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CONDUCTIVITY AND STRUCTURE OF CRYSTALLINE CARBON DISELENIDE 

HAYAO KOBAYASHI 
Department o f  Chemistry,  F a c u l t y  of S c i e n c e ,  Toho U n i v e r s i t y ,  
Funabashi ,  Chiba 274, J apan .  

AKIKO KOBAYASHI, YUKIYOSHI SASAKl 
Department o f  Chemistry,  F a c u l t y  o f  S c i e n c e ,  The U n i v e r s i t y  
o f  Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan. 

A b s t r a c t  C r y s t a l l i n e  p o l y ( c a r b o n  d i s e l e n i d e )  i s  a new syn- 
t h e t i c  metal. The room-temperature  r e s i s t i v i t y  of t h e  
compaction sample i s  0.02-0.05 R c m .  The t h e r m o e l e c t r i c  power 
i s  a s  s m a l l  a s  13 UV/K a t  room t e m p e r a t u r e .  
gave s h a r p  X-ray powder p a t t e r n .  
becomes l e s s  c o n d u c t i v e  when c r y s t a l l i n e  i m p e r f e c t i o n  
i n c r e a s e s .  EXAFS s p e c t r a  showed t h e  e x i s t e n c e  of Se-Se bonds.  
The c o o r d i n a t i o n  number o f  Se i n  m e t a l l i c  p o l y ( c a r b o n  
d i s e l e n i d e )  is a l m o s t  2 .0 ,  i n d i c a t i n g  t h e  , i n f i n i t e  c h a i n  o f  Se 
a toms. 

M e t a l l i c  sample 
Po ly (ca rbon  d i s e l e n i d e )  

INTRODUCTION 

Recen t  development i n  t h e  f i e l d  of t h e  s y n t h e t i c  metals h a s  re- 

v e a l e d  t h a t  t h e  i n t e r m o l e c u l a r  i n t e r a c t i o n  between charcogen atoms 

i n  t h e  V-conjugated sys t ems  p l a y s  a c e n t r a l  r o l e  t o  r e a l i z e  t h e  

h i g h  c o n d u c t i v i t y .  Carbon d i s e l e n i d e  i s  t h e  s i m p l e s t  i'r-conjugated 

molecu le  w i t h  Se atom. 

ca rbon  d i s e l e n i d e )  ( a b b r e v i a t e d  h e r e a f t e r  as (CSe2)x) . The conduc- 

t i v i t y  of t h e  c r y s t a l l i n e  (CSe ) is  10 -10 times l a r g e r  t h a n  t h a t  

of amorphous (CSe2) 

c o n s i d e r  t h a t  t h e  c r y s t a l l i n e  (CSe ) i s  a new s y n t h e t i c  metal. 

We have p r e p a r e d  h i g h  c o n d u c t i n g  p o l y (  

4 5  
2 x  

o b t a i n e d  by Okamo t o  and Wo j c i e c h o w s k i .  We 

2 x  

RESULTS 

L i q u i d  CSe2 was p r e s s u r i z e d  i n  t h e  t e f l o n  c e l l  a t  a b o u t  5 Kbar 

and  h e a t e d  a t  80-100 "C. Then t h e  p r e s s u r e  was r e l e a s e d  and 

h e a t e d  a t  100-130 "C. A b l a c k  s o l i d  w a s  o b t a i n e d .  By chang ing  t h e  

a p p l i e d  p r e s s u r e  and t h e  h e a t  t e m p e r a t u r e ,  we o b t a i n e d  v a r i o u s  

t y p e s  of s o l i d  poly(CSe2)x.  I n  h i g h  c o n d u c t i n g  s o l i d ,  t h e  resis- 
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t i v i t y  of the compaction sample is 0.02-0.05 Qcm (F ig .1) .  

r e s i s t i v i t y  a t  1.7 K is  o n l y  2-3 times l a r g e r  than t h e  room-temper- 

a t u r e  value. Extremely small temperature  dependence w i l l  be  a r i s e d  

from t h e  r e s i s t a n c e  between compacted p a r t i c l e s .  

power i s  as small as 13 pV/K at :room temperature  (Fig.  2 ) .  Its 

l i n e a r  temperature dependence ( D 5 0  K) sugges ts  t h e  e x i s t e n c e  of t h e  

f r e e  e l e c t r o n s .  The magnetic s u s c e p t i v i l i t y  is temperature  inde- 

pendent between 1.5-300 K ,  a l s o  s u g g e s t i n g  t h e  metallic n a t u r e  of 

(CSe2)x.3 Besides the  metallic samples, t h e r e  are i n s u l a t i n g  (>lo 
3 acm), low-conducting (%lo e m )  and semiconducting ( 4 . 2  Qcm) 

samples. Figure 3 shows the  X-ray powder d i f f r a c t i o n  p a t t e r n s .  

