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Abstract. The structure of the salts MBr3, where M** denotes Dy>*, Y*, Ho>* or Er**, was
investigated by using neutron diffraction. On heating DyBr3z, YBr3 and HoBr3, a phase transition
from the FeCls-type crystal structure to possibly the YClz-type crystal structure was observed. The
liquids were studied at the total-structure-factor level and difference function methods were also
applied to DyBr3 and YBr3; by assuming isomorphous structures. The melts are found to comprise
distorted MBr27 octahedra with M—Br distances comparable to the sum of the ionic radii and there
is evidence for a substantial number of edge-sharing configurations. The octahedra pack to give
intermediate-range ionic ordering as manifested by the appearance of a first sharp diffraction peak
at 0.79(2)-0.87(2) A~! which is associated with cation correlations

1. Introduction

The object of this paper is to present neutron diffraction results on the structure of the trivalent
metal bromides MBr3, where M>* denotes Dy3+, Y3+, Ho** or Er**. Motivation for the work
is provided by the paucity of information on the structure of molten trivalent metal bromides
and its dependence on the ratio of the cation to the anion radius. Neutron diffraction results are
available for molten AlBr; and GaBr; (Saboungi ef al 1993) which comprise small cations and
form molecular-like liquids. More recently, neutron and x-ray diffraction results have been
reported for molten LaBr; (Wasse and Salmon 1999a, Okamoto and Ogawa 1999) and CeBr;
(Wasse and Salmon 1999a) which comprise large cations and crystallize to form a 3-D chain-
like arrangement of ions in the UCls-type structure (Zachariasen 1948, Taylor and Wilson
1974). By comparison, the present work focuses on systems comprising intermediate-sized
cations which crystallize at room temperature to form a 2-D layered network in the FeCl;-type
structure (Brown et al 1968, Miiller 1993).

Interest in trivalent metal halides stems partly from the possibility that their microscopic
properties for a wide range of ion size might be accurately described using a recently developed
polarizable-ion model for the interactions (Madden and Wilson 1996, Hutchinson ez al 1999).
A rich diversity in the behaviour of these systems is found; the systems adopt an increasingly
‘covalent’ character with decreasing cation radius. The new experimental results will enable
the transferability of the polarizable-ion model from MCl; to MBr; systems to be tested
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(Hutchinson 1999). They also form part of a systematic experimental study to find the effect
of ion size on the structure of molten trivalent metal halides and related compounds (Wasse
and Salmon 1998a, b, 1999a, b, ¢, Wasse et al 2000).

All of the chosen tribromide salts have similar physical properties (table 1) which indicate
isomorphism in the liquid state. For example, the cation radii (Shannon 1976) and Pettifor
(1986) chemical parameters are comparable and the systems all crystallize into the same
hexagonal close-packed FeCls-type structure at room temperature, wherein the cation is
octahedrally coordinated by anions (Brown et al 1968, Miiller 1993). In the case of DyBr;
and YBrs this is particularly helpful since the cation coherent neutron scattering lengths
are significantly different (Sears 1992). Hence it is possible to simplify the complexity of
correlations associated with a single neutron diffraction measurement by the application of
difference function methods (Wasse and Salmon 1999a).

Table 1. The radius ry for sixfold-coordinated cations (Shannon 1976), room temperature crystal
structure, molar volume Vg7 (Brown et al 1968), cation Pettifor (1986) chemical parameter ym
and melting point temperature 7,, (Brown 1968) of several MBr3 systems.

