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Investigation of Phase Relationship of Perovskite-related Oxide
Materials by Thermal Analyses

Takuya Hashimoto

(Received July 10, 2004; Accepted August 20, 2004)

New phases have been discovered in high functional perovskite-type oxides with various
thermal analyses and X-ray diffraction under specific conditions such as high temperatures and
high pressures. The second order phase transition was observed in BaxIn,Os at 10700 by dilatometry
and quantitative DTA. It was revealed that distortion from the ideal cubic perovskite structure
is the smallest in the phase found at higher temperatures than 10700 and that this phase has
the highest potential as an oxide-ion conductor among three phases in BayIn;Os. In addition to
the three phases in BaBiOg3 already discovered by neutron diffraction measurement so far, another
phase has been observed by dilatometry and quantitative DTA in temperature range 520~6200 .
The X-ray diffraction peaks indicating existence of superstructure was observed in diffraction
pattern of BaBiOs; at 6000. Variations of enthalpy, AH, and volume, AV, were estimated by
DSC and high-temperature X-ray diffraction, respectively. Combining Clapeyron formula, positive
AH and negative AV, phase transition under high pressure at room temperature was deduced
and confirmed by X-ray diffraction at high pressures.
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Oxide ion vacancy
(ordered)

Oxide ion vacancy
(disordered)

Fig.1 So far proposed crystal structure of Baln;Os.
(a) Brownmillerite-type orthorhombic with
ordered oxide ion vacancy. (b) Cubic perovskite
structure with disordered oxide ion vacancy. It
was reported that phase transition from
brownmillerite phase to cubic perovskite one
occurred at 9100.
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Fig.2 Thermal expansion behavior of Bayln,Os sintered
specimen. In addition to shrinkage due to the
first order phase transition at 9100, discontinuous
variation of thermal expansion coefficient owing
to the second phase transition was observed.
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Fig.3 Results of TG (dashed curve) and quantitative
DTA (solid curve) of Baxln,Os. Endothermic
peak and base-line shift were observed in DTA
curve at 905 and 10700, respectively, showing
agreement with the result of dilatometry.
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Fig.4 X-ray diffraction patterns of Baxln,Os at 900,
1000 and 11000 . The diffraction pattern at 9000
could be indexed as orthorhombic brownmillerite
structure. The e and o peaks which cannot be
explained as cubic perovskite was observed in
diffraction pattern at 10000 . In diffraction pattern
at 11000, peaks indicated by e disappeared
indicating phase transition occurred between 1000
0 11000.
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Fig.5 Relationship between logo and reciprocal of
temperature of Bayln,Os. Conductivity of
ZrogY 020255 is plotted for comparison. The
temperatures of the phase transitions detected by
dilatometry and quantitative DTA were shown

by arrows.
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Fig.6 The transition temperatures of BayxSrxIn,0Os and
Baylnz2nyGayOs measured by dilatometry (e, o,
A, A), high temperature X-ray diffraction (error
bar with v and a) and electrical conductivity
(w, 0) The horizontal axis was tolerance factor
calculated from ionic radii of Ba20, Sr20, |n3o
and Gas3o.
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Fig.7 Results of thermal analyses of BaBiOs. Phase
transition was observed at 1600 in expansion
curve and DSC measurements. Another transition
at 5200 was detected in thermal expansion
coefficient. At 6200, the second order structural

phase transition was observed in quantitative
DTA curve as a base-line shift.
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Fig.8 X-ray diffraction peaks of BaBiOs at 30, 200,
600 and 7000. The peaks at 30 and 2000 could
be indexed as monoclinic distorted perovskite
and rhombohedrally distorted one, respectively.
Hexagonal description of rhombohedral phase
is employed for simplicity in this figure.
Apparently, both peaks at 600 and 7000 could
be indexed as cubic perovskite.
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Fig.9 X-ray diffraction patterns of BaBiOs at 30, 200,
600 and 7000. The diffraction patterns at 30,
200 and 7000 could be indexed as monoclinic,
rhombohedral and cubic with double period,
respectively. At 6000, the peaks indicated by
arrows appeared. It was suspected that these
peaks indicated existence of superstructure
proposed by Chaillout and coworkers with
electron diffraction.6)
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Fig.10 DSC curve of LaCrOs under 1 atm. The
endothermic peak corresponding to phase
transition from orthorhombic to rhombohedral
was observed. AH calculated from peak area was
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Fig.11 Temperature dependence of molar volume of
LaCrOs under 1 atm measured by high
temperature X-ray diffraction. The shrinkage due
to phase transition was observed at 2400.
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Fig.12 Proposed scheme of phase diagram for LaCrOs.
From Clapeyron formula, it was expected that
transition temperature decreased by application
of pressure because of positive AH and negative
AV at the phase transition.
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Fig.13 Variation of X-ray diffraction peaks at room
temperature by pressure. (A0 0.62 0) Arrow
indicates 208 peak of rhombohedral phase. By
application of 1.1 GPa, rhombohedral phase
appear and its proportion increased with increase
of pressure.
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Fig.14 X-ray diffraction patterns of LaCrOs; at room
temperature under (a) 1 atm and (b) 5.4 GPa.
(A0 0.62 0) The pattern (a) and (b) could be
indexed as orthorhombic symmetry and
rhombohedral one, respectively. Hexagonal
description of rhombohedral phase is employed
for simplicity in this figure.
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