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Introductlon

The graphlte lntercalatlon compounds (GIC's)

nl th Detal  pentahal ide MXq ( l ' t  -  As,  Sb,  b '  . . .  i
X = Cl, F) forr¡ a class of nFEerfals fn r¡hich the

cheulcal reactLon occurlng uPon lntercalatlon of

MX. compounds lnto the graphite hoat glves rfse to

thÉ foruatfon of several chenlcaL specl'es. The

Ln-plane structure of the Lntercalant layer 1n

lfK.-GICrs seems to be very dlfferent fron that of
thé prlstLne MX. coopounds.

So far thefe have been only a few detailed

studleg on the in-plane structures of }'D(.-GICrs.

Those are X;rflj and elecüron dlffractlon'
experiments¡-' of the netal-chlorides MCI.-GIC
(M - Sb, Mo). The pristine MCl* conpoundé forn

tno types of molecular lactlces-1n whlch the

molecules are independs¡¡ (SbCl.) or assqclated
in palrs by co-ordinate l inks (úorClrn) . -

In the present paper ue repoit 
.- 

the results

9!_aqr X-¡ay scatterlng study on stage^4^MoClt-
GIC 1n the tenperaturé rangé betr¡een 300 K

and 730 K. It ls lmportant to clarlfy the 1n-
plane structure of MoClq-GIC, 1n order to
establlsh a unlfled plcÉure of the 1n-plane

ordering in MC1.-GIC!s. lfe r¡tl1 short that the
lntercalant layér fs conposed of tr¡o klnds of

specles at 300 K and that these species undergo

taro structural phase transltlons .t T.l ' 511 K

a n d T  - 5 8 3 K .
cu

Experimental

The sarnple rras prepared by heatlng a
mLxture of powdered MoCl* and a slngle cryscal
of Klsh graphlte (SCKG) - 

lnside the Pyrex glaes

ampoule sealed 1n vacuum. Ihe reactlon was

continued at 480'C for about 15 days. The
chemlcal conpositÍoo ¡¡as deternined as

C45.5bCl5 fron weight uPtake.

' Résult and Discussion

Ffgure 1 sho¡ts a schematlc dfagrarn of the

in-plane dl f f ract lon pat tern of  stage 4
uoCl--GIC at 300 K. T\to sets of Bragg spots were

obse?ved; I  (A,  c,  D'  E,  l { '  J ,  N) and I I  (B '  K,

l;"1]; ":nidui'ñi, "li::"'i¿i":::"ti ii!'lii'
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Fig.l Schenatlc draslng of Bragg spots in

the reciprocal lattlce plane at 300 K.

The  po ln t s  A t ,  B t '  . . .  u i t h  t he  po ln t s

A, Br . . .  are s¡rmnetr lc .

"r T ;tü ii *r i¡;5;: 'rH:l,"
É ,  1  -  z . g s  i - r + ' á ; d  g -  2 1 . ü ' ( E h e  r o t a t l o n

añgle beEween d, and Q, ) . Tt¡e straln
assoclated wl th ' the niéf t t  of  specles I  in the

lntercelant layer with respect to the graphite

layers glves rlse Eo a statlc dlstortion wave
(SDtl) whlch rnanlf ests ltself 15 ttt5-

appearance of  ref lect l .ons at  {G + Q}.
The Bragg sPots bglonging to specLes II

appear at  { ( } ,  where { I ( }  are the sets of  Ehe

inEercalant (sgecleg lllrecf¡rroggl lSttlcB
vecrors.  0ú -  K-.  o(  -  K.  :  K^,  O.I ,  = K.  -  K,

;;-ot-: i-?, ,- r'"t 
"'" l( ¡-1-ld'l 1a'q = h .4'

( the rotat ioá angle betwee{ ( r -and Gt) .  No
satel l lce ref lect lons at  {d +^f}  r ¡eré observed.

Thus the lntercalant layer I's composed of two

specles, I and II, whlch may correspond to the

dfiner phase ahd the hqxagonal phase, resPectlvely,

according Eo {ohnson.-  However,  Ehe 6-fo ld

syrmetry of (0] ln the reclprocal lattice plane

lndLcates that the in-plane structure of

specles I hae a dlfferent syünetry from the

dimer phase.
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Flgure 2 shows the cemperature varlatfon of
the peak lntenslty of the Bragg spot at the
point  N (c* -  0) .  A structural  phase t ransl- t1on
occurs at  T. l  = 511 t  5 K.  On approachfng T^r
f ron the loF-tenperature s ide,  the Bragg spot 'at
N rapld ly shl f rs to theJpoinr  R (see Flg. l )  on
che cfrc le of  radfus loñl  centered at  the
origLn, lrith the peak lntensiCy decreaslng.
The Bragg spot at P also shlfts to R.
Thus the ln-plane structure above T^., can be
descrlbed by specles -III wfth the füñdamental
wave vecror lír l.= lcrl*"nd g = 30. (rhe rorarion
angle betrreett 
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I'Ilth further teúperature lncrease, the
peak fntensity of the Bragg spot at R gradually
decreases and Ls reduced to zero at
T^,, - 583 t 5 K, whlch nay colncide wirh rhe
méfting temperature of this cornpound.

In sumary, stage 4 HoCI*-GIC undergoes Ewo
structural  phase t ransi t lons "at  T^,  = 511 K,
frour the lorr temperature phase witf;rco-exfsrence
of specfes I and II to the lntermedtate phase
ni th species I I I ,  and at  T^, ,  -  583 K,  probably
to a d lsordered l lquid phabé.
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