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Resume : Nous presentons une etude,  par d i f f r a c t i o n  des rayons X e t  du rayonnesent 
synchrotron, du polyacetylene dans ses  f o r r e s  c i s  e t  t r a n s ,  prepare par l a  methode 
de Shirakawa. L'etude d ' echant i l lons  lentement e t  rapidement dopes a l ' i o d e  confir-  
me que des regions non dopees subs i s ten t  dans (CH) . Les r6gions non dopees de 
( C H )  , i n i t i a l  lement c i s ,  s e ~ b l e n t  s ' e t r e  isom@risges vers l a  s t r u c t u r e  t rans  (CH)x 
duraht l e  processus de dopage. 

Abstract : X-ray and synchrotrcn rad ia t ion  d i f f r a c t i o n  study of the  s t r u c t u r e  of 
c i s  and t rans  polyacetylene prepared by the  Shirakawa method has been car r ied  out .  
Studies of rapidly and slowly iodine doped samples confirmed t h a t  undoped regions 
of ( C H )  remain. The undoped regions of the  i n i t i a l l y  c i s  (Ctl), a r e  shown t o  iso-  
merize %o the t rans  s t r u c t u r e  during the doping process. 

INTRODUCTION 

We repor t  here X-ray d i f f r a c t i o n  study of iodine doped c i s  and t rans  ~ o l y a c e t y l e n e  
f i lms .  These or  very s imi la r  samoles have been well character ized by o ther  physical 
s tud ies  including s tud ies  of the f i b r i l l a r  morpholopy and t h e  f i b r i l  swelling upon 
doping (1) ( 2 )  , e l e c t r i c  f i e l d  dependent conduct ivi ty  s t u d i e s  ( 3 ) ,  frequency depen- 
dent conduct ivi ty  s tud ies  ( 4 ) ,  magnetic s u s c e p t i b i l i t y  ( 5 )  and an infrared absorp- 
t ion  study ( 6 )  .. 

EXPERIMENTAL 

The polyacetylene f i lms were prepared by the method of Shirakawa ( 7 ) .  They werg 
60-80 urn th ick .  Typical diameters of the  f i b r i l  were approximately 400 t o  500 A .  
Trans samples were obtained from c i s  sample by an isomerization conducted a t  200 C 
( ref luxing t e t r a l i n  wapors) f o r  98 minutes. Iodine doping condit ions wil l  be des- 
c r i  bed e l  sewhere ( 8 ) .  

Experiments were performed with conventional WoKa (0.707 i ) ,  CuKa (1.542 i )  X-ray 
rad ia t ions  and w i t h  higher reso lu t ion  X-ray synchrgtron rad ia t ions  a t  t h e  s t a t i o n  
D 16 of L U R E  (ORSAY),usinq a wave length of 1.315 A .  

X-ray data  were col lected on photographic f i lm fixed on a cy l indr ica l  camera with 
the  sample placed a t  the  cen te r  of the  cbawber. During a l l  the  exoosure the  samples 
were kept under vacuum. X-ray f i lms were read i n  t h e  equatorial  plane of the expe- 
rimental set-up,  using a Joyce Loeble microdensitometer. 

RESULTS 

Cis samples (Figure 1-a) 
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d  spac ings deduced f rom t h e  p o s i t i o n  o f  X-ray r e f l e c t i o n s  shown by undoped c i s  
(CH) a r e  g i ven  i n  Tab le  I. They a r e  i n  good agreement w i t h  those found by Baugh- 
man &t a1 (9 )  and by  L i e s e r  e t  a1 (10). 