Salt rv (A)  Crystal structure  Vgy (cm3 mol™!)  yum T (°C)
DyBr; 091 FeCl3 84.07 0.685 879
YBr3 0.90 FeCl3 83.22 0.66 913
HoBr;  0.90 FeCl3 83.22 0.6825 919
ErBr3 0.89 FeCl3 82.56 0.68 923

2. Theory

In a neutron diffraction experiment on a molten MBrj salt comprising paramagnetic cations
the differential scattering cross-section per ion for unpolarized neutrons can be written as

do do do
—) =(=) +(—=) . (1)
dQ tot dQ mag dQ nucl

For the present materials, the rare-earth cations Dy>*, Ho>* and Er** exhibit paramagnetism
and in the free-ion approximation their paramagnetic differential scattering cross-section
(do/d2)mag can be calculated by using the scheme outlined by Wasse and Salmon (1999a).
In general, the coherent scattering length of an ion of chemical species « is complex and can
be represented as beon,o = bo + ib], whence the nuclear differential scattering cross-section is
given by

do
(@)nud = F(k)+ Za:Ca(lbcoh,a|2 + |Binc.o |1 + Py (k)] )

where ¢y, binc,. and P, (k) are the atomic fraction, incoherent scattering length and inelasticity

correction (Yarnell et al 1973, Howe et al 1989) for chemical species « and k is the magnitude
of the scattering vector. The total structure factor is defined by

F(k) = A[Smm(k) — 11+ B[Smpr (k) — 1]+ C[Spip: (k) — 1] (3)
where S, (k) is a Faber—Ziman partial structure factor and the coefficients are
A = b} + b B = 2cycpr (bybg: + bybl,) C = (b}, +b).

Provided that the diffraction measurements for molten DyBr; and YBr; are made under
comparable conditions and the melts can be regarded as isomorphic, subtraction of the structure
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factors, Fpy(k) and Fy(k), gives the first-order difference function

Am(k) = Foy(k) — Fy(k) = A'[Smm(k) — 11+ B'[Sms: (k) — 1] 4)
which contains only the cation correlations where

A" = By + D) — (b% +50))
and

B’ = 2cvici{be: (boy — by) + by, (b, — by)}.

Forming the difference function AF’(k) can also reduce the complexity of correlations
associated with a total structure factor since the M—Br partial structure factor is eliminated, i.e.
bDber + bbyb;?»r
b (boy — by) + by (b, — by)
= C[Sgp: (k) — 1]+ D[Smm (k) — 1]. (%)

AF'(k) = Fpy(k) — Awm (k)

In the case where the imaginary parts of the Y and Br scattering lengths are negligibly small,

D = —c}{bpyby + bybly by — by) '}

The real-space distribution functions G(r), AGu(r) and AG’'(r), corresponding to
F(k), Ap(k) and A F’(k) respectively, are obtained from equations (3)—(5) by replacing the
Sap (k) by the partial pair distribution functions g.g(r) whence

G(r) = Algmm(r) — 11+ Blgmer (r) — 1]+ Clgpmc (r) — 1] (6)
AGum(r) = A'lgmm(r) — 11+ B'[gmpe (r) — 1] (N
AG'(r) = Clgpm:(r) — 11+ Dlgmm(r) — 11. ®)

The values of the weighting coefficients in equations (3)—(8) are given in table 2 and
were calculated using by = 7.75(2) fm, by, = 8.01(8) fm and by, = 6.795(15) fm with
negligible imaginary parts (Sears 1992). However, the isotopes '**Dy and '*’Er have neutron
resonances which make their scattering lengths for thermal neutrons dependent on the incident
energy (Lynn and Seeger 1990). At an incident neutron wavelength of 1.798 A the real and
imaginary parts of b.op are 49.4(2) fm and 0.79(1) fm for 164Dy and 3.0(3) fm and 0.183(4) fm
for '“’Er (Sears 1992). Breit—Wigner theory (Cossy et al 1989) was then used to calculate
revised scattering lengths for the incident neutron wavelengths of 0.7051 A and 1.117 A
used for the DyBr; and ErBr; experiments respectively. A resonance at —1.88 eV for '*Dy
and resonances at 460 meV and 584 meV for '*’Er were taken into account (Mughabghab
1984) and real and imaginary parts of 46.3(2) fm and 0.69(1) fm for '**Dy and 2.8(3) fm

Table 2. The weighting coefficients on the Syg (k) contributing to the total structure factor F (k)
and the difference functions Ay(k) and A F’(k) for the molten tribromide salts.

