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SEMICONDUCTOR-METAL TRANSITION OF [ CH(FeC14)y]x; A MAGNETIC 
IMPURITY DOPED POLYACETYLENE 

Y. W. PARK, S. I. LEE, W. KANG 
Dept. of Physics, Seoul National University, Seoul 151, Korea 
H. SHIRAKAWA 
Institute of Materials Science, University of Tsukuba, 
Sakura-mura, Ibaraki 305, Japan 

Abstract Results of electrical conductivity and thermopower 
measurement on [CH(FeC14)y]x are presented, where y covers the 
full doping range. The semiconductor-metal transition is evi- 
dent and leads to a qualitative change in temperature depen- 
dence of the conductivity and thermopower. The analysis of 
the metallic thermopower data indicates the Kondo-like effect 
originated from the coupling between the (CH)x chain and the 
dopant located near the chain. As a consistent interpretation 
of our data, we propose a mechanism of the semiconductor-metal 
transition in doped (CH)x; the one dimensional intersoliton 
electron tunneling model. 

INTRODUCTION 

Many studies on the nonmagnetic impurity doped polyacetylene deriv- 
atives have been done and the semiconductor-metal transition was 
observed in all of these polyacetylene derivatives, In this paper, 

we have studied the semiconductor-metal transition of a magnetic 
impurity doped polyacetylene; [CH(FeC14)y]x. 

EXPERIMENTAL. 

Doping was done by immersing the (CH)x film into a solution of the 

FeC13 in nitromethane.2 

studies identify that the chemical composition of the dopant in 
(CH)x is (FeC14)-. 

Massbauer spectroscopy, EXAFS and ESR 

Samples for thermopower measurements were cooled from room 
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temperature to 10 K using a Displex system. Techniques for thermo- 
power and conductivity measurements were the same as were described 
in detail in an earlier publication.1 

RESULTS AND DISCUSSIONS 
We have studied the temperature dependence of conductivity and 
thermopower of [CH(FeC14)y]x for y = 0.0025, 0.0086, 0.0217 and 

0.0286. 
purity doped (CH)x. The semiconductor-metal transition starts at 
y - 0.001. In the metallic region, however, the data tend to 
approach to two straight lines matching smoothly around 50 K as 

Y. W. PARK et al. 

The results are similar to those of the nonmagnetic im- 

shown in Figure 1. In our early study on the heavily doped (a), 3 , 
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FIGURE 1 S(T) vs. T of Trans-[CH(FeCl4),], in linear scale 
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SM TRANSITION OF [CH(FeCI,),]. 

we found t h a t  t h e  [CH(FeC14)y]x d a t a  i n  t h e  h e a v i l y  doped l i m i t  

fo l low t h e  formula 

I69 

(1) 
BT S(T) = AT + - T + To 

where t h e  second term, ~ BT , i s  t h e  i n t e r p o l a t i o n  formula which T + To 
Kondo had formulated from t h e  S-d H a m i l t ~ n i a n . ~  The observed d a t a  

f o r  y = 0.0217 and 0.0286 samples are c l o s e  t o  t h a t  f i t t i n g  curve ,  

Eq. (1) .  This  Kondo-like behavior  i n  [CH(FeC14)y]x i n d i c a t e s  that 
t h e r e  e x i s t  a coupling between t h e  l o c a l i z e d  s p i n  i n  Fe3+ and t h e  

charge carriers i n  t h e  cha in .  The e x i s t e n c e  of t h e  coupl ing w i t h  

t h e  l o c a l i z e d  s p i n  sugges ts  t h a t  t h e  charge c a r r i e r s  i n  t h e  c h a i n  

have s p i n  112. 

peak observed i n  ESR measurement on t h e s e  samples ,  we  f i n d  t h a t  

f o r  y = 0.0025 sample, t h e  magnetic s u s c e p t i b i l i t y  fo l lows  Cur ie  

l a w ,  bu t  f o r  y 2 0.0086 samples, Curie-Weiss type s u s c e p t i b i l i t y  

are observed w i t h  0 = + 50 K .  This  Curie-Weiss type  X(T) could 

a l s o  i n d i c a t e  t h a t  t h e r e  e x i s t s  a coupl ing between charge carriers 

i n  t h e  chain and t h e  l o c a l i z e d  e l e c t r o n s  i n  (FeC14)- dopant l o c a t e d  

near  t h e  chaind. 

c h a i n  has  s p i n  112. 

Furthermore, from t h e  a n a l y s i s  of t h e  v e r y  broad 

And it sugges ts  t h a t  t h e  charge carrier i n  t h e  

The c o n s i s t e n t  i n t e r p r e t a t i o n  w e  propose i s  t h a t  t h e  doping 

induced charged s o l i t o n s  are pinned and e l e c t r o n s  ( o r  h o l e s )  are 

tunnel ing  between t h e s e  pinned s o l i t o n s .  The e l e c t r o n  i n j e c t e d  t o  

t h e  d e f e c t  f r e e  ( i . e . ,  p e r f e c t l y  dimerized)  p o r t i o n  of t h e  (CH)x 

cha in  from one s o l i t o n  s i t e  may have formed a polaron  s ta te  ( a s  Su 

and S c h r i e f f e r  ~ u g g e s t e d ) ~  u n t i l  i t  t u n n e l s  t o  t h e  n e a r e s t  neighbor  

s o l i t o n  sites. However, t h e s e  t u n n e l i n g  charge carriers are not 

band type carriers, s o  t h a t  they  do n o t  c o n t r i b u t e  t o  t h e  Paul1  

s u s c e p t i b i l i t y  even though they c a r r y  s p i n  1 1 2  t o  couple  wi th  elec- 

t r o n s  i n  t h e  (FeC14)- dopant. 

The s e m i q u a n t i t a t i v e  a n a l y s i s  of t h e  above proposa l  can b e  

g iven  from t h e  ex tens ion  of t h e  Kive lson ' s  i n t e r s o l i t o n  e l e c t r o n  

hopping conduct ion model6 i n  t h e  l i g h t l y  doped polyace ty lene .  The 
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170 Y. W. PARK et al. 

one dimensional intersoliton distance would be R1 = (b2 Cimp)-l 

where b is the interchain distance and Cimp is the impurity concen- 

tration. For y = 0.001, Cimp = 8 X 1OI8 and R1 = 7800 

much larger than the three dimensional intersoliton distance. Thus, 
the three dimensional intersoliton electron hopping mechanism is 

dominant at this concentration regime. 
8 X 
100 1. At this level, the significant one dimensional intersoliton 

electron qunneling can occur because the charged soliton wave func- 

tion is spread to about 10 carbon atoms ( -  15 A) and the mobile 

neutral soliton's diffusion length is about 35 carbon atoms (- 50 

1). 
this intersoliton distance, the soliton wave functions overlap 
completely. Therefore, the chain becomes a uniform bond length 
chain equivalent to the single particle band picture. 
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which is 

For y = 0.001, Cimp = 

R1 = 780 and for y = 0.008, Cimp = 6 X lo2' and R1 = 

0 

Finally, for y = 0.05, Cimp = 4 X 1021 and R1 = 15 1 and at 
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