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Abstract  The magnetoresi stance o f  1 i g h t l y  and heav i l y  CuCl2- 
doped trans-polyacetylene (PA) has been studied. I n  1 i g h t l y  
doped PA an anomalous magnetor-esi stance t y p i c a l  o f  Inorganic 
covalent amorphous semiconductors such as a-Si was found. Thi s 
observation s t rong ly  supports the  idea o f  a dominating hopping 
conduction i n  deep gap s ta tes  near the  Fermi l eve l .  

INTRODUCTION 

Although much experimental data on t h e  e l e c t r i c a l  t ranspor t  
p roper t ies  o f  polyacetylene (PA) bav.e been obtained dur ing the  
l a s t  few years, a consistent p i c t u r e  o f  t he  t ranspor t  mechanism 
has not ye t  been establ ished. The d i f f i c u l t i e s  a r i s e  e.g. due t o  
t h e  f i b r i l l a r  morphology o f  PA and t h e  d isorder  caused by t h e  
1 arge dopant concentrations. I n  organic semiconductors 
magnetoresi stance (MR) studies have given much valuable 
informat ion about the e l e c t  i c a l  t ranspor t  processes even i n  the  
case o f  amorphous mater ia ls  . Ln this paper we present the  r e s u l t s  
o f  MR measurements on both l i g h t l y  and heav i l y  CuC12-doped PA. 

€ 

EXPERIMENTAL RESULTS 

PA t h i n  f i l m s  were synthesized using t h e  Skirakawa method, f o r  
d e t a i l s  on sample preparat ion see r e f  2. The r e s u l t s  o f  dc MR 
measurements vs appl ied magnetic f i e l d  a t  var ious temperatures f o r  
heav i l y  CuClp-doped PA samples are shown i n  f i g u r e  1. A t  low 
temperatures MR t y p i c a l l y  i s  negative a t  low magnetic f i e l d s ,  
passes through a minimum and becomes p o s i t i v e  a t  h igher magnetic 
f ie lds .  This behavi u i s  s i m f l a r  to the  one observed i n  heav i l y  
I2 o r  AsF5-doped PA9-6 and a lso  i n  heav i l y  doped s i l i con7 .  

I n  l i g h t l y  CuC12-doped PA even small magnetic f i e l d s  cause 
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FIGURE 3 MR vs applied FrGURE 4 Magnetic f i e l d  
magnetic f i e l d  at  various dependence o f  FR i n  CuCl -doped 
temperatures i n  l i g h t l y  CuC12- PA. The s o l i d  curve has %een 
doped PA cal cul ated using the Hedgcock- 

Raudorf model w i th  ~ ' 7 5 0  cm2/Vs 
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a large decrease i n  the conduct iv i ty,  f igures 2 and 3. A t  higher 
f i e l d s  the value o f  MI t y p i c a l l y  becomes only weakly dependent on 
magnetic f i e l d .  This i s  t he  behaviour found i n  many covalent 
inorganic amorphous semiconductors such as s i l i c o n  o r  germanium 
( f o r  a review see ref .  1). SiT4lar resu l t s  have recent ly  been 
obtained by Frankewich e t  a l .  i n  undoped and l i g h t l y  12-doped 
PA. 

DISCUSSION 

Most o f  the observed MR behaviour i n  heavi ly doped PA can be 
explained - a t  least  q u a l i t a t i v e l y  - by the two band model o f  
Hedgcock and Rauford* f a r  heavi ly doped semiconductors. I n  t h i s  
model the existence o f  a band w i th  high c a r r i e r  m o b i l i t y  i s  
assumed above an impurity band wi th  low mob i l i t y  separated by a 
sharp mob i l i t y  edge between the two bands. On the appl icat ion o f  a 
magnetic f i e l d  the ca r r i e rs  are raised i n t o  the high mog i l i t y  band 
from the low mob i l i t y  band resu l t i ng  i n  a negative MR. The 
ordinary decrease i n  the c a r r i e r  mob i l i t y  resu l t s  i n  a pos i t i ve  
contr ibut ion.  The model has bee2 f i t t e d  t o  the measured MR i n  
f i gu re  4 and a value p = 750 cm /Vs f o r  the m o b i l i t y  was found. 
However t h i s  value o f  p should be used wi th  caution, since the 
macroscopic dc-conductivity may not be an i n t r i n s i c  value o f  PA 
but i t  may be l im i ted  by potent ia l  ba r r i e rs  between the f i b r i l s .  

