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PROTON MAGNETIC RESONANCE I N  PARTIALLY DEUTERATED 
TRANS - POLYACETYLENE 

M. ZILIOX, B. FRANCOIS, C.  MATHIS, B. MEURER, G. WEILL and 

Centre de Recherches s u r  l e s  Macromolecules, C.N.R.S. , 
6, Rue Bouss ingau l t ,  67083 S t rasbourg  CGdex, France. 

K.  H O L C Z E R ~  

-- A b s t r a c t  
c e n t r a t i o n  i n  p a r t i a l l y  deu te ra ted  trans-(CH D ) show t h a t  
a t  h i g h  ’H con ten t  t h e  p r o t o n  r e l a x a t i o n  i s  ‘ I-’ Xhomogeneous 
and r e f l e c t s  t h e  dynamics o f  e l e c t r o n i c  sp ins .  A t  low concen- 
t r a t i o n ,  protons o f  r e s i d u a l  c a t a l y s t  (about  6% p e r  CH u n i t )  
dominate t h e  NMR r e s u l t s ,  m i s l e a d i n g  e a r l i e r  a n a l y s i s .  

Proton NMR measurements as a f u n c t i o n  o f  ’H con- 

The n a t u r e  o f  t h e  paramagnetic c e n t e r s  observed i n  t r a n s - p o l y -  

acety lene con t inues  t o  be a s u b j e c t  o f  con t rove rsy ,  p a r t i c u l a r l y  

r e g a r d i n g  t h e i r  d e s c r i p t i o n  as h i g h l y  mob i l e  bond a l t e r n a t i o n  de- 

f e c t s  ( s o l i t o n s ) . ’  The p r o t o n  r e l a x a t i o n  r a t e  T;’ r e v e a l e d  an i n -  

verse square r o o t  dependence on t h e  Larmor f requency .2  T h i s  charac- 

t e r i s t i c  behaviour  may a r i s e  e i t h e r  f rom d i r e c t  r e l a x a t i o n  by  one- 

dimensional d i f f u s i o n  o f  t h e  e l e c t r o n i c  sp in ,  o r  f rom three-d imen-  

s i o n a l  n u c l e a r  s p i n  d i f f u s i o n  towards l o c a l i z e d  paramagnetic cen- 

t e r s .  The f i r s t  i n t e r p r e t a t i o n  was suppor ted by t h e  o b s e r v a t i o n  

o f  an Overhauser e f f e c t  i n  t rans-(CH)x.  However, W.G. C l a r k  and 

coworkers3 t r i e d  t o  t e s t  which d e s c r i p t i o n  was t h e  more a p p r o p r i -  

a t e ,  by check ing whether T i ’  changed when t h e  p r o t o n  d i f f u s i o n  

c o e f f i c i e n t  was reduced. I f  t h e  former i n t e r p r e t a t i o n  was c o r r e c t ,  

T;’ shou ld  n o t  depend on t h e  p r o t o n  concen t ra t i on .  They t h e r e f o r e  

rneas ured ’H s p i  n-1 a t t i  ce r e 1  a x a t i o n  r a t e  i n t r a n s -  (CH, 08D, 9 2 ) .  

x Permanent address : Cen t ra l  Research I n s t i t u t e  f o r  Phys ics,  
H-1525 Budapest, POB 49, Hungary. 
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484 M. ZILIOX et al. 

The change they  observed l e d  them t o  t h e  c o n c l u s i o n  t h a t  n u c l e a r  

s p i n  d i f f u s i o n  p lays  an i m p o r t a n t  r o l e  i n  t h e  r e l a x a t i o n  mechanism 

which quest ions t h e  h i g h  va lue  e a r l i e r  i n f e r r e d  f o r  t h e  e l e c t r o n i c  

s p i n  d i f f u s i o n  constant .  
We r e p o r t  here NMR measurements on a s e r i e s  o f  d i f f e r e n t  de- 

grees deu te ra ted  (CH)x. The r e a l  p r o t o n  c o n c e n t r a t i o n  y ,  measured 

by t h e  NMR s i g n a l  ampl i tude,  i s  found h i g h e r  t h a n  t h e  u n l a b e l l e d  
monomer con ten t  z o f  t h e  gas m i x t u r e  used f o r  s y n t h e s i s  ( l a b e l l e d  
monomer con ta ined  l e s s  than  1% o f  p r o t o n s ) ,  The d i f f e r e n c e  between 

y and z corresponds t o  6 - 8 % o f  e x t r a  p ro tons .  I n t e r p r e t i n g  

t h e i r  r e s u l t s ,  W.G. C l a r k  e t  a l .  i m p l i c i t l y  supposed t h a t  these 

protons r e s u l t  f rom an i s o t o p i c  exchange, i . e .  t h a t  t h e y  a r e  on 
t h e  polymer backbone, The second moment M2 o f  t h e  samples, measu- 
r e d  as a f u n c t i o n  o f  monomer's 'H c o n t e n t  ( F i g u r e  l.),shows t h a t  
t h e  e x t r a  p ro tons  have a d i f f e r e n t  o r i g i n .  Were t h e y  on t h e  chains, 

t h e i r  second moment shou ld  decrease m o n o t o n i c a l l y  (as i t  does as 

l o n g  as t h e i r  r e l a t i v e  c o n c e n t r a t i o n  i s  n e g l i g i b l e )  t o  a va lue  

