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Résumé - Des échantillons de trans-polyacétylëne préparés avec beaucoup de soins 
montrent une composante de haute fréquence de la raie Raman correspondant à un 
mode vibratoire linéaire C = C qui est plus faible que d'habitude si elle est 
excitée avec de la lumière laser de 4579 A. Ceci est une bonne preuve que l'ef­
fet de dispersion est de nature extrinsèque plutôt que provenant d'une lumines­
cence chaude due aux longues conjugaisons non-déformées. Une dégradation de 
l'échantillon par irradiation ne change pas la forme de la raie mais augmente 
le fond continu tandis qu'une oxydation augmente la partie à haute fréquence du 
mode vibratoire C = C. Un calcul des formes de raies Raman dans le cadre d'une 
version étendue du modèle des conjugaisons interrompues donne un très bon ac­
cord avec les résultats expérimentaux et prouve la validité de la dépendance 
très importante des éléments de la matrice de transition selon une fonction 
racine-carrée du nombre des conjugaisons doubles au moins pour des segments 
courts et de moyenne longueur. 

A b s t r a c t - By ve ry c a r e f u l sample p r e p a r a t i o n a t r a n s - p o l y a c e t y ­
l e n e f i l m was grown which showed an u n u s u a l weak h igh f r e q u e n c y 
component in t h e C = C s t r e t c h mode Raman l i n e i f e x c i t e d w i t h 
4579 A l a s e r l i g h t . Th i s i s good e v i d e n c e t h a t t h e d i s p e r s i o n 
e f f e c t i s of e x t r i n s i c o r i g i n r a t h e r t h a n due t o ho t l u m i n e s ­
cence from l o n g u n d i s t u r b e d c o n j u g a t i o n s . Degradatio-n of t h e 
sample by i r r a d i a t i o n does h a r d l y change t h e l i n e shape of t h e 
modes bu t i n c r e a s e s t h e background s c a t t e r i n g whereas o x y d a t i o n 
enhances t h e h i g h f r e q u e n c y p a r t of t h e C = C s t r e t c h mode. A 
c a l c u l a t i o n of Raman l i n e shapes w i t h i n an e x t e n d e d v e r s i o n of 
t h e i n t e r r u p t e d c o n j u g a t i o n model gave v e r y good agreement wi th 
e x p e r i m e n t a l r e s u l t s and proved t h e v e r y s t r o n g s q u a r e r o o t e 
l i k e dependence of t h e t r a n s i t i o n m a t r i x e l e m e n t s on t h e number 
of d o u b l e bonds a t l e a s t f o r s h o r t and medium l o n g s e g m e n t s . 

I - INTRODUCTION 

The dispersion of Raman lines has been the subject of many discussions 
in recent research work on trans-polyacetylene /1-4/. The problem was 
interpreted in terms of a distribution of defects along the polymer 
chains which interrupt conjugations statistically. This point of view 
finally led to a quantitative explanation for the Raman line shapes 
and scattering intensities /M-,5/. On the other hand very recently an 
alternative explanation of the dispersion effect as a consequence of 
hot luminescence from uninterrupted and perfect chains was suggested 
/6/. 

II - PREPARATION AND CHARACTERIZATION OF HIGH QUALITY TRANS-(CH) 

A discrimination between the two models suggested for the explanation 
of the dispersion can be obtained by checking wether it has extrinsic 
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o r  i n t r i n s i c  c h a r a c t e r .  C a r e f u l  s a m p l e  p r e p a r a t i o n  was a l r e a d y  shown 
by  L i c h t m a n n  e t  a l .  / 7 /  t o  l e a d  t o  a  d o u b l e  p e a k  s t r u c t u r e  i n  t h e  
Raman l i n e s  f o r  t h e  C = C s t r e t c h  mode i f  e x c i t e d  w i t h  4579  8 l a s e r  
l i g h t .  We h a v e  f u r t h e r  improved  t h e  p r o c e d u r e  s u g g e s t e d  b y  S h i r a k a w a  
e t  a l .  / 8 /  a n d  f i n a l l y  o b t a i n e d  4579 8 e x c i t e d  Raman s p e c t r a ,  where  
t h e  h i g h  f r e q u e n c y  p a r t  o f  t h e  C = C s t r e t c h  modes a r e  r e d u c e d  t o  
a b o u t  50 % o f  t h e  low f r e q u e n c y  c o m p o n e n t .  A c o r r e s p o n d i n g  s p e c t r u m  i s  
shown i n  F i g .  1 t r a c e  A .  