M e t a l l i c  sample gave sharp p a t t e r n s  (A) .  I n s u l a t i n g  s o l i d  w a s  

amorphous t o  X-ray d i f f r a c t i o n  (B). Semiconducting sample gave 

broad Debye r i n g s  and low-conducting material showed f a i n t  and 

d i f f u s e  p a t t e r n s .  

The 

The t h e n m e l e c t r i c  

8 

These p a t t e r n s  sugges t  t h a t  (CSe21x is  metallic 

Fig. 2 .  Thermoelectr ic  
power (s/ VK-') of 
c r y s t a l l i n e  (CSe2)x. 

Fig. 1. E l e c t r i c a l  
r e s i s t i v i t y  of 
c r y s t a l l i n e  (CSe21x. 

a 
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CONDUCTIVITY AND STRUCTURE OF (Ck,), 429 

i n  a n  o r d e r e d  c r y s t a l l i n e  s ta te  and i t  becomes less c o n d u c t i v e ,  

when c r y s t a l l i n e  i m p e r f e c t i o n  i n c r e a s e s .  

The measurements of t h e  EXAFS s p e c t r a  w e r e  made a t  KEK 

Synchro t ron  R a d i a t i o n  of  N a t i o n a l  L a b o r a t o r y  f o r  High Energy 
3 P h y s i c s .  

f o r  m e t a l l i c  (CSe2)x i s  q u i t e  s imilar  t o  t h a t  o f  Se powder (so- 

c a l l e d  " m e t a l l i c  Se") b u t  d i f f e r e n t  f rom t h a t  o f  i n s u l a t i n g  (CSe2)x 

(F ig .  4 ) .  

t o  Se-Se bond. 

0 . 3 - 0 . 4  A s h o r t e r  t h a n  t r u e  v a l u e  due t o  t h e  phase s h i f t  o f  Se 

atom. The c o o r d i n a t i o n  number of Se o b t a i n e d  by c u r v e  f i t t i n g  

The F o u r i e r  t r a n s f o r m  o f  t h e  EXAFS o s c i l l a t i o n ,  k X(k) 

The prominent  peak i n  t h e  F o u r i e r  t r a n s f o r m  c o r r e s p o n d s  
0 

The Se-Se bond a p p e a r s  a t  a b o u t  2.0 A ,  which i s  
0 
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Fig .  5. S t r u c t u r a l  model 
of m e t a l l i c  (CSe2Ix. 
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analyses  is  almost  equal  t o  2 .0 ,  i n d i c a t i n g  t h a t  each Se atom h a s  

two neighbouring Se atoms. While i n  i n s u l a t i n g  sample, t h e  peak 

of Se-Se bond decreases  and t h e  c o o r d i n a t i o n  number i s  very small 

(0.68) .  Since the  a n a l y s e s  of EXAFS s p e c t r a  s t r o n g l y  sugges t  t h a t  

every S e  atom i n  t h e  m e t a l l i c  (CSe ) 

Se atoms w i t h  Se-Se d i s t a n c e  of  2.35 A,  i t s  s t r u c t u r a l  model can 

be e a s i l y  der ived  (Fig.  5 ) .  This model e x p l a i n s  t h e  c o r r e l a t i o n  

between t h e  conduct iv i ty  and t h e  o r d e r n e s s  of t h e  c r y s t a l .  Small 

coord ina t ion  number of i n s u l a t i n g  s o l i d  i n d i c a t e s  t h e  imperfec t  

network of Se atoms. Then t h e  conduct ion pathway w i l l  be broken 

and t h e  c r y s t a l l i n e  s ta te  becomes imperfec t .  

is bonded t o  two neighbouring 
2 xo 

2 According t o  t h e  extended Huckel c a l c u l a t i o n s  of CSe 

molecule and the  c r y s t a l l i n e  (CSe2)x, t h e  c h a i n  formation of Se 

atoms r e s u l t s  i n  t h e  over lapping  of the  energy bands and l e a d s  t o  

the e x i s t e n c e  of t h e  Fermi s u r f a c e ,  which i s  c o n s i s t e n t  wi th  t h e  

m e t a l l i c  n a t u r e  of the  c r y s t a l l i n e  (CSe2)x. 3 
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