FIGURE 1 Second moment M2 as a f u n c t i o n  o f  z ,  t h e  f r a c t i o n  

o f  p ro tona ted  monomer, a t  150 K : X 60 MHz , o 200 MHz.  
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PROTON MAGNETIC RESONANCE IN PARTIALLY DEUTERATED TRANS - (CH), 485 

l e s s  than  o r  equal t o  0.5 G2, which i s  t h e  M 2  c a l c u l a t e d  f o r  a 

p a i r  o f  p ro tons  on t h e  backbone. I f  we t a k e  M2(0) = 11 G2 (measured 

on t h e  " f u l l y  deu te ra ted"  sample) as t h e  second moment o f  t h e  e x t r a  

p ro tons ,  t h e  r e s u l t s  shown i n  F i g u r e  1 a r e  w e l l  desc r ibed  by t h e  

sum o f  t h e i r  c o n t r i b u t i o n  and o f  2% on-chain p r o t o n  c o n t r i b u t i o n :  

z 2 M 2 ( 1 )  + (y - Z )  M z ( 0 )  
Y M z ( z )  = 

where M2(l) i s  t h e  second moment o f  undeuterated (CH)x. I t  i s  com- 

monly admi t ted  t h a t  every polymer cha in  ends w i t h  a C-Ti o r  C-A1 

bond4, these atoms b e i n g  accompanied b y  - C 2 i i 5  o r  - O C 4 H 9  groups. As 
a f i l m  u s u a l l y  con ta ins  about  0.2 % o f  T i  and A l ,  t h e  p r o p o r t i o n  

o f  p ro tons  assoc ia ted  w i t h  these me ta l s  can be es t ima ted  t o  7 %, 
and 11 G 2  as a second moment o f  these groups seems a q u i t e  reason- 

a b l e  f i g u r e .  

I t  i s  c l e a r  t h a t  p ro tons  i n  " f u l l y  deu te ra ted"  p o l y a c e t y l e n e  

cannot  exper ience any d i r e c t  i n t e r a c t i o n  w i t h  moving e l e c t r o n i c  

sp ins  c o n f i n e d  t o  t h e  conjugated sequences, T h e i r  c o n t r i b u t i o n  i s  

s u f f i c i e n t l y  i m p o r t a n t  i n  a r e l a x a t i o n  t i m e  measurement up t o  20 - 
30 % p r o t o n  c o n c e n t r a t i o n  t o  make hopeless t h e  q u a n t i t a t i v e  e x p e r i -  

mental t e s t a t t e m p t e d  i n  r e f . 3 .  On t h e  o t h e r  hand, a t  h i g h  p r o t o n  

z 

1.00 

0.75 

0.50 
0.25 
0.10 
0.04 
0.00 

60 MHz 200 MHz 

TI (ms) TI (ms) T:: (ms) T I Z  (ms) & 
49 90 90 1 
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68* l50* 97 240 0.51 
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161* 301* 85 330 0.12 
215* 438* 89 470 0.06 
345* 510* a9 590 0.17 
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486 M. ZILIOX el al. 

concentration, the strong d ipolar  coupling between protons assures 
t h a t  these protons relax i n  the same way a s  a l l  the  o thers .  Indeed 
the or ig ina l  i n t e rp re t a t ion  of T1 holds quantitavely as long as 
protons have a common well-establ ished s p i n  temperature. Sear- 
ching where inhomogeneity appears , re laxa t ion  curves were recorded 
up  t o  2 seconds and  were ca re fu l ly  f i t t e d  w i t h  one o r  the sum of 
2 exponentials. The r e s u l t s  of these f i t s  a r e  given in t ab le  1, 
where A l  and A P  a r e  the respective amplitudes o f  the  2 exponen- 
t i a l s .  For 'H concentrations z 5 0.5, t he  double exponential f i t  
i s  more accurate,  i . e .  relaxation i s  no longer homogeneous. We 
note t h a t  f i t t i n g  with only one exponential in the  time domain 
where i t  f i t s  well ( as  one commonly does) would not give any de- 
v i a t i o n  i n  T1 down to about 10 % 'H content. 

t rans  ( C H z D l - z ) x ,  a b o u t  6 % (per  C H  u n i t )  o f  ex t ra  protons a r e  
observed in a l l  samples, o r ig ina t ing  from chain-end located r e s i -  
dual ca t a lys t  ( Ti(OCkHs),, t A1(C2H5)3 ) ,  These protons cannot 
experience d i r ec t  in te rac t ion  w i t h  e l ec t ron ic  spins on the chains , 
i nh ib i t i ng  any conclusion about s o l i t o n  dynamics from measurements 
a t  low 'H  concentration^.^ A t  high 'H content, T l  does not depend 
on z a n d  i s  accurately homogeneous, confirming the  existence of  a 
well -established spin temperature and the  v a l i d i t y  of e a r l i e r  T I  
i n t e rp re t a t ion .2  A break down in the homogeneity of  sp in  tempera- 
tu re  i s  observed f o r  z s 0.5. 

In conclusion, studying a s e r i e s  of  p a r t i a l l y  deuterated 
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