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RAGIATION EFFECT IN CONDUCTING POLYMERS 

KATSUMI YOSHINO, SHIGENORI HAYASIJI, KEI ICHI  KANETO, 
" J I R O  OKUBE, *TOMOYOSHI MORIYA, **TOMOCHIKA MATSUYAMA and  
'S+*HITOSHI YAMAOKA 
F a c u l t y  of E n g i n e e r i n g ,  Osaka U n i v e r s i t y ,  S u i t a ,  Osaka,  J a p a n  
%urnitorno Electric I n c . ,  Kumatori ,  Sennan,  Osaka,  J a p a n  
"+$Reactor I n s t i t u t e ,  Kyoto U n i v e r s i t y ,  Kumatori ,  Sennan,  Osaka 

A b s t r a c t  By t h e  i r r a d i a t i o n  on c o n d u c t i n g  polymers  unde r  
t h e  c o e x i s t e n c e  of v a r i o u s  s u b s t a n c e  l i k e  SF6 and f r e o n ,  
e lec t r ica l  c o n d u c t i v i t y  i n c r e a s e s  by many o r d e r s  of magn i tude ,  
o p t i c a l  a b s o r p t i o n  spec t rum changes  d r a s t i c a l l y  and a l s o  
ESR l i n e w i d t h  d e c r e a s e s  r emarkab ly ,  which c a n  be  e x p l a i n e d  
by r a d i a t i o n  induced dop ing .  

IN TR 0 D U CTIO N 

We have already reported radiat ion e f f e c t s  on conduct ing  polymer^.^'^'^ 
Conducting poly m ers are genernlly res is t ive t o  radiation. H o w  eve r ,  

r emarkab le  increase of conduct ivi ty  is found by t h e  i r radiat ion on 

conducting polymers  under t h e  c o e ~ t e n c e  of SF6 which is n o t  

e f f e c t i v e  as dopant  by itself. In this paper,  we w i l l  m a i n l y  discuss  

on th i s  e f f e c t ,  

EX PE RIP1 EN T A L 

Polyacetylene and polythiophene were prepared by m e thods  a l r eady  

r e p ~ r t e d . ~ "  A s  radiat ion source,  1.8 M e V  e l ec t ron  beam and y-ray 

from 6oCo source  were used. Details of  expe r imen ta l  methods were 

already reported.  1,293 

RESULTS and DISCUSSION 

Figure 1 ind ica t e s  t h e  in s i t u  measurement  of electrical conduct ivi ty  

of polythiophene under t h e  i r radiat ion of y -ray. A t  first, conduct ivi ty  

sl ightly inc reases  and then  dec reases  again a t  higher dose of irradi-  
255 
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Fig.1 I r r a d i a t i o n  of y-ray on 
polythiophene i n  vacuum 

F k - 2  I r r a d i a t i o n  of Y-ray on 

6 poly th iophene  under  SF 

ation. 

polymers by electron beam and Y-ray irradiations. 

Similar e f fec ts  are also observed in ( C H ) x  and o ther  conducting 

Irradiation e f fec t  of Y-ray and electron beam under t h e  existence 

of SF is much more remarkable as shown in Fig.2. Though SF6 is 
not effect ive t o  enhance t h e  electrical conductivity of conducting 

polymers by itself. Similar enhancement of conductivity w a s  also 

observed by t h e  irradiation under t h e  coexistence of other  substances, 

f o r  example, freon gas. 

6 

SF6 doping into 
c 

by Y ray 

(a) pristine - (b) 5.6 Mrad 
(c) 14 Mrad 

- 

1 I I I I I 1 

0 1 2 3 
energy (eV) 

Fig.3 Absorpt ion s p e c t r a  of poly th iophene  i r r a d i a t e d  
with v a r i o u s  dosages of y-ray under  SF g a s  6 
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RADIATION EFFECT IN CONDUCTING POLYMERS 251 

Figure 3 ind ica t e s  t h e  change of absorption s p e c t r a  of polythio- 

phene by t h e  i r radiat ion of y -ray ( c ) .  The c u r v e  (d) i n  this 

spectrum corresponds to  t h e  e l ec t rochemica l  doping of 15% ( fo r  

example  of BF4). The weight up-take was also confirmed a f t e r  t h e  

i r radiat ion under  coexis tence of  SF6. 

ESR spectrum of non-doped polythiophene does  n o t  change  even  

by higher dose of i r radiat ion (-150 Mrad), indicat ing t h a t  t h e  conduc- 

t ing polymer is qu i t e  res is t ive t o  i r radiat ion.  On t h e  o t h e r  hand, by 

i r radiat ion under SF6 gas, it changes  remarkably as ind ica t ed  i n  Fig.4 

and also summarized i n  Fig.5. B y  t h e  i r radiat ion,  narrowing of ESR 

line width and t h e  peak shift occure.  The ESR s p e c t r a l  change  by 

y -ray irradiat ion of 90 Mrad nearly c o n i n d d e s  with t h e  electrocherii ic- 

al doping of around 2 %  of BFb. These results c a n  be explained 

0 Mrad 
AHpp= 9G 

15 Mrad 

H =1.2G 

90 Mrad 

l A H p p = 0 . 5 7 5 G  Fig .5  

Fig.4 Change of ESR s p e c t r u m  
by Y-ray i r r a d i a t i o n  
unde r  SF6 gas 

Dose (Mrad) 

Dependence of ESR l i n e  
w i d t h  and i n t e n s i t y  
on  d o s e  ( Y-ray 
i r r a d i a t i o n  i n  SF6) 
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Fig.6 Spectral change of polythiophene 
by ion  implantation 

Energy (KeV) 
Fig.7 X-ray fluorescence 

analysis of (CH)x 
irradiated i n  SF6 
by Y-ray 

i n  terms of t h e  radiat ion induced doping. However, it is s t i l l  n o t  

clear, whether SF6 i tself  or some decomposed f r a g m e n t s  are doped. 

A s  i nd ica t ed  i n  Fig.6, t h e  absorption spectrum of t h e  sample  

imp lan ta t ed  by F ion  with t h e  acce le ra t ion  vol tage of 10-40 kV 

shows some evidence of degradat ion,  though s l igh t  doping also 

seems t o  proceed. Therefore ,  the doped sp iece  by radiat ion doping 

seems n o t  t o  be  only F i o n  from decomposition of  SF6. 
Figure 7 i nd ica t e s  t h e  X-ray f luo rescence  s p e c t r a  obtained 

from ( C H ) x  i r r ad ia t ed  under  SF6. It is clear that S atom is also 

included in t h e  polymer. Therefore ,  the dopan t  sp i eces  should have  

s t r u c t u r e  of SFn (n=1-6). 

REFER EN CES 

1. K .  Yoshino, S. Hayashi and Y. Inuishi, Jpn. J. Appl. Phys, & L569 

2. K .  Yoshino, S. Hayashi, G. Ishi i  and Y. Inuishi, Solid S t a t e  Coliiaiun, 

3. K .  Yoshino, S. Hayashi, G. lshii and Y.  Inuishi, Jpn. J. Appl. Phys. 

4 .  H .  Shirakawa, T, It0 and S. Ikeda, Poly. J,. k460 (1973). 
5 .  I(. Kaneto, K .  Yoshin0 and Y. Inuishi, Jpn. J. AppL Phys. 21, L567 

(1982). 

305 (1983). 

a L375 (1983). 

(1982). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
08

 2
0 

Fe
br

ua
ry

 2
01

3 


