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POLYACETYLENE 
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Received f o r  p u b l i c a t i o n  September 18, 1981 

A s t u d y  of Raman s c a t t e r i n g  from p a r t i a l l y  isomerized 
polyace ty lene  f i l m s  w i t h  v a r y i n g  c i s - t r a n s  c o n t e n t  is  
presented .  Major d i f f e r e n c e s  are d iscovered  i n  t h e  
d i s p e r s i o n  of  trans-(CH) 
t r a n s -  and c i s - r i c h  sampfes. 
unusual  d i s p e r s i o n  of t h e  trans-(CH), Raman bands i n  
p a r t i a l l y  isomerized samples cannot  arise from a d i s -  
t r i b u t i o n  o f  s h o r t  cha ins .  These r e s u l t s  are d i s c u s s e d  
i n  terms of t h e  complex response o f  t h e  l a t t i c e  t o  t h e  
presence  o f  photo in jec ted  e l e c t r o n - h o l e  p a i r s .  

Raman bands between p u r e  
It i s  shown t h a t  t h e  

INTRODUCTION 

Light  s c a t t e r i n g  experiments  i n  &- and trans-(CH), show 
remarkable d i f f e r e n c e s  i n  the luminescence and Raman s p e c t r a  
of  t h e  two The s c a t t e r e d  l i g h t  spectrum from 
- cis-(CH), c o n t a i n s  a broad luminescence peak c e n t e r e d  near 

+ Department of  Materials Sc ience  
-H Department o f  Physics  
* Department o f  Chemistry 
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t he  bandedge toge ther  w i th  a series of  mul t ip l e  order  Raman 
l i n e s .  Both e f f e c t s  are absent  i n  trans-(CH),. Ins tead ,  
the  two s t rong ly  resonance enhanced Raman l ines  of t rans-  
(CH)x show a most unusual d i spe r s ion  which changes dramati- 
c a l l y  with t h e  e x c i t a t i o n  energy o f  t h e  inc iden t  l i g h t .  
Whereas an  understanding of  t h e  d i f f e rence  i n  t h e  lumine- 
scence r e s u l t s  of t h e  two isomers has  been achieved i n  terms 
of  t h e  s o l i t o n  modelY2 a coherent i n t e r p r e t a t i o n  of t he  
Raman spec t r a  of  t h e  two isomers has  not  been developed. 

p a r t i a l l y  isomerized f i lms  o f  polyacetylene of varying cis- 
t r a n s  content .  The motivat ion f o r  t h i s  work has  been two- 
fo ld ;  t o  shed more l i g h t  on the  unusual behavior o f  t h e  
Raman bands of trans-(CH),, and t o  s t imu la t e  an in-depth 
s tudy of t h e  c i s - t r ans  i somer iza t ion  process  by providing 
some experimental r e s u l t s  which i n  p r i n c i p l e  are s u s c e p t i b l e  
t o  t h e  microscopic d e t a i l s  o f  t h e  d i s t o r t i o n s  involved. Our 
results i n d i c a t e  t h a t  major d i f f e rences  i n  t h e  p r o f i l e s  o f  
t he  trans-bands e x i s t  between pure trans-(CH), and p a r t i a l l y  
isomerized *-(CH),. We have a l s o  observed new f e a t u r e s  i n  
the  Raman s p e c t r a  from trans-(CH), segments i n  mostly cis- 
samples. 
with t h e  "short chain" model '-k proposed t o  expla in  t h e  
unusual behavior of  t h e  trans-(CH)x Raman bands. 
ca t ions  of these  results on t h e  dynamics of  s o l i t o n  forma- 
t i o n  are discussed.  

