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NMR STUDIES I N  POLYPYRROLE 

H. LECAVELIER", F. DEVREUX*, M. NECHTSCHEIN" and G. BIDAN** 
CEN-G, DRF, 85 X ,  38041 Grenoble cedex,  FRANCE 

Abst rac t  We p r e s e n t  t h e  r e s u l t s  of pro ton  and f l u o r  NMR s t u -  
d i e s  i n  the conduct ing polymer , pol ypyrrole-BF4. The f l u o r  
nuc lear  r e l a x a t i o n  is dominated by the  r o t a t i o n  of t h e  BF-4 
i o n s ,  w h i l e  the  pro ton  n u c l e a r  r e l a x a t i o n  is c o n t r o l l e d  by  t h e  
e l e c t r o n i c  s p i n  motion on the polymer backbone. 

Apart from the  s t a r r i n g  polyace ty lene ,  po lypyrro le  is one of t h e  

most s t u d i e d  conducting polymers. I t  can be prepared by e l e c t r o c h e -  

mical way1 and p r e s e n t s  t h e  advantage t o  be s t a b l e  i n  a i r 2 ,  a t  

least  i n  i t s  oxydized form. Novel s p i n l e s s  Conducting mechanisms 

involv ing  b ipolarons  have been invoked t o  e x p l a i n  i t s  t r a n s p o r t  and 

magnetic p r o p e r t i e s 3 .  Moreover , r e c e n t  i n - s i t u  ESR experiments  

demonstrate  t h a t  the  c r e a t i o n  of po larons  wi th  s p i n s  and b i p o l a r o n s  

without  s p i n s  can be r e v e r s i b i l y  c o n t r o l l e d  by e l e c t r o c h e m i c a l  

methods4. On the  o t h e r  hand, l i t t l e  is known about  t h e  i o n  dyna- 

mics ,  which should n e v e r t h e l e s s  p l a y  a major r o l e  i n  the  e l e c t r o -  

chemical a p p l i c a t i o n s  of t h e s e  conduct ing polymers. However i t  is 

h i g h l y  suspec ted  t h a t  e lec t rochemica l  c y c l i n g  r e s u l t  i n  a more 

complicated process  than a s imple coming and going of t h e  i n i t i a l  

i o n s  5 , 6 .  

I n  order  t o  g e t  an i n s i g h t  i n t o  the  i o n  dynamics, we have 

measured the  temperature and f requency  dependence of the  l 9 F  

nuc lear  r e l a x a t i o n  rate i n  polypyrrole-BFq. I t  i s  compared t o  t h e  

proton r e l a x a t i o n  rate i n  the  same compound and completed by t h e  

temperature  dependence of t h e  I9F NMR second moment and by  a dyna- 

mic n u c l e a r  p o l a r i z a t i o n  experiment on the  protons.  
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Figure 1 19F ( a )  and l H  ( b )  n u c l e a r  r e l a x a t i o n  rates v s  

r e c i p r o c a l  temperature  

Figures  l a  and l b  show t h e  temperature  v a r i a t i o n  of t h e  nu- 

c l e a r  r e l a x a t i o n  rates a t  d i f f e r e n t  f r e q u e n c i e s  f o r  1 9 F  and l H ,  

r e s p e c t i v e l y .  The 19F and l H  behaviours  are c l e a r l y  d i f f e r e n t .  

19F r e l a x a t i o n  show a s t r o n g  temperature  dependence, reminiscent  of 

the  s t a n d a r t  Bloembergen-Purcell-Pound (BPP) curve7,  which is known 

t o  r e s u l t  from a l o r e n t z i a n  c o r r e l a t i o n  spectrum : 

with  an a c t i v a t e d  c o r r e l a t i o n  time : TC = Toexp(E/kT). However 

the  s l o p e s  of lnT1-l versus  T-l i n  F igure  l a  are not  symmetrical : 

910 K and 170 K on the  h igh  and low temperature  Bides ,  r e s p e c t i v e -  

l y .  Moreover the  f requency  dependence of t h e  r e l a x a t i o n  rate on the  

low temperature  s i d e  n e a r l y  f o l l o w s  a n  u1 l a w ,  i n s t e a d  of t h e  w2 
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FIGURE 2 19F NMR second 

moment v s  temperature  
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FIGURE 3 l H  dynamic n u c l e a r  

p o l a r  i z a t i  on 

l a w  expected from the  s imple BPP model. This  can be accounted f o r  

by  a d i s t r i b u t i o n  of t h e  energy  b a r r i e r  E ,  due t o  the  random envi -  

ronment of t h e  i o n s  i n  t h e  amorphous polymer matrix. 

The most probable  o r i g i n  f o r  the l9F r e l a x a t i o n  i s  the  modula- 

t i o n  of the  F-F d i p o l a r  i n t e r a c t i o n  b y  the  r o t a t i o n  of the  i o n s .  

This  i s  confirmed by the  temperature  dependence of the  19F NMR 

second moment, which is shown i n  F i g u r e  2. Second moment has  been 

obta ined  by polynomial f i t t i n g  of the  free- induct ion-decay a f t e r  a 

7 ~ 1 2  pulse8. F igure  2 shows t h a t  the  room temperature  v a l u e  of the  

second moment is much less than the  c a l c u l a t e d  r i g i d - l a t t i c e  v a l u e  

f o r  s t a t i c  BF4. Moreover t h e  i n c r e a s e  of t h e  second moment around 

100 K i s  c o n s i s t e n t  w i t h  a p r o g r e s s i v e  f r e e z i n g  of t h e  r o t a t i o n .  

On the o p p o s i t e ,  t h e  l H  n u c l e a r  r e l a x a t i o n  (F igure  l b )  is 

weakly temperature  dependent. Moreover i t  is o n l y  20 t o  30 p e r c e n t  

l a r g e r  than t h a t  measured i n  pol ypyrr0 le -C104~,  where no n u c l e a r  

r e l a x a t i o n  can be induced by  i o n i c  motion because of t h e  absence of 

e f f i c i e n t  n u c l e a r  s p i n s  i n  ClO4. Thus i t  is l i k e l y  t h a t  o n l y  a 
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small -temperature dependent- p a r t  of t h e  I H  r e l a x a t i o n  is due t o  

the  modulation of the  H-F d i p o l a r  i n t e r a c t i o n  by the  i o n i c  motion. 

The main c o n t r i b u t i o n  t o  the  l H  r e l a x a t i o n  ar ises  from t h e  coupl ing  

w i t h  e l e c t r o n i c  s p i n s  on the polymer backbone as evidenced by t h e  

observa t ion  of a p o s i t i v e  Overhauser e f f e c t  - l i k e  i n  t rans-polyace-  

ty lene lO-  i n  dynamic n u c l e a r  p o l a r i z a t i o n  experiment (F igure  3 ) .  

To conclude,  i t  t u r n s  out  t h a t  n u c l e a r  r e l a x a t i o n  provides  a 

way t o  s t u d y  both e l e c t r o n i c  and i o n i c  motion i n  polypyrrole-BF4, 

by  cons ider ing  I H  and I9F NMR, r e s p e c t i v e l y .  
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