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DOPED POLYACETYLENES AND GRAPHITE INTERCALATION COMPOUNDS 

DENIS BILLAUD and DOMINIQUE BEGIN 
Univers i t s  de Nancy I, Labora to i re  de C h i d e  Minerale 
AppliquBe, LA 158, B.P. 239 - 54506 VANDOEUVRE LES NANCY 
CEDEX - FRANCE 

Abstract  Doped polyacetylenes and i n t e r c a l a t e d  g raph i t e s  
a re  compared. Mechanisms of doping of both ma te r i a l s  a r e  re- 
l a t ed  t o  the  i n t e r c a l a t i o n  p o t e n t i a l s  and t o  t h e  na tu re  of 
the dopants. Inhomogeneity of doping i n  (CH)x and ex i s t ence  
of s t ages  of i n t e r c a l a t i o n  i s  discussed. 

INTRODUCTION 

Doped polyacetylenes and i n t e r c a l a t e d  g raph i t e s  a r e  f requent ly  com- 

pared. However, i f  c e r t a i n  analogies e x i s t  concerning the  techni -  

ques of doping o r  the  na ture  of the  i n t e r c a l a n t s ,  many d i f f e rences  

have t o  be pointed out  : dimensionality,  c r i s t a l l i n i t y  ; some 

po in t s ,  l i k e  the  formation of s tages  upon i n t e r c a l a t i o n  of e l ec -  

t roacceptors  i n t o  polyacetylene,  remain t o  be checked c a r r e f u l l y .  

This paper w i l l  d i scuss  on some of these  aspects.  

Electrical Conductivity 

In plane conduct iv i ty  of semimetall ic graphi te  (HOPG) increases 

upon i n t e r c a l a t i o n  with e l ec t roaccep to r s  from 25.10 S/cm t o  

- c a  5.10 

t a n t l y  from 2 10 t o  

i s  l a rge ly  enhanced a f t e r  p-type i n t e r c a l a t i o n .  

3 

5 SJcm whereas the  anisotropy r a t i o  u /uo changes concomi- 
3 lo6 ; thus the  ZD-character of g raph i t e  

S t a r t i n g  polyacetylenes e x i s t  i n  two isomeric conf igura t ions :  

c i s  and t rans .  Due t o  the  f i b r i l l a r  morphology of PA, t he  ac tua l  

ID-conductivity i s  d i f f i c u l t  t o  measure. However, bulk measurements 

i nd ica t e  t h a t  t he  conductivity changes, a f t e r  doping, from 2 
lo-’ S/cm f o r  t he  c i s  form o r  S/cm f o r  t he  t r a n s  form, up 
t o  2 10 3 

S/cm. Moreover, depending on the  dopant concent ra t ion ,  
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104 D. BILLAUD AND D. BEOIN 

various conduction regimes have been observed and a semiconductor- 

metal t r ans i t i on  occurs a t  a doping l e v e l  c lose  t o  1 %, 

In te rca la t ion  Po ten t i a l s  

As seen in  electrochemical oxidation curves, the  po ten t i a l  edges 

of p-intercalation a re  3,2 and 4,4 vo l t s  vs Li/Li f o r  poly- 

acetylene and graphite respec t ive ly  l m 2 s 3 .  It means t h a t  the in- 

t e r ca l a t ion  is e a s i e r  t o  obtain i n  polyacetylene than i n  graphi te  

and therefore a l a rge r  number of chemical species i s  ab le  t o  be 

in t e rca l a t ed  i n  polyacetylene than i n  graphite.  

Mechanism of In t e rca l a t ion  

In t e rca l a t ion  can be obtained by chemical o r  electrochemical ways. 

Depending on the oxidizing power of t h e  dopant, the  mechanism of 

in t e rca l a t ion  can be d i f f e r e n t  i n  (CH)x and graphite.  

med tha t  NO2 

The pos i t i ve  charge of the  macrocations formed i s  compensated by 

the  negative charge of NO3 . The formula of t he  doped 

wr i t ten  I (CH)+(NO -) I 
C 

l ayers  between the shee ts  of carbon 4,5. 

+ 

For example, i n  the  case of chemical HN03 doping it i s  assu- 
+ 

is the  oxidizing species of (CH) and graphi te  : 
X - + 

2 HN03 2 NO2 + NO3 + H20 

- 
can be 

compared t o  the  in t e rca l a t ion  compound 
3 Y X  

HN03 where the NO3 groups are placed t o  form two adjacent 5n 

Contrary to  HN03, FeC13 reacts d i f f e r e n t l y  with (CH)x and 

graphite. Thus, (CH) 
CH3N02 as follows : 

i s  d i r e c t l y  oxidized with FeC13 dissolved i n  
X 

- 
2xyFeClg + xye- -+ xyFeC12 + xyFeC14 

(CHIx -b I(CH)Y+IX + xye- 

+ 2xyFeC13 -+ I(CH)’’(FeCl4-) I + xyFeC12 
Y X  

Existence of e x t r a  chlorine i s  needed t o  get FeC13 in t e rca l a t ion  

i n t o  graphite.  The in t e rca l a t ion  compound obtained has the  admitted 

formula C (FeC13) where the FeC13 in t e rca l a t ed  layers  have the  sa- 

me s t ruc tu re  as i n  bulk FeCl 
6n 
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DOPED POLYACETYLENES AND GRAPHITE INTERCALATION COMPOUNDS 105 