Accord ing t o  t h e  i n d e x a t i o n  performed by Baughman e t  a1 ( 9 )  and by L i e s e r  e t  a1 
( l o ) ,  most o f  r e f l e c t i o n s  observed have a  ze ro  i ndex  i n  t h e  cha in  d i r e c t i o n .  As 
a  consequence, t h e  Sche r re r  f o rmu la  a p p l i e d  t o  t h e i r  w i d t h  g i v e s  t r ansve rses  co- 
herence l eng th ,  i . e .  pe rpand i cu la r  t o  t h e  f i b r i l  a x i s .  I n  t h e  p resen t  case, t h e  
w i d t h  og  t h e  s t r o n g e s t  r e f l e c t i o n s  g i v e s  a  t r ansve rse  coherence l e n g t h  o f  about 
80 + 10 A. T h i s  v a l u e  i s  about  one f i f t h  t h e  average d iameter  o f  a  f i b r i l .  X-ray 
c r y s t a l l i n i t y  was es t ima ted  a t  abou t  90 % By comparing t h e  i n t e g r a t e d  i n t e n s i t y  of 
t h e  weak and broad amorphous r i n g  a t  = 3.9A w i t h  t h a t  o f  Debye Sche r re r  r i n g s  of 
t h e  c r y s t a l  (see f i g u r e  1 a ) .  

I od ine 'doped  c i s  (CH), samples ( F i g u r e  1 b )  

Th regnew brgad re f l ecJ ions  appear upon doping. They correspond t o  spacinas,of 
7.9 A, 4.1 A  and 2.9 A and t h e i r  w i d t h  g i v e s  a  coherence l e n g t h  o f  20 + 5  A. 

I n  a d d i t i o n  t h e  sharp r e f l e c t i o n s , w h i c h  were observed i n  undoped c i s  samples,remain 
v i s i b l e  and sharp  i n  i o d i n e  doped c i s  (CH) samples. However, t hey  have s h i f t e d  t o -  
ward t h e  p o s i t i o n  t h e y  occupy i n  t r a n s  sambles : t h e  d  spacings r e p o r t e d  a t  3.65 a 
2 . 1 3 a a n d 1 . 8 3 a f o r c i s ( C H I  I a n d a t 3 . 6 t i a , 2 . 1 2 a a n d 1 . 8 2 a f o r c i s  
(CHI 0,143hx i n  Tab le  I, a r e  c?13!?8~8 those observed a t  3.72-3.56 8 ,  2.12 and 
1.87-1.79 i n  t r a n s  (CH) (see Tab le  11) .  From t h e i r  w i d t h  one ob ta ined  a  cohe- 
rence l e n g t h  o f  about  80  3 10 & s i m i l a r  t o  t h a t  found i n  undoped c i s  (CH)x. 

Trans samples ( F i g u r e  2  a )  

d  spacings deduced f rom t h e  p o s i t i o n  o f  X-ray r e f l e c t i o n s  shown by  undoped t r a n s  
(CH) a r e  g i ven  i n  Tab le  11. T h i s  t a b l e  and f i g u r e  2  a  show t h a t  t h e  s t r o n g e s t  
r e f l g c t i o n  o f  c i s  (CH) i s  now s p l i t t e d  i n  two r e f l e c t i o n s .  T h i s  s p l i t t i n g  has been 
a l r e a d y  r e p o r t e d  by  1 t8  e t  a1 ( 7 )  and Haberkorn e t  a1 (11 ) .  P o s i t i o n  o f  X-ray r e -  
f l e c t i o n s  r e p o r t e d  i n  Tab le  11, can be found u s i n g  t h e  l a t t i c e  parameters o f  t h e  
s t r u c t u r e  o f  t r a n s  (CH) g i ven  by Baughman e t  a1 (12) .  Such i s  n o t  t h e  case u s i n g  
t h e  l a t t i c e  parameter o r  F inche r  e t  a1 (13)  and Shinamura e t  a1 (14 ) .  

