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SUMMARY 
The u l t r a v i o l e t  i r r a d i a t i o n  o f  p o l y ( s t y r e n e -  

s u l f o n i c  a c i d )  (HPSS) and i t s  sodium s a l t  (NaPSS) in  
aqueous s o l u t i o n  produces s p e c t r a l  changes in  both 
cases . The t o t a l  i n t e n s i t y  o f  the  f l u o r e s c e n c e  s p e c t r a  
decreases~ the  f l u o r e s c e n c e  r a t i o  ( l ~ / I  M) i nc reases  and 
a red s h i f t t e d  new band grows up a t  about 370 nm. In 
the a b s o r t i o n  s p e c t r a ,  new bands appear a t  both s i d e s  
o f  the  non i r r a d i a t e d  s p e c t r a .  The r a t e  o f  appearance 
or  d isappearance o f  any band i s  d i f f e r e n t  f o r  HPSS or  
NaPSS and depends on the presence o f  oxygen in  the 
s o l u t i o n .  

INTRODUCTION 
The p h o t o d e g r a d a t i o n  o f  po lymers has been 

i n v e s t i g a t e d  f o r  s e v e r a l  groups in  the pas t  decades. 
The main reason f o r  the i n t e r e s t  i n  t h i s  research i s  
the c o n t r o l  o f  p h o t o d e g r a d a t i o n  o f  p l a s t i c  m a t e r i a l s .  
Pho todeg rada t i on  o f  po lymers remains o f  paramount 
impor tance as p o l y m e r i c  m a t e r i a l  i s  used more and more 
f r e q u e n t l y  in  c o n d i t i o n s  where such p h o t o d e g r a d a t i o n  
cou ld  occu r .  

The d e g r a d a t i o n  o f  p o l y o l e f i n s  and p o l y p r o p y l e n e  
has been the  s u b j e c t  o f  an i m p o r t a n t  i n v e s t i g a t i o n  f o r  
many years  ( 1 ) .  Recent works on the p h o t o o x i d a t i o n  
mechanisms and k i n e t i c s  o f  p o l y o l e f i n s  have been 
rev iewed by Garton e t  a l .  ( 2 ) .  

The p h o t o d e g r a d a t i o n  o f  p o l y s t y r e n e  in  v a r i o u s  
s o l v e n t s  has been i n v e s t i g a t e d  by s e v e r a l  au tho rs  
( 3 , 4 ) .  

In t h i s  paper ,  an i n v e s t i g a t i o n  o f  the 
p h o t o d e g r a d a t i o n  o f  p o l y s t y r e n e s u l f o n i c  ac id  and i t s  
sodium s a l t  i n  aqueous s o l u t i o n  has been c a r r i e d  o u t .  
Photochemica l  r e a c t i o n s  were i n i t i a t e d  by i r r a d i a t i n g  
the sample w i t h  UV l i g h t  and they were s t u d i e d  by means 
o f  the UV a b s o r p t i o n  and the f l u o r e s c e n c e  s p e c t r a  o f  
the s o l u t i o n s .  

EXPERIMENTAL PART 
NaPSS was syn thes i zed  by r a d i c a l  p o l y m e r i z a t i o n  in  
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nitrogen purged aqueous solution at 20 ~ The 
redoxinitiator employed was potassium persulfate(5xlO -3 
M)-triethanolamine (ixlO-2M). The monomer (0.24 M) was 
from Dupont. The resulting polymer was purified by 
repeated precipitations in acetone and finally, it was 
vacuum d r i e d .  The t o t a l  y i e l d  was a b o u t  20X. The 
m o l e c u l a r  w e i g h t  o f  t h i s  sample  v i s c o m e t r i c a l l y  
d e t e r m i n e d  i n  0 . 1 M  NaC1 aqueous s o l u t i o n  a t  2 5 . 0  ~ by 
mak ingsuse  o f  t h e  MHS e q u a t i o n  f r om  r e f .  5 ,  was 
3 . 8 x I 0  . NaPSS was c o n v e r t e d  t o  HPSS by d i a l y s i s  o f  a 
6x10 -3 M s o l u t i o n  w i t h  HC1 0 . 2 5  N d u r i n g  f o r t e e n  d a y s .  

