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OPTICAL MODES OF CIS A N D  TRANS POLYACETYLENE 

M.GALTIER,  A.MONTANER 
GDPC - LA 233 - U n i v e r s i t e  d e s  S c i e n c e s  e t  Tech-  
n i q u e s  du Languedoc - 34060  MONTPELLIER CEDEX 
FRANCE 

ABSTRACT P a r t i a l l y  o r i e n t e d  (CHIxand (CDIxf i lms  
were o b t a i n e d  by r o l l i n g  i n  t h e  c i s  and t r a n s  
form.  T h i s  o r i e n t a t i o n  i s  evidenced  by X r a y  and 
p o l a r i z e d  i n f r a r e d  s p e c t r o s c o p y .  A q u a n t i t a t i v e  
a n a l y s i s  of t h e s e  s p e c t r a  l e a d s  t o  a s e p a r a t i o n  
between t h e  p u r e l y  p a r a l l e l  and p u r e l y  pe rpend i -  
c u l a r  c o n t r i b u t i o n s  t o  a b s o r p t i o n .  A check w i t h  
g r o u p  t h e o r e t i c a l  p r e d i c t i o n s  a l l o w s  t h e n  a com- 
p l e t e  ass ignment  o f  t h e  observed  peaks  t o  nor -  
mal modes of t h e  c h a i n .  

I N T R O D U T T I O N  -- 

I n  t h e  r e c e n t  few y e a r s ,  e x t e n s i v e  s t u d i e s  of t h e  dyna- 
mica1 p r o p e r t i e s  of p o l y a c e t y l e n e  have been made, main- 

l y  i n  t h e  l o n e  c h a i n  approximat ion .  Normal modes of t h e  

pu re  c h a i n ,  d e f e c t  modes. s o l i t o n  modes. have  been i n -  

v e s t i g a t e d  t h e o r e t i c a l l y  i n  many d e t a i l s .  However. t h e  

expe r imen ta l  f r e q u e n c i e s  t o  be compared wi th  t h e  theo -  

r e t i c a l  ones  a r e  n o t  a lways a s s i g n e d  wi th  enough con- 

f i d e n c e .  In  t h i s  paper  w e  r e p o r t  I . R .  o p t i c a l  modes and 

propose ass ignments  f o r  some of t h e m  i n  terms of nor-  

mal modes o r  d e f e c t  modes f o r  c i s  and t r a n s  p o l y a c e t y -  

l e n e  and d e u t e r a t e d  p o l y a c e t y l e n e .  

EXPERIMENTAL 

The e x p e r i m e n t a l  a s p e c t s  of t h i s  work and t h e  a n a l y s i s  
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308 M. GALTIER ANb A. MONTANER 

procedure  of t h e  I . R .  s p e c t r a  have been 
sewhere ,  (M.Ga l t i e r  e t  a 1  1 ,  s o  t h a t  w e  
t h e  main p o i n t s .  

1 
pub l i shed  el- 
j u s t  summarize 

Po lyace ty l ene  and d e u t e r a t e d  p o l y a c e t y l e n e  were 
s y n t h e s i z e d  by Sh i r akawa’s  method. P a r t i a l l y  o r i e n t e d  
f i l m s  w e r e  o b t a i n e d  by r o l l i n g .  From p o l a r i z e d  I.R. ab- 
s o r p t i o n  s p e c t r a ,  p u r e l y  p a r a l l e l  and p e r p e n d i c u l a r  ab- 
s o r p t i o n  were o b t a i n e d  by s u i t a b l e  l i n e a r  combina t ions .  

The d i s c u s s i o n  and ass ignment  of  normal modes were do- 
ne  i n  t h e  l o n e  c h a i n  approximat ion  on t h e  b a s i s  of g roup  
t h e o r y  p r e d i c t i o n  f o r  DZh(cis) and C Z n ( t r a n s )  p o i n t  
g roup .  
NORMAL MODE ASSIGNMENT 

Tab les  1 and 2 g i v e  th.-  f r e q u e n c i e s  of t h e  1 . R  a c t ive  

normal modes f o r  t r a n s  and c i s  p o l y a c e t y l e n e  and d e u t e -  
r a t e d  p o l y a c e t y l e n e .  These r e s u l t s ,  a l r e a d y  pub l i shed  
( r e f  1 have been confirmed by R.Turbino2 
r e n t  expe r imen ta l  t e c h n i q u e .  One of  t h e  expec ted  modes 

( C-C va l ence  bond i n  c i s )  i s  mis s ing  i n  Tab le  1 becau-  
se no a b s o r p t i o n  l i n e  wi th  p o l a r i s a t i o n  p e r p e n d i c u l a r  

t o  t h e  c h a i n  cou ld  be d e t e c t e d  i n  t h e  expec ted  f r equen-  
cy  range .  S e v e r a l  combina t ion  modes have  been  also 
found i n  t h e  r ange  1600-1800 cm61 i n  agreement  w i t h  p re -  
v i o u s l y  pub l i shed  r e s u l t s  by Shirakawa e t  a1  . 