F i g .  1 - Raman s p e c t r a  o f  s p e c i a l  q u a l i t y  t r a n s - ( C H I ,  a s , e x c i t e d  w i t h  
4579 8 l a s e r  r a d i a t i o n .  A :  a s  grown a n d  i s o m e r i z e d ,  B :  a f t e r  s t o r a g e  
a t  low t e m p e r a t u r e s  f o r  6 m o n t h s .  

The m a j o r  i m p r o v e m e n t s  were  due  t o  a  h i g h e r  d e g r e e  o f  p u r i f i c a t i o n  
o f  e q u i p m e n t  and  g a s e s  u s e d  and a n  i m m e d i a t e  i s o m e r i z a t i o n  u n d e r  
o p t i m i z e d  c o n d i t i o n  a f t e r  t h e  p o l y m e r i z a t i o n  p r o c e s s  ( 1 0  m i n u t e s ,  
1 7 0 ° c , v e r y  good vacuum) .  The s p e c t r u m  o f  F i g .  1A i s  s t r i k i n g  b e c a u s e  
of i t s  low s c a t t e r i n g  i n t e n s i t y  a r o u n d  1490  cm-' b u t  a l s o  b e c a u s e  of i ts  
t a i l i n g  t o w a r d s  h i g h  f r e q u e n c i e s .  I t  t u r n s  o u t  t h a t  t h e  s p e c t r u m  i s  n o t  
s t a b l e  a g a i n s t  l o n g  t i m e  s t o r a g e  e v e n  a t  low t e m p e r a t u r e .  T r a c e  B i n  
F i g .  1 shows a  s p e c t r u m  of t h e  same b a t c h  a s  A a f t e r  6 months  s t o r a g e  
a t  d r y  i c e  t e m p e r a t u r e .  Though t h e  s p e c t r u m  i s  s t i l l  o f  h i g h  q u a l i t y  
t h e  r e l a t i v e  s c a t t e r i n g  i n t e n s i t y  a r o u n d  1490  cm-' i n c r e a s e d  a n d  t h e  
t a i l i n g  d e c r e a s e d .  T h i s  c h a n g e  may b e  i n t e r p r e t e d  a s  a n  e f f e c t  where  
v e r y  s h o r t  s e g m e n t s  a n n e a l  t o w a r d s  s l i g h t l y  l o n g e r  s e g m e n t s .  

I11 - IRRADIATION A N D  O X Y D A T I O N  OF SAMPLES 

I n  o r d e r  t o  s t u d y  t h e  i n f l u e n c e  o f  d e f e c t s  on t h e  l i n e  s h a p e  of t h e  
C = C s t r e t c h  modes we i r r a d i a t e d  a n d  o x y d i z e d  t h e  s a m p l e s .  The p o l y -  
mer was f o u n d  t o  b e  v e r y  s e n s i t i v e  t o  b o t h  t y p e s  of  d e g r a d a t i o n  
p r o c e s s e s  b u t  t h e  r e s p o n s  was c h a r a c t e r i s t i c a l l y  d i f f e r e n t .  A 70 
m i n u t e s  i r r a d i a t i o n  a t  r e d u c e d  t e m p e r a t u r e s  w i t h  a  medium p r e s s u r e  
UV-Hg a r e  lamp o f  1 2 5  W l e d  t o  a  s t r o n g  i n c r e a s e  o f  t h e  b a c k g r o u n d  a n d  
t o  a  d e c r e a s e d  b u t  o t h e r w i s e  u n c h a n g e d  l i n e  p a t t e r n .  O x y d a t i o n  h a r d l y  
i n c r e a s e d t h e  b a c k g r o u n d  b u t  c h a n g e d  t h e  l i n e  p a t t e r n .  F i n a l l y  2 . 5  
h o u r s  i r r a d i a t i o n  w i t h  C t O  y r a y s  a t  room t e m p e r a t u r e  was much l e s s  
e f f e c t i v e  t h a n  U V - i r r a d i a t i o n .  F i g .  2 c u r v e  A - D  shows t h e  c o r r e s p o n d i n g  
l i n e  s h a p e s  f o r  t h e  C = C s t r e t c h  mode a r o u n d  1500  c m - l .  We c o n c l u d e  
f r o m  t h e s e  r e s u l t s  t h a t  d i f f e r e n t  t y p e s  o f  d e f e c t s  h a v e  a  c o m p l e t e l y  
d i f f e r e n t  i n f l u e n c e  on t h e  Raman l i n e  s h a p e s .  



