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D Y M I C S  OF SbF5, IBr AND 12-SORPTION BY POLYACETYLENE 
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t l t  Hamburg, D-2000 Hamburg 13, Germany 

.. 
B a t t e l l e - I n s t i t u t ,  D-6000 F r a n k f u r t  90, Germany 3 

4 ~ 1  f .  Fes tko rpe r fo r schung ,  D-7000 S t u t t g a r t  80, Germany 

A b s t r a c t  The k i n e t i c s  of  p o l y a c e t y l e n e  doping by SbF5, IBr 
and I2 was s t u d i e d  by real  t i m e  n e u t r o n  d i f f r a c t o m e t r y .  
F i c k i a n  behav iour  was observed f o r  SbF and I B K .  The dev ia -  
t i o n  from a F ick ian  behav iour  obse rved  f o r  t h e  doping w i t h  
gaseous I2 i s  exp la ined  by a nuc lea t ion /g rowth  p r o c e s s .  

5 

INTRODUCTION 

In t h i s  n o t e  we p r e s e n t  d a t a  on t h e  doping k i n e t i c s  of po lyace ty -  
l e n e  by gaseous SbF5, IBr and I . The experiments  were performed 
by r e a l  t ime d i f f r a c t o m e t r y  whic8i p robes  t h e  change i n  long r ange  
o r d e r  of t h e  f i b r i l s . '  S t r u c t u r a l  t r a n s f o r m a t i o n s  have been v e r i -  
f i e d  f o r  t h e  dopan t s  ment ioned. '  I n  view of t h e  s low b u l k  dop ing  
p r o c e s s e s ,  neu t ron  d i f f r a c t o m e t r y  w i t h  a temporal  r e s o l u t i o n  ( t  
o f  300 s cou ld  be used.  A methodic  advantage of t h i s  t e c h n i q i e  
ove r  X-ray d i f f r a c t i o n  i s  t h a t  t h e  change i n  t r a n s m i s s i o n  upon 
doping can be  n e g l e c t e d  i n  f i r s t  o r d e r . '  

EXPERIMENTAL 

F o i l s  o f  d e u t e r a t e d  p o l y a c e t y l e n e  (D-PA) were grown a c c o r d i n g  t o  
t h e  Shirakawa t echn ique  on t h e  s o l u t i o n  c o n t a i n i n g  t h e  c a t a l y s t  . 3  

E l e c t r o n  microscopy of  t h e  - 150 pm t h i c k  f o i l s  shows t h a t  - 90 % 
o f  a f o i l  i s  made up of 200-500 d t h i c k  f i b r i l s  and t h a t  a 
f u r t h e r  f r a c t i o n  o f  up t o  3000 d t h i c k  f i b r i l s  e x i s t s .  A l l  
dopan t s  were d i s t i l l e d  and t h e  polymer was handled u s u a l l y  unde r  
i n e r t  g a s .  A f t e r  pumping t o  10-6mbar t h e  f o i l s  were exposed a t  
r . t .  t o  a c o n s t a n t  dopant  p r e s s u r e .  D i f f r a c t i o n  p a t t e r n s  were 
recorded u s i n g  t h e  D I B  p o s i t i o n  s e n s i t i v e  d e t e c t o r  a t  t h e  I .L.L.  
Grenoble .  I n  one c a s e  ( t r a n s  D-PA/I ) t h e  polymer f o i l s  were 
exposed t o  a i r  p r i o r  t o  doping.  

2' 
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c.  RIEKEL cr d. 

FIGURE la  Development of FIGURE Ib Development o f  
t h e  l a t t i c e  degree o f  re- upon doping cis- and t r a n s  D-PA 
a c t i o n  a upon doping c i s  a t  two d i f f e r e n t  IBr-pressures .  
D-PA by SbF5.(--- theory  (--- theory ;  - guide  l i n e  t o  
( see  t e x t ) ;  - guide  l i n e  t h e  e y e ) .  Every 5 d a t a  p o i n t s  
t o  the  eye) .  averaged. 

