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13 
C -MAS-NMR OF CONJUGATED POLYMERS : PRELIMINARY RESULTS O N  
LI-DOPED CIS-(CH) 

M .  AUDENAERT, P .  B E R N I E R .  
GDPC - USTL, Place Eugsne B a t a i l l o n ,  34060 MONTPELLIER 
Cgdex, FRANCE 

Abs t rac t  
resonance of  lithium-doped c i s -polyace ty lene  by u s i n g  t h e  
MAS-NMR spectroscopy technique .  The h ighly- reso lved  s p e c t r a  
show t h a t  t h e  measured i n t e n s i t y  r a t i o s  of t h e  c i s  and t r a n s  
peaks s t r o n g l y  depend on t h e  c r o s s  p o l a r i z a t i o n  t i m e .  Thus 
our  conclusion i s  t h a t  high r e s o l u t i o n  NMR is n o t  a good t o o l  
t o  check t h e  c i s  t o  t r a n s  conten t  of doped p o l y a c e t y l e n e .  

We have i n v e s t i g a t e d  t h e  I 3 C  n u c l e a r  magnet ic  

Severa l  a u t h o r s  have r e p o r t e d  exper imenta l  r e s u l t s  on t h e  I 3 C  

magnet ic  resonance of doped polyace ty lene ,  ob ta ined  w i t h  high 

r e s o l u t i o n  NMR , It  h a s  been s t a t e d  t h a t  a s u b s t a n c i a l  c i s / t r a n s  

i somer iza t ion  does not  occur  wi th  doping,  even a t  h igh  doping 

1-4 

I n  t h i s  work, w e  show t h a t  one h a s  t o  b e  very  c a r e f u l  

when drawing such a conclus ion  from t h e  measured i n t e n s i t y  r a t i o  

of  t h e  reso lved  c i s  and t r a n s  NMR peaks .  Indeed, among t h e  d i f f e -  

r e n t  parameters  which enable  us  t o  o b t a i n  h i g h l y  r e s o l v e d  carbon 

NMR s p e c t r a  of  s o l i d s ,  t h e  c r o s s  p o l a r i z a t i o n  t i m e  T p l a y s  an 

important  r o l e .  During t h i s  p e r i o d  of  time ( t y p i c a l l y  1 ms), t h e  

Hartmann-Hahn condi t ion5  is f u l f i l l e d  and a l lows  t h e  carbon s p i n  

system t o  exchange energy wi th  t h e  pro ton  s p i n  system wi th  t h e  

r e s u l t  t h a t  t h e  S/N r a t i o  is  enhanced by a f a c t o r  of  4 .  However, 

w i t h i n  t h e  r o t a t i n g  frame, t h e  pro ton  s p i n s  are r e l a x i n g  w h i l e  t h e  

c r o s s  p o l a r i z a t i o n  t a k e s  p l a c e  such t h a t  t h e  n e t  magnet iza t ion  due 

t o  t h e  carbons goes through a maximum as a f u n c t i o n  of T . The 

equat ion  which governs t h e  e v o l u t i o n  of t h e  magnet iza t ion  M as a 

CP 

CP 

where 1, ( 1 + Tcw/~,fc - T&/T~~), TCH i s  t h e  c h a r a c t e r i s t i c  c r o s s  
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64 W. AUDENAERT AND P. BERNIER 

p o l a r i z a t i o n  t ime and M 

of  carbons.  

Carbons can be  d i f f e r e n t l y  surrounded by pro tons  or e q u a l l y  s u r -  

rounded by pro tons  having d i f f e r e n t  r e l a x a t i o n  times T 

both c a s e s ,  t h e  i n t e n s i t y  r a t i o s  of t h e  resonance peaks of t h e s e  

d i f f e r e n t  carbons do g e n e r a l l y  n o t  r e f l e c t  t h e i r  r e l a t i v e  propor-  

t i o n .  

