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RESONANT RAMAN SCATTERING OF TRANS POLYACETYLENE UNDER 
PRESSURE 

F.COTERJZ.VARDENYJO.BRAFMANIE.EHRENFREUND,J.ASHKENZAI- 
Physics  Department snd  S o l i d  S t a t e  Institute,Technion,Haifa, 
Israel 

A b s t r a c t  The t h r e e  r e s o n a n t l y  enhanced Raman l i n e s  of Poly- 
ace ty lene(PA)are  s t u d i e d  under  h y d r o s t a t i c  p r e s s u r e  up to  
Bkbar, w i t h  var ious  laser e x c i t a t i o n  wavelengths .  The r e s u l t s  
are i n t e r p r e t e d  i n  t h e  framework of t h e  Amplitude Modes 
theory  ( A M ) ,  with  vary ing  i n t e r c h a i n  coupl ing .  

Polyace ty lene  is  a q u a s i  1D P e r e r l s  semiconductor  wi th  a 
l a r g e  a n i s o t r o p y  between t h e  i n t e r c h a i n  and i n t r a c h a i n  t r a n s f e r  
i n t e g r a l .  Previous s t u d i e s  of t h e  i n t e r b a n d  a b s o r p t i o n  under  
h y d r o s t a t i c  p r e s s u r e  showed t h a t  t h e  main e f f e c t  is an i n c r e a s e  
i n  t h e  i n t e r c h a i n  coupl ing .  H e r e  w e  s t u d y  t h e  e f f e c t  of p r e s s u r e  
on  Resonant Raman S c a t t e r i n g  (RRS) and show t h a t  t h e  r e s u l t s  can  
be accounted f o r  by t h e  AM theory  w h i l e  t a k i n g  i n t o  account  t h e  
i n c r e a s e  of t h e  i n t e r c h a i n  coupl ing  w i t h  p r e s s u r e .  When e x c i t e d  
i n  r e d ,  RRS spectrum of PA shows3 
e x c i t a t i o n  e n e r g i e s  s a t e l l i t e s  appear  which s h i f t  t o  h i g h e r  
f r e q u e n c i e s .  

RRS i n  a back s c a t t e r i n g  geometry was taken from f r e e  
s t a n d i n g  f i l m s  mounted i n  a p r e s s u r e  ce l l2  f o r  p r e s s u r e s  up t o  
10 kbars .  The measurements w e r e  r e p r o d u c i b l e  f o r  p r e s s u r e s  
g r e a t e r  than 1.2kbar. The r e s u l t s  are: 1 .  The i n t e n s i t i e s  
d e c r e a s e  as t h e  p r e s s u r e  i n c r e a s e s  ( T a b l e  1 ,  F ig  1 & 2 ) .  
The f i r s t  l i n e  i s  more a f f e c t e d  than t h e  t h i r d  one i n  both  ( C H )  

t h r e e  l i n e s .  A t  h i g h e r  

Table  1 

IR(P) / IR (0) - 
I n t e n s i t y  r a t i o  

(CHI, 0.80 0.03 0.8o+a03 4579A a t  Bkbar and 

(CHI, 0.68 20.03 0.80+aO3 6300A -4kbar- 1 (CDI, Q75+0.03 an-fo.03 a85-+a03 6 3 0 0 ~  

and ( C D ) x  though g e n e r a l l y  (CH) 
( i n  r e d ) .  
( C H ) x a r e  e q u a l l y  reduced (Table  1 ) . 2 .  The widths  of  a l l  t h e  l i n e s  
i n c r e a s e  wi th  i n c r e a s i n g  p r e s s u r e .  In  f i g .  3 t h e  p r e s s u r e  
dependence of FWHM of t h e  f i r s t  l i n e  of  (CH)  i s  p l o t t e d  and is 
shown t o  be l i n e a r .  3. 
(2-4 cm-’ ) . 
t h i s  is impor tan t  f o r  t h e  a n a l y s i s .  

is more s e n s i t i v e  t o  p r e s s u r e  
F o r  t h e  4579w e x c i t a t i o n  wavelength t h e  l i n e s  1&3 of 

The peak frequency s E i f t s  are smal l  
The w e l l  d e f i n e d  second l i n e  of (CD)  s h i f t s  by 3cm-l; 

X 
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F i g .  1 - Pressure 
dependence of the 
first l i n e  of trans 
(CH)x. 

