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!NTR( )DUCTI( )N

The ilalidcs of tl-ivalcnt ti-al_sitioil metals ci-ysttlliizc il_ttl a variety (ii"

Sti'tit:ttu'Os. gCilt:i'ally c.haiacioi'i_'.c_d by a i'ath;r t.-I(i,_c:p:icking of the halide ions with

rho mc:tal ion._ occupying tl_t: :lpprtlpriaic tractit_il (ii" Ic-irai_cdi'al sites (,I). ()n

mc:ltin[2, Ihoy c_!11;.isstiiilt_ radically tlifl'crc:iit i),p_.'.__1" .,4ti'tlcliifc, ¢iihei" mimicking rho

ct(isr: pac'kt.'d _ii.i.till_C'i11cili til" lhc cl'y._t;ll iii" trall._l'orlnil_{-t iili(! _! Ill(ii'c" tlilcn, illoltDctil_ii

typo of SIl'tit.'llirc. The tlilfcrc'nl I_chzlvi_us in mellin7 t.,ziil l_c" illfc'irl.'d fl'(llll the



con._idcrablc Iatlgc in cluln_cs in ¢ntr_py A.S and sPccil'ic v_lulnc AV/V, tabulated

in Table I. F_r ¢x:ttnplc, ['cCI3, with AS = 17._ c.tl. :llld AV/V = ().63, COIIII'aSIS

dramatically wilh YCI 3 with AS = '7.('_c.u. and AV/V = ().{1()5. ()ur recent work on

I.hCSLt'ttcttlrCOf nlollcll Ycl 3 has shC_wn lh;lI iI/,.l(r.'s indeed melt into a close-packed

structure, similar to the cryxt:tl but with sortie dis_wdcring _1 the el" ion.,;.(2). ()n tile

other hand, our studies of graphite illlcrcalatcd with Fcel 3 have showll that Lhc

intercalated layers form a two-dimensional liquid _1" Fc2CI_'_molecules al higher

temperatures, while at lower tenaper:ttures they form a clt_sc-packcd hexagonal clo,_

packed arrangement similar to the bulk crystal. (3). The _,b.icctof the present study
"_ .-

_: was to make a careful measurement of tile structure of the bulk liquid and determine

whether the molecular structure is Ik_und hero also, as suggested by the

thermodynamic data of Table !.

"action

:CI3 is NEUTRON DIFFRACTI()N EXPERIMENT

of the

o that FeCI3 material, 99.999% purity, obtained from APL Engineering Materials,

rien is lhc., was encapsulated in vitreous silica tubes 4mm I.D., 5mm ().D., I() mm l_i_

with a loading sufficient to fill the he:un height of 5(}mm when molten. Ncttl__,l

diffraction measurements were carried out at the Special Environment Powder

Diffractometer at lhc intense Pulsed Neutron Serif'ct. The s;uuplc was heated 1o

32()°C in a vacuum furnace inside a cylindrical vanadium clement. The structure

factor S(Q) was obtained after correcting the measured diffi':lction patterns for

•ty of multiple scattering, absorption and inelastic cl'fccts usin,,_ ._t,tndard procedures (4).

•; with For the present sample, it was necessary also to subtract the p:tramagnctic scattering

()11 [fonl lhc Fc 3.. This was calculated on the Basis of the value of the nlagnctic ilaornent

_g tile _l"the ft'ce F,: 3+ ion, 5.92 lib (5) and lhc published Ircc-ion l'onn factor (6).

,'cular

"Fhc corrected Xll'tlClttl'e I'_tCl_.lf S(Q) iS S[l_._.t,'liin Fig. I. Strictly speaking this

rcptc._cnts a weighted avcra,._,¢ t_l"lhc Ihrt.'e p:irti:tl .',;IftlCltll'C I':tcttH's"

S(Q) = 1/<l_>2Eii (c-ici)l/2 lt i I_i .g:ij(()) - <1_-_>,'<1_>-_+I (I)

I! tl lC, "l'_kai-'_
.$.



: However. lhc scallerin g lengths of Fe and CI are nearly identical, .so ,S(Q) ix very

close lo lhc Bh;1Iia-Thoruto11 nunlher tlcnsily structure l':tclt_1"

SNN(()) = _ii (cic.i)l/?Si.iCQ) C2) _:'

lt exhibits a three-peak structure with peaks at wave vectors Q = 0.95, 2.(15, and

3.67 ,_-1. respectively. Scaling with the nearest-neighbor distance rl = 2.28 ,Z,(see

below), these values correspond to scaled wave vectors Qrl = 2.2, 4.7, and 8.4,

respectively, typical of values Ik_und for the first sharp diffraction peak, the

Coulomb peak and the hard sphere peak, respectively, in complcx'iiquids (7).

