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Reaction of Chloroacids with Graphite
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D-3392 c laus tha l -ze l le r fe ld ,  FederaL Repub l rc  ó f  Germany

Cer ta ln  meta l  ch lo r ldes  combine  w i . th
hydroch l .o r lc  ac ld  to  fo rm ch lo roac lds .  tde
found tha t  some o f  these ac lds  a re  capab le
t o  b e  l n t e r c a l a t e d  l n t o  g r a p h l t e . l  H o w e v e r ,
no  sys temat lc  lnves t lga t lon  o f  th ls  reac-
t l o n  h a s  b e e n  r e p o r t e d .  T h l s  1 s  a  p r e l l n l -
nary  repor t  o f  a  de ta l led  s tudy  o f  us lng
ch lo roac lds  as  s ta r t lng  mater la ls  to  p re-
pare  the  cor respond lng  graph l te  sa l ts .

Chloroaclds always contatn water of
cons t l tu t lon .  A l though they  are  bes t  de-
scr lbed as  oxon lum sa l ts  w l th  the  fo rmula
t t t 3 0 l f i t M C I x l n -  . z H 2 O ,  l n  t h t s  p a p e r  t h e
t o r m u l a  H n M C I x . y H 2 O  w 1 1 1  b e  u s e d .

T h e  s t a b 1 l 1 t y  o f  c h l o r o a c l d s  v a r l e s
3 o n s l d e r a b l y .  H 2 P I C 1 6 . 6 H 2 O  a n d  H A u C I 4 . 4 H 2 O ,
fo r  example ,  can  be  iso la ted  as  so l ld  coñ-
p o u n d s  w l t h  a  d e f l n i t e  c o m p o s l t i o n ,  o t h e r s
are  known to  ex ls t  on ly  1n  the  presence
c f  e x c e s s  h y d r o c h l o r l c  a c l d .

Exper lmenta l

.Natural graphlte from Kropfmüh1, Bava_
r l a  ( S  4 0 ,  p a r t l c l e  s t z e  2 O O - S ó O  F m )  w a s
. ¡ s e d .  T h e  c h l o r o a c l d s  o f  p t ,  A u ,  I r ,  S n ,
l l ,  and  I  were  prepared accord lng  to  the
3enera l  methods  ou t l lned  1n  the  i l te ra_
:ure .é  SeveraL procedures  fo r  the  pre_
para t lon  o f  GICs were  employed.

Metho i l  A .  Heat lng  a  mlx tu re  o f  the  ch lo ro_
a c l d  a n d  g r a p h l t e  1 n  a  s t r e a m  o f  c h 1 o r 1 n e .

M e t h o d  B .  G r a p h i t e  w a s  s t l r r e d  l n  a  h e a t e d
so lu t ion  o f  the  metaL ch lo r lde  in  hydro_
c h l o r l c  a c l d  s a t u r a t e d  w i t h  c h l o r l n e .

Method C.  Heat lng  graph l te  w l th  a  mlx tu re
o f . S n C 1 4  o r - G e C l O ,  r e s p e c t l v e l y ,  a n d  h y d r o _
ch lor lc  ac ld  w l t t i  a  ch lo r lne  overpressure ,

Resu l ts  and D lscuss lon

G I C q . g P t a l n e d  u s l n g  m e t h o d  A .  T h e  r e a c t l o n
c o n ¿ t t t o n @ T a b l e  L .  r t
a l s o  g l v e s  t h e  c o m p o s l t l o n s  o f  t y p l c a l
s a m p l e s .  T h e  C : M  r a t l o s  r e f e r r e d  l o  t n
Tab le  1  a re  ra ther  uncer ta ln  because they
w e r e  c a l c u l a t e d  w l t h o u t  e o n s i d e r a t i o n  o f
t h e  c o - l n t e r c a l a t e d  w a t e r .

