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RESONANT RAMAN SCATTERING I N  THE POLYACETYLENE SYSTEM 

E. EHRENFREUND,* 2. VARDENY,* 0. BRA-* AND B. HOROVITZ** 

**Physics Department, Ben-Gurion University,  Beersheba, I s r a e l  
*Physics Department, Technion, Haifa, I s r a e l  

Abstract  The amplitude mode approach f o r  descr ib ing  the  
resonant raman s c a t t e r i n g  i n  dimerized chains is reviewed and 
appl ied  t o  the polyacetylene system. 
ordered with a v a r i a b l e  electron-phonon coupling constant.  
cis-(CH), is ordered with an e x t r i n s i c  gap of - 5 %  of the  f u l l  
gap. A d i s t r i b u t i o n  of e x t r i n s i c  gaps is shown t o  e x i s t  i n  
trans-(CH), chains i n  p a r t i a l l y  isomerized polyacetylene.  

trans-(CH), is dis- 

Recently we have shown’s2 tha t  the resonant Raman s c a t t e r i n g  (RRS) 

from trans-polyacetylene (PA) can be described a s  s c a t t e r i n g  from 

amplitude modes (AM) assoc ia ted  with o s c i l l a t i o n s  of the dimeriza- 

t i o n  gap. The dimerization gap i n  PA, as i n  o ther  conjugated long 

molecules, is the r e s u l t  of t he  s t rong  electron-phonon (e-p) in -  

t e r ac t ion  of the  n-electrons with the  underlying backbone chain 

cons i s t  of a-bonds. The v i b r a t i o n a l  modes of t he  chain are then  

renormalized and the  observed Raman frequencies thus r e f l e c t  e lec-  

t ron ic  gap o s c i l l a t i o n s .  I n  t h i s  conanunication we  apply the  AM 

approach to  the  c i s  isomer of PA and t o  p a r t i a l l y  isomerized c i s -  

t rans  PA system. 

A fundamental energy va r i ab le  of the dimerized system is t he  

e l ec t ron ic  condensation energy, -NoEi(A), defined as the  expecta- 

t i o n  value of the  t o t a l  e l ec t ron ic  energy inc luding  k i n e t i c ,  elec- 

tron-electron and e-p terms (No = l / n t  is the  e l e c t r o n  dens i ty  of 

s t a t e s  f o r  a chain with an average t r a n s f e r  i n t e g r a l  t ) .  Both the  

ground s t a t e  energy gap 2A and the  renormalized phonon f requencies  

367 

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 



368 E. EHRENFREUND et 01. 

are determined by Ei(A) and are given as the  s o l u t i o n  of the  

0 where w are the bare  phonon frequencies of t h e  underlying chain, n 
An are t h e  corresponding dimensionless e-p coupling cons tan ts  and 

A = CAn. 

be determined using the  product r u l e  r e l a t i o n  

u 
A is defined by 1-2x - 2AE;(A) and i t  can experimentally 

n(wn/wn) R O  = 2x 

where uR are the observed RRS frequencies.  

( i .e. ,  no e-e i n t e r a c t i o n  and no e x t r i n s i c  gaps) the  equilibrium 

gap is given by the P e i e r l s  r e l a t i o n  2A0 = 4Ec exp(-l/2A) where Ec 

is a cutoff energy (Ec = 4 t  f o r  the  i n f i n i t e  Huckel chain).  

A unique f e a t u r e  of the RRS i n  trans-PA is the  d ispers ion  

For a P e i e r l s  chain n 

(i.e., broadening and s h i f t i n g )  of t he  spectrum with increas ing  

l a s e r  exc i t a t ion  energ ies  'fuJL. , This e f f e c t  of d i spers ion  shows 

t h a t  the  system is inhomogeneous with a s p a t i a l  d i s t r i b u t i o n  i n  

A .  By f i t t i n g  RRS frequencies from a l a r g e  number of e x c i t a t i o n  

energ ies  we were a b l e  t o  show t h a t  t h e  P e i e r l s  r e l a t i o n ,  wi th  

x = A and E a 2A0 -4%. holds f o r  trans-PA with f ixed  
g 

Ec a 6.3 eV.  

r e s u l t  of a d i s t r i b u t i o n  i n  the e-ph coupling cons tan t  A. 

N 

Furthermore, the  d i so rde r  (or inhomogeneity) is the  

Unlike the  symmetric t r ans  isomer, t he  asymmetry i n  the  c i s  

backbone s t r u c t u r e  causes the  t h i r d  neares t  neighbor d i s t ance  t o  

a l t e r n a t e  i n  phase with the  dimerization p a t t e r n a 4  

e x t r i n s i c  gap component 2Ae o r ig ina t ing  from the t h i r d  neares t  

neighbor t r a n s f e r  i n t e g r a l  t 3  (2Ae = 4t3) adds l i n e a r l y  t o  t h e  

dimerization gap 2Ad, such tha t  the t o t a l  gap is 2A = 2Ad + 2Ae. 

The equilibrium condition then y i e l d s  t h e  following A-A r e l a t i o n s  

Therefore, an 

A = A. exp(y) ; 2x = 2A + Ae/A D
ow
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RESONANT RAMAN SCATTERING IN THE POLYACETYLENE SYSTEM 369 
where A0 is  def ined  above and y = Ae/(2AA) is t h e  confinement 

parameter .  5 

cis-(CH), 

w (ern-' ) 

FIGURE 1 

Raman spectrum of cis-(CH), a t  
300K. Dots are exper imenta l  and 
f u l l  l i n e s  are t h e o r e t i c a l  f i t s .  
D O ( W )  i s  a l s o  shown. 

