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CONNECTION BETWEEN PURITY AND MORPHOLOGY OF 
POLYACETYLENE 

J. DAVENAg’, XL. XU1 M. MAITROT2, B. FRANCOIS3 
C. MATHIS , JJ. ANDRi3 
1. Dhpartement de Physique des Materiaux 
43 Bd du 11 Novembre, 69622 Villeurbanne, France 
2. Laboratoire de Physique Electronique 
43 Bd du 11 Novembre, 69622 Villeurbanne, France 
3. Centre de Recherche sur les Macromol6cules 
6 rue Boussingault, 67083 Strasbourg, France 

Abstract Rutherford Backscattering Spectroscopy, 
which has been used for the analysis of residual 
impurities in polyacetylene films polymerized with 
a Ziegler Natta catalyst, revealed A1 and Ti traces 
concentrated near one surface of the film. The pre- 
sence of oxygen indicated a partial sample oxidation. 
The inhomogeneity of the impurities distribution was 
interpreted by the formation of a high density layer 
in the initial stage of the polymerization, which 
acts as a barrier for the penetration of washing 
solvents. 

INTRODUCTION 

The properties of polyacetylene films are strongly depen- 
dent on the presence of doping impurities. It has in par- 
ticular been shown that the conductivity could be varied 
over more than ten orders of magnitude by doping with 
donors or acceptors. However polyacetylene is known to 
exhibit a great sensitivity to undesirable doping, in 
particular by the oxygen of the air .  The determination 
of intrinsic polyacetylene properties requires then an 
accurate control of polymerization conditions in order 
to avoid undesirable m urities. In parallel to this stu- 
dy some recent papers’” have shown that the morphology 
of polyacetylene films was strongly dependent on the 
polymerization conditions. Our aim was to study more in 
details the apparent relation between morphology and 
purity of polyacetylene. 
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88 1. DAVENAS d al. 

POLYMERIZATION PROCEDURE 

Polyacetylene f i l m s  have been syn th  t ' z e d  by the CRM 
Group by the  usual  Shirakawa method'". Z i e g l e r  Natta 
type c a t a l y s t  w a s  used by a s o l u t i o n  o f  Ti(C4HgO)q and 
Al(C2H5)3 i n  to luene ,  with the  r a t i o  A l / T i  = 4. The pro- 
duct ion o f a f i l m  requ i r ed  s e v e r a l  success ive  ope ra t ions  
performed i n  an i n e r t  atmosphere, o r  i n  high vacuum: 
- prepa ra t ion  of t he  c a t a l y t i c  s o l u t i o n  
- i n t roduc t ion  of p u r i f i e d  ace ty l ene  i n  the  r e a c t i o n  
v e s s e l  lowered t o  l i q u i d  n i t r o g e n  temperature 
- growth of  t he  f i l m  a t  t h e  s u r f a c e  of t h e  l i q u i d  c a t a l y s t  
- p u r i f i c a t i o n  of t h e  f i l m  washed s e v e r a l  t imes with 
toluene and dr ied  under vacuum 

which has  been i n  con tac t  w i th  t h e  c a t a l y s t  s o l u t i o n  
appears d u l l  grey,  whereas the  upper s u r f a c e  is  b r i g h t  
and s i l v e r y  co lo red ,  what i s  e x a c t l y  t h e  oppos i t e  o f  t he  
behavior obs rved when a f i l m  i s  s y n t h e t i z e d  on the  w a l l s  
of  a r e a c t o r  . This dissymetry i n  t h e  a s p e c t  of t he  two 
opposi te  s u r f a c e s  should be a t t r i b u t e d  t o  a d i f f e r e n c e  
of  the f i l m  morphology. I n  p a r t i c u l a r  t he  d u l l  su r f ace  
becomes b r i g h t e r  when the  f i l m  is rubbed, which is  proba- 
b l y  due t o  the  f l a t t e n i n g  o f  the f i b r i l s  merging from t h e  
su r face .  

been summarized i n  t a b l e  1. Traces a n a l y s i s  have been 
done by flame spectroscopy. However t h i s  technique i s  
macroscopic and g i v e s  only a mean va lue  of  impuri ty  con- 
c e n t r a t i o n .  Rutherford Backsca t t e r ing  Spectroscopy has  
been used i n  o r d e r  t o  determine the  p r o f i l e  o f  i m p u r i t i e s  
concen t r a t ion  i n  the v i c i n i t y  of  t he  two s u r f a c e s .  

