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Abstract

The defect structure of LaMnO; phase close to its stoichiometric composition was studied by transmission electron microscopy (TEM).
The electron diffraction patterns of this phase showed two series of superlattice spots that are forbidden for Pnma(62), the reported symmetry
for stoichiometric LaMnOs3.0 0 / (/=o0dd) suchas 0 0 1 and 4 k 0 (h = odd) such as 1 0 O superlattice spots appeared in [1 1 O] and [0 1 1] zone
patterns. The low magnification TEM images in [1 1 0] zone showed coherent twins. The twin plane was (1 1 2).
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1. Introduction

The perovskite compound LaMnOj3 and its solid solutions
are high potential for device applications in colossal mag-
netoresistance (CMR) and solid oxide fuel cells (SOFC)
fields [1-3]. The interesting physical properties of these
phases derived from the transition metal ion in the perovs-
kite structure. The valence of manganese ion is 3+ in the
stoichiometric composition, but stoichiometric LaMnQOs is
distorted into the orthorhombic system due to the Jhan-
Teller effect [4]. Because manganese ion has 3+ and 4+
mixed valences, LaMnOj; phase shows oxygen non-stoichio-
metry.

On the other hand, the ionic radii of Mn?* ion is too large
to fit in B-site of the perovskite structure [5], so oxygen
deficient non-stoichiometry of LaMnOj; dose not generally
occur. However, Kamata et al. [6] suggested that LaMnO3_
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phase appeared just before decomposition of this phase at
low oxygen partial pressures at 1473 K.

Kamegashira and coworkers [7,8] presented the phase
diagram for LaMnO; at 1273 K. In the equilibrium at
1273 K, LaMnO; decomposed directly into MnO and
La,0O5; phases without intermediate oxygen deficient non-
stoichiometric phases.

Some structural models for oxygen deficient LaMnO;_
phase were proposed [9,10]. In these defect structural mod-
els, the oxygen defects lie on (1 1 0). direction, where the
subscript ¢ denotes a cubic perovskite structure that is the
most simplified description of the perovskite structure.

In this study, the beginning of the formation defects
in LaMnO; was examined just before decomposition at
1273 K by electron diffraction and electron microscopic
observation.

2. Experimental

High purity La,O3; and Mn,O3; powders (all 99.99%
purity) were used as the starting materials. A stoichiometric
molar ratio of these powders were mixed in an agate mortar
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and heated at 1573 K in air for 3 days. The phase identifica-
tion was performed by powder X-ray diffraction method.

The sintered pellets kept at 1273 K in Pg, = 107¢ (Pa)
environment for 3 days, where H,/CO, mixed gas was used
as the previous report [11]. The oxygen partial pressure was
monitored by the electrical resistance of CoO oxide [11].

The annealed sample was crushed and mounted on the
micro grid mesh. Transmission electron microscopic (TEM)
observation was performed by JEOL-4000EX.

3. Results and discussion

The X-ray diffraction pattern of the sintered sample showed
that this phase has an orthorhombic symmetry as reported
previously [4]: the relations between cubic and the orthorhom-
bic lattice are a,~ \/Zac, bo ~ V2a. and ¢, ~ 2c..
Because LaMnOj; phase has orthorhombic symmetry only
around its stoichiometric composition, non-stoichiometry in
the sintered sample can be considered small. The sintered
sample was held in at 1273 K in log Po, = 107 (Pa) environ-
ment for 3 days. The X-ray diffraction of the annealed sample
also showed orthorhombic symmetry. From the phase diagram
of this phase [7,8], the annealed sample must have stoichio-
metric composition.

Fig. 1 shows the electron diffraction patterns of this phase
from [0 —1 1], [1 —1 0] and [—1 1 —1] zones. It is reported
that the stoichiometric LaMnOj phase possesses Pnma(62)
symmetry [6]. However, in the [0 —1 1] zone pattern, 2 0 0
(h = odd), forbidden reflections such as 100 for Pnma
symmetry can be clearly observed. Furthermore, in the
[1 —1 0] zone pattern, 00/ (I = odd) reflections such as
001 that are forbidden can be clearly observed.

Shibahara et al. [12] suggested that the reflection condi-
tions of oxygen deficient LaMnOj; phase shows 200 (h =
odd) and 0 0/ (I = odd) superlattice, however, the electron
diffraction patterns of the stoichiometric LaMnO; phase did

Fig. 1. The electron diffraction patterns from [0 —1 1], [1 —1 0] and [—1 1 —1] zones.
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Fig. 2. The super structural model for LaMnO;_; phase.

not show the superlattice spots. From this point of view, it is
considered that the sample prepared in this experiment
possesses a small amount of non-stoichiometry, even if there
is no evidence from the phase diagram at 1273 K [7,8].
Abbattista and Borlera [9] and Van Roosmalen and Cord-
funke [10] proposed the defect superstructural model for
LaMnO;_s phase shown in Fig. 2. In this model, oxygen
vacancies lie on [1 1 0], direction. They also reported that the
powder X-ray diffraction pattern of the superstructure
LasMn40O,; that possesses an orthorhombic cell with a ~
\/iac, b=~ 8a. and ¢ =~ \/iac shows 0 4 0 peak which cor-
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[112] direction

Fig. 3. Low magnification TEM image from [1 —1 0] zone.

respond to 00 1 in the a, ~ V2ac, bo ~ V2ae and ¢, ~
2¢c [9,10]. The reflection conditions of the LasMn4Oy;
phase is closed to that of the sample in this experiment, thus
it can be considered that the defects in this sample have the
same order as cited before.

Fig. 3 shows the low magnification TEM image from
[1 —10] zone. A coherent twin with about 200 nm inter-
spacing can be observed. From the electron diffraction
pattern around the twin boundary, it can be confirmed that
this twin consisted (1 1 2) basal plane. Such coherent twin
can be also seen in Y-based high Tc superconductor oxide
with oxygen deficient non-stoichiometry [13].

The sample that annealed at 1273 K in Pg, = 10°° Pa
environment can be confirmed as a phase just before decom-
position, however, this phase possessed a small amount of
oxygen vacancies and the vacancies ordered in the perovs-
kite structure. Because the defect structure proposed earlier

have large space in the structure, it can be considered that
coherent twin formed to bury the spaces.

4. Conclusion

A defect structure can be confirmed in the LaMnOj;
phase, which is just before phase decomposition. The elec-
tron diffraction patterns of this phase showed a series of
superlattice spots and its TEM images showed coherent twin
in (1 1 2) basal plane.
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