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TRANSFORMATION, ISOMERIZATION AND DOPING O F  POLYACETYLENE 
PRECURSOR POLYMER 

PETER FOOT, PAUL CALVERT, MARTIN WARE and NORMAN BILLINGHAM. 
School o f  Chemistry and Molecular Sc iences ,  U n i v e r s i t y  o f  
Sussex,  Brighton,  BN1 SQJ, England. 
and DAVID BGTT. 
BP Research Cent re ,  Sunbury-on-Thames, Middx. TW16 7LN,  
England. 

A b s t r a c t  Polyace ty lene ,  produced d i r e c t l y  from a c e t y l e n e  i s  
a h igh  s u r f a c e  a r e a  aggrega te  of  s m a l l  p a r t i c l e s  or f i b r i l s ,  
s o  t h a t  t h e  measurement of t r a n s p o r t  p r o p e r t i e s  i s  d i f f i c u l t .  
We d e s c r i b e  s t u d i e s  of  po lyace ty lene  produced as  a dense ,  
uniform f i l m  from a p r o c e s s a b l e  p r e c u r s o r  and show how w e  can 
o b t a i n  d i f f u s i o n  c o e f f i c i e n t s  f o r  s m a l l  s p e c i e s  i n  poly-  
a c e t y l e n e  . 

INTRODUCTION 

A major problem i n  t h e  s tudy  and a p p l i c a t i o n  o f  conduct ing polymers 
i s  t h a t  they become p r o g r e s s i v e l y  i n f u s i b l e  and i n s o l u b l e  as t h e y  
become conduct ing.  T h i s  h i n d e r s  e f f o r t s  t o  produce t h e  materials 
as f i b r e s  o r  f i l m s  and makes c h a r a c t e r i s a t i o n  d i f f i c u l t .  F e a s t  e t  
a l l  have d e s c r i b e d  s o l u b l e  p r e c u r s o r  polymers, which can r e a d i l y  
b e  s o l v e n t - c a s t  i n t o  f i l m s  o r  f i b r e s  and then conver ted  i n t o  poly-  
a c e t y l e n e  by h e a t i n g .  T h i s  p o l y a c e t y l e n e  d i f f e r s  from t h e  p r o d u c t  
o f  convent iona l ,  d i r e c t  po lymer iza t ion  of  a c e t y l e n e  i n  t h a t  i t  i s  
amorphous as normally prepared ,  a l though c r y s t a l l i n i t y  can be 
induced by suitable t rea tments .  

The conversion o f  p r e c u r s o r  t o  polyace ty lene  i n v o l v e s  t h r e e  
s t a g e s  as r e v e a l e d  by DSC a n a l y s i s  ( F i g  1 ) .  The i n i t i a l  e l imin-  
a t i o n  of aromatic u n i t s  from t h e  polymer ( t r a n s f o r m a t i o n ) ,  evap- 
o r a t i o n  of  t h e  v o l a t i l e  product  from t h e  polymer and,  f i n a l l y ,  
i s o m e r i s a t i o n  o f  t h e  i n i t i a l ,  l a r g e l y  cis, polyene t o  t h e  a l l - t r a n s  
isomer. By c a r e f u l ,  slow, h e a t i n g  t h e  t r a n s f o r m a t i o n  can be t a k e n  
t o  completion wi thout  a l lowing  i s o m e r i s a t i o n ,  which can t h e n  be  
s t u d i e d  i n  i s o l a t i o n .  
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FIGURE 1 DSC t r ace  f o r  heating of a typ ica l  precursor 
polymer. The three  separa te  processes i n t o  which the t r ace  
can be resolved are  indicated.  

I n  t h i s  paper we describe s tud ie s  on the  pro to typica l  polymer 
of t h i s  type,  poly(5,6-bis(trifluoromethyl) -bicyclo(2,2,2)octa-5,7- 
diene-2,3-diyl) -1 I 2-ethenediyl) I which converts t o  polyacetylene by 
elimination of perfluoromethylxylene. We have s tudied  its con- 
version i n t o  polyacetylene , the  isomerisation of the  product t o  
amorphous trans-polyacetylene and the d i f fus ion  of dopants within 
the  material .  

THE TRANSFORMATION REACTION 

The precursor polymer w a s  prepared by the  method of Feast  e t  a l l .  
The number-average molecular weight of the  polymer, estimated by 
GPC, corresponded t o  a polyene chain of about 7500 acetylene un i t s .  
The transformation reac t ion  was followed by observing the  weight 
loss of fi lms heated i n  vacuo and t h i n  enough (<5vm) t h a t  xylene 
diffusion was not r a t e  l imi t ing .  The weight change was measured 
e i t h e r  by using a quar tz  spring balance o r  by observing the  change 
i n  the  resonance frequency of a quar tz  o s c i l l a t o r  c r y s t a l  coated 
w i t h  a t h i n  polymer fi lm. 
order k ine t i c s  up t o  a t  l e a s t  90% conversion, with an ac t iva t ion  
energy of 99kJ/mol. 
y s i s  of the DSC r e s u l t s ,  which give f i r s t  order k i n e t i c s  and an 
ac t iva t ion  energy of 95kJ/mol. 

content of the polymer could be reduced t o  l e s s  than 1.5%, a s  
determined by i r  measurements of t he  very in tense  C-F s t r e t ch ing  
v ibra t ions  a t  around 1 3 0 0 ~ m - ~ .  