The c o n c e n t r a t i o n  o f  NaPSS and HPSS s o l u t i o n s  was 
i n  any case  6 x i 0  -3 M w i t h  O.D. l e s s  t h a n  1 a t  260 nm. 

The p o l y m e r  s o l u t i o n s  were  i r r a d i a t e d  w i t h  t h e  
l i g h t  f r om a low p r e s s u r e  m e r c u r y  lamp,  model Pen-Ray 
11SC-1 f r om  U l t r a v i o l e t  P r o d u c t s .  A f i l t e r  model 8 -275  
a l s o  f r om  U l t r a v i o l e t  P r o d u c t s  was i n s e r t e d  be tween  t h e  
c e l l  and t h e  lamp;  t h i s  f i l t e r  a b s o r b s  v i s i b l e  l i g h t  
w h i l e  t r a n s m i t t i n g  u l t r a v i o l e t  a t  2 5 3 . 7  nm as t h e  most 
i n t e n s e  l i n e .  The i r r a d i a t i o n s  o f  s o l u t i o n s  were 
c a r r i e d  o u t  i n  a s q u a r e  q u a r t z  c u v e t  1 cm t h i c k  i n  t h e  
p r e s e n c e  o f  a i r  a t  a t m o s p h e r i c  p r e s s u r e  o r  i n  t h e  
p r e s e n c e  o f  n i t r o g e n .  

UV a b s o r p t i o n  s p e c t r a  were  r e c o r d e d  w i t h  a Sh imad-  
zu UV e40 s p e c t r o p h o t o m e t e r .  F l u o r e s c e n c e  s p e c t r a  were 
r e c o r d e d  u s i n g  a P e r k i n  E lmer  LS-3  s p e c t r o f l u o r i m e t e r .  

RESULTS AND DISCUSSION 
F l u o r e s c e n c e  s p e c t r a  o f  NaPSS and HPSS i n  d i l u t e  

s o l u t i o n  shows ( F i g .  1) monomer and e>:cimer e m i s s i o n  
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o f  ( a ) N a P S S  i n 
aerated s o l u t i o n  and o f  (b) HPSS aqueous s o l u t i o n  w i th  
n i t r o g e n ,  a f t e r  v a r i o u s  i r r a d i a t i o n  t imes w i th  X = 
253.7 nm. 

centered a t  295 and 325 nm r e s p e c t i v e l y  ( 6 , 7 ) .  
The a b s o r p t i o n  spect ra  o f  both samples i s  

e s s e n t i a l l y  i d e n t i c a l  (F ig .  2a and 2b) .  I t  shows a band 
peaking a t  261 nm f o r  HPSS and 0 .3  nm red s h i f t e d  f o r  
the p o l y s a l t .  The v i b r a t i o n a l  r e s o l u t i o n  i s  about the 
same f o r  both samples, however, the p o l y a c i d  shows a 
smal l  t a i l  which extends to 300 nm on the long 
wavelength s ide  o f  the band. In  p o l y s t y r e n e - l i k e  p o l y -  
mers and accord ing to  some au thors  ( 8 , 9 ) ,  t h a t  t a i l  i s  
due to charge t r a n s f e r  complexes w i th  oxygen but in  our 
case i t  i s  not  mod i f i ed  by n i t r o g e n  bubb l i ng .  On the 
o the r  hand, n i t r o g e n  bubb l ing  does not modi fy  the 
f l uo rescence  i n t e n s i t y  in  more than 2%, suggest ing t h a t  
the chromophore i s  p ro tec ted  f o r  oxygen quenching. We 
conclude t h a t  HPSS and NaPSS do not form charge 
t r a n s f e r  complexes w i th  oxygen, t y p i c a l  o f  p o l y s t y r e n e  
l i k e  polymers.  

