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Structure of molten iron chloride: Neutron scattering and modeling

David L. Price, Marie-Louise Saboungi, and Yaspal S. Badyal
Argonne National Laboratory, Argonne, lllinois 60439

John Wang and Simon C. Moss
University of Houston, Houston, Texas 77204

Robert L. Leheny
University of Chicago, Chicago, lllinois 60637
(Received 1 October 1997

Neutron-diffraction measurements of molten Fg@bmbined with model calculations and computer simu-
lations, show that on melting the local structure of Fe changes from an octahedral to a tetrahedral environment.
A similar change is observed in Alglin contrast to YCJ, for example, where the octahedral coordination of
Y is preserved on melting. The local structure of the liquid can be described in termgQ¥ Felecular units,
similar to those observed in the vapor phase but with strong intermolecular interactions. Detailed information
about the orientational correlations between molecules is derived from the simulations and compared with
recent results on another molecular liquid, propylene glyi&0163-18208)05417-4

. INTRODUCTION dimensional liquid of FgCly molecules at high

temperaturé! while at lower temperaturés they form a
Iron trichloride shares with aluminum chloride the dis- close-packed hexagonal arrangement similar to the bulk
tinction of being a trivalent metal halide salt exhibiting an crystal’®> On the other hand, the evidence from Raman
anomalously high increase of entropy and molar volume omscattering*~*6 is less clear: there are strong indications of
melting* Such halides crystallize into a variety of structures,tatrahedral bonding, but the peak frequencies are quite dif-

generally characterized by close-packed layers of the halidgyent from those observed for f& in the vapor phadé
ions with the metal ions occupying an appropriate fraction of

) itial sites b h lavreh _ b and calculated for R€lg molecules on the basis ab initio
Interstitial sites between these layérshese sites can ave molecular orbital theory® Further, the value of the ionic

either octahedral or tetrahedral coordination: for example, Irlzonductivity is much higher than that of other trivalent salts
AICl5 nearly hexagonal Cl layers are stacked in an fcc S€vhereM ,Xg molecules have been identifi€8iable ). In this

guence and the Al ions lie in octahedral sites between two :
oppositely directed Gltriangles, while in AlBg nearly hex- paper we report the results and .an_aIyS|s of a .”e“”"”‘
agonal Br layers are in an hcp sequence, the Al ions lie irg|_ffract|on measurement on bulk liquid F@CIcombmed
tetrahedral sites on bilayers above and below the Br Iayergy'th m_odel calculations a_nd moIecuIar-dynamm@MD_) .
and two adjacent Al ions together with six Br ions on adja_3|mulat|ons-, to address the issues of the I_:e ion coordination
cent layers form AIBrg molecules’ Similar structural differ- and the existence of p€l; molecular units in the melt.

ences occur in the meltsDiffraction studie$ and model

calculations of molten YCL show that it has a close-packed

structure, similar to that of the crystal but with some disor- Il. NEUTRON-DIFFRACTION EXPERIMENT

dering of the Cl ions, while molten Algrand Ga({ are FeCl, material, 99.999% purity, obtained from APL En-
tetrahedrally coordinated withM;Xs molecules surviving  gineering Materials Inc., was encapsulated in vitreous silica
into the liquid phas&.The most interesting situation occurs

when the compound undergoes a structural change on melt-
ing from octahedral to tetrahedral coordination, which ap-
pears to be the case for both AiGRef. 7) and FeCJ.8 The
different behavior in melting can be inferred from the large
range of values for the change in entrap$ and in specific

TABLE I. Physical properties of some trivalent metal chlorides
(Ref. 5.

Salt Tn (K)  AS,(cu)y AVIVE o (Q lem™h

volume AV/V, shown for some trivalent metal chlorides in |nCl, 859 0.61 0.42
Table I. For example, Feglwith AS=17.8 e.u. and\V/V  AlCl, 466 18.1 0.88 %1077
=0.63, contrasts dramatically with YCWith AS=7.6e.u. Gacy 351 7.4 0.17 X106
andAV/V=0.005. BiClj 505 5.0 0.22 0.38

Our previous neutron-diffraction study of FgGRef. 8§  gpcy, 347 8.7 0.17 X104
indicated tetrahedral coordination for the Fe ions and sugyci, 994 7.6 0.005 0.39
gested the presence of Jbs molecular units similar to FeCl, 577 17.8 0.63 0.04

those observed in the vapor phdsgimilar results were ob-
tained in high-energy x-ray-diffraction measureméfit®ur  “Relative difference of specific volume of liquid &, and that of
studies of graphite intercalated with FgGhowed an analo-  solid at room temperature.