Salt or
isomorphic pair A (mb) B (mb) C (mb) D (mb) A’ (mb) B’ (mb)

DyBr;3 160(4) 408(5) 260(1)  — — —
YBr; 37.52)  197.5(7)  260(1) @ — — —
(Dy/Y)Br3 — — 260(1)  —78(1) 123(4) 210(5)
HoBr; 40.1(8)  204(2) 260(1)  — — —

ErBrs 37.6(2)  197.7(7)  260(1) @ — — —
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and 0.216(4) fm for '7Er were deducedf. The real part of b, for the other isotopes is
tabulated and the imaginary part can be found from the absorption cross-section o,,s = 215’
where A is the neutron wavelength (Sears 1992). Hence average values of bpy = 16.0(2) fm,
b]’:)y = 0.249(4) fm, bg, = 7.76(16) fm and b, = 0.052(1) fm were obtained for the elements
of natural isotopic abundance.

The mean number of particles of type 8 contained in a volume defined by two concentric
spheres of radii r; and r;, centred on a particle of type «, is given by

ﬁg = 4mngcg / ' rzga,g (r) dr )

i

where ny is the ionic number density of the melt.

3. Experimental details

The DyBr3 (99.99%), YBr3 (99.9+%), HoBr3 (99.99%) and ErBr; (99.99%) salts, supplied by
Aldrich, had a water content of less than 100 ppm and were handled either in high vacuum or
under a high-purity argon-gas atmosphere of oxygen and water content both less than 10 ppm.
The delivered DyBrs, HoBr; and ErBr; salts were finely powdered and had to be pre-melted
and re-powdered to increase their packing fraction. The samples were sealed under vacuum in
cylindrical silica cells of 5 mm (DyBrs, HoBr; and ErBr3;) or 7 mm (YBr3) internal diameter
and 1 mm wall thickness which had been cleaned using chromic acid and then etched with a
25%-by-mass solution of hydrofluoric acid.

The neutron diffraction experiments were performed using one of three different
instruments, namely LAD at the ISIS pulsed neutron source (YBr3;), SLAD at the R2 reactor
source of the Studsvik Neutron Research Laboratory, Sweden (HoBr; and ErBrs), or D4B at the
reactor source of the Institut Laue—Langevin in Grenoble, France (DyBr3). Reactor sources
were preferred over ISIS for the experiments involving Dy, Ho and Er owing to neutron
absorption resonances for these elements at unfavourable energies (Mughabghab 1984). LAD
comprises 14 groups of detectors at scattering angles of £5°, £10°, £20°, £35°, £60°,
490° and +150° corresponding to instrumental resolution functions (Ak/k) of 11%, 6%,
2.8%, 1.7%, 1.2%, 0.8% and 0.5% respectively (Soper et al 1989). SLAD comprises several
groups of position-sensitive detectors giving a measurement range of 0.3 < k (A~!) < 10.4
at an incident wavelength of 1.117(1) A and has a nominal resolution function Ak /k ~ 1%
(Wannberg et al 1999). D4B comprises two multidetectors giving a measurement range of
0.25 < k (A~1) < 16.5 at an incident wavelength of 0.7051(7) A and has a resolution function
Ak/k ~ 2% (Ibel 1994).

Each complete experiment comprised the measurement of the diffraction patterns for the
samples in their container in a cylindrical vanadium furnace, the empty container in the furnace,
the empty furnace and a vanadium rod of diameter comparable to the sample for normalization
purposes. The measured intensity for a cadmium neutron-absorbing rod of similar diameter
to the sample was also collected for the reactor source experiments to account for the effect of
the sample self-shielding on the background count rate at small scattering angles (Bertagnolli
et al 1976). The LAD and SLAD data analyses were made using the ATLAS (Soper et al
1989) and CORRECT (Howe and McGreevy 1995) suite of programs respectively while the
D4B analysis followed the scheme given by Salmon (1988). The total paramagnetic scattering
cross-section of a cation at the incident neutron wavelength was calculated using the procedure