I n  F igure  1 we show the 

RRS spectrum of cis-(CH)x 

e x c i t e d  by 5% = 2.1 e V .  

There are, as i n  trans-(CH),, 

three r e s o n a n t l y  enhanced 

l i n e s ,  b u t  u n l i k e  t h e  t r a n s  

isomer they are narrow and do 

n o t  s h i f t  with %, i n d i c a t i n g  

that cia-(CH), is a homoge- 

neous system wi thout  a spa- 

t i a l  d i s t r i b u t i o n  of energy 

gaps. S i m i l a r  d a t a  is ob- 

served  f o r  t h e  d e u t e r a t e d  

isomer cis-(CD),- I n  o r d e r  

to  f i n d  t h e  parameters  f o r  

t h e  c is  system, we combined 

the d a t a  ( f r e q u e n c i e s  and 

r e l a t i v e  i n t e n s i t i e s )  of t h e  

two cis-PA i s o t o p e s  and as- 

sumed t h a t  bo th  have t h e  same 

bare-f requency f o r  t h e  c-c 

s t r e t c h i n g  mode ( a s  i n  trans-PA)l’C and t h e  same x value .  

t h e  d a t a  under t h e s e  assumptions we show i n  F igure  1 t h a t  we were 

a b l e  t o  f i n d  a f u n c t i o n  Do(w) t h a t  f i t s  t h e  RRS spectrum ( d a t a  f o r  

cis-(CD), are not shown h e r e ) .  The parameters  w! and h, are 

l i s t e d  i n  Table  I, and the v a l u e  found f o r  2 x ( c i s )  is 0.42 ( c o r r e -  

sponds t o  t h e  h o r i z o n t a l  l i n e  a t  DO(w) 

p a r i n g  t h e  parameters  f o r  t h e  cis and t r a n s  isomers shown i n  Table  

I w e  no te  t h a t  t h e  c-c s t r e t c h i n g  v i b r a t i o n s  w3 are n e a r l y  e q u a l ,  

as may be expected from s t r u c t u r a l  c o n s i d e r a t i o n s .  

same e-p coupl ing A f o r  t h e  two isomers (2h  = 0.37) we f i n d  u s i n g  

F i t t i n g  

-1.72 i n  F i g u r e  1). Com- 

0 

Assuming t h e  D
ow
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370 E. EHRENFREUND er al. 

TABLE I (cm-') and An/X f o r  t r ans  and cis(CH), 

h3JX 
0 

w3 Isomer uy A ~ / A  w2 A ~ / A  

t r a n s  1235 0.07 1309 0.02 2040 0.91 
c i s  949 0.04 1394 0.07 2049 0 .89  

Eq. (3): 2Ae = 0.11 eV,  2A(cis) = 1.95 e V  and y = 0 .14 .  Our 

value of 2A(cis) coincides with the photoluminescence emission ob- 

served7 a t  1.95 e V .  

i s  much smaller than t h a t  an t ic ipa ted  e a r l i e r .  

We note a l s o  tha t  the value of y found here  

The RRS from trans-(CH), chains i n  p a r t i a l l y  isomerized c i s -  

r i ch  PA shows a l s o  a dispersion behavior (Figure 2). 

however from the all-trans spectrum as can be seen by comparing 

Figures 2a and 2c. 

shows already a l a rge  s p l i t t i n g  i n t o  a primary (P') and s a t e l l i t e  

( S ' )  l i n e s ,  whereas i n  a l l - t r ans  t h i s  s p l i t t i n g  is considerably 

smaller and almost unnoticeable (Figure 2a). The frequency of the 

It d i f f e r s  

A t  AL - 64714 RRS from 5% t rans  i n  cis-rich PA 

FIGURE 2 

( a )  and (c):  RRS spec t r a  
of all-trans-CH), and a 95% 
cis-5% trans sample (da ta  
of Lefrant el: a l .  Ref. 3 p.  
2 4 7 ) .  
(b): The func t ion  Do(w) 
f o r  the  trans-(CH),. The 
ho r i zon ta l  l i n e s  P, P' and 
S' give  the r e spec t ive  
frequencies P, P' and S ' .  
C markea the  cis isomer 
l i nes .  
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RESONANT RAMAN SCATTERING IN THE POLYACETYLENE SYSTEM 37 1 

s a t e l l i t e s  S' is very s e n s i t i v e  t o  small v a r i a t i o n s  i n  AL- Thus, 

t h e  inhomogeneity i n  the  t r a n s  chains  i n  c i s - r i c h  PA is d i f f e r e n t  

from t h a t  of a l l - t r a n s .  A p o s s i b l e  inhomogeneity mechanism is a 

vary ing  a d d i t i v e  e x t r i n s i c  gap component A,, which may arise, f o r  

i n s t a n c e ,  from s t r u c t u r a l  asymmetries. I n  such a case we  can ana- 

l y z e  the  d a t a  us ing  Eqs. (3) above. The product  r u l e  f o r  t h e  

primary peaks (P') y i e l d s  f o r  t h e  5% t r a n s  i n  c i s - r i c h  (CH), an  

average gap of E = 1.74 e V  compared with Eg - 1.64 e V  i n  al l-  
t r a n s  at 80K. By analyzing the  satel l i te  (S') f requencies  and 

i n t e n s i t i e s  i n  Figure 2c w e  obtained a mean e x t r i n s i c  gap 2Ac 

0.04 eV with a d i s t r i b u t i o n  width of 0.01 eV. 

- 
g 
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