As i n  t h e  case o f  c i s  (CH) t h e  t ransve rse  coherence l e n g t h  i s  o f  80 + 10 a and 
t h e  c r y s t a l l i n i t y  i s  es t img ted  a t  90 %. Hence n e i t h e r  t h e  degree o f  c r i s t a l l i n i t y  
n o r  t h e  c r y s t a l l i t e  s i z e  a r e  s i g n i f i c a n t l y  reduced by t h e  i s o m e r i z a t i o n  p r o c e s s ( l 5 )  

I o d i n e  doped t r a n s  (CH)x samples ( F i g u r e  2  b)  

As i g  doped c i s  (CV) samples, t h r e e  new broad r e f  e c t i o n s  have appeared a t  7.9 1, 
4.1 A  and 2.9 A, w i t h x a  coherence l e n g t h  o f  20 ? 5  

As w i t h  doped c i s  (CM) samples, f i g u r e  2 b  and Tab le  I 1  show t h a t  sharp  r e f l e c -  
t i o n s  o f  pure  t r a n s  (?H)" remains observab le  i n  doped t r a n s  (CH)y. However f o r  t h e  
l a t t e r  compound, t h e i r  po;ition dogs n o t  s h 7 R  upon doping. Thei; w i K n  gTves a  
coherence l e n g t h  o f  about  80 + 10 A, s i m i l a r  t o  t h a t  found i n  undoped t r a n s  (CH)x. 

I n  o r d e r  t o  es t ima te  t h e  amount o f  undoped reg ions  i n  i o d i n e  doped t r a n s  (CH) , we 
have measured t h e  i n t e n s i t y  o f  t h e  sharp d i f f r a c t i o n  l i n e s  i n  a  pure  t r a n s  (c$) 
and i n  a  s l o w l y  doped t r a n s  (CH10,125)x ob ta ined  f rom t h e  same s t a k t i n g  f i l m .  ~ # e  
r a t i o  o f  t h e  two q u a n t i t i e s  shows t h a t  about 50 % o f  t r a n s  (CHIO 125)x r h a i n s  un- 
doped. T h i s  imp1 i e s  t h a t  t h e  c o n c e n t r a t i o n  o f  i o d i n e  i n  doped ar6as i s  on averape 
CHI0,25. A s i m i l a r  s tudy  o f  t h e  inhomooeneous d o ~ i n g  o f  c i s  (Cti)x i s  more d i f f i c u l t  
because of t h e  s h i f t  of sharp r e f l e c t i o n s  o f  t h e  undoped p a r t  o f  t h e  sample, f r om 
t h e i r  p o s i t i o n  i n  pure  c i s  (CH),. 



F I G U R E  I 

Microdensitometer readings from X-ray pa t te rns  of (a )  c i s  (CH), and (b)  
slowly doped (CHIO 039 ) x .  Three addi t ional  broad r e f l e c t i o n s  a r e  shown 
by arrows. Note t h 6  s h i f t  of the  sharp r e f l e c t i o n s  upon dcping. 

d lbl 
8 5 3 

I 

F I G U R E  2 

fdicrodensitometer readings from X-ray pa t te rns  ( a )  t r a n s  (Ct!) and (b) 
slowly doped t rans  (CHI 0440!x. Three addi t ional  broad r e f l e t t i o n s  a r e  
shown by arrows. Note ~ R Q  s p h t t i n g  of the  s t r o n ~ e s t  r e f l e c t i o n  both in  
pure and doped t r a n s  (Ct!)x. 
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TABLE I 

Spacing between Bragg re f lec t ion  planes i n  i( and i n t e n s i t y  (S  : s t rona ,  P? : mebium 
W  : weak, VU : very weak) deduced from posi t ion in  reciprocal space of Debye 
Scherrer  r ings of 90 % c i s  (CH) and slowly doped 90 % c i s  (CFI 0 o ) ,  and 90 % 
c i s  (CHIO 143)x. The symbol - iA f r o n t  of 3 distances of doped Y~H?;, means t h a t  
corresponding r ings a r e  broad. 

