low c h l o r i n e  removal r a t e .  

The r e s u l t s  ob ta ined by ESCA show a c h l o r i n e  a b s t r a c t i o n  and 
suppor t  the proposed c r o s s l i n k t n g  r e a c t i o n  mechanism of ha lo -  
genated aromat ic  polymers (IHAHURA, 1984).  As can be seen 
from Table 1. an i n tense  c h l o r i n e  a b s t r a c t i o n  i s  found 
a l ready  f o r  smal l  argon ton doses. For high doses t h l s  e f f e c t  
s a t u r a t e s .  We compared the c h l o r i n e  content  of a P(p-C1PhHA) 

sample immediately after irradiation (Ar§ I x 1013 cm -2) 
and a f t e r  s to rage f o r  one hour under vacuum c o n d i t i o n s .  
The r e s u l t  was a f u r t h e r  l oss  of c h l o r i n e .  P(p-C1PhHA) shows 
�9 l i t t l e  p o s t i r r a d i e t i o n  p o l y m e r i z a t i o n  e f f e c t .  

Ana lys ing  the C : O, C1 : 0 atomic r a t i o s  (Table  1) and the 
h a l f  w id th  of the 01s core l i n e  of the i r r a d i a t e d  samples, 
i t  can be assumed tha t  in  P(p-C1PhMA) s imul taneous degrada- 
t i o n  takes p lace ,  w i t h  c r o s s l i n k i n g  being the dominant 
reaction, Degradation reactions increase wlth irradiation 
dose. 

Crossllnklng reactions in chlorinated aromatic polymers 
initiated by ionizing radiation start from the dissociation 
of carbon-chlorlne bonds as shown in Figure 2. The second 
reaction step is the crosslinklng between two benzylic radi- 
cals, The significant participation of radical species In 
the crossllnklng reaction has been demonstrated by ESR spec- 
troscopy of irradiated halogenated aromatic polymers 
(IMAMURA, 1984). 

The ion-polymer interaction exhibits additional interesting 
p r o p e r t y  changes at h ighe r  doses (VENKATESAN, 1983). At argon 

ton doses of 1016 cm "2 the ESCA spec t ra  show a r e l a t i v e  carbon 
enr ichment of the polymer sur face  l a y e r .  Most of  the atoms 
l i k e  H, O and C1 tend to  form v o l a t i l e  spec ies ,  and a l a rge  
amount of carbon Is l e f t .  
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F i g .  2= Proposed c r o s s l l n k l n g  r e a c t l o n  mechanism f o r  
P(p-CIPhHA) 

a) R a d i c a l  p r o d u c t i o n  by i o n  beam 
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The carbon  co re  l e v e l  s ignaZ a f t e r  t he  h i g h - d o s e  argon i o n  
beam exposure  ( F i g u r e  3) becomes s m e l l e r ,  and the  s i g n a l  o f  
carbon bonded to  oxygen v a n i s h e s ,  
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b) end c) 1 keV Ar + beam 
exposed f i l m s  w l t h  doses of  
3 x 1013 cm -2  r e s p e c t i v e l y  
3 x 1016 cm -2  

Fur thermore,  we observe no charg ing  of the polymer f i l m .  The 
e l e c t r i c a l  c o n d u c t i v i t y  i nc reases  w l t h  I n c r e a s i n g  dose. 
Resu l t s  of  h igh-dose  1on I r r a d i a t i o n  are the compact ion of 
the polymer and the f o rma t i on  of an amorphous c a r b o n - l i k e  
su r face  l a y e r .  Th ls  carbon enr ichment was a l so  observed on 
PHHA f i l m s  a f t e r  ion  beam i r r a d i a t i o n  by Ru the r fo rd  back- 
s c a t t e r i n g  spec t romet ry  and Raman s p e c t r o s c o p i c  I n v e s t i g a -  
t i o n s  (VENKATESAN, 1983).  
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