gous behavior: the intercalated layers form a two-PReference 15.
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FIG. 1. Measured structure factor of molten Fe&t 320 °C. FIG. 2. Pair-correlation function of molten FeGit 320 °C.

tubes 4 mm .D., 5 mm O.D., 100 mm high with a loading p4tjon number about the Fe ions would be 33% higher than
sufficient to fill the beam height of 50 mm when molten. y,,qe gpserved, so this is also inconsistent with the data. The

Neutron-diffraction measurements were carried out at th%econd peak iff(r) is a broad peak centered at about 3.7 A

GLAD facility at the Intense Pulsed Neutron Source. The, i, 5 coordination number of 67, again considerably lower

sample was heated to 325 °C in a vacuum furnace inside 4 the mean value in the crystal, 9.25.

cylindrical vanadium element. The structure facs0) was Electron-diffraction data on the Kels molecule in the
obtained after correcting the measured diffraction pattern§apor can be fitted by either a planab4,) or puckered

for multiple scattering, absorption, and inelastic effects using ~ ) bitetrahedrorf. In either case the distances of the Fe
standard procedures. For the present sample, it was necess nv1s to the terminal and bridging Cl atoms are 2.13 and
also to subtract the paramagnetic scatte'ring from the Fe. Th 33 A, respectively; the average, 2.23 A, is in good agree-
was calculated on the basis of magnetic moment o2  ment with the present result. The second-neighbor correla-

(Ref. 10 and the published free-ion form factbt. , tions, predominantly CI-Cl, give an average distance of 3.59
The corrected neutron average structure fa@®) is & for poth D,, and C,, configurations and a coordination

shown in Fig. 1. Th's represents a weighted average of thfmper of 3. The present results clearly indicate a very simi-
Faber-Ziman partial structure factdBgy(Q): lar short-range order in the liquid. However, in the results
L from the MD simulations discussed in Sec. IV, based on
_ - P FeCls molecules, intermolecular correlations contribute
S(Q= (b)2 % CaCobabySan(Q), D Spout the same as intra-ones to the second pedkrgfand
_ in fact extend beyond them on both the lowand highr
wherec, andb, are the concentration and coherent neutrorside. Thus, while a description in terms of,E& molecules
scattering length of elemeatand(: - -) represents an average may be appropriate, these molecules are strongly packed and
over the systemS(Q) exhibits a three-peak structure with spatially correlated with each other so that a given Cl ion
peaks at wave vecta@=0.9, 2.05, and 3.65 Al, respec- will interact as strongly with its second-neighbor Cl ions on
tively. Scaling with the nearest-neighbor distancg  adjacent molecules as with those on the same molecule. We
~2.22 A (see below givesQr,~2.0, 4.6, and 8.1, respec- return to this point in Sec. V. In this context, it should be
tively, typical of values found for the first sharp diffraction noted that the x-ray-diffraction pattern for Fg@itercalated
peak(FSDP, the Coulomb peak and the topological orderingin graphite at 350 °GRef. 11), was fitted satisfactorily by a
peak, respectively, in complex liquidSA similar three-peak  liquidlike layer of FgClg molecules tilted so as to presentCl
structure was observed in the x-ray-diffraction pattern oftriangles to the graphite planes above and below. The present
FeC}, intercalated in graphite at 350 “¢. results are very consistent with those of our previous
The neutron average pair-correlation function neutron-diffraction experimehand with a recent measure-
ment with high-energy x ray<.

2 QmaX
T(n=ampr+ = [ “UaIs@-1lsin@nde. @
0 Ill. MODEL CALCULATIONS

wherep is the total number density, is shown in Fig. 2. It has In order to derive detailed information about the structure
a well-defined first peak which can be fitted by a Gaussiarf the melt, several model calculations 8fQ) and T(r)
function centered at 2.22 A. Convertirig(r) to the radial were performed to compare with the experimental data. First,
distribution functionn(r) gives an average coordination the random packing of structural unitRPSU modef?2
number of 3.8 about each Fe, indicating a predominatelyvas used, due to its inherent simplicity. In this model the
tetrahedral coordination: the octahedral coordination foundheutron average structure factor is given by

in the crystalline phase is clearly ruled out. There is some

possibility of dissociation in molten Feglleading to FeGl b2

and free CJ;° however, in the present experiment, since S(Q)=1,(Q)+f»(Q)[S(Q)—1 _<__>+1, 3)
S(Q) is normalized to 1.0 at higkp, values of the coordi- (b)?



