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(1) Introduction
Perovskite-structured oxides that exhibit

high ionic conductivity have attracted con-
siderable attention due to their various ap-
plications in solid oxide fuel cells (SOFCs),
batteries, catalysts and oxygen sensors.
The development of better oxygen-ion and
mixed conductors requires a better un-
derstanding of the diffusion paths and
structural disorder of mobile oxygen ions
at high temperatures at which the ma-
terials work efficiently. The lanthanum
strontium cobaltites, La1-xSrxCoO3-delta,
which have a perovskite-type structure,
are promising electrode materials for the
doped lanthanum gallate electrolyte in
SOFCs. The crystal structure of rhombo-
hedral R-3c La1-xSrxCoO3-delta has been
the subject of a number of previous in-
vestigations. However, far less attention
has been paid to the high-temperature cu-
bic La1-xSrxCoO3-delta phase. The pur-
pose of the present study is to investi-
gate the crystal structure and structural
disorder of the cubic Pm-3m perovskite-
type La0.6Sr0.4CoO3-delta at 1258 degrees
Celsius. This work was published in M.
Yashima and T. Tsuji,“ Structural investi-
gation of the cubic perovskite-type doped
lanthanum cobaltite La0.6Sr0.4CoO3-delta
at 1531 K: possible diffusion path of oxy-
gen ions in an electrode material”, J. Appl.
Crystallogr., 40, [6] 1166-1168 (2007).

(2) Experiments and data processing
La0.6Sr0.4CoO3-delta specimens were

prepared through solid-state reactions by
the Mitsubishi Materials Co. Neutron pow-
der diffraction data were collected in air us-

ing HERMES, a diffractometer with a 150-
multi-detector system, at room tempera-
ture and at 1258 degrees Celsius (Ohoyama
et al., 1996). The HERMES diffractometer is
located at the T1-3 port of the JRR-3M re-
search reactor of the Japan Atomic Energy
Agency at Tokai, Japan. The powder pat-
terns were measured in the range from two
theta = 5 degrees to 155 degrees. The wave-
length of the incident neutrons was 0.18207
nm. The sample temperature was kept con-
stant during the data collection at 1258.2de-
grees Celsius (+1.4 degrees Celsius, -0.8 de-
grees Celsius) using a furnace with MoSi2
heaters (Yashima, 2002).

The diffraction data obtained at 1258 de-
grees Celsius were analyzed by a combi-
nation of Rietveld analysis, the maximum-
entropy method (MEM) and MEM-based
pattern fitting (MPF) (Izumi & Dilanian,
2002). The computer programs RIETAN-
2000 (Izumi & Ikeda, 2000), PRIMA (Izumi
& Dilanian, 2002) and VESTA (Momma
& Izumi, 2006) were utilized for the Ri-
etveld and MPF analyses, MEM calcula-
tions and visualization of crystal structure
and the nuclear-density distribution, re-
spectively. The coherent scattering lengths
(bc) adopted for Rietveld refinement were
8.24 fm for La, 7.02 fm for Sr, 2.49 fm for Co
and 5.803 fm for O.

(3) Results and discussion
Neutron-diffraction data for

La0.6Sr0.4CoO3-delta at room temper-
ature indicated that the specimen consisted
of a single phase of the rhombohedral
La0.6Sr0.4CoO3-delta. All the peaks
in the neutron diffraction pattern of
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La0.6Sr0.4CoO3-delta at 1258 degrees Cel-
sius were indexed by the cubic perovskite-
type structure with Pm-3m symmetry,
indicating phase transformation from a
low-temperature rhombohedral to a high-
temperature cubic phase. Rietveld analysis
was performed using the diffraction data
taken at 1258 degrees Celsius in the two
theta range of 20 degrees to 153 degrees by
a cubic perovskite-type structure. La and Sr
atoms were placed at the special position
1b 1/2, 1/2, 1/2 of the Pm-3m symmetry.
Co and O atoms were placed at the 1a 0,
0, 0 and 3d 1/2, 0, 0 sites, respectively.
Isotropic and anisotropic atomic displace-
ment parameters were used for the cations
and anions, respectively. The calculated
profile agreed well with the observed one.
The atomic displacement parameters of
the O atom exhibited large anisotropy,
which reflects the rotational motion of
O atoms in the rigid CoO6 octahedron.
Similar anisotropy has been observed in
other cubic perovskite-type compounds.
The equivalent isotropic displacement
parameter of O atom is larger than those of
cations, suggesting the higher diffusivity
of O atoms. The occupancy factor of the
O atom at the 3d site was estimated to be
0.886(6), indicating an oxygen deficiency
of delta =0.34(2) in La0.6Sr0.4CoO3-delta
at 1258 degrees Celsius. The averaged
valence of the Co cations was estimated
to be 2.72 at 1258 degrees Celsius, which
is consistent with the calculated bond
valence sum value of 2.8. Here, the average
value of the bond valence parameter of
1.698 was used for the calculation.

MEM-based pattern fitting (MPF) anal-
ysis was conducted using diffraction data
in the two theta range from 20 degrees to
153 degrees, corresponding to d > 0.107
nm (d: spacing of lattice planes), with the
structure factors obtained from Rietveld
analysis. A total of 16 structure factors
were obtained. The 100 reflection appear-
ing at the lowest two theta position (ca.
26.7 degrees) was included, since this peak
provides information on the disordered
arrangements of oxygen ions. The MEM

calculations were performed with the unit
cell divided into 64 X 64 X 64 pixels. The R
factors for the Bragg intensities, RI and for
the structure factors, RF were improved
from 2.33 % in the Rietveld analysis to
1.71 % in the MPF, and from 1.72 % to
1.25 %, respectively. The nuclear-density
map reveals that the oxygen ions in the
cubic Pm-3m La0.6Sr0.4CoO3-delta exhibit
a large thermal motion perpendicular to
the Co-O bond, corresponding to large
anisotropy of the atomic displacement
parameters. The diffusion path does not
follow the edge of the CoO6 octahedron
shown as straight lines, but displays an
arc shape away from the Co cation. It
should be noted that the nuclear den-
sity of O atoms in La0.6Sr0.4CoO3-delta
did not connect with that of nearest
neighbor O atoms. On the contrary, the
(La0.8Sr0.2)(Ga0.8Mg0.15Co0.05)O2.8
perovskite exhibited connected dif-
fusion paths. This strongly suggests
that the diffusivity of oxygen ions in
La0.6Sr0.4CoO3-delta is lower than that in
(La0.8Sr0.2)(Ga0.8Mg0.15Co0.05)O2.8.