Upon i r r a d i a t i o n  w i t h  UV l i g h t ,  abso rp t i on  and 
emiss ion spec t ra  s u f f e r  o f  some s p e c t r a l  changes f o r  
both polymers (F igs .  1 and 2) .  F ig .  1 shows the changes 
in  the f l uo rescence  spec t ra  o f  an aera ted HPSS s o l u t i o n  
a f t e r  i r r a d i a t i o n  a t  k = 253.7 nm. Monomer emission 
decreases very  e f f i c i e n t l y ~  excimer emission remains 
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p r a c t i c a l l y  cons tan t  but  becomes broader  i n  the red 
s i d e .  A f t e r  i r r a d i a t i o n  d u r i n g  a very long t ime a new 
band peaking a t  about 370 nm appears c l e a r l y .  The 
appearance o f  the new band i s  made a t  the expenses o f  
exc imer  emiss ion  which decreases very  much. L i g h t  
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F igu re  3 . -  Emission 
s p e c t r a  o f  HPSS and NaPSS 
in  ae ra ted  or  n i t r o g e n  
bubbled s o l u t i o n s  a f t e r  
f i v e  hours o f  i r r a d i a t i o n .  
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s c a t t e r i n g  a t  t h e  e x c i t a t i o n  w a v e l e n g t h  ( ~ = ~ 6 0  nm) 
do also decreases appreciably (Fig. i); in principle, 
it may be due to chain scission or to the increment of 
optical density at that wavelength. 

The irradiation of NaPSS and HPSS solutions with 
( F i g .  2a) o r  w i t h o u t  oxygen ( F i g .  2b) i nc reases  the 
a b s o r p t i o n  a t  both s i des  o f  the o r i g i n a l  band due to  
photochemica l  r e a c t i o n s .  S i m i l a r  UV a b s o r p t i o n  changes 
o f  p o l y s t y r e n e  i r r a d i a t e d  s o l u t i o n s  have been adsc r i bed  
to the f o r m a t i o n  o f  h y d r o p e r o x i d e s  f o l l o w e d  by the 
p r o d u c t i o n  o f  ca rbony l  compounds (3) and con juga ted  
po lyene s t r u c t u r e s  ( 4 ) .  In the case o f  HPSS and NaPSS, 
the appearance o f  the new emiss ion  band a t  370 nm ( i n  
p a r t i c u l a r  a t  long i r r a d i a t i o n  t imes )  suppo r t s  the 
e x i s t e n c e  o f  po lyene s t r u c t u r e s ,  s p e c i a l l y  d ienes  (10 ) .  
Carbonyl  compounds do not  show f l u o r e s c e n c e  and 
t h e r e f o r e  they cou ld  be p resen t  a t  s h o r t  i r r a d i a t i o n  
t imes , when emiss ion  s p e c t r a  changes on l y  i n  the 
monomer band. 

The r a t e  o f  s p e c t r a l  changes i s  d i f f e r e n t  f o r  
NaPSS and HPSS and i t  depends on the presence o f  oxygen 
in  the s o l u t i o n .  F i g .  3 i l l u s t r a t e s  t h a t  w i t h  very  
s i m i l a r  i r r a d i a t i o n  t imes ,  the  f l u o r e s c e n c e  s p e c t r a  o f  
both samples, ae ra ted  or  purged w i t h  n i t r o g e n ,  d i f f e r s  
in  the r e l a t i v e  i n t e n s i t y  o f  exc imer  emiss ion  and the  
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new band a t  370 nm. The band adscr ibed to po lyene 
s t r u c t u r e s  increases more e a s i l y  ( i )  f o r  HPSS than f o r  
NaPSS s o l u t i o n s  and ( i i )  in  the absence o f  oxygen than 
in  aerated s o l u t i o n s .  
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