I n  t h i s  work we presenta  s tudy  of  Raman s c a t t e r i n g  from 

We have shown t h a t  t ese results are incompatible 

The impli-  

Experimental result s 

The Raman spec t r a  have been obtained a t  77K from t h e  shiny 
s i d e  o f  f r e e  s tanding  f i lms  immersed i n  l i q u i d  ni t rogen.  
The experiments c a r r i e d  o u t  a t  Universite P a r i s  - Sud and a t  
the  Univers i ty  of  Pennsylvania showed good agreement i n  t h e  
Raman s p e c t r a  o f  similar samples. The c i s - t r ans  conten t  of 
the  samples was evaluated us ing  t h e  r e l a t i v e  i n t e n s i t y  of 
t he  charac te  i s t i c  i n f r a r e d  absorp t ion  bands of cis- and 
trans-(CH),.' As prepared &-rich f i l m  w a s  nominally 80% 

By using s p e c i a l  handling, we were a b l e  t o  ob- 
tx one f i l m  having a +-content g r e a t e r  t han  90%. Sub- 
sequent i somer iza t ion  of t h e  *&rich f i lms  a t  14OOC under 
vacuum f o r  per iods of 1 t o  10 minutes r e s u l t e d  i n  f i lms  hav- 
ing  30-60% trans-content .  

I n  Fig. (1) we compare the  Raman s p e c t r a  of  pure  trans- 
(CHIx and *-rich (-- 80%) (CH) 
frequencies .  I n  100% trans-(CHY,, t h e  Raman bands broaden 
and develop a double peak s t r u c t u r e  as the  laser e x c i t a t i o n  
i s  changed from 1 .9  e V  ( red)  t o  2.7 e V  (b lue) .  The oppos i te  

c i s ( C H ) x .  

us ing  var ious  e x c i t a t i o n  

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:
04

 2
1 

Fe
br

ua
ry

 2
01

3 



RESONANCE RAMAN SCATTERING FROM (CH). [ 1 15 1]/119 

behavior, however, is  observed f o r  t h e  trans-bands i n  t h e  
mostly &-sample. 

900 1 1 0 0  1300 1500 1700 

FIGURE 1 Raman spec t r a  from pure trans-(CH), and cis- 
r i c h  (CH), us ing  d i f f e r e n t  laser e x c i t a t i o n s .  

I n  Fig. 2 w e  show t h e  v a r i a t i o n  i n  t h e  p r o f i l e  of t h e  
trans-Raman bands with changing t rans-content  f o r  deep red  
e x c i t a t i o n s  (6471 8 and 6764 1). These s p e c t r a r e v e a l  t r i p l e t  
s t r u c t u r e s  not  previously reported f o r  trans-Raman bands.For  - 20% trans-(CH) sample,the two t r a n s  bands show very  d i f -  
f e r e n t  l ineshapes  using 6471 2 laser e x c i t a t i o n ,  whereas, 
6764 w e x c i t a t i o n  produces similar band p r o f i l e s .  It can be 
seen i n  Fig.  2 t h a t  t h i s  behavior is exac t ly  reversed i n  the  
sample having g r e a t e s t  &-content (> 90%). Moreover, t he  
Raman bands from t h e  10% t r a n s  f i l m  show a s h i f t  toward 
lower frequency as compared t o  t h e  20% t r a n s  sample. Since 
the 10% and 20% trans-(CH), f i lms  were obtained from d i f -  
f e r e n t  sample prepara t ions ,  i t  is  no t  clear t o  what ex ten t  
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t he  observed s h i f t  is i n t r i n s i c .  

S. LEFRANT ct ul. 

A 

114511420 1045 20 

FIGURE 2 Raman s p e c t r a  of  trans-(CH) bands i n .  100% 
trans, --- 50% t r a n s ,  - - 2 0 %  trans, andx- 10% t r a n s .  

