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SORPTION MECHANISM OF IODINE IN POLYACETYLEHE 

SHOW-AN CHEN and WU-CHUNG CHAN 
Chem. Engr. Dept., National Tsing-Hua Univ. 
Hsinchu, Taiwan 300, R.O.C. 

Abstract Simultaneous measurements of weight uptake and 

conductivity variation with time for cis- and trans-rich 
polyacetylene (PA) during sorption and desorption of iodine 
indicate a pore diffusion characteristic. 
stage, sorption occurs on the fibrilar surface. In the later 
stage, diffusion of iodine into the interior of the fibrils 

is appreciable for cis-rich PA and insignificant for trans- 
rich ? A .  

In the earlier 

1 IJTRODIJCTION 
For iodine vapor doping in PA, Kiess et a1  ( l ) ,  Benoit et a1 (2) 
and Danno et a1 ( 3 )  measured weight uptake vs time and gave 
diffusion coefficients of 10 , 10 and 10 cm /sec respectively. 
Xone of them pointed out the pore diffusion characteristic of the 

iodine vapor sorption despite the fibrilar structure of the PA . 
This work reports experimental results on weight uptake and 

-14 -7 -9 2 

conductivity variation during sorption and desorption of iodine, 
which reflect the pore diffusion characteristic. 

EXPERIMENTAL 
PA films were prepared using the Shirakawa technique , 
Characterization of these films are given in the previous paper 
( 4 ) .  The PA produced without treatment contains 90% cis. The 

trans-PA (90% trans) was obtained by heating in argon. 
Simultaneous measurements of weight uptake using a quartz 
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s p r i n a  and c o n d u c t i v i t y  u s i n g  a two p robe  method are made 

i n  a 

t e m p e r a t u r e  o f  t h e  sample cells. 

vacuum l i n e  which a l l o w s  c o n t r o l s  o f  i o d i n e  vapor  p r e s s u r e  and 

-- RESULTS AND DISCUSSION 

F i z s .  1 and 2 f o r  c i s - r i c h  PA and F i g . 3  f o r  t r a n s - r i c h  PA show 

v a r i a t i o n s  o f  r educed  we igh t  u p t a k e  M /M, and c o n d u c t i v i t y  w i t h  

time d u r i n g  s o r p t i o n  and d e s o r p t i o n  o f  i o d i n e  a t  50 C under  i o d i n e  

vapor  p r e s s u r e s  o f  2.54, 0.201 and 2.54 to r r  r e s p e c t i v e l y .  For  

c i s - r i c h  PA, we igh t  u p t a k e  and c o n d u c t i v i t y  i n c r e a s e  r a p i d l y  d u r i n g  

t h e  i n i t i a l  s t a g e .  During t h e  l a te r  s t a g e ,  we igh t  u p t a k e  i n c r e a s e s  

s l o w l y  and c o n d u c t i v i t y  d e c r e a s e s  f rom t h e  maximum by 6-13 f o l d s  

a f t e r  one day ,  During d e s o r p t i o n ,  f o r  t h e  case o f  h i g h e r  i o d i n e  

vapor  p r e s s u r e  i n  F i g .  1, b o t h  we igh t  u p t a k e  and c o n d u c t i v i t y  

i n c r e a s e  i n  t h e  f i r s t  16 min and t h e n  d r o p  s lowly;  and f o r  t h e  case 

of  lower i o d i n e  vapor  p r e s s u r e  i n  F i g .  2 ,  bo th  d e c r e a s e  s lowly from 

t h e  b e g i n i n e .  

way as  t h a t  o f  c i s - r i c h  PA, h t  c o n d u c t i v i t y  i n c r e a s e s  f i r s t  and 

t h e n  r ema ins  unchange. 

t 0 

For  t r a n s - r i c h  ? A ,  weigh t  u p t a k e  v a r i e s  i n  t h e  same 

The r a p i d  i n c r e a s e  i n  w e i z h t  u p t a k e  and c o n d u c t i v i t y  t o g e t h e r  

w i t h  t h 2  f i b r i l a r  s t r u c t u r e  o f  t h e  PA would i n d i c a t e  a po re  

d i f f u s i o n  t y p e  s o r p t i o n ,  by which a d s o r p t i o n  o f  i o d i n e  i s  on t h e  

f i b r i l a r  s u r f a c e  d u r i n g  t h e  i n i t i a l  s t a g e .  

u p t a k e  d u r i n g  i n i t i a l  s t a g e  o f  d e s o r p t i o n  a l s o  s u p p o r t s  t h i s  p o r e  

d i f f u s i o n  mechanism. For  h i g h  i o d i n e  vapore  p r e s s u r e ,  t h e r e  a rp  

a p p r e c i a b l e  amount o f  i o d i n e  suspended i n  t h e  p o r e s  o f  PA. T h i s  

i o d i n e  can condense  on t h e  PA f i h r i l a r  s u r f a c e  d u r i n g  t h ?  i n i t i a l  

s t a g e  of  d e s o r p t i o n .  

The i n c r e a s e  i n  v e i z h t  

Another e v i d e n t  f o r  t h e  p o r e  d i f f u s i o n  mechanism i s  g i v e n  

below. For  c i s - r i c h  PA a f z e r  p r e s s i n g  unde r  a p r e s s u r e  o f  4x10 

p s i ,  i ts s u r f a c e  area r e d u c e s  from 62 cm /g t o  31 cm /s and t h e  
d i f f u s i o n  c o o f f i c i e n t  o f  t h e  ear l ier  s t a g e  s o r p t i o n  r e d u c e s  from 

6 . 1 9 ~ 1 0  t o  1 . 4 1 ~ 1 0  cm /sec a t  50 C and 2.54 t o r r  as c a l c u l a t e d  

u s i n g  t h e  F i c k ' s  law. 
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The drops of conductivity of cis-rich PA during later stage 
in Figs. 1 and 2 are attributed to that appreciable iodine diffuses 
into the interior of the fibril is in molecular state, inparting a 

resistance to conductivity. For the case of trans-rich ?A,  the 
conductivity remain unchanged. 

Yacked structure, which is more difficult for iodine to diffuse in. 

This is attributed to its more densely 
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Fig. 1. Cis-rich PA, weight uptake and conductivity v s  square 
root of time during sorption and desorption of iodine at 50 C 
and 2.54 torr of iodine. 
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120 S-A. CHEN AND W-C. CHAN 

Fig. 2. Cis-r ich PA, weight uptake and c o n d u c t i v i t y  vs square  
r o o t  of time dur ing  s o r p t i o n  and d e s o r p t i o n  of i o d i n e  a t  5OoC 
and 0.201 t o r r  of i o d i n e ,  

-0JO 
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- 0.74 

Fig. 3. Trans-r ich PA, weight uptake and c o n d u c t i v i t y  v s  
square  r o o t  
2 .54  t o r r  of i o d i n e .  

of time dur ing  s o r p t i o n  of i o d i n e  a t  5OoC and 
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