W e  f i nd  t h a t  the reac t ion  has f i r s t  

This i s  i n  good agreement with k i n e t i c  anal- 

After transformation i n  t h i n  f i l m s  t he  r e s idua l  fluoroxylene 
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PRECURSOR POLYACETYLENE 49 

THE ISOMERIZATION REACTION 

The polymer isa t ion  c a t a l y s t  which w e  use g i v e s  a p r e c u r s o r  polymer 
which has  e q u a l  numbers of  c i s  and t r a n s  double bonds. The e l imin-  
a t i o n  r e a c t i o n  i s  always c is ,  so t h a t  t ransformat ion  a t  t e m p e r a t w e s  
low enough t o  prevent  i s o m e r i s a t i o n  should g ive  a polyene wi th  75% 
cis and 25% t r a n s  double bonds. T h i s  h a s  been confirmed by i r  
spec t roscopy,  us ing  t h e  t r a n s  v i b r a t i o n  a t  1000cm-l and the c i s  
v i b r a t i o n  a t  740cm-1 and a r e l a t i v e  molar a b s o r p t i o n  c o e f f i c i e n t  of  
1.5.  On warming, i s o m e r i s a t i o n  t o  a l l  t r a n s  polyace ty lene  occurs  
and can be  monitored by i r .  We f i n d  tha t  a t  tempera tures  of  50 and 
6OoC t h e  r e a c t i o n  i s  f i r s t - o r d e r  down t o  a t  l eas t  2% c i s  c o n t e n t .  
A t  h i g h e r  temperatures  t h e  r e a c t i o n  becomes second o r d e r  a t  l e a s t  
down t o  a r e s i d u a l  c i s  c o n t e n t  of  25%, w i t h  an a c t i v a t i o n  energy o f  
125kJ/mol. Analys is  of t h e  DSC d a t a  s i m i l a r l y  gave a r e a c t i o n  
o r d e r  of  1.8, wi th  an a c t i v a t i o n  energy of 140kJ/mol and a h e a t  of 
r e a c t i o n  o f  10kJ/(mol c i s ) .  A f t e r  long  i s o m e r i s a t i o n  t i m e s  t h e r e  
were no d e t e c t a b l e  c is  u n i t s  i n  t h e  polymer. For  t h e s e  measure- 
ments a i r  w a s  r i g o r o u s l y  excluded from t h e  ir cell.  I n  t h e  
presence  o f  5 0 t o r r  o f  dry  a i r  t h e  low tempera ture  r a t e s  were 
s i g n i f i c a n t l y  h i g h e r ,  as shown i n  F igure  2 ,  which a lso com ares our  

convent iona l  p o l y a c e t y l e n e .  
r e s u l t s  with those  o f  Shirakawa e t  a12 and of Gibson e t  a1 I; , f o r  

ISOMERISATION T I M E  (75*50% CIS) 
l o4 -  Shirakawa PA:x ref.2;. r e f . 3  

"Durham" PA:o in V ~ C U O ; .  +50 T o r r  a i r  in 
W 

FIGURE 2 Comparison of t i m e s  f o r  i s o m e r i s a t i o n  from 75 t o  
50% c i s  c o n t e n t  f o r  p o l y a c e t y l e n e s  of d i f f e r e n t  o r i g i n .  

S ince  Gibson e t  a1 found complex r e a c t i o n  k i n e t i c s  and 
Shirakawa e t  a1 found a temperature-dependent a c t i v a t i o n  energy ,  w e  
have d i r e c t l y  compared t i m e s  f o r  conversion from 75% t o  50% cis.  
W e  f i n d  t h a t  polymer formed by t h e  p r e c u r s o r  r o u t e  i somer ises  about  
6 times f a s t e r  than convent iona l  material .  T h i s  may be  due t o  t h e  
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50 P. FOOT. et al. 

amorphous nature of the polymer produced from precursor or  t o  a 
higher concentration of chain defects.  

DIFFUSION PROCESSES 

Many transport  measurements made on conventional polyacetylene a re  
dubious because of the complex morphology. I n  contrast  precursor 
polyacetylene yields  uniformly dense materials whose propert ies  can 
eas i ly  be determined. We have made electrochemical measurements of 
the diffusion of dopant ions using the galvanostatic pulse method 
of Winn e t  a14. 

The cell  consisted of a polyacetylene electrode,  coated on a 
nickel mesh and immersed i n  a solut ion of lithium perchlorate i n  
propylene carbonate. The counter electrode was lithium. I n i t i a l l y  
the polymer was doped t o  about 0.4% L i +  and allowed t o  equi l ibrate  
for  48 h r .  A small pulse of current w a s  then applied t o  enhance or  
deplete the concentration of L i +  a t  the polymer surface.  
of the electrode, measured against  a reference electrode, was then 
monitored as  diffusion caused equi l ibrat ion of the surface with the 
bulk polymer. We were then able t o  determine the diffusion co- 
e f f i c i e n t  for  L i +  from the slope of the l inea r  p l o t s  of EMF against  
( t i m e )  5.  
was determined using a c e l l  with a platinum anode and polyacet lene 
cathode. 
cm2s-' and (1.3 f O . i ) ~ l O - ~ ~ m ~ s - ~  for  Li' and C104- respectively. 
These r e su l t s  contrast  w i t h  estimates by other  workers of the order 
of 10-17m2s-1 f o r  diffusion i n t o  f i b r i l l a r  polyacetylene. 

The EMF 

Similarly the diffusion coeff ic ient  of perchlorate ions 

We obtain diffusion coeff ic ients  of (2.5 ? 0.5)xlO- 13 
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