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CONDUCTIVl'IY OF HOLY (3-HEXATHIOPfIENE) AND ITS 
APPLICATION TO ELECTRICAL DEVICES 

PETER FOOT 
Appl led Chemistry, Kingston Polytechnic, London, 
Great Britain 
JOZEF SWIATEK and TERESA SZYMANSKA 
Physics Institute. Pedagogical University, 
ul.Armii Krajowej 13/15, 42-200 Czqstochowa, Poland 

- Abstract - .- Spectroscopic and conductivity measure- 
rents were made in order to find if holy(3-hex a- 
thiophene) can be used i n  electrical devices. 

INTRODUCTION 
The key advantage of the organics are their structural 
diversity. case of fabrication and potential low cost. 
The recent improvements in the proceusihi 1 ity C J f  conduc- 
ting polymers have multiplied their prospective uses.' 
Poly (3-hexathiophene) belongs to the poly t-hiophenes fa- 
mily (PT) which was the first class of polymers cherni- 
cally stable in air and in moisture in both their doped 
and undoped states. Its stability and good processibili-- 
ty suggested its application to electrical devices. 2 

EXPERIMENTAL WORK ON POLY(3-HEXATHIOPHENE) 
- Preparation the Polymer 
In order to polymer ize the 3HT monomer the ferric 
chloride method was used. 
UJ 3ectroscopy 
Ultraviolet spectroscopy was used to find the energy to 
promote electron from n-11 levels in P3IIT. IL was made 
on P3HT undoped solution. The exact stored data values 

were used Lo make the graph 

f i n d  E . The obtained value for E in undoped polylner 
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was 2.45eV. The r e l a t ionsh ip  [ [ )'a [ 
also, t h a t  the i n t e r  band absorption was a f u l l y  - a l l o -  
wed d i r e c t  (n-I7 1 t r a n s i t i o n .  
The same spectroscopic measurement was made on P3HT 
f i lm doped w i t h  I2 vapour. The spectrum fo r  t h e  doped 
f i lm  showed the exis tence of the th i rd  po1drori band 

( f i g . 2 ) .  Using the same method a s  fo r  P3HT so lu t ion  the 
E, for  doped film was found t o  be 2.06eV and the third 

polaron band E, was 1.36eV. UV spectroscopy r ~ e s i i 1 t . v  gave 
evidence f o r  pularons i n  the polymer cliain s t r u c t u r e ,  
caused by doping P3HT with Iz. 
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FIGURE 1. UV spectrum f o r  uiidoped P3HT s o l u t i u i i  
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FIGURE 2 .  UV spectrum f o r  P3HT f i lm doped w i t h  I 

The UV spectr-urn produced w a s  run  from UVIKON 940. 

-- FTIR Spectroscopy 
The spectrum of two samples of P3HT was measured u s i n g  
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Perkin-Elmer infrared spectrometer. Both samples were in 
a from of thin film cast on the silicon slice (silicon 
is transparent for infrared). One sample was doped with 
I2 for 7 hours and then 5 measurements were taken within 
2 weeks. The second sample was undoped. 
The infrared spectra were used to calculate the relative 
intensity of the first polaron band. For the u doped 
film the relative intensity was 5.57E-3. For the doped 
sample the relative intensity was quite stable for the 
first week and it was about 6.OE-2, then it decreased 
to 3.4E-2 and again was stable during the next week. 
Taking these results into consideration, the life-time 
for the sample doped with I2 is about one week, after 
this time its properties changes. As the Iz was removed, 
moving of the peak to lower energy was observed. 
This fact indicates that polaron band was closer- to the 
valence band. 

Conductivity Measurements 
The conductivity measurements were taken using the Van 
der Pauw method. The samples were in a from of thin 
film cast on glass slides. The conductivity of undoped 
P3HT was found to be 2.94E-5 sm-’. Then the sample was 
left i n  I2 vapour for one night. The conductivity of 
P3HT doped with Iz increased to 2.18 Srn-‘. 

4 

Hall Effect 
The trials were made to measure Hall effect using the 
undoped sample but the resistance was too high (about 
40 GO). After doping w i t h  I2 for one night the current 
could reach the value of lOmA and Hall mobility was 
measured. The obtained value for €Id11 mobility wdt: 

1.007E-3 m V  S and Hall coefficient was 0.4616E-3 
m”c-* . 
The sample was doped again, this time for  a few days. 
After that, the resistance increased rapidly. Probably, 
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it was too much doping which damaged the polymer 
structure. 
Both conductivity and Hall effect, measurements were made 
using the computer program. 

~n Junction 
Because the results for spectroscopy and conduct,ivity 
measurements were quite promissing, the pn junction was 
produced. It was made on a silicon slice. The silicon 
was covered with P3HT. then it was doped with I2 and 
gold dots were evaporated on the surface. pn junction 
shows a good I-V characteristics and using the curve 
fitting method (Fig.3) the values for the series resis- 
tance and built i n  potential were obtained. The series 
resistance for pn junction was 15695 Q and built in 
potential 92.626V. 
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FIGURE 3 .  Curve-f it the pn junction I-V characteristics 
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