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AMPLITUDE MODES I N  MIXED POLYMERS 
TRANS [ C 2 H 2 ) y ( C 2 D 2  ) l - y l x  

0. Brafman, J. Poplawski, E .  Ehrenfreund and Z .  Vardeny 
Physics  Department, Technion,  H a i f a ,  Israel 

J. Tanaka and H. Fujimoto 
Chemistry Dept . ,  Nagoya U n i v e r s i t y ,  Japan 

A.G.  MacDiarmid and W.S. Huang 
Chemistry Dept . ,Univers i ty  of Pennsylvania ,  P h i l a d e l p h i a  

PA. 19104, USA 

Abst rac t -  Resonant Raman S c a t t e r i n g  and doping induced I R  
absorp t ion  are e x p l a i n e d  i n  terms of ampl i tude  
modes of t h e  1-d gap.  The RRS 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  renormalized 
phonon l i n e s  a t  t h e  v a r i o u s  c o n c e n t r a t i o n s  are 
r e a d i l y  obta ined .  

In  Resonant Raman s c a t t e r i n g  of pure  t rans-polyace ty lene(PA)  
t h r e e  l i n e s  are observed,  and a s  e x c i t a t i o n  energy i n c r e a s e s ,  

(1  f s a t e l l i t e  l i n e s  develop and s h i f t  t o  h i g h e r  f r e q u e n c i e s .  T h i s  
behavior  was ear l ie r  expla ined  i n  terms of ampli tude m c d e s ( A M )  . 
I n  mixed PA s p e c t r a  t h e r e  are seven pr imary RRS as shown i n  f i g . 1 .  
F i g .  2. shows t h e  aproximate 

l i n e s  w i t h  i s o t o p e  concent ra t ion .  
The h i g h e r  f requency l i n e  shows 
a one mode behavior ,whi le  t h e  
o t h e r s  show a t w o  mode 
behavior .  I f  regarded as  2 
r e g u l a r  phonons some of t h e  P 
f e a t u r e s  are hard t o  e x p l a i n :  5 
i n  t h e  case of t h e  llOOcm-l 5 
l i n e  t h e  frequency i n c r e a s e s  
w i t h  t h e  change i n  D 
c o n c e n t r a t i o n ( 1 ) .  A l s o  t h e  4 

d i s p e r s i o n  a c t s  d e f i n i t e l y  
d i f f e r e n t  from t h a t  of t h e  
pure compounds(fig. 31,though 
t h e r e  i s  no grand t o  assume a 
change i n  c h a i n  l e n g t h  
d i s t r i b u t i o n .  These phenomena 
are r e a d i l y  understood i n  
t e r m s  of t h e  A . M . :  The d a t a  

renormal ized  phonons of t h e  
dimerized c h a i n ( 2 ) .  TO 

frequency v a r i a t i o n  of t h e s e  [ ~ c Z % ) , ~ C ~ ~ * ) l - , ] .  

y.o.5 
- 

v '0.0 

800 m 1200 1400 I6W 
w (cm-' ) 

d e s c r i b e  t h e  behavior Of the ~ i ~ .  1 : RRS spectra at d i f f e r e n t  
c o n c e n t r a t i o n s .  
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364 0. BRAFMAN a al. 

understand t h e  behavior  of t h e  R a m a n  l i n e s  and IR s p e c t r a  ( f rom 
Takeuchi e t .  a1 ( 3 )  ) ,  w e  s tudy  t h e  b a r e  phonon f r e q u e n c e i s  o f  
t h e  undimerized c h a i n ,  , and t h e i r  corresponding e l e c t r o n -  
phonon(e-p) coupl ing  p a r a i e t e r ,  
assume seven o s c i l l a t o r s  f o r  t h e  mixed polymers ,  then t h e  ampli tude 
modes are d e s c r i b e d  by: 

Based on t h e  RRS d a t a  w e  n -  

- 
whe e t h e  e-p coupl ing  c o n s t a n t  isx=Eh,, and i s  d e f i n e d  by 
1-2k=ZhE;(A)(2) . E a  (A) is t h e  second d e r i v a t i v e  of E .  (A), 
t h e  e l e c t r o n i c  condensat ion energy ,  where ais t h e  d i m e r i z a k o n  - 

[ ICf l tI ,  I CZDdI.,]. 
y * 0.5 

i 
/#--& - [ C A I ,  t%hh-v]. 

A,.rnSl 
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c ' 

( C D h  Y ten 1. --- 
Fig. 2 :  Frequencies  of  t h e  
observed Raman Lines  at 
d i f f e r e n t  c o n c e n t r a t i o n s .  