Discussion 

The unusual p r o f i l e  of  t h e  two resonance enhanced Raman 
bands of  pure trans-(CH) 
e x c i t a t i o n  energy has a t t r a c t e d  considerable  a t t e n t i o n .  
Based on the  observat ion t h a t  t h e  frequency of  both re- 
sonance enhanced Raman l i n e s  and the  energy gap of  s h o r t  
chain p l y e n e s  decrease monotonically wi th  inc reas ing  cha in  
length ,  it has  been suggested t h a t  t h e  unusual d i spe r s ion  
and e x c i t a t i o n  spectrum of  the  Raman bands i n  trans-(CH 
pr imar i ly  a r i s e  from a d i s t r i b u t i o n  of  cha in  lengths3s2? 
Quant i ta t ive  ana lys i s  of t h e  cha in  l eng th  d i s t r i b u t i o n  de- 
r ived  from experimental r e s u l t s  such as those  shown i n  

toge ther  wi th  t h e i r  change wi th  
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Fig. 1, however, l eads  t o  a d i s t r i b u t i o n  wi th  too many s h o r t  
chains ,  incompatible with o t h e r  experiments .6 

The r e s u l t s  presented i n  the  previous s e c t i o n  show t h a t  
t he  response of t he  trans-(CH), l a t t i ce  t o  the  presence of  a 
photoinjected electron-hole  p a i r  depends c r i t i c a l l y  on t h e  
c i s - t r ans  composition as w e l l  as t h e  e x c i t a t i o n  energy. The 
r i c h  f i n e  s t r u c t u r e  and t h e  d i f f e rence  i n  t h e  p r o f i l e  of  t h e  
two resonance enhanced bands from &-rich samples are indi -  
ca t ions  of t h e  complexity of t h e  dynamics of t h e  l a t t i c e  d i -  
s t o r t i o n  involved i n  t h e  s c a t t e r i n g  process .  These r e s u l t s  
are a l s o  incompatible with t h e  "short  chain" model. In t h i s  
model t he  unusual p r o f i l e  of t h e  bands =&-from a convolu- 
t i o n  of an  assumed cha in  l e n g t h  d i s t r i b u t i o n  wi th  t h e  known 
v a r i a t i o n  of  t he  frequency o f  t h e  two v i b r a t i o n a l  modes as a 
func t ion  of cha in  length .  Since t h e  two modes have a s i m i -  
l a r  Inonotonic cha in  length  dependence, one expects  a similar 
p r o f i l e  f o r  t h e  two bands as seen i n  t h e  results from pure 
trans-(CH)x. Thus, the  d i f f e rence  i n  t h e  p r o f i l e  o f  t h e  two 
bands i n  p a r t i a l l y  isomerized samples (see i n  Fig. 3,  f o r  
example, t h e  r e s u l t  from - 20% trans-sample using 6 4 7 1 a  
laser exc i t a t ion )  cannot be explained by the  s h o r t  cha in  
model. Furthermore, i n  t h e  case o f  pure  trans-(CH), t h e r e  
appear broadpeaks on t h e  h igh  energy s i d e  of both v ib ra t ion -  
a l  bands wi th  increas ing  e x c i t a t i o n  energy (see Fig.  1 ) .  
Since t h e  band gap of polyenes inc reases  wi th  decreas ing  
cha in  length ,  these  f e a t u r e s  are a t t r i b u t e d  t o  s h o r t  cha ins  
becoming resonant ly  enhanced wi th  inc reas ing  e x c i t a t i o n  f r e -  
quency. However, as shown i n  Fig. ( 2 ) ,  t he  oppos i te  change 
i n  p r o f i l e  of the  1060 cm-l  band is observed f o r  t h e  10% 
t r a n s s a m p l e ,  which is  a l s o  incons i s t en t  wi th  t h e  s h o r t  
cha in  model. 

nescence r e s u l t s  of  t he  two isomers has  been developed i n  
terms of the  s o l i t o n  model. It has  been noted t h a t  t h e  
quenching of  luminescence upon c i s - t r ans  i somer iza t ion  is 
concurrent  with t h e  appearance of photoconduct ivi ty  which i s  
absent  i n  C&-(CH)~~. 
s ion  t h a t  s o l i t o n s  are t h e  photogenerated carriers i n  poly- 
acetylene.  Due t o  t h e  degenerate ground 
state i n  trans-(CHIx, t h e  l a t t i ce  i s  uns tab le  t o  t h e  pre- 
sence of a photoinjected electron-hole  p a i r  and d i s t o r t s  t o  
form a p a i r  of free s o l i t o n - a n t i s o l i t o n s  wi th  a s soc ia t ed  
e l e c t r o n i c  states a t  midgap; hence, t he  absence o f  a lumi- 
nescence s igna l .  
generate  and i n  t h e  presence of a photo in jec ted  e l ec t ron -  
hole  p a i r  t he  l a t t i c e  d i s t o r t s  t o  form a confined so l i t on -  
a n t i s o l i t o n  p a i r  w i th  t h e  a s soc ia t ed  e l e c t r o n i c  states near  
bandedge; thereby g iv ing  rise t o  t h e  bandedge luminescence 