The anomalous magnetoresistance (AMR), shown i n  f l g u  es 2 and 
3, i s  a t yp l ca l  phenomenon i n  e.g. amorphous s i l i c o n  a-Si . 
However, i t  remained unexplained f o r  several years g f t e r  the f i r s t  
observation o f  the e f f f j i t  i n  1970 by Me11 and Stuke . I n  1978 
Movaghar and Schwizer 
AMR which was l a t e r  improved by Osaka . I n  the model i t  i s  
assumed that  anomalous haps wi th  s p i n - f l i p  contr ibute t o  the 
hopping conduction i n  the deep gap states near EF. The s p i n - f l i p  
is needed I f  the f i n a l  s ta te i s  already occupied and the two 
electrons i n  the i n i t i a l  dnd f i n a l  states have pa ra l l e l  spins. MR 
resu l t s  from the magnetic f i e l d  dependfjce o f  the s p i n  l a t t i c e  
re laxat ion time. Qu i te  recent ly Kurobe proposed an a l te rna t i ve  
model f o r  AMR, i n  which no r p i s - f l i p  processes are involved. Also 
i n  t h i s  model electron hopping i n  the  deep s lng ly  o r  doubly 
occupied gap states i s  assumed. The negative contr ibut ion t o  MR 
ar ises from a Zeeman s h i f t  o f  the e lect ron energdes and the non 
constant densi ty o f  states, wt!treas the  pos l t i ve  one resu l t s  from 
the shrinkage o f  the electron wavefunction i n  the douply occupied 
gap states. Kurnbe's model work5 w c l l  .in a-Si explaining also the 
temperature dependence o f  AMR. 

The above ideas can he applied t o  low conduct iv i ty  PA i f  the 
conduction i s  assumed t o  be daninated-by hopping pracesses i n  the  
deep gap states near 4. ?is i s  the case e.g. i n  Kivelson's 
i n t e r s o l i t o n  happing model . Thus i f  i n  a small f r a c t i o n  o f  
i n t e r s o l i t o n  hops the f i na l  state i s  douply occupied (e.g. when 

F 

succesful ly froposed a hopping model f o r  
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an electron jumps from one neutral s o l i t o n  t o  another) the 
processes mentioned above should be possible also i n  trans-PA 
provided the pos i t i ve  co r re la t i on  energy U f o r  a doubly occupifd12 
state i s  reasonable. I n  a-Si U i s  estimated t o  be 0.2 - 0.5 eV 9 . 

In PA doped wi th  magnetic dopants such as FeCl3 the spin o f  a 
neutral so l i t on  can be exchange coupled t o  the magnetic moments o f  
the dopants. I n  t h i s  case the s o l i t o n  has a binding energy o f  
purely magnetic or ig in ,  which depends on tempelgture and the 
applied magnetic f i e l d .  Recently Sichel e t  al. 
i n  FeCl -doped PA (y>1.52) Fe 
a t  low zemperatures. Further they i n te rp re t  t h e i r  negative MR 
resu l t s  as an i nd i ca t i eg  o f  the coupling o f  charge ca r r i e rs  t o  the  
magnetic manents o f  Fe ions. The neutral so l i tons exchange 
coupled it the magnetic manents are analogous t o  magnetic 
polarons i n  magnetic o r  semimagnetic semiconductors and hence we 
could c a l l  i t  a "neutral magnetic sol i ton".  

F ina l l y  ne would l i k e  t9 point  out t ha t  the observed MR 
gives a new "boundary condition" f o r  t h e  models o f  t he  e l e c t r i c a l  
transport i n  l i g h t l y  doped PA. 

have found t h a t  
ions become magnetically ordered 
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