10 498 DAVID L. PRICE et al. 57

@
1.2
0.8 .
Experimental data
Model A
0.4 -
1 1 1 1 1 1 1 1 1
(b)
— 1.2
g —
()
0.8 4
Experimental data
Model B
0.4 1
1 1 1 ] L 1 1 1
A C
i ; (©
0.8 1
Experimental data
FIG. 3. (a) Schematic representation of two Fg@lolecules in 0.4 Monte Carlo Simulation
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where f1(Q) is the form factor of the isolated molecule, QA
f»(Q) is a different form factor expressing the average ori- FIG. 4. Comparison of experimental structure factor with those
entational correlation between a pair of molecules, andierived from the models described in Sec. Ill.
S.(Q) is the structure factor for the molecular centers. Ini-
tially, f1(Q) was calculated from the BElg vapor phase in Fig. 3(b), for the optimized fit(Model A) are given in
molecular structureand S,(Q) from the Percus-Yevick so- Table Il, and the results foB(Q) and T(r) are compared
lution of the hard-sphere model with appropriate values fowith the data in Figs. @) and Ha), respectively. Keeping the
the hard-sphere diameter and packing fractity{Q) was internal bond lengths fixed, the relative positions ,{/. ,z.)
calculated in two different wayga) assuming uncorrelated and orientationga,,y) of the two molecules as well as the
orientations, andb) incorporating orientational correlations internal bond anglesd ,3;) within the molecules were then
with the procedures developed by Egelstaff, Page, andefined. The resulting parameters for the new optimized fit
Powles?! No satisfactory agreement could be obtained in(Model B) are given in Table II, and the results are displayed
either case, especially with respect to the FSDP and the seiir Figs. 4b) and 5b). It is seen that the FSDP remains
ond peak inT(r), even after refining the molecular structure greatly exaggerated in both modédsconsequence of having
and hard-sphere parameters. purely hard-sphere packing of the two-molecule structural

In the second step, the structural unit in the RPSU modelinits), but the subsequent peaks ${Q), and both main
was taken as a pair of Relg moleculegFig. 3(@] arranged peaks inT(r), are rather well fitted, especially for ModBl
as in the crystal structure of AlBrwhich, as discussed In the final step, the optimized pair of &g molecules
above, retains an ABrg molecular structure in the crystal. obtained in ModelB were placed in the unit cell of a 54-
The internal structures of the two f&ls molecules were molecule nanocrystal with the Brg structure® The internal
refined. The values of the intramolecular parameters, definegholecular structure was then refined with a Monte Carlo

TABLE Il. Molecular structure parameters for Modelsand B (Sec. Il)).

A B @) B e B x2 vE z2 a®® BEP ()P

Model A
Molecule 1 2.345 2.192 2.21 2.213 96.17 104.0(% © © © © ©
Molecule 2 2.233 2.143 2.261 2.261 108.80 95.70

Model B
Molecule 1 2.1 2.1 225 225 10599 6353 0.792 0.667 0.747 474645 8.18
Molecule 2 2.1 2.1 225 225 10859 112.83

8Given as fractions of the unit-cell parameters.
by, B, and y are rotations about the x, andy axes, respectively.
As in the AIBr; crystal.
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A P T T T S torsional, and out-of-plane interactions in the molecules as

200 |- well as van der Waals and Coulombic interactions between
[ nonbonding atoms. The simulation lasted 500 ps with a time

150 L (© step of one fs. The molecules were constrained in a cell with
100 |- periodic boundary conditions and with a volume set by the
50 |- Exoerimental dat experimental density(The resulting pressure in the simu-
| xXpernmental aata H H H _
MonteCarlo Simulation lated liquid was approximately 3300 atmospherdhe po

sition of each atom was recorded every 5 ps, for a total of
T S 100 configurations, to obtain adequate statistics for calculat-
¢ 2 4 6 38 10 12 14 16 ing structure factors and pair-correlation functions. Figure 6
r(A) compares the neutron structure facg€) calculated from
the simulation with that obtained experimentally. The simu-
_FIG. 5. Comparison of experimental pair-correlation function |ation reproduces each feature in the measured structure fac-
with those derived from the models described in Sec. IIl. tor, lending further support to the conclusion that Fei€la

