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PHOTOLUMINESCENCE OF POLY-(PARAPHENYLENE) 

A . H E I M ,  G . L E I S I N G  
I n s t i t u t  f u r  F e s t k o r p e r p h y s i k ,  TU G r a z  

A - 8 0 1 0  G r a z ,  P e t e r s g a s s e  1 6 ,  A u s t r i a  

A b s t r a c t  We p r e s e n t  p h o t o l u m i n e s c e n c e  s p e c t r a  f o r  
P o l y - ( p a r a - p h e n y l e n e )  ( P P P ) ,  w h i c h  i s  s y n t h e s i z e d  b y  
b a s i c l y  t w o  d i f f e r e n t  m e t h o d s .  Yamamoto-PPP e m i t s  a 
s t r o n g  b l u e - g r e e n  s t r u c t u r e d  f l u o r e s c e n c e ,  w h e r e a s  
t h e  f l u o r e s c e n c e  o f  t h e  K o v a c i c - P P P  i s  d o m i n a t e d  b y  
a s t r u c t u r e l e s s  b r o a d  b a n d  i n  t h e  r e d .  T h e  d i f f e r e n c e  
i n  t h e  f l u o r e s c e n c e  s p e c t r a  a r e  d i s c u s s e d  b y  means  
o f  p o l y m e r i z a t i o n  i n d u c e d  d e f e c t s .  

1 .  EXPERIMENTAL 

The P P P - s a m p l e s  w e r e  s y n t h e s i z e d  u s i n g  t h e  m e t h o d s  o f  

YP.MAMOT0 ( 1 )  and  K O V A C I C  ( 2 1 .  F o r  t h e  K o v a c i c  p r e p a r a -  

t i o n  r o u t e  ( P P P - K )  we u s e d  A1C13-CuC12  as  t h e  c a t a l y s t -  

s y s t e m .  Y A M A M O T O - P P P  ( P P P - Y )  was p r e p a r e d  b y  p o l y c o n d e n -  

s a t i o n  o f  a G r i g n a r d  r e a g e n t  ( f r o m  p - d i b r o n o b e n z e n e )  

u s i n g  N i C 1 2  ( b p y )  as  a c a t a l y s t .  The  r e a c t i o n  p r o d u c t s  

w e r e  c a r e f u l l y  w a s h e d  a n d  h e a t e d  ( i n e r t  a t m o s p h e r e )  i n  

o r d e r  t o  a c h i e v e  a p u r e  p o l y m e r  m a t e r i a l .  D u r i n g  t h e  

h e a t i n g  p r o c e s s  o f  t h e  p r i s t i n e  P P P - Y  ( 2 5 0  C ,  3 0  h )  

a b o u t  6 0  w e i g h t - p e r c e n t  v o l a t i l e  p r o d u c t s  a r e  r e m o v e d .  

F o r  t h e  s t e a d y  e x c i t a t i o n  o f  t h e  P P P - p o w d e r  a mono-  

c h r o m a t o r  JY H225 e q u i p p e d  w i t h  a 9 5 0  W a t t  x e n o n  a r c  was 

u s e d .  The e m i s s i o n  p a s s i n g  t h r o u g h  a m o n o c h r o m a t o r  JY 

HRS2 was r e c e i v e d  b y  a PMT H a m a n a t s u  R 6 4 9 .  The  s p e c t r a  

w e r e  c o r r e c t e d  f o r  t h e  w a v e l e n g t h  d e p e n d e n t  i n f l u e n c e s  

o f  t h e  m e a s u r i n g  o p t i c a l  c o m p o n e n t s .  To i m p r o v e  t h e  S / N -  

r a t i o  a p h o t o n  c o u n t i n g  t e c h n i q u e  was a p p l i e d .  
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310 A. HEIM AND G .  LEISING 

2 .  RESULTS AND DISCUSSION 

I n  F i g . 1  t h e  e x c i t a t i o n  a n d  e m i s s i o n  s p e c t r a  o f  t h e  P P P -  

s a m p l e s  a t  r o o m  t e m p e r a t u r e  a r e  c o m p a r e d  t o  t h e  f l u o -  

r e s c e n c e  o f  p - t e r p h e n y l .  The  e m i s s i o n  s p e c t r u m  o f  P P P - Y  

w i t h  t h e  maximum a t  4 8 2  nm shows s h o u l d e r s  a t  a b o u t  
4 0 8  nm, 4 3 1  nm, 461  nm a n d  5 2 0  nm, w h e r e a s  P P P - K  e x h i b i t s  

d i s t i n c t  b a n d s  a t  4 3 3  nm a n d  4 5 9  nm a n d  t w o  s h o u l d e r s  a t  

a b o u t  4 9 0  nm a n d  522  nm, d o m i n a t e d  b y  a b r o a d  

l e s s  b a n d  a t  a b o u t  700 nm. 
s t r u c t u r e -  

300 4w 500 600 100 800 
Uavelmpthlmnl 

F I G . 1  
The e x c i t a t i o n  ( - - - I  a n d  e m i s s i o n  (-1 s p e c t r a  o f  

A : p - t e r p h e n y l  Aem=390 nm, h e x = 2 7 0  nm 
6:PPP-Y hem=535  nm, X e x = 3 2 5  nm 
C:PPP-K Ae,=535 nm, l r e x = 3 3 0  nm 

A,,=660 nm 

The f l u o r e s c e n c e  o f  p r o d u c t s  r e m o v e d  b y  h e a t i n g  t h e  P P P - Y  

i s  p e a k e d  a t  4 0 3  nm a n d  h a s  s h o u l d e r s  a t  3 8 0  nm, 3 8 8  nm, 

