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Cation size dependent phase structure of (Eu1-xLax)2O3 at high pressures
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Rare earth sesquioxides (RES) are known to be an
important material owing to the wide spread applications
in many of the fields like solid state lasers, solid oxide
fuel cells, control rods in nuclear reactors, phosphors,
wave guides, scintillating materials and so on[1]. They
are also fundamentally interesting materials due to their
existence in different polymorphic structures. Depending
on the cation size, RESs are known to exist in any of the
three polymorphic structures at ambient temperature and
pressure (ATP)[1, 2]. The sesquioxides with small cation
size (Dy-Lu) follows the C-type (cubic) structure
whereas, the large cation sized RES (La-Nd) adopts the
A-type (hexagonal) structure. Depending on the thermal
history, the medium cation sized RES (Sm-Gd)
crystallizes either in the B-type (monoclinic) or in the Ctype. Although the cationic radii in the RES’s increase in
the sequence CBA, the molar volume is observed to
be decreasing in the same sequence[2]. Considering this
fact, a structural sequence of CBA is expected to
occur under high pressure (HP). Though the effects of
cation size and pressure dependence are studied
independently, there are no systematic studies revealing
the role of cation size in preferring a particular structure
type over the other at high pressures.
The effect of cation size and pressure on the phase
structure and vibrational properties of solid solutions,
(Eu1-xHox)2O3, with similar structure and very small
difference in cationic radii has been reported earlier[3, 4].
The present study is intended to understand the
simultaneous effect of cationic radii and pressure on the
solid solutions of RESs with dissimilar structure and with
significant difference in cationic radii. The medium
cation sized RES Eu2O3, crystallizing in the cubic
structure at ATP, and the large cation sized RES La2O3,
crystallizing in the hexagonal structure at ATP, with the
difference of cationic radii 0.15 Å have been selected for
the present study. When the difference in cationic radii
exceeds the maximum that a particular structure can
accommodate, a polymorphic structural phase transition
is expected. The solid solutions, (Eu1-xLax)2O3 (0 ≤ x ≤
1), have been prepared by simple soft chemistry
approach. The composition, morphology and crystal
structure evolution of the as synthesized oxides have
been reported earlier in detail [5]. A CBA structural
phase transition have been observed with an increasing
substitution of La[5]. The micro strain and substitutional
disorder induced by the difference in the size of the rare
earth ions are the key factors which drives the phase
transitions in these oxides[5].

The structural stability and compression behaviour of
these solid solutions have been investigated at high
pressures. Cubic structure is found to be stable for 0.95 Å
≤ RRE < 0.98 Å at ATP and prefers C A transition at
high pressures. A biphasic region of cubic and
monoclinic structure is stable for 0.98 Å ≤ RRE < 1.025 Å
at ATP and a C/BA transition is preferred under
pressure. Further, a biphasic region of monoclinic and
hexagonal structure is favoured for 1.025 Å ≤ RRE <1.055
Å at ATP and the B phase progress towrds the hexagonal
A phase under pressure. A pure hexagonal phase have
been obtained for 1.055 Å ≤ RRE ≤ 1.10 Å at ATP and
the system is structurally stable under pressure. The
equation of state fit to the unit cell compressibily data
indicated a monotonous decrease in the bulk modulus of
hexagonal structure with the increasing RRE except for
x=0.2 and 0.6. The results obtained from the high
pressure structural investigations on (Eu1-xLax)2O3 are
consolidated and a pressure concentration phase diagram
is constructed upto a pressure of 25 GPa.

Figure 1. Pressure – concentration (P-x) phase diagram for the
solid solution (Eu1-xLax)2O3.
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