1 Real and imaginary parts of 47.3 fm and 0.83 fm for '%*Dy and 3.68 fm and 0.205 fm for '*’Er are listed by Lynn
and Seeger (1990) at the neutron wavelengths used in the diffraction experiments. Use of these values increases the
relevant coefficients in table 2 by <<5% but does not otherwise effect the main conclusions of this work.
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described by Wasse and Salmon (1999a). The coherent neutron scattering lengths are given in
section 2, the neutron absorption cross-section of dysprosium was taken from Goldberg et al
(1966) and the other scattering length and nuclear cross-section parameters used in the data
processing were taken from Sears (1992).

The final F' (k) were constructed by merging all those diffraction patterns from the different
detector groups that showed good agreement and it was checked that the resultant F (k) tend
to the correct high-k limit and obey the usual sum rule relation, and that there is good overall
agreement between F(k) and the Fourier back-transform of the corresponding G(r) after
the unphysical low-r oscillations have been set to their calculated G (0) limit (Salmon and
Benmore 1992).

The temperatures of the DyBr3, YBr3;, HoBr; and ErBr; melts were 917(3) °C, 940(3) °C,
950(3) °C and 980(3) °C respectively. The corresponding number densities were calculated
using the Tallon—-Robinson (1982) relation between the volume change on melting AV/V,,
and the entropy change on melting A S, with parameters for trivalent metal halides given by
Akdeniz and Tosi (1992), i.e.

AS,/R =5.0In2+12.4AV/V,,. (10)

In this equation R is the molar gas constant, AV = V,, — Vgr, V), is the molar volume of the
liquid at the melting point temperature 7,, and Vg7 is the molar volume of the salt at room
temperature. For HoBr3, AS,, = 10.0 cal K~! mol~! (Dworkin and Bredig 1971) which gives
AV /V,, = 12.6%, a value that was also assumed for the other salts. The density at the melting
point was then adjusted by a small amount (<1%) to that of the experiment using the data
of Nisel’son and Lyzlov (1975) to give number densities of 0.0252(6) A—3,0.0249(5) A3,
0.0251(6) A3 and 0.0252(6) A3 for HoBrs, DyBr;, YBr; and ErBr; respectively. Full
experimental details are given by Wasse (1998).

4. Results

On heating DyBr3, YBr; and HoBr3 a solid—solid phase transition was observed from the FeCls-
type crystal structure, which is the stable phase at room temperature (Brown et al 1968), to
a structure having a diffraction pattern resembling that of crystalline YCls (Templeton and
Carter 1954). This type of transition with increasing temperature, from a phase in which the
anions are hexagonally close packed to a phase where they are cubically close packed, has not
previously been reported for these tribromide salts although it has been observed for ScCl;
(Wasse and Salmon 1999b) and CrCl; (Morosin and Nareth 1964). A comparable transition
may also occur for HoBr3 although it was not searched for in the diffraction experiment owing
to beam time constraints.

The measured F (k) for molten YBr; HoBr; and ErBr; (see figure 1) have similar overall
features, as anticipated from the expected isomorphism of the liquids and comparable cation
coherent scattering lengths. Although DyBrs is also expected to be isomorphic with the other
systems, the measured F (k) for the liquid has a larger magnitude and different features that may
be attributed to the much larger cation coherent neutron scattering length. Each function has a
prominent first sharp diffraction peak (FSDP), at a position kgspp of 0.87(2) A1,0.82(2) A!,
0.80(2) A~! and 0.79(2) A~! for DyBrs, YBr3;, HoBr; and ErBr; respectively, which is a
signature of intermediate-range ionic ordering (e.g. Salmon 1994). As for the corresponding
trichlorides (Wasse and Salmon 1999c), a small shift of krspp to smaller values with decreasing
cation radius is observed. The height of the FSDP is largest for DyBr; which indicates a strong
contribution to the FSDP from cation correlations.
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Figure 1. The measured total structure factors F (k) (equation (3)) for molten DyBr3z, YBr3, HoBr3
and ErBr3 at 917(3), 940(3), 950(3) and 980(3) °C respectively. The bars represent the statistical
errors on the data points and the solid curves are the Fourier back-transforms of the corresponding
G (r) given by the solid curves in figure 2. The calculated paramagnetic scattering cross-sections
(do/d2)mag for Dy**, Ho** and Er** (see equation (1)), scaled by a factor of 0.5, are also shown
and are denoted by the solid, dotted and dashed curves respectively.

