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OPTICAL, TRANSPORT AND MAGNETIC PROPERTIES OF 
DURHAM POLYACETYLENE 

M.E. HORTON, D.D.C. BRADLEY and R.H. FRIEND 
Cavendish Laboratory, Madingley Road, Cambridge, UK 

C.K. CHAI and D.C. BOTT 
BP Research Centre, Sunbury-on-Thames, Middlesex, UK 

Abstract We present the results of optical transmission, 
AC and DC conductivity and ESR experiments on films of 
Durham route polyacetylene. While the properties of doped 
films resemble those of Shirakawa polyacetylene, those of the 
undoped polymer show differences which may be related to the 
short conjugation length of the Durham material. 

INTRODUCTION 

1 .  

Resonant Raman spectro- 

Transformation of the precursor BTFM-TCDT gives dense films of 

polyacetylene without catalyst residue. 

scopy shows a predominance of short conjugated chains2 comprising 

30 - 40 (CH) units, so that it is unlikely that solitons are the 

dominant defect species, Doping reactions are relatively slow 

because of the dense morphology of this material . 3 

OPTICAL AND INFRA-RED PROPERTIES 

The optical gap in fully isomerised Durham polyacetylene is higher 

than that observed in the Shirakawa polymer, and the absorption 

peak lies at 2.3 eV rather than 1.8 - 2.0 eV, in agreement with 
Raman data showing short conjugation lengths. Doping induces mid- 

gap features (figure l), but at 1 eV rather than 0.75 eV. The 

infra-red dopant induced features are similar to those found in 

Shirakawa p~lyacetylene~, showing a broad band at 900 cm-', and a 
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FIGURE 1 Optical transmission of undoped and AsF5 doped 
Durham polyacetylene. 

narrow band at 1370 cm-'. 

CONDUCTIVITY 

The DC room temperature conductivity of Durham polyacetylene is 

(ocm)-', an order of magnitude lower thar that of Shirakawa poly- 
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PROPERTIES OF DURHAM POLYACETYLENE 53 

acety1er.e. The temperature dependence of  conduct iv i ty  can be f i t t e d  

a t  low temperature t o  a r e l a t ionsh ip  of the  form o=exp-(T,,/T)’, with 

T o  = 10 K ,  compared with Z.109 i n  Shirakawa material. 

temperature, conduction is ac:tivated with Ea = 0.4 e V .  

temperature AC conductivity.  shown i n  f i g u r e  2, d i sp l ays  

behaviour with an exponent of about 0.8 between 10 Hz and 100 kHz, 

but  t he  temperature dependence is ac t iva t ed  ( E a  = 0.15 eV), r a t h e r  

than the  T 

10 Above room 

The l o w  
S 

n 5 dependence observed by Epstein e t  a l .  

FIGURE 3 ESR s igna l  of the  Durham polymer before doping and 
a f t e r  0.1% AsF doping. 5 

Undoped f i l m s  of e - p o l y a c e t y l e n e  show a broad l i n e  a t  g=2.0010 

with an i n t e n s i t y  corresponding t o  about one sp in  pe r  2000 ( C H )  

un i t s .  The l i n e  reaches its f i n a l  magnitude a f t e r  a few hours of 

t h e  transformation r eac t ion ,  and broadens only s l i g h t l y  between 

room temperature and 4K. Very l i g h t  AsF doping removes the  broad 

l i n e ,  and produces a narrow (0.3G) l i n e  ( f i g u r e  3), with  x reduced 

t o  1% of its o r i g i n a l  value. Iodine vapour doping reduces the  l i n e  
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54 M. E. HORTON e# d. 

intensity as doping proceeds, but there is no change in the width or 
profile of the line. 

CONCLUSIONS 

The properties of doped Durham polyacetylene strongly resemble 
those observed in the Shirakawa polymer. Those of the undoped 
polymer are related to the predominance of short conjugated 

sequences in the material. 
This work will be presented in greater detail elsewhere. 
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