
This article was downloaded by: [Tomsk State University of Control Systems and
Radio]
On: 18 February 2013, At: 13:25
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid
Crystals Science and Technology.
Section A. Molecular Crystals and
Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

C60 Compounds with Acceptors
Andre Hamwi a , Gilles Dondainas a & Jacques Dupuis b
a Laboratoire de Chimie des Solides, URA, 444CNRS
b Laboratoire d'Electronique et de Résonance Magnétique
Université, B. Pascal-Clermont-Fd, 63177, Aubière, France
Version of record first published: 23 Oct 2006.

To cite this article: Andre Hamwi , Gilles Dondainas & Jacques Dupuis (1994): C60 Compounds
with Acceptors, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 245:1, 301-306

To link to this article:  http://dx.doi.org/10.1080/10587259408051705

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever
caused arising directly or indirectly in connection with or arising out of the use of
this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259408051705
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst. 1994, Vol. 245, pp. 301-306 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1994 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

C6o COMPOUNDS WITH ACCEPTORS 

ANDRE HAMWI*, GILLES DONDAINAS" AND JACQUES DUPUIS** 
* Laboratoire de Chimie des Sol ides ,  URA 4 4 4  CNRS 
**Laboratoire d 'Electronique e t  de Resonance MagnCtique 
Universi te  B .  Pascal-Clermont-Fd, 63177 Aubi&re,France. 

Abs t rac t  In t e rca l a t ion  compounds of C6o with MoF6 were 
s tud ied  by means of  X-ray d i f f r a c t i o n ,  I9F NMR, F T I R ,  
EPR, and L i  s o l i d  c e l l  e lectrochemical  d i scharge .  They 
i n d i c a t e  t h e  predominant presence  of MoF5 s p e c i e s  
suggesting an oxidat ive process of C6o .  

I" 

It  has been demonstrated t h a t  s o l i d  c 6 0  can be r e a d i l y  

i n t e r c a l a t e d  with e l ec t ron  donor substances such as a l k a l i  
metals t o  g ive  compounds wi th  d i f f e r e n t  dopant concen- 
t r a t ions ' .  This involves e l ec t ron  t r a n s f e r  from a l k a l i  metal 
atoms t o  c 6 0  molecules and suggests  a l a r g e  e l e c t r o n  a f f i -  
n i t y  of (260. However, i t s  o x i d a t i v e  i n t e r c a l a t i o n  by an 

acceptor  remains, up t o  now, unknown. Although new compounds 
with C 1 z 2 ,  B r 2 3 ,  and I z 4  were obtained,  t h e r e  i s  no e l ec t ron  

t r a n s f e r  between c 6 0  and t h e  i n t e r c a l a t e .  A s  f a r  as t h e  

f luo r ine  i s  concerned, it forms compounds i n  which t h e  i o n i c  

c h a r a c t e r  of t h e  C-F bond could  not  be confirmed5.  In  

a d d i t i o n ,  it seems t h a t  f l u o r i n e  r e a c t s  r a p i d l y  wi th  a 
c60/c70 mixture a t  room temperature but very slowly with pure 

c 6 0 ,  r e s u l t i n g  i n  both cases  i n  highly f luo r ina t ed  compounds 

and i n d i c a t i n g  t h e  high r e a c t i v i t y  of f u l l e r e n e  towards 
f l u o r i n e  gas .  This suggests  a s tudy of c 6 0  behaviour with 

inorganic  f l u o r i d e s  which a r e  considered a s  s t r o n g  Lewis 

a c i d s .  In  t h i s  paper  w e  r e p o r t  t h e  f i r s t  example, a t  
p resent ,  of a f u l l e r e n e  i n t e r c a l a t i o n  compound with MoF6 a s  
t h e  e l ec t ron  acceptor .  
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EXPERIMENTAL 
A C60/C70 mixture (about 80% of (260) and pure C6o (>99 .5%1 

samples, obtained from MGP-ISAR (France ) ,  were used. MoF6 
vapour r eac t ions  with c60 (about 50 mg) were c a r r i e d  out  a t  

room temperature  o r  a t  6OoC, f o r  s e v e r a l  days, i n  monel 
r e a c t o r s .  Af te r  reac t ion ,  t h e  excess  of MoF6 was evacuated 

using a dry n i t rogen  flow. Products were removed from t h e  
r e a c t o r  i n  a dry glove box under argon atmosphere and then 

d i f f e r e n t  physico-chemical measurements were c a r r i e d  out  

( f o r  apparatus  see re ference  5 ) .  X-ray d i f f r a c t i o n  p a t t e r n s  
were recorded using t h e  Debye-Scherrer's method. 