The total pair distribution functions are shown in figure 2. The first peak may be identified
with nearest-neighbour M—Br correlations by comparison with the room and high-temperature
crystal structures and the sum of radii of the cation (table 1) and bromide ion (1.96 A, Shannon
1976). Integrating over the first peak to the first minimum in G(r) gives ﬁf,[r ~ 6. The second
peaks will, by comparison with the crystal structures, have a strong contribution from the
Br—Br correlations and, accordingly, the ratio of the first to second peak heights is larger for
DyBrj; than for the other salts that have much smaller cation coherent scattering lengths. For
example, the B:C ratio in equation (3) is 1.569 for DyBr; and 0.760 for YBrs3.

The first-order difference function Ayg(k) obtained for the (Dy/Y)Br; system on the
assumption of isomorphism is shown in figure 3. It was obtained by combining the F (k)
for molten DyBr; and YBr; that were measured using different instruments, namely D4B
and LAD respectively. However, the peaks in the measured diffraction patterns are relatively
broad and the resolution functions are roughly comparable, i.e. Ak/k = 2% for D4B at an
incident wavelength of 0.7 A and Ak/k = 0.8-2.8% for the main LAD detector groups used
to construct the total structure factor. Furthermore, the difference function is well behaved,
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Figure 2. The total pair distribution functions G (r) (equation (6)) for molten DyBr3, YBr3, HoBr3
and ErBr; obtained by Fourier transforming the F (k) given by the error bars in figure 1. The
unphysical low-r oscillations about the G (0) limits are shown by the broken curves.

i.e. the unphysical low-r features in the corresponding real-space function oscillate about the
correct AGy(0) limit (figure 4) and there is good overall agreement between Ay (k) and the
Fourier back-transform of AGy(r) after these low-r features are set to AGy(0) (Salmon and
Benmore 1992).

The first-order difference function has a strong FSDP at krspp = 0.92(2) A~!, which
must arise from cation correlations, and strong oscillations extending up to 16 A~!. There is a
correspondingly strong first peak in A Gy(r) at a distance ryp; = 2.78(2) A that is asymmetric
and identified with nearest-neighbour M—Br correlations. Integrating over this peak to the first
shoulder at 3.25(2) A gives a coordination number fzf,f = 5.8(2) while integrating to the
first minimum at 3.62(2) A gives Ay = 6.4(2). Hence the cation is approximately sixfold
coordinated by an asymmetric distribution of anions. The second peak in AGy(r) at 4.22(2) A
may be assigned to nearest-neighbour M—M correlations since gy (%) is strongly weighted in
equation (7) and the distance falls in an appropriate range. The same peak is also visible in
the total pair distribution function G (r) for molten DyBr; at 4.21(2) A where gmm () is also
given a relatively large weight (table 2). For perfect MBrgf octahedra the M—M distance is
2rver = 5.56(4) A if the polyhedra are vertex-sharing with a linear M—Br—M bond while it
is v2rvp: = 3.93(3) A if the polyhedra are edge-sharing with nearest-neighbour M>* ions
lying in the same plane. The appearance of a distinct peak at a relatively short M—M distance
therefore suggests that a substantial number of the MBrg_ octahedra in liquid (Dy/Y)Br; are
edge-sharing.
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Figure 3. The measured difference functions Ay (k) (equation (4)) and AF’(k) (equation (5))
derived from the DyBr3 and YBrj3 total structure factors of figure 1. The bars represent the statistical
errors on the data points and the solid curves are the Fourier back-transforms of the corresponding
AGn(r) and AG'(r) functions given by the solid curves in figure 4.