-- 

An understanding of  t h e  d i f f e rence  i n  t h e  r e l a t e d  lumi- 

This r e s u l t  has l ead  t o  t h e  conclu- 

In e - ( C H ) x  t h e  ground state is nonde- 
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i n  the  absence of  photoconduct ivi ty .  
luminescence s p e c t r a  are in t ima te ly  r e l a t e d ,  i n  t h e  follow- 
ing  w e  s h a l l  d i scuss  t h e  impl ica t ions  of our r e s u l t s  i n  t h e  
context  of t h e  l a t t i c e  d i s t o r t i o n  a s soc ia t ed  wi th  t h e  so l i tnn  
formation. 

I n  a recent  treatment of t h e  dynamical response of  both 
- cis- and trans-(CH)x la t t ices  t o  photo in jec ted  electron-hole  
pa i rgMele  has  suggested t h a t  t h e  Raman s p e c t r a  i n  the  two 
isomers pr imar i ly  arise from hoij luminescence processes  
r a the r  than a t r u e  Raman process. He has  been a b l e  t o  account 
f o r  t h e  Raman s p e c t r a  of  t he  t w o  isomers by assuming t h a t  i n  
the  presence of  a photo in jec ted  electron-hole  p a i r  t h e  e- 
(CH) l a t t i ce  forms a shal low d i s t o r t i o n  and t h e  trans-(CH), 
lat tfce forms a deep, l oca l i zed  d i s t o r t i o n .  I n  trans-(CHI,, 
f o r  chain l eng ths  less than  3-4 s o l i t o n  widths ,  i t  is pre- 
d i c t ed  that t h e  presence o f  phys ica l  boundaries a f f e c t s  t h e  
dynamical response of  t h e  la t t ice  r e s u l  ing  i n  a n  incomp- 
l e t e l y  formed so l i t on -an t i so l i t on  p a i r .  In  t h i s  contex t ,  
t he  s t r u c t u r e s  observed i n  t h e  trans-Raman bands from cis- 
r i c h  samples using deep r ed  e x c i t a t i o n s  may arise from t h e  
boundary e f f e c t s  produced by &-segments sandwiching s h o r t  
trans-segments. These results i n d i c a t e  t h a t  t h e  l eng th  of 
t h e  trans-chains increases  progress ive ly  wi th  t h e  ex ten t  of 
isomerizat ion,  cons i s t en t  wi th  t h e  p i c t u r e  i n  which t h e  i so-  
merizat ion occurs  c o l l e c t i v e l y  wi th  t h e  l eng th  of  a l l  t r ans -  
chains increas ing  toge ther  as i somer iza t ion  proceeds down a 
mic roc rys t a l l i ne  f i b r i l .  

Acknowledgement: We thank Prof .  A.J. Heeger, D r .  E . J .  
Mele and Prof .  A.G. MacDiarmid f o r  s t imu la t ing  d iscuss ions .  
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conference proceedings) have shown t h a t  t he  two e x t b c -  
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t e n t  wi th  a v a r i e t y  o f  o t h e r  experimental r e s u l t s ;  f o r  
example, t h e  r e l a t i v e l y  u n r e s t r i c t e d  motion of t h e  
h ighly  mobile n e u t r a l  s o l i t o n s .  (See W.G. Clark et .  
a l .  i n  t h i s  proceedings.) 
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