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AN EPR STUDY OF ALKALI-METAL-DOPED 
POLY(p-PHENYLENE) AND p-PHENYLENE OLIGOMERS 

LOWELL KISPERT and J O Y  JOSEPH 
Chemis t ry  Department  
The U n i v e r s i t y  o f  Alabama 
T u s c a l o o s a ,  AL 35486 

GRANVILLE C.  MILLER and RAY H .  BAUGHMAN 
Polymer L a b o r a t o r y  
A l l i e d  C o r p o r a t i o n  
Morr i s town,  N J  07960 

A b s t r a c t .  P o l y ( p - p h e n y l e n e ) ,  PPP, and f u l l y -  
d e u t e r a t e d  p o l y ( p - p h e n y l e n e ) ,  DPPP, were h e a v i l y  
doped w i t h  l i t h i u m ,  sodium, p o t a s s i u m ,  r u b i d i u m ,  
ces ium,  and s u c c e s s i v e l y  w i t h  p o t a s s i u m  t h e n  l i t h i u m .  
I n e r t  a tmosphere  c o n d i t i o n s  u s i n g  a l k a l i  n a p h t h a l i d e s  
i n  THF were u s e d .  The s p i n  s u s c e p t i b i l i t y  of  e a c h  
of  t h e s e  samples  w a s  n o t  Curie-Weiss  o v e r  t h e  e n t i r e  
t e m p e r a t u r e  r a n g e  7 t o  300 K .  The EPR l i n e w i d t h s  
a t  300 K o f  donor-doped PPP were dependent  on s p i n -  
o r b i t  c o u p l i n g  w i t h  t h e  a l k a l i  me ta l ,  v a r y i n g  from 
a peak-to-peak w i d t h  a t  300 K o f  0.5 G f o r  t h e  
l i th ium-doped sample  t o  5.5 G f o r  t h e  cesium-doped 
sample .  A s m a l l  d e c r e a s e  i n  l i n e w i d t h s  w a s  n o t e d  
upon doping  o f  DPPP, t h e s e  same l i n e w i d t h s  e q u a l i n g  
0.35 and 4.5 G .  I n  c o n t r a s t ,  t h e  l i n e w i d t h s  o f  L i ,  
K .  and Rb g r a p h i t e  complexes are much l a r g e r .  The 
l i n e w i d t h  f o r  potassium-doped PPP d e c r e a s e d  from 
1 . 9  G a t  300 K t o  0.45 G a t  7 K w h i l e  t h e  l i n e w i d t h  
f o r  potassium-doped p - t e r p h e n y l ,  p - q u a t e r p h e n y l ,  and 
p-sexiphenyl  i n c r e a s e d .  The c o n c e n t r a t i o n  o f  u n p a i r e d  
s p i n s  a t  3 W  K w a s  a p p r o x i m a t e l y  10% o f  t h e  p o t a s s i u m  
c o n c e n t r a t i o n .  These o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  
e q u i l i b r i u m  between t h e  r a d i c a l  a n i o n  and t h e  d i a n i o n  
( p a r a m a g n e t i c  --> d i a m a g n e t i c )  may h e  i m p o r t a n t  
and t h a t  a l k a l i  meta l  o r b i t a l s  and hydrogens  do 
i n t e r a c t  w i t h  t h e  u n p a i r e d  e l e c t r o n s  on t h e  polymer 
c h a i n .  
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