- - 
Anions X- (X- = PF6 , AsF6 , C104-) can be introduced i n t o  
and graphi te  by electrochemical ways using t h e i r  l i th ium 

s a l t s  dissolved i n  se l ec t ed  so lvents ,  nitromethane CH3N02 f o r  exam- 

p l e  ',*. The r i ches t  compounds obtained have t h e  formulae 

in t e rca l a t ed  i n t o  graphi te  a re  so lva ted  and t h a t  t he  in te rcha in  

space in  (CH)x i s  not so f i l l e d  than t h e  i n t e r l a y e r s  of graphi te ,  

Moreover, the  potential-charge curves in the  case o f  shows 

only one doping p la teau  cont ra ry  t o  what i s  observed during the 

in t e rca l a t ion  i n t o  graphi te  where the  d i f f e r e n t  p la teaux  a re  cha- 

r a c t e r i s t i c  of the ex is tence  of various s t ages  of i n t e r c a l a t i o n  g. 

Morphology and St ruc ture  
10 

fi lms prepared by I t o ' s  method are  made of a mat of ran- 

domly or ien ted  f i b r i l s  t he  diameter of which varying from 500 t o  

1000 A. The X-ray c r y s t a l l i n i t y  i s  genera l ly  i n  the  range 75-90 % 

f o r  both c i s  and t r a n s  isomers which have the 2D-Pgg space group 

(a = 7.6 A, b - 4.4 A f o r  cis-(CH)x ; a = 7.4 A, b = 4.1 A f o r  

t r ans  (a>x). 

whereas trans-(CH)x has a monoclinic symmetry with the following 

groups P2 o r  P2 

t i on  on the  two chains of the u n i t  c e l l  11, I t  has been shown t h a t  

i n t e r c a l a t i o n  of electrodonors o r  e lec t roacceptors  i n t o  graphi te  

proceeds v i a  formation of well  defined s tages  12. 

0 

0 0 0 0 

Cis-(CH)x belongs t o  the  3D-orthorhombic space group Pnam 

depending on the  phase of the  bond a l t e rna -  
1 / b  1 In  

The ex is tence  of s eve ra l  s tages  has been evidenced i n  

doped with a l k a l i  metals 1 3 .  The s i t u a t i o n  i s  not s o  c l e a r  i n  t h e  

case of p-doping of (CH) I t  has been recent ly  suggested t h a t  io- 

dine doping of (CH) can lead t o  the  formation of s t age  3 and s t a -  

ge 1 compounds depending on the dopant concentration 14. But the  

discovery by using d i f f r a c t i o n  techniques of various s tages  i n  

o the r  f a i l e d  up t o  now 15. The lat- 

t e r  compounds, when l i g h t l y  doped, present a mixture of h ighly  do- 

ped and undoped trans-(CH)x pa r t s .  In  h ighly  doped regions,  t he  do- 

X. 

X 

- - 
doped with C 1 0 4  , FeC14 D
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106 D. BLLAUD AND D. BEOIN 

pant  is  introduced between t h e  chains  of  (CH)x. The i n t e r c h a i n  
d i s t a n c e  i s  increased  according t o  t h e  s i z e  o f  t h e  dopant15,16 l i k e  
i n  graphi te .  However, because of  t h e  d i f f e r e n t  n a t u r e s  of t h e  in- 
t e r c a l a n t s ,  t h e  comparison between the  i n t e r p l a n a r  d i s t a n c e s  i n  
g r a p h i t e  and the  i n t e r c h a i n  d i s t a n c e s  i n  (IX)~ i s  n o t  p o s s i b l e .  

CONCLUSIONS 

I d e n t i c a l  chemical o r  e lec t rochemica l  techniques  a r e  used f o r  in- 
t e r c a l a t i o n  i n t o  (CH) and graphi te .  However, i f  t h e  mechanisms of 
ox ida t ion  of  bo th  materials are comparable, t h e  n a t u r e  of doped ma- 
t e r i a l s  shows many d i f f e r e n c e s  due t o  t h e  l a c k  of long ranee crys-  
t a l l i n i t y  i n  (CH)x and t h e  e x i s t e n c e  of two (CH)x isomers ; t h e  evi- 
dence of s t a g e s  of  i n t e r c a l a t i o n  i n  p-doped (CH)x remains t o  be 
checked and needs f u r t h e r  s t u d i e s  e f f e c t e d  on homogeneously doped 
and h i g h l y  c r y s t a l l i z e d  materials. The h i g h e s t  doping l e v e l s  are 
d i f f e r e n t  i n  (CH)x and g r a p h i t e  and i n  t h e  l a t t e r  case, t h e  solva- 
t i o n  of anions l e e d s  t o  more f i l l e d  i n t e r l a y e r  spaces .  Low tempera- 
t u r e  measurements are needed t o  check i f  t h e  o r d e r i n g  of t h e  i n t e r -  

c a l a t e d  l a y e r  occurs  i n  (CH)x as  it was n o t i c e d  i n  g r a p h i t e .  

X 
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