The difference function A F’(k) is shown in figure 3. It is well behaved, i.e. the unphysical
low-r features in the corresponding real-space function oscillate about the correct AG’(0) limit
(figure 4) and there is good overall agreement between A F’ (k) and the Fourier back-transform
of AG’(r) after these low-r features are set to AG’(0) (Salmon and Benmore 1992). AF’ (k)
has a marked negative-going FSDP at 0.93(2) A~! which is consistent with there being a FSDP
in Sy (k) since this partial structure factor is given a large negative weighting in equation (5).
The first broad asymmetric peak in AG’(r) at the position rg,g; = 3.69(3) A (figure 4) will be
dominated by Br—Br correlations by comparison with the room and high-temperature crystal
structures. Its integration over the range 2.88(2) < r (A) < 4.79(2) gives a minimum
coordination number 715" = 7.5(2) on assuming that the M-M correlations are negligibly
small. However, the M—M correlations are given a negative weighting in equation (8) such
that if a coordination number 72}l = 3 is assumed, as in both the low- and high-temperature
crystal structures, then an increased value of 75" = 10.2(2) is obtained.

5. Discussion

The assumption of isomorphism for DyBr; and YBr; is supported by the present diffraction
work. For example, the same solid-state phase transition with increasing temperature was
observed for both systems, comparable nearest-neighbour parameters for the liquid state were
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Figure 4. The real-space difference functions AGy(r) (equation (7)) and AG'(r) (equation (8))
for the (Dy/Y)Br3; isomorphic pair obtained by Fourier transforming the corresponding k-space
functions given by the error bars in figure 3. The unphysical low-r oscillations about the AGy(0)
and AG’(0) limits are shown by the broken curves.

obtained from the total pair distribution functions (table 3) and the combination of the total
structure factors gives rise to well behaved difference functions. Strong similarities are also
found with the structures of HoBr; and ErBr;. For example, the same solid-state phase
transition was observed for HoBr3, the F (k) functions measured for YBr3;, HoBr; and ErBrs,
which have cations with similar coherent scattering lengths, are alike and the nearest-neighbour
parameters obtained from the corresponding G(r) functions (table 3) are comparable. The
FSDPs in the measured reciprocal-space functions are consistent with intermediate-range
jonic ordering of the cation correlations with a periodicity 277/kgspp in the range 7-8 A
(Salmon 1994).

The data for all four systems are consistent with the survival on melting of a substantial
number of the MBrg_ octahedral motifs that are characteristic of both the room and high-
temperature crystalline phases. The ratio of the nearest-neighbour peak positions rgp;:7vBr
is in the range 1.32-1.35, suggesting a distortion from regular octahedral geometry for which
the ratio is /2, and the appearance in AGy(r) of a distinct peak at a relatively short M—M
nearest-neighbour distance suggests that a large number of these octahedra are edge-sharing. In
molten YBr; the presence of distorted edge-sharing YBrgf octahedra is supported by Raman
spectroscopy experiments (Dracopoulos et al 1997). Furthermore, distorted edge-sharing
octahedra also feature in the liquid phases of DyCls, YCl3, HoCls and ErCl; which are systems
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Table 3. The local coordination environment of the ions in the molten tribromide salts.