T h e  r a t i o s  C l : M ,  e x c e p t  1 n  G I C  1  a n d
GIC 5 ,  a re  somewhat  Lower  than 1n  the  pr ls_
t lne  ch lo roac lds  bu t  h lgher  than in  the
comespond lng  meta l  ch lo r ldes .  Consequent_
Iy - , .  these GICs may be  regarded as  graph l te
s a l t s . 1 "  

" ! ? J o e y  
t o  t h e  G f C s  o f  s t i o n g

o x o a c i d s .  G I C  1 0 ,  h o w e v e r ,  l s  m o r e  1 l k e l y
T IC l3-Braph l te  ra ther  than graph l te_
te t  rach lo ro tha l  1  a te  .

c IC 2  1s  the  f l rs t  example  o f  a  s tage 1
o f  g raph l te - te t rach lo roaura t l .  The ln te r_
layer  d ls tance is  the  same as  found ln
AuC13-graph l te  (s tage 1)  in  wh lch  p lanar

In t roduc t lon

Tab le  1  '  Exper lmenta l  de ta l la  o f  ln te rca ]a t lon  o f  ph lo roac lc ls  (method A)

s t a r t l n g  a c l d t e m p .  /  o C  t l m e / h ryI s lage r  t l

c ' s a m p l e  n o .
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Au2CI6  un l ts  a reáor len ted  para l le l  to  the

grápnáne layers .3  The s t ruc tu re  o f  HICI4 '

iH"b  r "  s im i ta r  to  tha t  o f  HAuClo '4H2o '  In

boEh aclds the anlons adopt the square pran-

ar  s t ruc tu re .  Accord lng ly ,  the  sandwlch

th lckness  ln  GIC 11 ts  the  sane as  in  GIC 2 '

GIC 4 was obtalned bY treatment of

GIC 3  a  second t lne  vú i th  ch lo rop la t ln lc

acld. By thls procedure a stage 2 of graph-

l te -hexách lorop la t lna te  has  been ob ta lnec l
f o r  t h e  f l r s t  t l m e .

GICs obtalned uslng mclbeq-P. tJhereas graph-

i  t u r e  o f  S n C I 4 ,

HCl ,  and CI2 ,  ln te rca la t lon  took  p lace  l f

some water ias added comespondlng to a

m o l e  r a t l o  H 2 O : H C l : S n C l 4  =  3 . 6 : O ' 8 : 1 '  T h e

upper  l lm l t  ó f  tne  water  conten t  was  found

t b ' u e  z : 2 : 1 .  T h u s  l t  l s  r e a s o n á b l y  c e r t a i n

tha t  ln te rca la t lon  o f  SnCl4  occurs  on ly  in

the  presence o f  H3O'  lons .  As  11  the  case

of  GICs w l th  oxoaó lds  on ly  h igh ly  concen-

t ra ted  ch lo roac lds  can be  in te rca la ted '

T h e  r a t l o s  C l : S n  1 n  t h e  G I C s  v a r l e s  b e -

t w e e n  ) 5 : 1  a n d  4 . 5 : 1 .  T h e  l a t t e r  v a l u e  w a s

found when the reactlon t lme was longer
(ca .  6  h ) .  These GlCs can be  represcnted  by

iñ" ro"tnrra c, . ,snctfr- '3snc14'vH2o. -ThuE the
l n te rca la te  cóns ls ts  o f  an lons-and neut ra l

mo lecu les  as  ln  the  case o f  g raph l te  hydro-
gensu lphate .  S tml la r  resu l ts  were  ob ta lned
6y tne- UV lmadlat lon induced tntercalat lon
á i  S . rCfa  1n  CCl4 .4SnC1*-GICs ob ta lned w l th

method d gave x-ray patterns correspondlng
to  s tage 4  and s tage 3  s t ruc tu res '

Ch loroac lds  o f  HgCl2  are  very  uns tab le '
T h e r e f o r e ,  m l x t u r e s  o f  m ó l e  r a t l o  H 2 O : H C l :
H g C I 2  =  4 : 1 : 1  w e r e  h e a t e d  w l t h  g f a p h l t e '

Tñe 6p t lmum tempera ture  v ras  found to  be  ca '
gO oC.  In  a l l  runs  s tage 3  GICs r , {e re  ob ta ln -
e d  ( I c = 1 6 . 3 0  A ) .  T h e  r a t l o s  C l : H g  d e p e n d e d
on thé  reac t lon  t1me.  A f te r  4  h  a  va luc  o f

2 . 7 : 1  a n d  a f t e r  2 O O  h  o f  2 . 2 2 1  w a s  f o u n d '
The prlmary products seem to be graphlte

sa l ts  wh lch  are  conver ted  to  Hgc l2 -graph l te
on pro longed t rea tment  rv t th  the  HCl /HgCl2
mlxture. Resldue compounds of graphlte

nltrate were found to be more reactive tha¡r
prlst lne graphlte. t¡Últh resldue compounds
ml*t,ros of stage 2 and 3 HgClt -GICs wcre

obta lned.