) ) molecular liquid almost fully comprised of Kelg molecules.
technique. Although the resultir§(Q) andT(r) were natu- The three partial structure factorS,,(Q), (a,b)
ra”y more Strongly peaked than the data, the OVera” agree':(Fe,Cl), obtained from the Simu'ation are d|Sp|ayed in F|g
ment in terms of peak positions and intensities was encour; The FSDP aQ~1.0 A~ results primarily from the first

aging. The intermolecular positions and orientations Werleak in Seerd Q), With a smaller contribution arising from

then refined, again with a Monte Carlo technique, keepino@dFe(Q)_ The origin of the FSDP is often descriB&dn
the internal structure fixed. The resulting fits, after 1000ierms of scattering from correlated structural units, in this

Monte Carlo steps, are displayed in Figéc)4and Sc). The  c4q6 Ferl molecules. Because of the Fe atoms’ central po-
agreement of the mode3(Q) with the data is reasonably jtions in each molecule, interference between scattering

good—the secondCoulomb) peak is reproduced but the fom Fe in different molecules strongly reflects the topologi-
FSDP and third peaks, associated with topological ordering,

are still too high—and the fit fof (r) is excellent.

Overall, one can conclude from these calculations thiat
a model based on K@l; molecules, distorted somewhat 2.0
from their structure in the vapor, is able to reproduce the 1.5
experimental data for the liquid, except for the FSDP, and
(b) the AIBr; crystal structure, which retains the B unit
in the crystal, provides a good starting point for the arrange- 0.5
ment of these molecules. This structure must reflect to some A L
degree the close packing and spatial correlations between T T
molecules in the Fegl AICI5;, and AlBr; melts.

2.5 L B B | L N B

(a)

1.0

SC]CI(Q)

SFeFe(Q)

IV. MOLECULAR-DYNAMICS SIMULATIONS

The model calculations described in the previous section
made no assumptions about the nature of the bonding. As an
alternative approach, a molecular-dynamics simulation was
carried out, based on close-packed®g molecules and us-
ing parametrized forms for the interatomic potentials in the
literature. The simulation consisted of 15G,Eg molecules -1.0 : 5
at 320 °C and used Biosym/MSI’s Discover 3 software using Q@AY
the extensible systematic force fiéfthwhich contains poten-
tials for each atom that include bond length, bond angle, FIG. 7. Partial structure factors derived from the simulation.

SClFe(Q)

05 J

12‘H ‘”IGIH
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FIG. 10. Comparison of experimental pair-correlation function
) (circles with that derived from the simulation described in Sec. IV
FIG. 8. Structure factor for the molecular centers derived from(jing).

the simulation.

cal ordering of the molecules, giving rise to this peak. Direct“.qu'd' Figure 10, which compares the total correlation func-

calculation of the structure factor for the molecular centerssgglg(trh)atfr?hn; tI?(S- éimﬁsgﬁglggﬂ;:og tgfa?gr?e::r?ﬁgt’s.ﬁ' i
S.(Q), shown in Fig. 8, reveals a first peak at the sam ' u paration 1 Imu

position as the FSDP, confirming this interpretation. The sec(j-ated molecules contains two peaks at 2.24 and 2.47 A,

ond peak inS(Q) results primarily from the first peak in corresponding to the terminal and bridging Cl atoms, respec-

Sce(Q) and is attenuated by a large negative peak inti\_/ely. However, the fit to the experimental peak in this re-

Scir Q). A similar cancellation by different partial structure gion indicates a mean separation of 2.22 A. The larger sepa-

factors occurs in molterAB salts betweenS,a(Q) and rations in the simulation cause shorter periodicity in

Sae(Q).! In these systems this effect results from chargeSFec'(Q)’ the dominant contribution t§(Q) aboveQ=5 A,