A f t e r  removal from the  r e a c t o r ,  t h e  s i d e  of t h e  f i l m  

E 

Main parameters c o n t r o l l i n g  the  polymerizat ion have 

TABLE I Polymerization cond i t ions  

I m p u r i t i e s  con ten t :  RBS 
T i / C  A l / C  T i / C  A l / C  Pol .  time Density Monomer 

p re s su re  

80cm Hg 30' 0.5g/cm3 0.7 1.7 0.06 0.6 % 
b r i g h t  d u l l  s i d e  

DETERMINATION BY RBS OF IMPURITIES DEPTH DISTRIBUTION 

The su r face  o f  t he  analysed sample i s  s t r u c k  by an i n c i -  
dent  beam o f  2 MeVU p a r t i c l e s .  A s o l i d  s t a t e  d e t e c t o r  
c o l l e c t s  t he  p a r t i c l e s  backsca t t e red  a t  an angle  o f  1 6 0 O .  
Using the  c l a s s i c a l  l a w s  o f  e l a s t i c  c o l l i s i o n s  i t  i s  
p o s s i b l e  t o  show t h a t  t h e e n e r g y  of  a p a r t i c l e  backscat-  
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MORPHOLOGY OF WLYACETYLENE 89 

t e r e d  a t  the  su r face  i s :  E 5  = k2AE1 where k~ i s  a simple 
func t ion  of  i n c i d e n t  p a r t i c l e  and t a r g e t  atom masses. I t  
i s  then p o s s i b l e  t o  c a l c u l a t e  f o r  each element of  t he  
p e r i o d i c a l  t a b l e  the energy a t  which i t  should be observed 
by RBS i f  t h e  t a r g e t  i s  assumed t o  be i n f i n i t e l y  t h i n .  
For  a t h i c k  sample the  p r o b a b i l i t y  of  s c a t t e r i n g  a t  t h e  
s u r f a c e  i s  s m a l l  and most p a r t i c l e s  loose a p a r t  o f  t h e i r  
i n c i d e n t  energy i n  the sample, a r e  s c a t t e r e d  a t  depth x 
and loose a p a r t  of  t h e i r  energy before  merging from t h e  
t a r g e t  a t  an energy E4 ( F i g  1).  The d i f f e r e n c e  o f  energy 
between 2 p a r t i c l e s  backsca t t e red  at the  s u r f a c e  and a t  
depth x by an element A ,  i s  p ropor t iona l  t o  x according 
t o :  E = E 5  - E 4 =  (S)A.X where: 

1 Cf244l 1 otn41 1 ~ 1 1 6 6 0 )  I TWMJ 

~~ 

dE 1 dE 
(')A = k2A ( X ) ~ ~ + l a l  ( Z ) E ~  

I t  is  then p o s s i b l e  t o  deduce from a RBS spectrum t h e  

_)I I ~ _ J  I_/ I rnwt 1r~t-j 

d i s t r i b u t i o n  o f  heavy elements i n  a l i g h t  ma t r ix?  

