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A rev iew of  the in tercalat ion t i ter -
ature suggests that  a s ingle mechanism
accounts for most known reactions that
lead to so-cal led acceptor  compounds.  fn
many of  the wel l  documented cases,  i t  is
c lear  that  before in tercalat ion can take
place,  the graphi te la t t ice must  f i rs t  be
at tacked by an e lect rophyl ic  reagent .  As
the reagent  removes e lect rons f rom the
graphi-te, negative ions, accompanied by
neutra l  molecules,  d i f fuse in to the la t -
t ice.  This is  undoubtedly the case in
the format ion of  the a luminum chlor ide
intercalat ion compound.

I t  has been establ ished that ,  when
act ing separate ly ,  nei ther  chlor ine gas
nor the vapor of  A1c13 wi l l  in tercalate
the  g raph i t e  l a t t i ce  ( I ) .  A  m ix tu re  o f
the two wil l, however, cause rapid in-
t e r ca la t i on  (1 ) .  Th i s  i s  c l ea r l y  an  ex -
ample of  a Fr iedel -Craf ts  type process
(2 ) ,  Mos t .p robab l y ,  t he  comp lex
A1C l ¡ . . . c I -  i s  f o rmed  a t  t he  g raph i t e -
vapor interface by adsorbed A1C13 and
CL2,  I t  ext racts e lect rons f rom the 1at-
t ice and re leases chlor ine atoms,  which
couple to regenerate chlor ine gas.  The
Alc l ;  then d i f fuses in to the la t t ice a-
long wi th neutra l  AIC13 molecules.

Al though i t  has been repor ted that
the Fr iedel -Craf ts  cata lyst  FeC1.  can be
inFercalated -wi thout  the addi t ioñ of  c I ,
g a s  ( 3 , 4 ) ,  R ü d o r f f ,  e t  a l .  ( 5 )  p o i n t e d  

-

out  that  at  in tercalat ion temperaures
FeCl3 decomposes to generate enough chlo-
r ine to ef fect  in tercalat ion by the mech-
anism descr ibed above.  Al though there is
less deta i l  g iven in the l i terature on
ei ther  react ion condi t ions or  character i -
zat ion of  products (6) ,  the above com-
ments on in tercalat ion by feCl ,  apply
egual ly  wel l  to  ZnCL2,  BeCI2,  ZtCI4,
¡lbc15 and TaClt - all known to be
Fr iedel -Craf ts  cata lysts (2)  .

A l though pure BF3 does not  in tercal -
ate, introducing small amounts of water
into the react ing system ef fects rapid
intercalat ion (  7)  .  This  is  readi ly  ex-
plained by attack on the graphite by the
h igh l y  e lec t rophy t i c  . . .H -  o f  t he  we l l
known complex (2)

(BF3OH)  
- .  

.  .H+

Ubbelohde (8)  wrote a balanced
react ion for  the format ion of  graphi te
ni t rate that  g ives NO, as a s ide product .
This suggests that  in tercalat ion is  ef -
fected by attack on graphite by nitronir¡n
ions,  Noj ,  which capture e lect rons and
generate NO2. In a ser ies of  exper iments
f rom th is  laboratory,  we recent ly  estab-
l ished that  NO2 is  indeed generated dur-
ing in tercalat ion of  h ighly  or iented py-
ro ly t ic  Araphi te by the vapor of  100%
HNO3. There is  thus l i t t le  doubt  about
the ro le p layed by n i t romium ions in  the
format ion of  graphi te n i t rate.

I t  is  important  to  note,  however,
that  af ter  format ion of  a 2nd stage com-
pound,  molecular  HNO3 could be moved in
and out  of  the in tercalated la t t ice by
adjust ing i ts  par t ia l  pressure wi thout
concomitant  ox idat ion or  reduct ion of  the
graphi te.  Vary ing the HNO3 content  be-
tr,{een apparent 2nd and 4th stages had
l i t t l e  e f f ec t  on  e lec t r i ca l  conduc t i v i t y
and  l a t t i ce  spac ing  (9 ) .

