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A COITCEPT OF ELECTRICAL CONDUCTIVITY IN DO€m 
POLWERS 

Institute of Physics,Technical University, GDAfiSK, 
POLAIW 

BRONIS,LAW JACHYI~ AND GERARD WI~NIEWSKI 

The coupling of the aliphatic macro- 
molecules into the conduction mechanism,my be BC- 
complished solely through either a significant, 
or a total liquidation of the barrlier of 1:otential 
upon the boundary between the 8ac2o-molecules - 
and the admixed conductivity. This achievement 
may be realized as a consequcnee f rom the recom- 
binations between macro-radicals with unpaired 
spins; upon the surfaces of the admixed conduc- 
tivity; i.e. - carbon black. 

The behaviour of arrangements of polyacetylene type 
is known . Not only is electrical conductivfty of pu- 
re acetylene high,but also it may be increased by 
suitable admixtures 
obtained is characterized by conductivity of a level 
equal to that of a metal over a wide temperature ra- 
nge. It is known that polyacetylene molecules are 
chain structures of conjugated double bonds. Electron 
delocalization in such an arrangement is high and 
extends throughout the molecule. The transition me- 
chanism is of considerable importance for pule poly- 
acetylene conductivity. Admixing,suggestively spea- 
kin8,still lowers the potential barriers at the ends 
of the macromolecule. In the language of theory,it 
corresponds to a change of electron hole hamilto- 
n ian . 

1 

e.g. AsF5 . The material thus 
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126 B. JACHYM AND 0. WISrureWSIU - 
15 When any carbon black of  ESR s i g n a l  h igher  than 10 

spin/gram,as wel l  as r a d i c a l  polymerization i n i t i a -  
t o r s  and c a t a l y s t s  a r e  added t o  uncured polyes te r  r e -  
s i n  cons t i t u t ing  a mixture od sty-rene,fumaric a c i d  
e a t e r s  and polyglycols ,a  composite cha rac t e r i zes  by 
e l e c t r i c a l  conduct ivi ty  of 10-4P-1cm-1 l e v e l  may be 
obtained a f t e r  polymerization a t  carbon black content 
a s  small. ar, 0.4% by weight2. Dependence o f  e l e c t r i c a l  
conduct ivi ty  on carbon black concsn t r a t ion , typ ica l  
for t h i s  kind o f  composites3. The conparaison shows 
t h a t  chemical r eac t ions  i n  t h e  course of r a d i c a l  po- 
lymerizat ion have dec is ive  inf luence  on e l e c t r i c a l  
p rope r t i e s  of t h e  composite obtained i n  t h i s  may. 
Decisive inf luence of chemical bonds on physical  pro- 
p e r t i e s  of composites is  a l s o  shown by the  ESR s i g n a l  
observed i n  samples o f  var ious carbon black contents .  
This i s  shown i n  fig.1. 

The sudden jump observed i n  e l e c t r i c a l  conduct iv i ty  
o f  the described composite arrangement a t  such a small  
content 08 the  conductive component i s  explained by 
c rea t ion  o f  covalent bonds r e s u l t i n g  froa recombina- 

3 t i o n  o f  r a d i c a l s  on the  carbon black globules  . I n  
arrangements o f  polyacetylene type,where t h e  3 e l e -  
c t ron  de loca l i za t ion  extends throughout the  whole 
ao lecu le , the  l a s t  conduction band i s  u n f i l l e d , t h e  
p o t e n t i a l  b a r r i e r s  f o r  t he  t r a n s i t i o n  of a c a r r i e r  
from one molecule t o  another  one a r e  so l o w  t h a t  con- 
s ide rab le  conduct ivi ty  ie observed. Even weak mole- 
cu la r  bonds may s t i l l  considerably enhance t h e  con- 
duct ivi ty ,which i s  achieved by c r e a t i n g  e u i t a b l e  
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A CONCEPT OF ELECTRICAL CONDUCTIVITY IN DOPED POLYMERS 127 

2.with 5% styrene 

c lphr l  

FIGURE 1 Conductivity and ESR signal for com- 
positions with various contents of 
styrene on concentr.ation of carbon 
black .  

complexes. Materials of this type are called one - 
dimensional metals. The composition described above 
may be treated in categories similar to those for 
polyacetylene arrangement,although it must be noted 
thlst Ifopeningt1 of the structure follows only as a 
result of covalent bond between carbons,that is as a 
r e s u l t  of a total elimination of the potential bar- 
r i e r  between the molecules. 
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