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A N I S O T R O P I C  OPTICAL A N D  T R A N S P O R T  P R O P E R T I E S  OF 
T R A N S - ( C H  Ix 

G.LEISING, R.UITZ, 8.ANXELE, W . O T T I N G E R ,  F.STELZER* 
I n s t i t u t  f u r  F e s t k o r p e r p h y s i k ,  " I n s t i t u t  f u r  Chen. 
T e c h n o l o g i e  o r g a n .  S t o f f e ,  T U  Graz ,  P e t e r s g a s s e  l G ,  
A -8010 Graz ,  A u s t r i a  

A b s t r a c t  We have  p r o d u c e d  f u l l y  o r i e n t e d  h i g h l y  
c r y s t a l l i n e  t r a n s - ( C H )  f i l m s ,  w h i c h  e x h i b i t  d rama-  
t i c  p o l a r i z a t i o n  e f f e c t s  f o r  l i g h t  p o l a r i z e d  p a r -  
a l l e l  o r  p e r p e n d i c u l a r  t o  t h e  o r i e n t e d  (CHI  - c h a i n s .  
The p o l a r i z a t i o n  b e h a v i o r  i n  t h e  v i c i n i t y  o f  t h e  
bandgap and o f  t h e  c h a r a c t e r i s t i c  IR-modes, i n c l u -  
d i n g  t h o s e  w h i c h  a r e  i n t r o d u c e d  as a r e s u l t  o f  d o -  
p i n g  w i t h  AsF5 i s  p r e s e n t e d .  D C - c o n d u c t i v i t y  n e a s -  
u r e n e n t s  a l l o w  t o  deduce  t h e  c o n d u c t i v i t y  a n i s o t r o p y  
o f  au/6, N 100 f o r  undoped and 12 -doped  t r a n s - ( C H ) ,  
a t  300 K. 

1. OPTICAL P R O P E R T I E S  I N  THE V IS IBLE RANGE 

F u l l y  o r i e n t e d  h i g h l y  c r y s t a l l i n e  f i l m s  o f  t rans - (CW) ,  
have  been p r e p a r e d  as d e s c r i b e d  e a r l  i e r l  . P o l  a r i  z e d  o p t i  - 
c a l  t r a n s m i s s i o n  and r e f l e c t i o n  measuremen ts  i n  t h e  v i  - 
s i b l e  r a n g e  show e x t r e m l y  a n i s o t r o p i c  b e h a v i o r .  I n  F i g . 1  
( a )  t h e  d a t a  f o r  undoped samp les  a r e  p r e s e n t e d .  We o b -  
t a i n e d  - l o g ( T )  v a l u e s  g r e a t e r  t h a n  3 f o r  a f i l m  t h i c k -  

ness  o f  o n l y  a f e w  100  nm f o r  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 s  and an a n i s o t r o p y  r a t i o  T l / T U  g r e a t e r  t h a n  
400. The maximum o f  t h e  o p t i c a l  d e n s i t y  i s  l o c a t e d  a t  
2.1 eV f o r  b o t h  p o l a r i z a t i o n  d i r e c t i o n s .  However ,  i f  t h e  

r e f l e c t a n c e  i s  p r o p e r l y  t a k e n  i n t o  a c c o u n t ,  t h e  a b s o r p -  
t i o n  maximum f o r  p a r a l l e l  p o l a r i z a t i o n  w i l l  be  s h i f t e d  
t o  a p p r o x i m a t e l y  1.5 eV, whereas  t h e  peak  f o r  
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328 G. LEISING ct al. 

E l c  remains a t  2 . 1  eV which i m p l i e s  an a n i s o t r o p i c  
b a n d  s t r u c t u r e .  The a n i s o t r o p y  of t h e  r e f r a c t i v e  index  
n , , / n L  o f  about  5 can be e s t i m a t e d  from i n t e r f e r e n c e  
f e a t u r e s  around 1 . 3  eV i n  t h e  r e f l e c t a n c e  spec t rum.  

I 1 

c 
t- 

0 
I 

e - d - - 
d 

E lc 
1 

2 3 
Photon energy (eV) 

O1 

Fig .1  Transmiss ion  and r e f l e c t i o n  s p e c t r a  of undoped ( a )  
a n d  AsF5-doped ( b )  t r a n s - ( C H ) ,  f o r  p a r a l l e l  and perpen-  
d i c u l a r  p o l a r i z a t i o n .  

Transmiss ion  a n d  r e f l e c t i o n  d a t a  of samples  doped with 
AsF5 a r e  p l o t t e d  i n  F i g . l ( b ) .  The s t e e p  a b s o r p t i o n  edge 
of t h e  undoped samples d i s a p p e a r s  f o r  both p o l a r i z a t i o n  
d i r e c t i o n s  i n  agreement wi th  measurements on  Shirakawa- 
t y p e  (CHI, doped t o  m e t a l l i c  r eg ime ,  The r e f l e c t a n c e  
cu rves  show a comple te ly  d i f f e r e n t  shape  compared t o  t h e  
undoped c a s e  f o r  p a r a l l e l  p o l a r i z a t i o n ,  whereas f o r  p e r -  
p e n d i c u l a r  p o l a r i z a t i o n  t h e  r e f l e c t a n c e  i s  r e l a t i v e l y  
small  a n d  d i d  n o t  change remarkably wi th  doping .  