FeCl1-graph l te  has  been prepared ln  a

so lu t lon  ó f  feC l . ¡  ln  concent ra ted  hyc l ro -
c h l o r l c  a c r d  ( H e ó : H C I : F e C 1 3  =  2 . 4 : O ' 7 : O ' 4 ,
90  oC,  S  h) .  Thé c IC was o f  s tage 2  tv l th  the

c o m p o s l t l o n  C : F e : C l  =  3 7 : 1 : 3 . 4 .  T h e  x - r a y

re f lexes  o f  GICs prepared ln  aqueous so lu -
t lons are conslderably broader than those of

compounds ob ta lned by  the  ' rc lass1ca1 i l  method '

G lCs ob ta lned us ing  method C-  The reac t lon
mar lzed ln

T a b l e  2 .

Tab le  2 .  React lon  o f  mlx tu res  o f  SnCI4  and

HCl (aq)  w l th  g raPh i te  under  ch lo -

r lne  overpressure .  React lon  t lme

6 0  h ,  t e n p .  7 0  o C
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Agaln ,  l t  was  found tha t  in te rca la t ion

o f  S n C l 4  t a k e s  p l a c e  o n l y  l n  t h e . p r e s e n c e

o f  a  t r á c e  o f  w a t e r .  I n  t h l s  s e r l e s  o f  e x -

p" t i t " " i "  the  CI :Sn ra t los  o f  the  ln te rca l -

á te  
" re  

fa l r l y  cons tan t  ln  sp l te  o f  chang-

l n g  C l : S n  r a t t o s  l n  t h e  s t a r t l n g  m l x t u r e s '

i t tE  r t t t . " "a1ate  1¡  p robab ly  a  1 :1  mlx tu re

o f  S n C l o  a n d  S n C l á - .

Russ lan  workers  have recent ly  a lso

found ev ldence fo r  the  ex ls tence o f  GICs

wl th  SnC14 but  o f  g ; ; ; " ; i - i t rmuta  c , ' ,Snc lo '5

Ár,nya"o.t"-stannlc óhlortde has been used

and ch lo r lne  pressures  up  to  1 'O MPa '

Uethod C has  been success fu l lY
to  p repare  aLso GICs w l th  GeCIO fo r

f l r s t  t l m e .

React lon  o f  e ther  complexes  o f  ch lo roac lds

MCl .  (M=A; )  reac t  w l th  a  so . lu t ion  o f

HCI  ln  d le thy l  e ther  to  g lYe compoúnds o f

i ñ é  t v p "  t ( E i 2 o ) n H l + [ M c l 4 ] l  '  t n g ¡ e  a c l d s

were  h la ted  w i th "graph l te  ln  a  ch lo r lne  a t -

mosphere .  The sarnp les  were  washed u ' l th  e ther '

i r ré -op t rmum reac t ion  cond l t lons  were  (1 )

* i i r t  i i i= ¡ rc l "  90  oc ,  14  h ;  found:  c :A1 :c1  =
¡ ó ; i , 3 . 2 ,  s € a e e  2 ;  ( : . i )  w i t h  l ¡ = T r c l 3  8 0 -  o c '

i 5  n ;  f o r - t t t d :  C : T 1  ¡ 9 1  =  1 6 : 1 : 3 ' 4 ,  s t a g e  l ' '

i ñe  ánafy t l ca l  da ta  lnd lca te  tha t  these GICs

are  a lso  graph l te  sa l ts .

In te rca la t lon  o f  A lC13 was a lso  obser ' \ ' ed

l n  m o l t c n  A I C I - { ' 2  E t  O ,  t h a t  1 s  l n  t h e

áu"" . t . "  o f  Hc l l  The presence o f  CI2 ls  nec-

; ; ; ; .  F o u n d :  C : A l ' ; s 1  =  3 0 : 1 : 3 ,  s t a s e  3 '
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