Our paper has  t h e  purpose t o  i l l u s t r a t e  t h e  l a t t e r  c a s e ,  which w e  

observed €or Li-doped polyace ty lene .  C i r c u l a r  d i s k s  were c u t  i n  a 

500 m t h i c k  cis-(CH) f i l m  i n  o r d e r  t o  f i t  i n t o  t h e  c y l i n d r i c a l -  

shaped rotor used for t h e  MAS experiment .  These samples where do- 

ped f o r  48 h i n  a s o l u t i o n  of Lithium-Benzophenone i n  THF, then  

washed and pumped out  f o r  40 h .  By t h i s  thoroughly used doping 

procedure', we expec t  t h e  Lithium c o n c e n t r a t i o n  t o  b e  about  4 mol%. 

The samples were then  t r a n s f e r r e d  i n t o  t h e  r o t o r  under  an argon 

atmosphere. A t  t h e  very beginning o f  t h e  experiment ,  t h e  conduct ing 

( C H I  

ppm and centered  a t  about  120-140 ppm from TMS, i . e .  t h e  chemical  

s h i f t  of t h e  c i s  and t r a n s  13C peaks.  A f t e r  a couple  of hours  of 

sp inning ,  t h e  SIN r a t i o  i n c r e a s e d ,  which p o i n t e d  t o  an a i r  leakage 

a t  t h e  r o t o r ' s  cap.  The doped and subsequent ly  air-compensated 

samples allowed us t o  o b t a i n  a h ighly- reso lved  spectrum of Li-doped 

(CH)x. The c r o s s  p o l a r i z a t i o n  t i m e  was then  v a r i e d  from 0 . 1  m s  t o  

8 m s .  The s p e c t r a ,  t h a t  we obta ined  w i t h  a B f i k e r  CXP 200 s p e c t r o -  

meter ,  a r e  shown i n  Fig.  1, as a f u n c t i o n  of T . The c is  t o  t r a n s  

r a t i o s  were then c a l c u l a t e d  from t h e  r e l a t i v e  i n t e n s i t i e s  of t h e  

c is  and t r a n s  peaks and are p l o t t e d  i n  Fig.2.  

I t  has  been shown t h a t  only t h e  t rans- i somer ized  r e g i o n s  a r e  doped . 
A s  t h e  proton r e l a x a t i o n  t ime drops  upon doping , t h e r e  must 

be a d i f f e r e n c e  i n  r e l a x a t i o n  times i n  t h e  doped t r a n s  r e g i o n s  and 

i n  t h e  c is  r e g i o n s ,  where T remains t h e  same as i n  p r i s t i n e  

cis-(CH)x. This e x p l a i n s  t h e  a r t i f i c i a l  v a r i a t i o n  observed €or t h e  

c is  over t r a n s  conten t  of t h e  Li-doped film as a f u n c t i o n  o f  TCp. 

is a c o n s t a n t  p r o p o r t i o n a l  t o  t h e  number 
0 

1 f H '  In 

P X 

y i e l d  no s i g n a l  a t  a l l  i n  a frequency r a n g e  covering 1000 
X 

CP 

8 

9,lO 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
48

 2
0 

Fe
br

ua
ry

 2
01

3 



"C -MAS-MNR OF CONIUGATED POLYMERS 85 

On t h e  o t h e r  hand, by vary ing  t h e  c r o s s  p o l a r i z a t i o n  time w i t h i n  

t h e  same r a n g e ,  t h e  c i s / t r a n s  r a t i o  of non-doped (CH) 

p r e s e n t  a s i g n i f i c a n t  change. Thus, o u r  r e s u l t s  make u n c e r t a i n  

d i d n ' t  
X 

t h e  conclus ions  drawn by d i f f e r e n t  e x p e r i m e n t a l i s t s  from t h e  

measured c is  t o  t r a n s  r a t i o s  i n  doped cis-(CH) 

l u t i o n  NMR. A d e t a i l e d  NMR s t u d y  is i n  p r o g r e s s  i n  o r d e r  t o  i n v e s -  

t i g a t e  t h e  e l e c t r o n i c  p r o p e r t i e s  of a lka l in-doped  (CHI 
r e s p e c t  t o  t h e i r  s t r u c t u r a l  p r o p e r t i e s .  

u s i n g  h igh  r e s o -  
X '  

wi th  
X 
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FIGURE 1 

FT-NMR Spectra of Li-doped cis-(CHIx as a function of t he  
cross polarization time. 

1 .  

T, (md 

FIGURE 2 

Log. of the  cis t o  t r ans  r a t i o s  measured from the  spec t r a  of Fig.1.  
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