F i g . 2 .  Pressure 
dependence of the 
th ird  l i n e  of trans 
(CH)x. 
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TRANS POLYACETYLENE UNDER PRESSURE 

The c r o s s e c t i o n  of RRS from AM i s  given3 by: 

315 

X 2  1 - 2 X 2  X 
r < l  1 

tan-’ -- f ( x ) =  - - - + 
2 1 - 2  x(l-xX”)3’X” 

1 x2 2x2-1 x- -  + 

2 x 2  - 1 zx(x2- 1 ) 3 / *  l n w -  

+ -- + 4(x2- 1) 

f ( x ) =  - + - + 

ri x > l  ni 

R .  where X=hW,/Eg, wn is t h e  Raman S h i f t ,  w,“ i s  t h e  b a r e  phonon 
frequency.  D (w) changes by less than 1 %  f o r  a s h i f t  of about  
3 .nil i n w  : D (d depends on i n t r a c h a i n  parameters  whereas 
t h e  h y d r o s p a t i c  pregsure  a f f e c t s  mainly t h e  i n t e r c h a i n  t r a n s f e r  
i n t e g r a l .  
s t a t e s  with a t y p i c a l  s t r o n g  d ivergence  a t  X = l  . (See f i g .  4 ) .  

0 0  

On t h e  o t h e r  hand, ( f ( x ) p c o n t a i n s  t h e  I D  d e n s i t y  of 

I b 
X = l  

Fig .4 .  Schematic p i c t u r e  
of ) f  ( x p .  

This  d ivergence  is suppresed by 
t h e  f i n i t e  i n t e r c h a i n  coupl ing .  
One e x p e c t s  a change i n  t h e  
suppress ion  of t h e  1D s i n g u l a r i t y  
when h y d r o s t a t i c  p r e s s u r e  i s  
a p p l i e d 4 .  Indeed,  i n c r e a s i n g  
p r e s s u r e  causes  an i n c r e a s e  i n  t h e  
t h r e e  d i m e n t i o n a l i t y  and t h u s  an 
i n c r e a s e  i n  t h e  i n t e r c h a i n  
t r a n s f e r  i n t e g r a l .  T h i s  lowers  
t h e  d ivergence  c u t o f f  with two 
consequences: t h e  l i n e  i n t e n s i t y  
d e c r e a s e s  and t h e  l i n e  FWHM 
i n c r e a s e s .  Given t h i s  s i m p l i f i e d  
model, one can r e g a r d  t h e  width of 

f ( x )  a t  t h e  c u t o f f  h i g h t  as a 
rough measure of t h e  i n t e r c h a i n  
coupl ing .  Within t h o s e  
as sump t i o n  s t h e  p r e s s u r e  
dependence of  l i n e  i n t e n s i t y  and 
FWHM should  be approximately 

l i n e a r .  Indeed,  a s imple c a l c u l a t i o n  shows t h a t :  ( w i t h i n  t h e  g i v e n  
p r e s s u r e  r a n g e ) :  The d e c r e a s e  i n  l i n e  i n t e n s i t y  is about  30-40% 
(See table 1 ) ; The s l o p e  of FWHM(pl is about  2x10 kbar  
whi le  a least square f i t  o f  t h e  d a t a  of F ig .  3 g i v e s  4 . 6 ~ 1 6 ~ k b a r - 2  
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376 F. COTER et al. 

Conclusions: 1 .  As h y d r o s t a t i c  p r e s s u r e  i s  a p p l i e d ,  bo th  
t h e  l i n e  i n t e n s i t y  and t h e  l i n e  width change. This  can  be 
accounted f o r  w i t h i n  t h e  framework of RRS from AM. 2 .  The changes 
i n  RRS spectrum are smaller a t  h i g h e r  e x c i t a t i o n  wavelengths .  
3. S ince  t h e  RRS c r o s s e c t i o n  d i v e r g e s  much more r a p i d l y  t h a n  t h e  
q u a s i  1D d e n s i t y  of states, one e x p e c t s  t h e  d e c r e a s e  i n  RRS 
i n t e n s i t y  to  be about  5 t i m e s  l a r g e r  than  t h e  d e c r e a s e  i n  t h e  
a b s o r p t i o n .  Indeed,  t h i s  i s  t r u e ,  i n  view of our  d a t a  and t h o s e  
of Ref.  1 .  

Acknowledgement: This  work h a s  been p a r t l y  supported by t h e  
Israeli  Academy of Sc ience  and by t h e  U.S. - Israel  Bina t iona l  
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