. and lead to the discrepancies seen in Fig. 6. Figure 11 shows
transfer between the species that leads to a preference f I's partial pair-distribution functio (1) =T (1) /dmpr
unlike species as nearest neighbors. In the case of;fFeCl P P NSab ab p

since much of the contribution to this peak comes from in—Where theTqy(r) are derived from thé,(Q) via Eq. (2),

termolecular scattering, the relative orientations of neighbor\—NIth intramolecular and intermolecular pairs identified sepa-

ing molecules augment the molecular structure in leading tcr)ately. The simila( fir§t peak distance§ for intermolecular' and
this effect. The third peak i8(Q) derives primarily from a intramolecular pairs igcici(r) results in both types of pairs
peak inSeed Q) and can be associated with the topologicalcom”bu“ng to the second peak B(Q). This distance is

ordering given by the well defined Fe-Cl bond length. This

feature inS(Q) and all features at high& result primarily 20
from intramolecular scattering. Figure 9, which displays the (a)
intramolecular contribution to the structure fact8g,,,(Q), LSH 1
demonstrates the close match betwé&gp(Q) and S(Q) 36 Lol X
aboveQ~4 A~ 1. S
As Fig. 6 reveals, the peak positions from the simulation’s 051 g — intramolecular | |
S(Q) become increasingly shifted from the measured peaks P intermolecular
in the region where intramolecular scattering dominates. 0.0l R
This disagreement indicates that the bond lengths in the AR AL
simulated molecules do not exactly match those in the real 251 ®
- 2.0} --------- @ntramolecular T
1.4 — i"/%’ 150 intermolecular |
1.2} 1ol H
10k 0.5- i
: 0.0 i
S 08r R ARRsasas e
A 06l | 250 (c)
0.4 _Sin"ﬂ(Q) T 80 20 --------- intramolecular
N S(Q) (total) % L5 i intermolecular | 7]
0.2} E 10k
00 PRI S BT S [ SN T I ST S MU S [N SN HPU SR (ST U [ S S 0.5 - H i
0 4 8 12 16 AT
QA T Y o e e

r(A)
FIG. 9. Intramolecular contribution to the structure fadwlid

line) and total structure factgdotted ling derived from the simu- FIG. 11. Intra- and intermolecular contributions to the partial
lation. pair-distribution functions derived from the simulation.



57 STRUCTURE OF MOLTEN IRON CHLORIDE: NEUTRN. .. 10 501

0.05 | T e

0.1 d R
< \/\W—
-0.05 L 4
N 1 1 :
CDE 0.10 - ®
g 0.1
8 - . 0.00 |
(o]
Q-‘ [l
v 79<r<81A <
-0.2 —61<r<63A] | - -0.10 - 1
-0.20 + 4
_03 n n 1 n L 1 L " n L 1 L " o
-1.0 -0.5 0.0 0.5 1.0
cos er 0.05
FIG. 12. Expectation value of the second Legendre polynomial < -0.05
of cosé,, as a function of co#,, derived from the simulation.
COS Oy =V Vi /|Vn| [Vl @nd 8, =cos }(r - v, /|r||v,|), wherev, de- 015
fines the orientation of molecule andr is the vector joining the T L
centers of molecules andn. 6 8 10 12 14 16 18

r(A)

determined by bond lengths and angles for intramolecular FIG. 13. First three even Legendre coefficients describing the
pairs, while van der Waals interactions principally determinedistribution of cosf,,in terms of coss, , as a function of molecular
the separation for intermolecular pairs; the van der Waal§eparatiorr.

radius of Cl in the simulation was 1.75 A. The coordination

number for Cl obtained from each peak is near 3, for a total (P,(c0s 0py))=(P,(cos 9nm)>r,o,

of 6, in close agreement with the experimental result.

As mentioned above, the relative orientations of neighbor-
ing molecules play a key role in determinig§Q), particu-
larly at low Q. We have attempted to quantify such correla-
tions following a procedure used earlier to analyzewhere theA, are the Legendre coefficients
simulation results for an organic molecular liqéftiThe ori-

©

=§ A((r)P(cos¥,), (5)

entation of a molecule is defined by a vectorextending _ 21+1 (1
from one Fe atom to the other. We calculate the expectation Ar)= 2 _1<P2(COS Onm)) P1(COS ) d(COS r).
value for the second Legendre polynomial of the cosine of (6)

the angle made by the vectors of two neighboring molecules

as a function of both the magnitude and direction of theirll coefficients with odd are zero, reflecting the symmetry
separationtaken from the center of each molecule of the molecule. Figure 13 shows the coefficients for the first

three even termsA,, A,, andA,. Except at the smallest
separations\ is zero, indicating that molecules at a given