Salt Function  ryvp; (A) Integration range A ﬁ&’ reeBr (A)  rBBr / rMBr
DyBr3 G(r) 2792)  2.33(2)-3.33(2)® 6.12) 3.76(2)  1.35(1)
YBr3 G(r) 2.81(2)  2.33(2)-3.25(2)@ 6.02) 3.702)  1.32(1)
(Dy/Y)Brs AGm(r) 2.782)  2.33(2)-3.62(2)@ 6.4(2) — —
2.78(2)  2.33(2)-3.25(2)® 5.82) — —
AG'(r) — — — 3.693)  1.33(1)
HoBr;3 G(r) 2.86(2)  2.39(2)-3.37(2)@ 6.4(2) 3.792)  1.33(1)
ErBr; G(r) 2.85(2)  2.39(2)-3.31(2)@ 6.5(2) 3.752)  1.32(1)

T Integrating to (a) the first minimum or (b) the first shoulder in the real-space function.

that also melt from the YCls-type crystal structure (Papatheodorou 1977, Wasse and Salmon
1999c, Takagi et al 1999, Wasse et al 2000). The measured AG’(r) difference function shows
a large reduction in 25" on melting from 12 (Templeton and Carter 1954) to between 7.4 and
10. A reduction on melting of the anion—anion coordination number from 12 to between 8 and
10 is also reported for YCI3 (Saboungi et al 1991, Wasse and Salmon 1999c).

Since the first peaks in AGy(r) and AG'(r) are identified with M-Br and Br-Br
correlations respectively, it is instructive to compare the functions

[AGm(r) — AGm(0)] /B’ = gwip: (r) + Egum(r) (11)

and

[AG'(r) = AG'(0)] /C = gpip: () + Fgmm(r) (12)

for those isomorphic pairs, (Dy/Y)Br; and (La/Ce)Br; (Wasse and Salmon 1999a), for which
diffraction data are available. The cation radius increases from 0.91 A for Dy** and Y** to
1.02 A for La** and Ce** (Shannon 1976) and the tribromides of the latter crystallize in the
UCl;-type structure at room temperature wherein the cation is ninefold coordinated by anions
(Zachariasen 1948, Taylor and Wilson 1974). In equation (11), La replaces Dy and Ce replaces
Y in the definition of B’ for the (La/Ce)Brz isomorphic pair while E and F' are 0.586(24) and
—0.300(4) for (Dy/Y)Br;3 or 0.320(6) and —0.0958(9) for (La/Ce)Brs;. The functions, plotted
in figure 5, both show an asymmetric distribution of anions around the cation with a similar
degree of penetration of gg,:(r) into the first peak of gyp:(r). This penetration decreases
with cation radius, as shown by the neutron diffraction results for AIBr; and GaBr3, in keeping
with a trend towards more molecular-type structures for which 28f = 4.0(2) (Saboungi et al
1993, Akdeniz et al 1998). The M-Br coordination number does not change significantly
from six when (Dy/Y)Br; melts and rg.g;/rmer = 1.33(1) in the liquid whereas (La/Ce)Br;
undergoes a reduction of the M-Br coordination number from 9 to 7.4(2) on melting and
rBiBr/FmBr = 1.25(2) in the melt. The same distance ratio for molten LaBr3 is obtained from
x-ray diffraction experiments although a reduced M—Br coordination number of six is reported
albeit from a total pair distribution function in which there is considerable overlap of the gqg(r)
(Okamoto and Ogawa 1999).

6. Conclusions

On heating DyBr3;, YBr; and HoBr3 a solid—solid phase transition was observed from the
FeCls-type crystal structure to possibly the YCls-type crystal structure. A corresponding
transition was not searched for in the case of ErBr; but may be anticipated on the basis of the
similar physico-chemical properties of all four systems. The molten phases of DyBrs, YBrs3,
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Figure 5. The real-space difference functions [AGwm(r) — AGym(0)]/B’ (solid curves) and
[AG'(r) — AG'(0)]/C (broken curves) for the molten (Dy/Y)Br3 and (La/Ce)Br; isomorphic

pairs defined by equations (11) and (12) respectively.

HoBr; and ErBrj; are found to comprise distorted MBrg_ octahedral motifs, many of which
are edge-sharing, which connect to give intermediate-range ordering of the cation correlations

as manifested by the appearance of a first sharp diffraction peak.
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