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)D r
dIt In t roduc  t ion

In contrast to the extensive studies of the in-

te rca la t ion  o f  ne ta l  ch lo r ides  the  reac t ion  o f

graphite with ¡retal bromides has received scant

¡ t  ten t  ion .
At present more than thirty metal chlorides are

knolrn to intercalate into the graphite latt ice but

cnly few graphite/metal bronide compounds have been

reported unti l  now.
CROFT clairned to have prepared AlBr3-graPhite I l ] '

lecently SASA et aL, 127 have investigated the reac-

t i v i t y  o f  g raph i te  w i th  A1Br .  in  de ta i l .  The fo rma-

t ion of ternary compounds wad observed with a naxi-
n composit ion of CgAlBr3'Br2 and a lamellar struc-

¡ure of the lst st"gé. Ináependently BALESTRERI [3]
' -s  ob ta ined s in i la r  resu l ts .  She inves t iga ted  a lso

:he system graphite GaBr3-Br2 and succeeded in ob-

:aining ternary conpoundé 
"ttá1ogo,t" 

to the graphite/

-rIBr? ¿onpounds. AuBr3 is reported to give a lst

r,"gÉ 
"otpound 

in whióh planar Au2Br6 molecules are

:ocáted in t tre center between the-carbon layers [41'
. :EROLD et al.  have tr ied unsuccessful ly to inter-

:a la te  g raph i te  w i th  o ther  meta l  b romides  [4 ] .  In

:omnentlng on their results they expressed the opin-

:on that i t  rnay be possible to PrePare other graph-

:te/metal bronide compounds under proper condit ions'

In fact we have revealed that T1Br3' CdBr2'

lgBr2r FeBr2 and UBr5 do form intercalat ion conpounds'

fhe present paper gives some experimental and struc-

tural detai ls of the new comPounds. In order to draw

a cornparision with graphite/netal chloride compounds

se have done a detailed study of the system graphite-

T1C13-C12. Results obtained from these investigations

"r" 
[ i .r"ñ f irst.  Apart fron CRoFTrs rePort [ l ]  of

the óccurance of a graphite/tlCl3 conpound there is

no infornation concerning its coúPosition or struc-

lure.

craDhi telTlCl.¡.  Experimental

Purif ied natural graphite (f lakes) fron Passau'

Germany, rras used. Anhydrous TlCl3 uas prepared by

dehydrái ing TlCl3'4H2O using SOCI2' Several oethods

verl exploied to-synEhesize TlCl3:graphite:
f  heating graphite and TlCl3 or TlCl in sealed tubes

fi l led t l tñ 
" i trorine 

vaPour-(table l ,  samples l-5);

I I  before seal ing l iquid chlorine (2 nl) have been

condensed onto the réaction mixture (sanPle 6);

I I I  re f lux ing  a  so lu t ion  o f  T lC l .  in  SOC12 w i th

graphíte with or without bubblinf chlorinE through

ihe'solut ion (sanple 7); IV heating T1C13 and graph-

ite lr i th SOCI^ in sealed tubes (sanple 8) '  The sam-

ples were wasÉed with a solut ion of chlorine in

iethanol in r¡hich TlCl1 and TlCl are soluble' With

sample 6 TlCl3 and grafhite l tere-seParated by f lota-

t ion in l iqui i  chlorine. Sauple 6a is the sane as 6

but washed r¡ i th chlorineaethanol solut ion' 6b has

been obtained from 6a by keeping several weeks in

an evacuated vessel.

Resul t  s

It is sho¡¡¡ from table I that the amount of

intercalated TlCl3 and the chlorine to thal l íun

ratio is dependent on the procedure enployed. The

intercalated T1C13 is considerably more stable than

the free TlC13 which decomposes above IOO oC. For

the lst stage lcwas determind to be 977 pn and for

the  2nd s tage l3 l l  Pu t .

T a b l e  l .
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craDhite/TlBr'. Experi¡¡ental

TlBr and graphite were given into bronine' This

mixture was he¿ted in sealed tubes. The sanplee rere

washed sith a solution of brooine in uethanol'

Results and Discuseion

The coopositions of some suples are given-in

table l .  TlBi3-graphite resenbles AlBr3-, and GaBrS-

graphite in for:ning'ternary compounds. The couPosi-

I i"o of sarnple 9 nay be forr¡r¡ lated as C25.3TlBt3.2'Br2'

l{hen kept in a vacuum it released brooine and a

"n¡"t"t t"" 
vi th the conposit ion C25.3TlBr3.4 remained'

All listed compounds are of the 2nd stage type but

w i th  s l igh t ly  d i f fe ren t  Ic  va lues :  1358 Pm (sanp le  9 ) '

1 3 5 8  ( t o t ,  1 3 4 3  ( l l ) ,  1 3 4 Ó  ( 1 2 ) .  F o r  c o o p o u n d  9  t h e