Cis (cH), Cis (CH0,143)x 

3.81 S 

2.87 M 
2.44 Vhl 

2.20 M 
2.13 V w  

2.00 VW 

1.90 W 
1.74 W 

1.65 W 

1.50 VW 

1.36 W  

1.22 W  

TABLE I 1  
0 

Spacing between Bragg r e f l e c t i o n  planes in  A ,  and i n t e n s i t y  (S : s t rong ,  M :medium 
W : weak) deduced from ~ 0 s i t i 0 n  i n  the reciprocal  space of Pebye Scherrer r ings  of 
t r a n s  (CH),, slowly doped t r a n s  (C 10 04~9)x and slowly doped t r a n s  (CHI0,125).The 
symbol - i n  f ron t  of 3 dis tances o d6pea (CH),, means t h a t  corresponding r i n ~ s  
a r e  broad. 

C 
Trans (CH)x 



Discussion 

On the  basis  of the  observat ion o f  the f i r s t  r e f l e c t i o n s  a t  7.8 i, Baughman e t  a1 
(9)  have suggested t h a t  i o d i n e  species i n t e r c a l a t e  i n  sheets between c l o s e l y  packed 
adjacent planes o f  polyacetylene ((100) planes us ing the choice o f  ax is  of r e f .  9 ) .  
Here we show evidence o f  two add i t i onna l  r e f l e c t i o n s  a t  4.1 and 2.9 8 confirming 
t h i s  p e r i o d i c  order ing,  both i n  doped c i s  (CH), and doped t rans  (CH)x(16, 17, 18). 

A poss ib le  explanat ion f o r  the inhomopenegus doping o f  our samples might  be due t o  
the very l a r g e  average diameter (400-500 A) o f  the (CH), f i b r i l s ,  which prevent a 
complete d i f f u s i o n  o f  i o d i n e  i n s i d e  them dur ing the doping process. A t  t hg  end o f  
t h i s  process, the  undoped regions r e t a i n  t h e i r  c r y s t a l l i t e  s i z e  (80 + 10 A) w h i l e  
the i n t  r c a l a t i o n  o f  i o d i n e  reduces the c r y s t a l l i t e  s i z e  o f  doped regions a t  about 
20 i 5 8. Tills behaviour i s  cons is tan t  w i t h  a doping a t  the per iphery of i n d i -  
v idual  f i b r i l s .  

I n  c i s  i o d i n e  doped samples, we observed t h a t  l a t e r a l  spacings corresponding t o  the 
undoped reg ions  (sharp r e f l e c t i o n s  of,Table I )  are very c lose t o  t h a t  observed i n  
a t rans  c r y s t a l l i n e  s t ruc tu re .  This  suggest t h a t  i o d i n e  induces an isomeri-  
za t ion  o f  the  undoped regions o f  the c i s  sample. Th is  dopant induced isomer izat ion 
o f  the undoped regions may be due t o  removal an e l e c t r o n  from the  p i  o r b i t a l  o f  the 
c i s  enabl ing eas ier  bond r o t a t i o n .  A l t e r n a t i v e l y ,  the  c r y s t a l s  which make up the 
ou te r  l a y e r  o f  f i b r i l s  should elongate p a r a l l e l  t o  the f i b e r  d i r e c t i o n  upon doping. 
This  s t ress  induces a s t r a i n  p a r a l l e l  t o  the chain a x i s  i n  undoped inner  c r y s t a l  
(polymer chain being p a r a l l e l  t o  t h e  f i b e r  a x i s  (13). As t rans  (CH), chains are 
= 10 % longer  than c i s  (CH) chains, t h i s  s t r a i n  may induce isomer izat ion.  Such an 
e f f e c t  has been observed fo$ mechanical r o l l i n g  o f  c i s  (CH), f i lms  (19, 20). 

The authors are very g r a t e f u l 1  t o  S. MEGTERT f o r  h i s  assistance on s t a t i o n  D 16 a t  
LURE. 
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