1 wi th  a d i f f e -  

3 

TABLE I Trans ( CH ) xand ( C D )  xnormal modes 

F requenc ie s  (cm-’) Assignment 
( C H I x  ( C D l x  

3011 2225 Bu C-H s t r e t c h i n g  

1253 9 10 BU C-H i n  p l a n e  

1015 750 AU C-H o u t  of p l a n e  
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OPTICAL MODES OF CIS AND TRANS POLYACETYLENE 309 

TABLE I1 Cis(CH)xand (CDIx normal modes 

F requenc ie s  (crn-l) Assignment 
(CH)x (CD)x 

CH s t r e t c h i n g  3u 3058 2265 

CH s t r e t c h i n g  

CH i n  p l a n e  

l u  3045 2248 

* l u  1330 1 0 4 9  

CH i n  p l a n e  3u 1248 892 

CH o u t  of p l a n e  2u 745 546 

4 5 0  4 0 2  Blu C-C=C a n g u l a r  
d e f o r m a t i o n  

Defec t  modes 

I n  c i s  (CHlx one a b s o r p t i o n  band a p p e a r s  a t  1118 c m - l  
( 7 9 8  i n  (CDIx) w i t h  p o l a r i z a t i o n  p a r a l l e l  t o  t h e  c h a i n .  

T h i s  mode h a s  a p e c u l i a r  behav iour  d u r i n g  i s o m e r i z a t i o n  

( see  F ig  1) compared t o  o t h e r  c i s  modes. Its i n t e n s i t y  

remains  impor t an t  u n t i l 1  t h e  l a s t  s t e p  of i s o m e r i z a t i o n .  

We a s s i g n  i t  t o  bending v i b r a t i o n  of  C-H o r  C-D g r o u p  

i n  c i s  t r a n s  j u n c t i o n .  This  r e s u l t  i s  s u p p o r t e d  by t h e  

f r equency  r a t i o  1118/798 = 1 . 4 0 ,  very  c l o s e  t o  
( MD/MH) ?5 

Another d e f e c t  mode appea r s  i n  t r a n s ( C H I x  a t  

1 2 9 2  cm-l. The (CDIx c o r r e s p o n d i n g  f r equency  seems t o  
be mis s ing .  L e t  u s  p o i n t  however t h a t  i n  doped s a m p l e s ,  

t h i s  mode is g r e a t l y  enhanced wi th  no f r e q u e n c y  s h i f t .  

On t h e  o t h e r  hand,  i n  doped (CDIx a weak band a p p e a r s  

a t  1 2 2 0  cm-’, i n c r e a s i n g  wi th  doping  l e v e l  w i thou t  
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310 M. GALTIER AND A. MONTANER 

f r equency  s h i f t .  We t h u s  con- 

sider i t  as t h e  co r re spon-  

d i n g  one.  

The o r i g i n  of  t h e s e  mo- 

d e s  i s  n o t  obv ious .  A p o s s i -  

b le  e x p l a n a t i o n  i s  s u g g e s t e d  

by M.W.Gibson e t  a14,which 

po in ted  t h e  f a c t  t h a t  c i s  
bond i n  t r a n s  p o l y a c e t y l e n e  

a r e  a b l e  t o  c o n f i n e  s o l i -  

t o n s .  The behaviour  o f  t h e  

1292crn-1 a b s o r p t i o n  band un- 

d e r  doping  i s  c o n s i s t e n t  

wi th  t h i s  i d e a  s o  t h a t  w e  

t e n t a t i v e l y  a s s i g n  it t o  a 

carbon carbon motion of re- 
mainning c i s  bonds i n  t r a n s  

p o l y a c e t y l e n e .  

f 1 000 1 em l4bO 

FIGURE 1 1 . R  a b s o r p t i o n  

d u r i n g  i s o m e r i z a t i o n .  
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