, .
¡

Ir

ca rbon  l aye r  spac ing  con ta i n i ng  T lB ra  i s
1358  -  335  =  lO23  pm.  Th i s  i s  exac t l !  t he  same  va lue
repo r t ed  by  SASA l 2 l  f o r  C9A1Br3 .B r2 .  I t  was  f ound

to  be  IOOO pm fo r  C24A1Br3 ,3  and  ou r  X - ray  s tud ies
g i ve  a  va lue  o f  lOO5  pm fo r  samp le  12 .  These  s im-
i l a r i t i e s  i nd i ca te  t ha t  t he  s t r uc tu res  o f  t he  two
in te r ca la ted  me ta l  b rom ides  c l ose l y  r esemb le  one
ano the r .  I t  i s  t i ke l y  t ha t  A lB r ^  and  T lB r ^  a re  i so -
morphous .  The  s t r uc tu re  o f  T lB r j  i s  unkno*n .

T1Br3 -g raph i t e  has  an  unexpec ted  h i gh  t he rma l

s tab i l i t y .  F ree  T1Br3  decomposes  a t  r oom tempe ra tu re
to  i n t enned ia te  compounds  and  f i ne l y  t o  T1Br .  As
opposed  t o  t h i s  T lB r . ¡ - g raph iEe  can  be  hea ted  t o
I20  oC  w i t hou t  decomfos i t i on .  Obv ious l y  T lB r l  i s
s t a b i l i z e d  b y  i n t e r c a l a t i o n .

craphire/ r1c11! lBt3

By  t r ea t i ng  a  2nd  s tage  g raph i t e /T lB r3  compound
Í ¡ i t h  T1C13  i n  r e f l ux i ng  SOC12  a  l s r  s rage  óompound
w i t h  t h e  c o m p o s i t i o n  C l 2 . 5 T l e 1 l . g B r l . 6  r 1 / a s  o b t a i n e d .

As  X - ray  s tud ies  con f i rmed  t he re  i s  a  r egu la r  se -
quence  o f  T lC l3 - ca rbon -T lB r3 - ca rbon  l aye rs .  S im i l a r
cornpounds wi th two di f ferent  metal  chlor ides have
b e e n  p r e p a r e d  p r e v i o u s l y  [ 5 ] .

G raph i t e /CdBr r  and  Graph i t e /HgBr2

In te r ca la t i on  compounds  w i t h  CdC12  and  HgC l2
have  been  p repa red  by  RüDORFF e t  a l .  [ 5 ] .  s i . t " e  

-

CdBr2  and  HgBr2  have  l aye r  l a t t i ce  s t r uc tu res  r e -
semb l i ng  t he  CdC l2  s t r uc tu re  i t  was  t o  be  expec ted
rha t  t h i s  b rom ides  can  f o rm  g raph i t e  l ame11a r  com-
pounds .  I ndeed ,  we  succeeded  i n  ob ta i n i ng  g raph i t e /
CdBr2  and  g raph i t e /HgBr ,  compounds  by  hea r i ng  t he
anhy i i r ous  me ta l  b rom ide i  w i t h  g raph i t e  i n  t he  p res -
ence  o f  b rom ine .  A t t emp ts  t o  i n t e r ca la te  t hese  me ta l
b rom ides  i n  t he  absence  o f  b rom ine  r ^7e re  unsuccess fu l .
The  p roduc t s  we re  washed  w i t h  d i l u t e  HN03  t o  r emove
excess CdBr2 and wi th acetone to remove HgBr2.

On l y  a  r ep resen ta t i ve  compound  i s  men t i oned :
C 1 5 . 5 C d B r 2 . o 6 ,  p r e p a r e d  a t  5 O O  o C ,  I . =  I 3 3 O  p m ,

2nd  s tage .  C23 .gHgBr2 r  p repa red  a t  IOO oC ,

I .  =  1684  pm,  3 rd  s tage .  CdBr2  and  HgBr2  can  a l so  be
in te r ca la ted  i n  r e f l ux i ng  n i t r ome than .  P roduc t s  v ¡ i t h
t he  compos i t i ons  C26 .6CdBr2 .2  and  C25HgBr2 .  ¡  we re
ob ta i ned .  They  have  bo th  a  3 rd  s tage  s t r uc tu re
I "  =  1 6 6 2  p m  a n d  I "  =  1 6 8 8  p m .

Graph i  t e lFeBr ,

Hea t i ng  o f  FeBr . ,  o r  FeBr2  w i t h  g raph i t ' e  i n  t he
p resence  o f  b rom ine  i esu l t s  i n  va r i ous  compounds
depend ing  on  t he  expe r imen ta l  cond i t i ons ,  M i xed  com-
poúnds  w i rh  FeBr3  and  FeBr2  can  be  p repa red .  A  p ro -
duc t  r d i t h  t he  compos i t i on  C ¡6FeBr2 .6  was  ob ta i ned  by
hea t i ng  anhyd rous  FeBr2  r ^ ¡ i t h  g raph i t e  i n  a  sea led
tube  f i 11ed  w i t h  b rom ine  vapou r  up  Eo  35O oC .  I t  wa ' s
i den t i f i ed  t o  be  a  2nd  s tage  r ^ ' i t h  I c  =  1328  pm.