The total pair correlation function in real space T(r), oblained by Fourier

transformation of S(Q), ix shown in Fig. 2. Ii has :t well-defined first peak which

can be lifted hy two gaussian functions centered wt 2.19 und 2.37 ,Z,. These values

= are about 4% larger than the F.e-Ci _paration observed for terminal and bridging CI-

ions in Fe2Ci6 molecules in the vapor.(8). Converting T(r) to the radial distributionI

function n(r) gives a total area for the first peak of 1.8; this corresponds to an

average coordination number of 3.6 about the Fe 3+ ions, sliglatly lower than the

value of 4.0 for the isolated molecule. The octahedral coordination found in the

crystalline phase is clearly ruled out. There ix s_mc possibility of dissociation in

molten FoCi 3, leading Io FoCI 2 and frc¢ CI 2 (9); however, in the present

experiment, since ,g(Q) is normalized to I.(I at high Q, values of the coordination

number about the Fe 3+ ions would bc 33_7_ higher than those observed, so this is

also inconsistent with the data. Thus, these data show unambiguously that the bulk

melt ix a molecular litlttid composed _fl"F¢2CI 6 mc_lccttlcs.

: The second pc:tk in TCr) ix a bt'_:td peak with un area in nit) of 5.9,

presumably dtle to Ft-Ft and CI-CI corrcl:ltions. The isol:ttcd Fc2CI6 molecule

would give a valuc of 3.(I, so lh,tr ;tpproxilu,tlcly half the scccmtl-ncighbor

corl"el:lticms :u'e intor-, its _pl_<_xed I{_ inlr:t-, m_dccuizir. The mC:lsurcd v;tluc is,

again, ccita,_itlcr;tl_iy I{v,vcr lh;ii tilt v:lluc wl_icl_ applies l'_r lhc _-losctl-p;tcked

siruclurc c_l I!1c cr),sl;ll. _).25.
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x very C( )NCI.USI( )NS

The results of Ihcse nlc;.lsurclncllts indicate thai nlclting in FeCI 3, associated

with a large (63%) volume change, is accompanied I_y a chan__e in local structure

from the octalmtlral environment of the Fe _+ in the m_lid to an Fc2CI6 molecular

;, and liquid.

I 8.4, A suggested geonletl'y o1" I[le strl.lClurll[ transition ix shmvn in Fig.3. Eacil

, the Fe 3+ ion undergoes a substantial displ:lcemcau, I'mm an ocmhedral site hctwe,¢n two

triangles of el- i_ms in ad.iacent planes, shown in tile Imvcr part of tile figure, to a

tetrahedral site hetween one CI- triangle and the el" opposite it in tile adjacent plane,

urier as observed in the molecular crystals AIBr3 (I(1) or GaCI3( I I ), shown in the upper

hich part of the figure. At the same time there must be a deca'case in the packing of the Ci"

dues to account for the vnlume expansion. The reduced value for lhc see(rod-neighbor

.',Cl" coordination numher nhserved in toni(ell.FoCI 3 is c_msistcnt with this reduction in

lion el- packing. Melting in Fcel3 is clearly similar to that _,hscrvcd in AlCl3 and in

an contrast to that of YCl3 where :m octahedral co_u'dinati_m is preserved on

the melting.(2).

the

in Results of detailed model calct|lations on the structure of molten FeCl 3 are in

ent progress and will he reported in a forthcoming publication (! 2).

ion
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+ lnCl 3 859 .... ().61 11.42
I

f_

AICI 3 466 18. I (1.88 5x I(1-7

GaCI 3 351 7.4 11.!7 2x I(I.6

eta,. BiCI3 5115 5.11 11.22 11.38
and

SbCI3 347 8.7 (). 17 2x I()-4

' 4_

YCI3 994 7.6 (}.(}(15 (}.39

FoCI 3 577 17.g 11.63 ---
75

aAl'tcr M.P.T(_xi. G. Pastorc. M.-L.._at_oungi. and D. l.. lhice, I'hvsic. S¢riln.,

139. 367 (1991)

bRclativc ¢lil'l_'rcncc _1"spc¢.'ilic volume ¢_1liquid :.it"l"m:l,l<.!IIl:tt t_l"st_li<.l:.trrt_<._lnlC
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Fig. I. Measured SIUCLtlI'C factor of molten FOCI3at 32()°C
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Fig. 3. Schematic illustratiHn Hf melting in FeCi3. The black spheres rcprcscm a

plane Hf Fc 3+ iHnsin the crystal, and the grey and white spheres represent

planes Hf CI ions above and below the plauc Hf Fc 3. iotas, respectively. The

lower cluster rcpFcscnts the Hctahcdr,|l coordination Hf the Fc 3+ ion.'; in the

tryst:ii, and the ttppcr cluster the Fc2CI6 molccttlc in lhc melt. The arrows

indicate the tCtlttit'cd tlixpl_tcctuc|at of the tw(_ Fc 3. it,ix upotl mcitil_g.
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