F i g .  2 - Raman l i n e s  f ' o r  t h e  C  = C s t r e t c h  mode o f  t r a n s - p o l y a c e t y l e n e .  
A :  a s  i s o m e r i z e d ,  B :  a f t e r  U V - i r r a d i a t i o n ,  C :  a f t e r  o x i d a t i o n ,  D :  a f t e r  
i r r a d i a t i o n  w i t h  y - r a y s .  

I V  - EXTENDED INTERRUPTED CONJUGATION MODEL 

I n  o r d e r  t o  o b t a i n  a  more  q u a n t i t a t i v e  p h y s i c a l  i n f o r m a t i o n  a  l i n e  
s h a p e  a n a l y s i s  a c c o r d i n g  t o  t h e  i n t e r r u p t e d  c o n j u g a t i o n  m o d e l  was  p e r -  
f o r m e d  / 9 / .  A s  c o m p a r e d  t o  p r e v i o u s  work t h e  m e t h o d e  w a s  i m p r o v e d  b y  
e v a l u a t i n g  t h e  t r a n s i t i o n  m a t r i x  e l e m e n t s  p g m ( N , I )  a n d  t h e  e n e r g y  
e i g e n  v a l u e s  f o r  a l l  a l l o w e d  t r a n s i t i o n s  f r o m  t h e  T t o  t h e  IT* b a n d  
e x p l i c i t e l y  o n  a  H i i c k e l  b a s i s .  p g m ( N , I )  w a s  c a l c u l a t e d  u s i n g  t h e  z e r o  
d i f f e r e n t i a l  o v e r l a p p  c o n d i t i o n  

w h e r e  $g a n d  $, a r e  m o l e c u l a r  o r b i t a l s  Cgy a n d  C m y  a r e  m o l e c u l a r  
o r b i t a l  c o e f f i c i e n t s  a n d  N l a b e l s  t h e  n u b e r  o f  d o u b l e  b o n d s  o n  t h e  
c h a i n  a n d  I t h e  t r a n s i t i o n  n u m b e r .  F i g .  3 s h o w s  t h e  b e h a v i o r  o f  t h e  
m a t r i x  e l e m e n t s  a s  a  f u n c t i o n  o f  N a n d  I .  The f u l l  d r a w n  l i n e s  a r e  
c o m p u t e r  f i t s  u s i n g  t h e  a n a l y t i c  f o r m u l a  

w h e r e  A I ,  BI a n d  CI a r e  f i t t i n g  p a r a m e t e r s .  F o r  s m a l l  N t h e  approximation 
p a\lTj a s  u s e d  i n  p r e v i o u s  work / 5 /  i s  q u i t e  g o o d .  F o r  N l a r g e r  t h a n  
4 0  p i n c r e a s e s  w i t h  a r e d u c e d  e x p o n e n t  o f  N .  F o r  t r a n s i t i o n s  d e e p e r  
i n t o  t h e  b a n d  ( i n c r e a s i n g  I )  t h e  m a t r i x  e l e m e n t s  d e c a y  r a p i d l y .  S i n c e  
t h e y  e n t e r  t h e  s c a t t e r i n g  i n t e n s i t y  t o  t h e  f o u r t h  p o w e r  o n l y  t h e  
l o w e s t  f e w  t r a n s i t i o n s  h a v e  t o  b e  c o n s i d e r e d .  The d a s h e d  l i n e  i n  F i g .  
1 A  s h o w s  a c a l c u l a t e d  l i n e  p r o f i l e  f o r  t h e  C = C  s t r e t c h  mode Raman 
l i n e  a s  e x c i t e d  w i t h  4 5 7 9  8 l a s e r  l i g h t .  From t h e  d i s t r i b u t i o n  of  un -  
d i s t r u b e d  c o n j u g a t i o n s  u s e d  f o r  t h e  f i t  we f o u n d  t h a t  6 5  % o f  t h e  
m a t e r i a l  i s  i n  s e g m e n t s  l o n g e r  t h a n  2 5  d o u b l e  b o n d s  f o r  t h e  s p e c i a l  
q u a l i t y  m a t e r i a l .  S i m u l t a n o u s l y  t o  t h e  Raman l i n e  d i s p e r s i o n  t h e  
l i n e  s h a p e  o f  t h e  o p t i c a l  a b s o r p t i o n  c o u l d  b e  c a l c u l a t e d  i n  v e r y  good  
a g r e e m e n t  w i t h  e x p e r i m e n t a l  r e s u l t s .  