I t  i s  gene ra l l y  sa i d  t ha t  a  me ta l .  ha l i de  can
on l y  r eac t  w i t h  g raph i t e  i n  i t s  h i ghes r  ox i da t i on
s ta te .  Th i s  examp le  demons t ra tes  t ha t  t h i s  i s  no t
a  necessa ry  cond i t i on .

G raph i  t e lUBr ,

L i ke  o the r  b rom ides  w i t h  t he  me ta l  i n  a  h i gh
fo rma l  ox i da t i on  s ta te  UBr5  has  a  l ow  s fab i l i t y .

A l t hough  UBr5  i s  so l ub le  i n  l i qu i d  b rom ine  we
d id  no t  succeed  i n  i n t e r ca la t i ng  UBr5  i n  r e f l ux i ng
b rom ine .  Pos i t i ve  r esu l t s  we re  ob ta i ned  by  hea t i ng
UBr5 r , r i th graphi te under a h igh bromine pressure at
3O0 oC. The compound wi th the highest  UBr5 amount
had the composi t ion C36UBr5.  ¡ .  This compoúnd r^ras
a  m ix tu re  o f  a  2nd  and  3 rd  s tage  ( I ^  =  1328  and
I 645 pm)

Conc lus  i on

The present invest igat ions have shown that  there
i s  a  g rea t  s im i l a r i t y  be t r " / een  g raph i t e /me ta l  ch l o r i de
and  g raph i t e /me ta l  b rom ide  compounds .  IE  i s  1 i ke l y
that  many other metal  bromides can react  wi th graph-
i t e .  Howeve r ,  t he  t o ta l  number  o f  t he  members  o f  t h i s
c l ass  o f  g raph i t e  l ame l l a r  compounds  w i l l  be  a l -
ways smal ler  than the number of  graphi te/metal
ch l o r i de  compounds .  Th i s  wou ld  be  expec ted  because
the  e l ec t r onega t i v i t i e s  o f  ch l o r i ne  and  b rom ine  a re
d i f f e ren t  and  because  t he  me ta l  b rom ides  a re  t he rm-
a l  l ess  s tab le  t han  t he  ch lo r i des .  Mo re  me ta l  ch l o r -
ides are knovm than metal  bromides.

Fo r  i n t e r ca la t i on  o f  me ta l  ha l i des  t he  p re  -
sence  o f  ha logen  i s  a  necessa ry  cond i t i on .  The  i n t e r -
ca l a t i on  reac t i on  can  be  i n t e rp re ted  i n  t e rms  o f  an
e lec t r on - t r ans fe r  p rocess ,  t he  g raph i t e  acL ing  as
an  e l ec t r on  dono r  t he  ha logen  and  i n  ce r t a i n  cases
the  me ta l  ha l i de  as  an  e l ec t r on  accep to r .  Fo r  i n t e r -
ca l a t i on  o f  me ta l  ch l o r i des  ch lo r i ne  o r  b rom ine  may
be  used ,  f o r  b rom ides ,  o f  cou rse ,  on l y  b rom ine  i s
app l  i cab l  e .

We  have  i nves t i ga ted  t he  i n t e r ca la t i on  o f  many
me ta l  ch l o r i des  i n  t he  p resence  o f  b rom ine .  A lways
on l y  t he  2nd  s tage  has  been  ob ta i ned  w i t h  such  me t -
a l  ch l o r i des  wh i ch  f o rm  the  l s t  s t age  i f  t he  i n t e r -
ca l a t i on  occu rs  i n  a  ch l o r i ne  a tmosphe re  a t  t he
same temperature.  Therefore,  vre suppose that  genuine
g raph i t e /me ta l  b rom ide  compounds  can  f o rm  a t  bes t
t he  2nd  s tage  s t r uc tu re .  The re  i s  a  c l ose  re l a t i on -
sh ip  be tween  t he  i n t e r ca la tes  o f  ac i ds  and  me ta l
c h l o r i d e s  [ 6 , 7 1 ,  I f  s u l p h u r i c  a c i d  i s  i n t e r c a l a t e d
us ing  ch lo r i ne  as  ox i d i s i ng  agen t  t he  2nd  s tage
in  ob ta i ned ,  w í t h  b rom ine  on l y  t he  3 rd  s tage  i s
f o r m e d  [ 8 ] .  S A S A  e t  a l .  c o n c l u d e d  t h a t  t h e  l s t  s t a g e
g raph i t e /A lB r3  compound  may  be  b rom ine  g raph i t e
s E a b i l i z e d  b y  A l B r 3 .
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