R e s u l t s  a n U c u s s i o n  

Severa l  compounds wi th  d i f f e r e n t  C6o (MoF6) composi t ions ,  

depending on t h e  r e a c t i o n  temperature ,  were prepared .  A t  

room temperature,  f o r  4 t o  6 days,  us ing  C6O/C70 mixture,  

compounds with x = 2 . 6  and x = 3.5 were obtained,  while a 
temperature of 60 O C  l e d  t o  o the r s  with x = 6 .  Under these  
l a s t  condi t ions  pure C6o gives  an x = 3 compound. A higher  
MOF6/C60 r a t i o  was a l s o  obtained: x = 9 with c60/c70 mixture 

when t h e  r eac t ion  w a s  c a r r i e d  out  a t  60°C f o r  2 days and 
f u r t h e r  kept a t  room temperature f o r  2 more days.  For a l l  
compounds, x values were determined by mass uptake. 

X-ray d i f f r a c t i o n  shows p a t t e r n s  which depend on t h e  x 
va lue .  The x < 4 p a t t e r n s  a r e  s u r p r i s i n g l y  s i m i l a r  t o  t h a t  
of s t a r t i n g  C6o. A s  t h e  MoF6 r a t e  i n c r e a s e s ,  peak 

i n t e n s i t i e s  s l i g h t l y  change but  no subsequent r e f l e c t i o n s  
appear f o r  x < 4 samples although t h e  sample volumes become 
h ighe r .  Formation of a m i x t u r e  of an amorphous phase and 
u n r e a c t e d  C6o may e x p l a i n  t h i s  r e s u l t .  I n t e r c a l a t e d  

molybdenum f l u o r i d e  spec ie s  may not occupy t h e  oc t ahedra l  

and t e t r a h e d r a l  s i tes  without s i g n i f i c a n t l y  d i s t u r b i n g  t h e  
c60 l a t t i c e ,  s ince  t h e  average MoF6 Van de r  Waals rad ius  i s  

about 2 . 7  A, while vacant oc tahedra l  and t e t r a h e d r a l  s i t e s  

have r a d i i  of about 2 . 1  A and 1.1 A, r e spec t ive ly .  Both x = 

6 and x = 9 samples e x h i b i t  s i m i l a r  X-ray d i f f r a c t i o n  
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p a t t e r n s  which a r e  very d i f f e r e n t  from t h a t  of c60, w i t h  

never the less  narrower and more in t ense  r e f l e c t i o n s  f o r  t h e  
l a s t  sample, owing t o  a higher  degree of c r y s t a l l i z a t i o n .  

Data could p e r f e c t l y  be indexed on the  b a s i s  of a hexagonal 
c e l l  with cons tan ts  a = 18.167 A and c = 18.284 A .  

460 
llJO 

1450 1100 
wavmumbcr Cm- 

FIGURE 1 FTIR absorption spec t r a  of d i f f e r e n t  x samples 

The FTIR spec t r a  of some samples ( 4  mg d i l u t e d  i n  2 0 0  

mg of K B r  p l a t e )  a r e  given i n  Figure 1.  All show a main 
s t rong  broad band i n  t h e  600-800 cm-l region enc los ing  va- 
r ious  v i b r a t i o n a l  modes of Mo-F bonds observed i n  d i f f e r e n t  
molybdenum f l u o r i d e  spec ies ,  such a s  MoF6 vapour ( 7 4 2  c m - l ) ,  

monomeric MoF5 (683, 713 cm’l), t e t r amer i c  MoF5 (660  cm-l) , 
and MoF7- (645 c m - l ) .  However, two smal le r  bands appear a t  
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1125 a n d  1028 c m - l ,  i n c r e a s i n g  a s  t h e  MoF6/C60 r a t i o  

i n c r e a s e s ,  s u g g e s t i n g  a p a r t i a l  f l u o r i n a t i o n  of compounds 
s i n c e  b o t h  may be related t o  semi- ionic  and i o n i c  C-F bonds6 
( c o v a l e n t  C-F s t r e t c h i n g  u s u a l l y  a p p e a r s  a t  1250 c m - l ) .  I n  
a d d i t i o n ,  it can be n o t i c e d  t h a t  bands c h a r a c t e r i s t i c  of C6o 

remain p r e s e n t  whatever t h e  MoF6/C60 r a t i o ,  a l t h o u g h  it i s  
much more e v i d e n t  f o r  weaker MoF6 c o n t e n t s .  