FIGURE 1 E5-=J-;; E4 

P r i n c i p l e  of RBS 
The two s p e c t r a  performed on each s i d e  o f  a (CH)x f i l m  
( F i g  2 and 3 )  show t h a t  most common i m p u r i t i e s  a r e  A l ,  T i  
and oxygen. We observe t h a t  the impuri ty  c o n c e n t r a t i o n s ,  
which have been r epor t ed  i n  table  1, a r e  l a r g e r  on t h e  
b r i g h t  f ace  than on t h e  d u l l  f a c e .  The i m p u r i t i e s  may 
have two o r i g i n s :  

. ... ,I , < . _. .n 
4 * . ' .- ',, -4. .-/*v .; 

- remaining t r a c e s  of  the c a t a l y s t  which have not  been 
e l imina ted  a f t e r  p u r i f i c a t i o n  of  t he  f i l m .  The r a t i o  of  

6 .. . **.A 1~ " ..*,.--%.. 

i m p u r i t i e s  concen t r a t ions  on the two oppos i t e  sides is  
2 . 8  for A 1  and 1 1 . 7  f o r  T i  and dec reases  i n s i d e  the f i l m .  
A very paradoxical  f e a t u r e  i s  t h a t  t h e  p u r e s t  f ace  is t h e  
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90 J. DAVENAS d al. 

- a p a r t i a l  ox ida t ion  of t h e  f i l m  s i n c e  t h e  r a t i o  between 
atomic concent ra t ions  of oxygen and T i  i s  about 10 on the  
b r i g h t  s i d e  and 20 on the  d u l l  s i d e ,  whereas the  s toe-  
chiometry from the  c a t a l y s t  i s  only 4. 

D I S C U S S I O N  AND CONCLUSION 

Scanning e l e c t r o n  micrographs performed on t h e  two f i l m  
s i d e s  ( F i g  4 and 5)  show an  important d i f f e r e n c e  of  mor- 
phology, the  d u l l  sur face  c l e a r l y  e x h i b i t i n g  c a v i t i e s  a t  
a magnification of 2400 whereas t h e  b r i g h t  sur face  appears  
more compact. These observat ions are oherent  with t h e  
work of A l d i s s i  who r e c e n t l y  reported' the  ex is tence  of 
a compact sur face  on the  monomer s i d e  and a lower d e n s i t y  
sur face  on the  c a t a l y s t  s ide  i n  f i l m s  polymerized on the 
l a y e r  of a c a t a y s t  s o l u t i o n .  

Scanning e l e c t r o n  micrograph of (CHI ,  
FIGURE 4: d u l l  sur face  FIGURE 5: b r i g h t  sur face  

Ald iss i  demonstrated using deutera ted  ace ty lene  i n  t h e  
i n i t i a l  s tage  of polymerization, t h a t  t h e  upper s i d e  
is  i n  f a c t  the  sur face  on which polymerizat ion had been 
i n i t i a t e d .  RBS has  shown t h a t  i t  w a s  a l s o  t h e  less pure 
sur face .  It  i s  then poss ib le  t o  suppose t h a t  the  compact 
morphology forms a barrier which prevents  t h e  so lvent  
d i f f u s i o n  when the  f i l m  is p u r i f i e d ,  so t h a t  i m p u r i t i e s  
from the c a t a l y s t  w i l l  be r e t a i n e d  p r e f e r e n t i a l l y  a t  the  
dense sur face .  

t i o n  between t h e  compacity of the  f i l m  morphology and 
t h e  anomalous impurity concent ra t ions  revea led  by RBS. 
I t  w i l l  be important t o  s tudy  t h e  inf luence  o f  t h e  q u i t e  
l a r g e  spread o f  p o s s i b l e  morphologies on ( C H I ,  macrosco- 
p ica1  p r o p e r t i e s .  
REFERENCES 
1. M. A l d i s s i ,  F. SchuB, L. G i r a l ,  M. Rolland, Polymer, 23 

2. F. Wang, X. Zhao, Z.Gong, Y.  Cao, Q. Yang, R.  Qian 

I n  conclusion,  i t  w a s  p o s s i b l e  t o  e s t a b l i s h  a connec- 

246 (1982) 

Makromol Chem., Rapid Coiamun., 3, 929 (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:
51

 2
0 

Fe
br

ua
ry

 2
01

3 