FIGURE Ic Development of 
upon doping cis- and t r a n s  D-PA 
by 12. (-- guide  line-150 $he 
“27;--- t h e o r y  D=1.5’10 c m  
s ) P = 0.27 mbar 

RESULTS AND DISCUSSION 

The v a r i a t i o n  of  t h e  l a t t i c e  
degree o f  r e a c t i o n  a d e r i v e d  
from t h e  201 ( c i s  D-PA) and 120 
( t r a n s  D-PA) r e f l e c t i o n s  upon 
d ~ p i n g ‘ ’ ~  i s  shown i n  F igs .  l a ,  
b ,  c .  I n  a l l  cases  b u t  t h e  sys- 
tem t r a n s  D-PA/12, t h e  react ion 
s ta r t s  wi th  t h e  exposure to  t h e  
gas .  The d i f f e r e n t  behaviour  of  
t h e  l a t t e r  system may be due t o  

b a r r i e r  of ox id ized  

The s o r p t i o n  of  SbF and I B r  can be  analyzed i n  terms of  a 
d i f f u s i o n  i n t o  a f o i l  o f  t h i c k n e s s  d. A macroscopic c o e f f i c i e n t  
of d i f f u s i o n  -D- can be c a l c u l a t e d  accord ing  t o :  6 

2k+I 2 8 I -(-TI D ’ t  a =  1 - -  d 2 m)Le 
71 k=O 

where t i s  t h e  time. The c a l c u l a t e d  a - v a l u e s  (dashed l i n e s  i n  
F i g s .  l a ,  b )  suggest  t h a t  t h e  d a t a  on t h e  s o r p t i o n  of  SbF5 a t  4.2 
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DYNAMICS OF SbFs, 1Br AND Ip5ORPTTON OF POLYACETYLENE 101 

mbar (D=1*10’9cm2s-’), IBr at 9 . 6  mbar pressure (D=3* 10-9cm2s-’) 
and at 1.3 mbar (D=0.22~IO-9cm2s-’) are quite well described by 
this theory. Note that these values are rather similar to those 
derived by macroscopic  method^^'^ which, for example in the case 
of SbF , were determined from the temporal variation of the dopant 
concenzration across the foil. This suggests that the rate deter- 
mining step in the breakdown of the polymer lattice is the inter- 
fibrillar diffusion. 

The sorption of  I differs, however, from a Fickian behaviour 
(Fig. Ic). The rate dezermining step in the breakdown of the poly- 
mer lattice is therefore no longer the interfibrillar diffusion 
We find that the data are well described by the Avrami equation 
which provides an empirical description of bulk transformations 
involving nucleation and growth processes (Eq. 2, Fig. 2) .This 
suggests that the kinetics is dominated by the structural con- 
version of the fibrils. 

6 

-k‘ tn a= I - e  

FIGURE 2 Avra- 
mi plot of the 
lattice degree 
of reaction upon 
doping cis- and 
trans D-PA by 
12. The solid 
lines correspond 
to 371, k=0.0035 
min and Lk = 
0.0016 min- (Eq. 
2) .  The trans 
D-PA data have 
been corrected 
by 80 nin. (see 
text). 
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102 C. RIEKEL d d. 

k is  a cons tan t  and n depends on t h e  shape of  t h e  growing n u c l e i .  
An analoguous approach has  a l s o  been used f o r  i n t e r c a l a t i o n  reac-  
t i o n ~ . ~  I n  t h e  c a s e  of  c i s  D-PA we d e r i v e  k=0.0035 min-’ and n=l  
which i s  expected f o r  t h e  athermal  n u c l e a t i o n  and growth of rods 
normal t o  t h e  rod a x i s .  This  agrees  t o  t h e  f i b r i l l a r  morphology 
of PA which is r e t a i n e d  upon doping. 

In  t h e  c a s e  of  t r a n s  D-PA, w e  assume t h a t  t h e  r e a c t i o n  
starts a t  t=80 min due t o  t h e  presence  of  a s u r f a c e  b a r r i e r .  The 
d a t a  p o i n t s  c o r r e c t e d  f o r  t h i s  v a l u e  a g r e e  r a t h e r  w e l l  t o  n=I.Trans 
D-PA (k-0.0016 min-I)  appears  to r e a c t  s lower wi th  I than c i s  2 D-PA. A s u r f a c e  b a r r i e r  may a l s o  e x p l a i n  t h e  slow onse t  of  t h e  
r e a c t i o n  found by o t h e r  

Systematic  d i f f e r e n c e s  between theory  and experiment e x i s t  
a t  longer  r e a c t i o n  times. Whether t h i s  i s  due t o  t h e  theory  o r  
due t o  t h e  inhomogeneous morphology cannot be  s a i d  a t  p r e s e n t .  

Note t h a t  a f u r t h e r ,  more r a p i d  s t r u c t u r a l  p rocess  has  been 
observed by synchrotron r a d i a t i o n  d i f f r a c t i o n .  A s  t h e  time s c a l e  
of t h i s  process  i s  comparable t o  t h e  i n c r e a s e  i n  c o n d u c t i v i t y 5  ” 
we t e n t a t i v e l y  assume t h a t  t h e  more a c c e s s i b l e  s u r f a c e  l a y e r s  a r e  
i n i t i a l l y  doped. 

1 0  
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