N separationon averagehave no preferred orientation. How-
2 2 [(3 cod 6,,—1)/2] ever, the changing sign ok, indicates that the direction-
n=1m dependent orientational preferences oscillate between two
(P2(cos Onm))r = N ., (4 types of behavior seen in Fig. 12 as the molecular separation
> > increases.
n=1 m A striking similarity exists between the orientational cor-

relations described by Fig. 13 and those measured in a simu-

lation of another molecular liquid, the organic glass former
wherer is the vector joining the molecular centerssums  propylene glycol (GQO,Hg).?* The formalism given above
over all of the moleculesn sums over the molecules sepa- applies in this case also, with the vectorextending from
rated from the nth molecule by r, and cos,,=v,  one end C atom to the other. Figure 14 shawysfor FeCl
Vi /|Vpl[Vml. The separation direction is defined by the and propylene glycol with the distances normalized by the
angle betweenr and the nth molecule’s vector, 6, position of the first peak in the pair-distribution function for
=cos }(r-v,/|r||va]). Figure 12 showgP,(cos#,,)) ver-  the molecular centers,, for each liquid(see inset to Fig.
sus cos, for two magnitudes of separatiojn] =6.2 and 8.0 14) The nearly identical orientational ordering in the two
A. As the figure illustrates, molecules to the side of otherliquids, despite their distinct chemistry and molecular struc-
molecules (co%,~0) tend to align parallel at small separa- ture (propylene glycol has far lower molecular symmetry
tions, but at slightly larger separations the tendency switchethan iron chloride and is strongly hydrogen bondingug-
to perpendicular alignment. To characterize the distance degests that the ordering represented by these correlation func-
pendence of these curves more precisely we decompose thdians is quite generic. In fact the two molecules have similar
into Legendre polynomials: shapes: defining an aspect ratie= (L3p/ 7)*?, wherep is
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FIG. 15. Schematic illustration of melting in FeCIThe black
spheres represent a plane of Fe ions in the crystal, and the gray and
white spheres represent planes of Cl ions above and below the plane
of Fe ions, respectively. The lower cluster represents the octahedral
coordination of the Fe ions in the crystal, and the upper cluster the

o . . Fe,Clg molecule in the melt. The arrows indicate the required dis-
the molecular number density,is the packing fraction, and pjacement of the two Fe ions upon melting.

L is the length of the molecule in its longest direction, one

obtainsa= 1.01/" for iron chloride and 0.99f for pro- A similar structure is obtained with a theoretical model of
pylene glycol. However, a rigorous connection between mojonic interactions accounting for polarizabiliti€sRecently,
lecular shape and the correlations in Fig. 14 has not beefkdeniz and To$’ have suggested an ion transfer reaction
established.

FIG. 14. Second even Legendre coefficients for molten FeCl
and liquid propylene glyco(Ref. 24, as a function of molecular
separation scaled with the value aof at the peak of the distribution
function for the molecular centefgsed.

2 FeClg—FeCls +Fe,Cl; 7
V. CONCLUSIONS &ble—retls Tretl @)
to explain the high conductivity of FegClcompared with

The results of the present work show that melting inother molecular melts such has AICThis is consistent with
FeCk, associated with a large63%) volume change, is ac- e ohservation of a Raman peak associated witiCEein
companied by a change in local structure from the octahedrghe melt. A fast exchange reaction of this type would recon-
environment of the Fe in the solid to the tetrahedral environy;jie the presence of strongly correlated,€k molecules de-
ment of a FgClg molecular liquid. A mechanism for such a gyced from the neutron-diffraction data with the difference
transition, proposed by March and T6§_|Ls shown in Fig.  petween the Raman spectra of melt and vapor, which appears
15. Each Fe ion undergoes a substantial displacement, frofg pe inconsistent with the presence of such molecules.
an octahedral site between two triangles of Cl ions in adja- The modeling studies carried out in the present work
cent planes, shown in the lower part of the figure, to a tetragp oy that the coupled orientational and positional ordering
hedral site between one Cl triangle and the Cl ospposne It Ihetween the molecules can be reproduced satisfactorily using
the adjacent plane, as observed in the Alénystaly shown e ARy, crystal structure as a starting point. The molecular-
in the upper part of the figure. At the same time there musfyynamics computer simulation shows that the molecules tend
be a decrease in the packing of the Cl to account for thg; zjign parallel at small separations and perpendicular at
volume expansion. The reduced value for the secondpger separations. Comparison with the organic molecular

neighbor coordination number observed in molten k&€l  |iquid propylene glycol suggests that this ordering occurs
consistent with this reduction in Cl packing. Melting in quite generally.

FeCk is clearly similar to that observed in Algland in
contrast to that of _YQIWhere an octahedral coordination is ACKNOWLEDGMENTS
preserved on melting.
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