2 .  I N F R A R E D  P R O P E R T I E S  

S i m i l a r l y  pronounced p o l a r i z a t i o n  e f f e c t s  a r e  observed  
i n  t h e  i n f r a r e d  r e g i o n .  In F i g . 2 ( a )  which i s  o b t a i n e d  
from a n  undoped sample,  one can s e e  t h a t  the  C - H  o u t  o f  
plane  v i b r a t i o n  ( 1 0 1 0 ~ r n - ~ )  comple t e ly  d i s a p p e a r s  f o r  E 
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ANISOTROPIC OPTICAL AND TRANSPORT PROPERTIES OF TRANS-(CH), 329 

p a r a l l e l  t o  t h e  s t r e t c h i n g  d i r e c t i o n ,  whereas  t h e  C - H  
s t r e t c h i n g  v i b r a t i o n  a t  30 l lc rn- ’ i s  s t r o n g e r  f o r  t h i s  
p o l a r i z a t i o n .  The s t r u c t u r a l  model commonly assumed r e -  
q u i r e s  a comple te ly  p e r p e n d i c u l a r  p o l a r i z a t i o n  f o r  both 
v i b r a t i o n s .  Our r e s u l t s  can on ly  be e x p l a i n e d  by one of 
t h e  f o l l o w i n g  t w o  assumpt ions :  e i t h e r  t h e  cha in  a x i s  a n d  
t h e  s t r e t c h i n g  d i r e c t i o n  a r e  n o t  p a r a l l e l  o r  t h e  a n g l e  
between the  C - H  b o n d  and t h e  c h a i n  a x i s  d i f f e r s  from 90 

s 
$0.5- 

._ 
YI 

1.01 I I I 1 
E l c  

Fig .2  I n f r a r e d  
A S F 5  doped ( b )  
d i c u l a r  t o  t h e  

t r a n s m i s s i o n  s p e c t r a  o f  undoped ( a )  and 
t r a n s - ( C H I x  f o r  E p a r a l l e l  and E perpen-  
c -ax i  s 

d e g r e e ,  p o s s i b l y  because of t h e  d i n e r i z a t i o n  of t h e  
carbon backbone. S ince  t h e  f i r s t  assumption i s  h i g h l y  
u n l i k e l y  c o n s i d e r i n g  t h e  e l e c t r o n  and X-ray d i f f r a c t i o n  
ev idence  our  d a t a  suppor t  t h e  second assumpt ion .  From 
t h e  Fabry-Pero t  resonance  p e r i o d s  one can deduce t h e  r e -  
f r a c t i v e  i n d i c e s  f o r  b o t h  d i r e c t i o n s  i n  t h i s  s p e c t r a l  
r eg ion  having va lues  of = 2 . 6 6  a n d  nL = 1 . 3 3 .  I n  F ig .2  
( b )  t h e  i n f r a r e d  s p e c t r a  a r e  shown f o r  a sample doped 
wi th  1 . 4  mol pe rcen t  AsF5. There i s  l i t t l e  i n f l u e n c e  on  
t h e  spectrum f o r  p e r p e n d i c u l a r  p o l a r i z a t i o n ,  whereas  f o r  
E p a r a l l e l  c t h e  o v e r a l l  t r a n s m i s i s o n  i s  s t r o n g l y  d e -  
c r eased  and t h e  well  k n o w n  doping induced bands 1380 cm-l 
and around 900 cm-’ deve lop .  The a d d i t i o n a l  a b s o r p t i o n  
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330 G. LEISING et al. 

bands  above  and below 1000 cm-l a r e  c a u s e d  by a r e s i d u a l  
amount of  h e x a f l u o r o x y l e n e  which  was n o t  c o m p l e t e l y  r e -  
moved d u r i n g  t h e  c o n v e r s i o n .  

3 .  TRANSPORT PROPERTIES 

F i g . 3  T e m p e r a t u r e  d e p e n d e n c e  of  t h e  d c - c o n d u c t i v i t y  f o r  
undoped t r a n s - ( C H ) ,  ( a )  and f o r  (CHI0 ,09  1 

Measurements  o f  t h e  t e m p e r a t u r e  d e p e n d e n c e  of  t h e  c o n -  
d u c t i v i t y  and i t s  a n i s o t r o p y  shown i n  F i g . 3  r e v e a l  an 
a n i s o t r o p y  r a t i o  of  
s ample  ( a )  and f o r  a s ample  r e a c t e d  i n  s o l u t i o n  w i t h  
9 mole  % i o d i n e .  Whereas t h i s  r a t i o  r e m a i n s  a p p r o x i m a -  
t e l y  c o n s t a n t  down t o  1 0  K f o r  t h e  i o d i n e - d o p e d  s a m p l e ,  
t h e  an i  s o t r o p y  r a t i o  d e c r e a s e s  w i t h  d e c r e a s i n g  t e m p e r a -  
t u r e  i n  t h e  pure m a t e r i a l .  D i f f e r e n t  a c t i v a t i o n  e n e r g i e s  
seem t o  be i n v o l v e d  f o r  t h e  d i r e c t i o n  p a r a l l e l  and per-  

( b )  

fY1/6+- 100 b o t h  f o r  an undoped 

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