gap. A narrow 
is  assumed, meaning also a 
d i s t r i b u t i o n  i n & ,  as i n  t h e  
pure  compounds. T h u s x i s  d e f i n e d  Fig.  3 :  RRs s p e c t r a  (bot tom) 
b t h e  resonance c o n d i t i o n  and I R  absorp t ion  ( top&nd 

renormalized phonons and t h e i r  which i n t e r s e c t  D ( 0 )  a t  t h e  
p r o p e r t i e s  : 
i n t e n s i t i e s  (I(G$) 1. RRS 
s p e c t r a  a t  lkA =1.87eV and 

w ( cm-' I 

uL =24(x ) , determining  t h e  o(p d e f i n e  h o r i z o n t a l  l i n e s  

f r e q u e n c i e s  ((*a, and renormalized phon8n f r e q u e n c i e s .  
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AMPLITUDE MODES IN MIXED POLYMERS 365 

c \ w L = 2 . 4 1  e V  a r e  shown i n  f i g .  3 ( b o t t o m ) .  The h o r i z o n t a l  l i n e s  
f o r  a g iven  e x c i t a t i o n  energy are c a l c u l a t e d  u s i n g  t h e  P e i e r l s  
r e l a t i o n :  

huL = 2Ec exp(-1/2,% ( 2 )  

with  E =6.3 e V .  T h i s  2 c a n  be  e v a l u a t e d  u s i n g  t h e  product  r u l e  
r e l a t i g n :  

t h e  equat ion  f o r  t h e  
A.M &The i n t e r s e c t i o n  
of t h e  h o r i z o n t a l  
l i n e s  with DO(W y i e l d  
t h e  renormal ized  
phonons and t h e i r  
i n t e n s i t i e s , g i v e n  by: 

Hence t h e  f i t  u s e s - i 3  
parameters  w i t h  a 
s u f f i c i e n t  number of 
RRS d a t a  f r e q u e n c i e s  
a t  h q = 1  . 87 ,2 .41  and 
2.60 e V ,  as  w e l l  a s  
doped induced I R  
a b s o r p t i o n ( 3 )  - With 
t h e  same D0(W and a 
s i n g l e  p inning  
parameter ,  Wp, w e  
o b t a i n  t h e  whole I R  
s p e c t r a ,  w i t h  D,(W)= 

i n  f i g .  3 ( t o p ) .  The 
r e l a t i v e  I R  
i n t e n s i t i e s  are a l s o  

qlAi-%j, as shown 

0 0.2 0.4 0.6 0.8 1.0 

Y ('"'X given  by (4 ! ,  when 
i n s t e a d  of u s i n g  W$ 
w e  u s e  b& . From 
t h e  upper  p a r t  of 
f i g  ( 3 )  and eq .  ( 4 ) i t  

( C D I x  

F i g .  4 .  The bare  phonon f r e q u e n c i e s  I 
vs .  c o n c e n t r a t i o n ,  A, a r e  g iven  

i n  parentheses .  

i s  obvious t h a t  o n l y  t h e  f i r s t  of t h e  t h r e e  lower f requency  l i n e s  
can be expected t o  be seen  i n  I R ,  as i s  r e a l l y  t h e  c a s e ( 3 ) .  The 
r e s u l t s  are summarized i n  f i g .  4 where w: and ( are g i v e n  
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366 0. BRAFMAN et al. 

f o r  t h e  v a r i o u s  c o n c e n t r a t i o n s .  In  t h i s  r e p r e s e n t a t i o n  a normal 
c o n c e n t r a t i o n  dependence i s  shown, which involves  i n t e r a c t i o n  w i t h  
a mode having t h e  same symmetry: t h e  1200 cm-1 ( (CDlx) and t h e  
1 2 1 8  cm-l ( C H ) x  ) b a r e  phonons they  d e f i n e  t h e  behavior  of t h e  
1100 cm-l l i n e  ( f i g .  3 ,  middle of  t h e  renormalized phonon. 

The lower p a r t  of t h e  s p e c t r a  i s  composed of t h r e e  l o w  
frequency l i n e s .  The l o w e s t  f requency seems t o  be caused by 
d i s o r d e r  of t h e  c r y s t a l s ,  and i s  t h e  h i g h e s t  f o r  t h e  l a r g e s t  
d i s o r d e r  The o t h e r  t w o  b a r e  phonons show 
also an i n t e r a c t i o n  which might  be between t h e  918 cm-1 t rans(CD)x 
b a r e  phonon and a n o t h e r  phonon, which might  belong t o  remnants of 
C i s ( C H I x ,  which h a s  a b a r e  phonon a t  950cm-l. 

I n  conclusion:  The AM model i s  very  u s e f u l  t o  understand t h e  RRS 
s p e c t r a  of po lyace ty lene ,  pure o r  mixed, g i v i n g  an e a s y  aproach t o  
t h e  understanding of t h e i r  behaviour .  I t  g i v e s  a mean t o  p r e d i c t  
which f r e q u e n c i e s  and i n t e n s i t i e s  w e  are going t o  r e c e i v e  f o r  any 
g iven  e x c i t a t i o n  energy ,  s i n c e  t h e y  are l inked  t o g e t h e r  by De(W).  

th, =0.004 f o r  Y=D.5f. 

References 

1 .  8. Horowitz, 2. Vardeny, E. Ehrenfreund and 0. Erafman, 

2 .  2. Vardeny, E.Ehrenfreund, 0. Brafman and B. Horowitz, 

3. H .  Takeuchi ,  Y .  Furukawa, I.  Harada and H. Shirakawa, 

Synth. Metals 2 ,215(1984) .  

Phys. Rev. L e t t .  51, 2326 (1983) .  

J. Chem. Phys. 80, 2925 (1984) .  

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:
47

 2
0 

Fe
br

ua
ry

 2
01

3 