V - DISCUSSION 

The  f a c t  t h a t  t h e  s c a t t e r i n g  i n t e n s i t y  o f  t h e  h i g h  f r e q u e n c y  p a r t  o f  
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F i g .  3 - T r a n s i t i o n  m a t r i x  e l e m e n t s  q g m ( N , I )  a s  a  f u n c t i o n  o f  t h e  
n u m b e r  o f  d o u b l e  b o n d s  N a n d  t r a n s i t i o n  I ,  ( 0 )  a s  c a l c u l a t e d  n u m e r i -  
c a l l y  a n d  (--) a s  c o m p u t e r f i t t e d .  

t h e  C  : C s t r e t c h  mode c a n  b e  s t r o n g l y  r e d u c e d  b y  c a r e f u l  s a m p l e  p r e -  
p a r a t i o n  i s  e v i d e n c e  f o r  i t s  e x t r i n s i c  n a t u r e .  V e r y  l i t t l e  i s  known 
a b o u t  t h e  s t r u c t u r e  o f  t h e  d e f e c t s  i n t e r r u p t i n g  t h e  c o n j u g a t i o n s .  A s  
shown i n  t h i s  work  a n d  a l s o  i n  p r e v i o u s  work  / 3 /  o x y g e n  p l a y s  a  d o m i -  
n a n t  r o l e .  D e f e c t s  i n d u c e d  b y  i r r a d i a t i o n  r e a c t  i n  a  s u b s t a n t i a l l y  
d i f f e r e n t  way t o  t h e  s p e c t r u m .  I n  c o m p a r i s o n  t o  p r e v i o u s  work  /11/ we 
f o u n d  a  h i g h  s e n s i t i v i t y  o f  t h  p o l y m e r  t o  i r r a d i a t i o n  a t  l ow t e m p e r a -  
t u r e s .  One r e a s o n  f o r  t h i s  s u r p r i s i n g  r e s u l t  c o u l d  b e  t h e  f a c t ,  t h a t  
a t  r e d u c e d  t e m p e r a t u r e s  n o  t h e r m a l  a n n e a l i n g  d u r i n g  t h e  i r r a d i a t i o n  
p r o c e s s  c a n  t a k e  p l a c e .  

The e x p l i c i t e  c a l c u l a t i o n  o f  t h e  t r a n s i t i o n  m a t r i x  e l e m e n t s  showed  
t h a t  p g m ( N , I )  i s  i n d e e d  s t r o n g l y  d e p e n d e n t  o n  N .  The l i f e t i m e  o f  t h e  
e x c i t e d  e l e c t r o n i c  s t a t e  a s  d e d u c e d  f r o m  t h e  d a m p i n g  c o n s t a n t  y  f o r  
t h e  e l e c t r o n i c  t r a n s i t i o n  w a s  f o u n d  t o  b e  T = 1 / 2 v c y c  = 0 . 3  x 7 0 - l 4  s e c  
i n  good  a g r e e m e n t  w i t h  a  v a l u e  e x p e c t e d  f o r  a  d e c a y  o f  t h e  e x c i t e d  
s t a t e  i n t o  a  s o l i t o n  a n t i s o l i t o n  p a i r  / 1 2 / .  

A c k n o w l e d g e m e n t  - T h i s  work  was  s u p p o r t e d  b y  t h e  F o n d s  z u r  F 6 r d e r u n g  
d e r  w i s s e n s c h a f t l i c h e n  F o r s c h u n g  a n d  b y  t h e  L . B o l t z m a n n  G e s . ,  i j s t e r r e i c h  
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