I ,  , , 

IL) 41x1 II -4111 -)ill, 

FIGURE 2 Room tempera tu re  19F NMR s p e c t r a  of d i f f e r e n t  
samples: a )  x = 3 (pu re  C ~ O ) ,  b)  x = 6, c) x = 9 

19F NMR s p e c t r a  of  x = 9 sample as a f u n c t i o n  of 

temperature .  
FIGURE 3 
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Thermogravimetric a n a l y s i s  (TGA) of t h e  x = 9 sample 
showed an i n i t i a l  weight l o s s  a t  about 1 0 0  O C .  Up t o  350 O C  

t h e  r e s i d u a l  compound was found t o  be c6o by X-ray 

d i f f r a c t i o n  and I R  measurements. 

Room tempera tu re  I9F NMR s p e c t r a  of d i f f e r e n t  x 

samples a r e  given i n  Figure 2 ,  whereas Figure 3 shows t h e  
temperature  dependence of t h e  x = 9 sample s p e c t r a .  A l l  

e x h i b i t  a s i m i l a r  spectrum which i s  dominated by a broad 
peak, t h e  pos i t i on  of which va r i e s  s l i g h t l y  a s  a funct ion of 
x .  This  may be r e l a t e d  t o  t h e  concen t r a t ion  e f f e c t  of 
d i f f e r e n t  paramagnetic s p e c i e s .  Moreover, a q u i t e  s i m i l a r  

spectrum t o  those of Figure 2 was recorded f o r  a pure s o l i d  
MoF5 sample. 

The EPR s igna l  with g = 2 . 7 2  and 2 . 5 6  obtained f o r  x = 

6 and x = 3 (pure c 6 0 )  samples, respec t ive ly ,  a r e  s i m i l a r  t o  

t h a t  of pure  s o l i d  MoF5. However, a very  weak s i g n a l ,  
recorded i n  t h e  case  of t h e  x = 3 pure C6o sample with g = 

2.003, could be i d e n t i f i e d .  

1 
2 3 4 s  6 1 

W C+&IoF& 
I 

F I G U R E  4 Galvanostat ic  discharge curve of 
L i  / P(EO)8, L i C 1 0 4  / C 6 0 ( M O F g ) g  polymer s o l i d  
e l e c t r o l y t e  c e l l  under 7 pA.cm-2. 

The e lec t rochemica l  reduct ion  s tudy  was c a r r i e d  out  
using a L i  / P ( E 0 ) 8 ,  L i C 1 0 4  / C~o(M0Fg)g polymer s o l i d  e lec-  
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t r o l y t e  l i t h i u m  c e l l  working  a t  8OoC (PEO = p o l y e t h y l e n e  

o x i d e ) .  The d i s c h a r g e  c u r v e  i s  p r e s e n t e d  i n  F i g u r e  4 .  I t  

shows a p l a t e a u  p o t e n t i a l  a t  about  2 . 8 5  V vs L i / L i +  

c o r r e s p o n d i n g  t o  a 3 i n t e r c a l a t e d  L i t / C 6 0 ,  and  t h e n  a 
r e g u l a r  p o t e n t i a l  decrease o c c u r s  u p  t o  8 L i + / C 6 o  

i n t e r c a l a t i o n .  The f irst  s t e p  could w e l l  be compared t o  t h a t  
o f  g r a p h i t e  f l u o r i d e  CFx d i s c h a r g e - l i k e  ce l l7 .  

I n  c o n c l u s i o n ,  MoF5 a p p e a r s  a s  t h e  p r e d o m i n a n t  

i n t e r c a l a t e d  s p e c i e s  s u g g e s t i n g  t h e  o x i d a t i o n  of s o l i d  C 6 o  

by  MOF6. A t  t h e  moment, t h e  number o f  c h a r g e  t r a n s f e r  canno t  

be e v a l u a t e d .  A l though  t h e  e l e c t r o c h e m i c a l  d i s c h a r g e  p u t  
f o r w a r d  a t  least  a t h r e e  e l e c t r o n  t r a n s f e r  p e r  C6o mo lecu le  

a t  a c o n s t a n t  p o t e n t i a l ,  t h e  n a t u r e  o f  r educed  species c o u l d  

n o t  be d i s t i n g u i s h e d  and more c h a r a c t e r i z a t i o n  measurements  

a re  r e q u i r e d .  F i n a l l y ,  t h i s  example i s  c o n s i d e r e d  as a f i r s t  

s t e p  on t h e  r o u t e  t o  t h e  e x p l o r a t i o n  o f  t h e  p r o p e r t i e s  o f  
t h i s  novel t y p e  o f  C6o i n t e r c a l a t i o n  compounds. 
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