3 9 7  nm a n d  4 2 5  nm ( F i g . 2 ) .  The p o s i t i o n  o f  t h e  e x c i t a t i o n  
e d g e  d e p e n d s  o n  t h e  m o n i t o r e d  e m i s s i o n  w a v e l e n g t h  

i n d i c a t i n g  t h a t  t h e  v o l a t i l e  p r o d u c t s  o f  P P P - Y  c o n s i s t  
o f  s e v e r a l  compounds  w i t h  d i f f e r e n t  c h a i n l e n g t h s .  D
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PHOTOLUMINESCENCE OF POLY-(PARAPHENYLENE) 31 I 

F I G . 2  
The e x c i t a t i o n  ( - - - I  a n d  t h e  
e m i s s i o n  (---1 s p e c t r a  o f  t h e  
v o l a t i l e  p r o d u c t s  o f  P P P - Y  
A :  hem=425  nm 
6: he,=450 nm 
C :  he,,=430 nm 
0 :  h e x = 2 7 0  nm 

I I 

-, __--____ 300 400 500 
Wavelengthhi- 

- 
U 

4 
d 
b - 

F I G . 3  

f o r  P P P - Y  ( - - - I  a n d  t h e  U 

I R - t r a n s m i s s i o n  ( X B r - p e l l e t s )  1 I 

I 
v o l  a t i  1 e p r o d u c t  (-1 I= I, I 

900 aoo 7#) 6M) 
B Im-’l 

T h i s  i s  v e r i f i e d  b y  i n f r a r e d  s p e c t r o s c o p y ,  w h e r e  t h e  

p o s i t i o n  o f  t h e  C - H - d e f o r m a t i o n  mode f o r  p a r a - s u b s t i -  

t u t e d  b e n z e n e  s h i f t s  t o  l o w e r  w a v e n u m b e r s  f o r  an  i n -  
c r e a s i , n g  n u m b e r  n o f  c o u p l e d  b e n z e n e  r i n g s .  F o r  t h e  

v o l a t i l e  p r o d u c t  t h i s  d e f o r m a t i o n  mode i s  l o c a t e d  a t  

8 0 8 . 6  c m - l  a c c o m p a n i e d  b y  w e l l  r e s o l v e d  p e a k s  a t  h i g h e r  

w a v e n u m b e r s  ( F i g . 3 1 ,  w h i c h  a r i s e  f r o m  p - p h e n y l - o l i g o m e r s  

( n = 2 , 3 , 4 ,  . . .  ) .  F o r  P P P - Y  t h e  a b s o r p t i o n - m a x i m u m  o c c u r s  

a t  8 0 6 . 5  c m - l  and  i t  i s  p e a k e d  a t  8 0 5 . 4  cm-’ f o r  PPP-I( 

( F i g . 3 , 4 )  ( 5 ) .  

The s t r u c t u r e d  l u m i n e s c e n c e  i n  t h e  b l u e - g r e e n  r e g i o n  

e m i t t e d  b y  b o t h  k i n d s  o f  P P P  i s  d u e  t o  e l e c t r o n i c  t r a n -  

s i t i o n s  b e t w e e n  v i b r a t i o n a l  s t a t e s  o f  t h e  e x c i t e d  a n d  

t h e  g r o u n d  s t a t e .  This  i s  c o n f i r m e d  b y  c o m p a r i s o n  o f  

t h e  e n e r g y  d i f f e r e n c e s  o f  t h e s e  b a n d s  w i t h  Raman d a t a  
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312 A. HElM AND G. LEISING 

( 3 , 4 )  f o r  t h e  s k e l e t a l  f r e q u e n c i e s  a n d  t h e i r  combina- 
t i o n s .  Bes ides  we found a s h i f t  of t h e  a b s o l u t e  p o s i t i o n  
of t h e s e  bands t o  the  red going from P P P - Y  t o  P P P - K .  
Add i t iona l  t o  t h e  IR-spec t r a  t h i s  s h i f t  i s  aga in  a n  
ev idence  of t h e  h ighe r  deq ree  o f  p o l y m e r i s a t i o n  f o r  P P P - K .  

F I G . 4  
IR- t r ansmiss ion  ( K B r - p e l l e t s )  
f o r  P P P - K  ( - - - I  
a n d  p e r y l e n e  (-1 

We assume t h a t  t h e  broad red band r e p r e s e n t i n g  t h e  main 
d i f f e r e n c e  i n  t h e  f l u o r e s c e n c e  of P P P - K  a n d  P P P - Y ,  i s  
due t o  d e f e c t s  on t h e  cha in  (6). The chemical  s t r u c t u r e  
o f  t h e s e  d e f e c t s  seems t o  be comparable  t o  t h a t  of 
pe ry lene  ( s e e  IR-spec t r a  F i g . 4 ) .  Bes ides  p e r y l e n e  e x h i -  
b i t s  a q u i t e  s i m i l a r  f l u o r e s c e n c e  spectrum b u t  wi th  
d i f f e r e n t  b a n d  p o s i t i o n s .  S ince  t h e  p o l y m e r i s a t i o n  pro-  
c e s s  d e s c r i b e d  by Y A M A M O T O  f a v o r e s  only  l i n k s  i n  p a r a -  
p o s i t i o n ,  t h i s  d e f e c t  cannot  occur  i n  t h e  P P P - Y .  
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