In tercalat ion compounds based on
AsFU and SbFU are of  specia l  in terest  be-
cause of  conf l ic t ing ev idence concerning
thei r  meehanism of  format ion.  Opalovski i
( I0)  repor ted that  CIF was evolved when
graphi te was intercalated in  a mixture of
SbF" and CIF?,  which suggests the mecha-
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sbF5 +

sbF; .  .  .  c rF ;

c I F 3  =  s b F ;  . . . c 1 F ;

+ nc { sbF; + cf, + crr,

in terca-  unstable
Iated 

;::::;.

2  cLF2 -  ClF + c l -F3

Graphi te is  a lso readi ly  in tercalated
wi th l iqu id mixtures of  SbFU and HF. The
wel l -known electrophyl ic  spécies in  th is
mixture is  HrF+ generated by the react ion
(  1 r )

1 5 3

SbF5 + 2HF ¡. SUFU- + Hrr+



I f  g r a p h i t e  i s  o x i d i z e d  b y  H r F . ,  _ h o w e v e r ,
e i t h e r  H 2  m u s t  b e _ l i b e r a t e d  ó r  S b v  m u s t
be  reduced to  Sbr ' ] .  l r le  have es tab l i shed
t h a t  n o  H ,  1 s  f o r m e d  d u r i n g  i n t e r c a l a _
t i o n ;  a l t h o u g h  S b t r r  w a s  f o u n d  i n  t h e  r e _
ac t lon  mix tu re ,  we have no t  sa t is f ied
o u r s e l v e s  t h a t  i t  c o u l d  n o t  h a v e  b e e n
formed by  a  s ide  reac t ion .  Th is  must  be
done be fore  i t s  p resence represents  con_
c lus ive  ev idence fo r  the  proposed mecha_
n i s m .

.  fo th  
SbF5 and AsF,  in te rca la te

g r a p h i t e  w i t h o u t  a d d i t i o n  o f  c o - r e a g e n E s ,
and there  is  ev idence the  in te rca la t ion
invo lves  on ly  d i f fus ion  in to  the  graph i te
l a t t i c e  f o l l o w e d  b y  e l e c t r o n  t r a n s f e r
( 1 2 , 1 3 ) .  A n  a l t e r n a t i v e  m e c h a n i s m  i n -
v o l v i n g  e l e c t r o p h y l i c  a t t a c k  w o u l d  b e :

MF5 +  MF,  *  uFu. .u r f ,

adsorbed complex

M F 6 . . M F ¿  +  n c  -  M F ;  +  c ;  +  M F 4

in terca-  uns tab le
la ted  in te rmed ia te

2 M F 4 - M P 5 + M F 3

L r n  ( 1 4 )  r e p o r t s  t h a t  A s F ,  i s  e v o l v e d
d u r i n g  i n t e r c a l a t i o n  b y  p ü r e  A s F . .  I n
add i t ion ,  we have ident i f ied  subÉtant ia l
quant i t ies  o f  SbF? in  the  reac t ion  mix_
ture  a f te r  l iqu id -phase in te rca la t ion  by
SbF5,  bu t  we have no t  ye t  es tab l i shed
beyond doubt  tha t  i t  cou ld  no t  have been
in t roduced by  a  s ide  reac t ion .  Conse_
q u e n t l y ,  a t  t h i s  w r i t i n g  i t  i s  s t i l 1  n o t
es tab l i shed whether  o r  no t  in te rca la t ion
by  AsFU and SbFo is  by  s imp le  d i f fus ion
and e lec t ron  - t ráns fer ,  o r  by  ox ida t ion  o f
g raph i te  by  Mv,  wh ich  is  reduced i " - [ t t i -
accompanied by dif fusion gf rvff6 and ]vIF,
( a n d  p o s s i b l y  M F 3 )  i n t o  t h e  l a L t i e e .
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