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We have recently succeeded in fabri-
cating a novel LiNbO3-type ferrite with
small Sc3+ occupying the A-sites, ScFeO3,
via the solid-state reaction at high pres-
sure and high temperature. Magnetiza-
tion measurements using a SQUID magne-
tometer revealed that the resultant materi-
als exhibit a ferromagnetic ordering even at
room temperature due to the strong mag-
netic interaction between Fe3+ ions via ox-
ide ions. We have also attempted to de-
termine the crystal structure of these com-
pounds by synchrotron XRD and optical
second harmonic generation (SHG) mea-
surements. The SHG measurements indi-
cated that these compounds crystallize in
a polar structure of the space group R3c
(No.161) at room temperature, which is
the same as that in multiferroic perovskite
BiFeO3. In LiNbO3-type ScFeO3, the or-
dered arrangement of Sc3+ and Fe3+ ions
in the rhombohedral lattice leads to the po-
lar structure, which is different from the
nonpolar corundum-type structure (R3c,
No.167) where Sc3+ and Fe3+ ions are ran-
domly distributed in the lattice. How-
ever, the structural refinement for the syn-
chrotron XRD pattern was equally good
by using either polar R3c or nonpolar R3c
structural models, due to the similar atomic
scattering factor between Sc and Fe ele-
ments.

To address this issue, we have measured
the neutron powder diffraction (NPD) of
pressure-induced ScFeO3. We performed
Rietveld refinement of NPD data at 300 and
5 K; the result at 5K is shown in Fig. 1.
For both profiles, the magnetic diffractions
were observed at the low angles and there-
fore the magnetic structure was considered
in the refinement. When the occupancy fac-
tors, g, of Sc, Fe, and O were allowed to
vary, they remained approximately unity
(g(Sc) = 0.98(6), g(Fe) = 0.94(6), and g(O) =

1.10(7)), confirming the fully Sc/Fe order-
ing as well as the absence of oxygen defi-
ciency.

The observed magnetic reflections are
characterized with a propagation vector k
= 0 so that the magnetic unit cell is identi-
cal to the chemical one. By considering dif-
ferent spin directions, the best fit was ob-
tained when the spins are aligned within
the ab plane (Rwp = 1.48%). The magnetic
moment was found to be µ = 3.53(14)µB/Fe
at 300 K and µ = 3.71(10)µB/Fe at 5 K, in-
dicative of the long-range magnetic order-
ing of Fe3+ ions in the high-spin 3d5 con-
figuration (S = 5/2). The weak ferromag-
netic component evaluated from the mag-
netization curve at 5 K is 0.035µB/Fe, cor-
responding to the canting angle of 0.2◦. De-
termination of such a small canting angle is
beyond the capability of NPD refinement: a
trial refinement involving the canting angle
gave a ferromagnetic component of 0.7µB
(equivalent to a 5.6◦ canting of 3.71 µB mo-
ment) within the ab plane, but without im-
proving the R factors.

Fig. 1. NPD pattern of LiNbO3-type ScFeO3 at 5K

Activity Report on Neutron Scattering Research: Experimental Reports 20 (2012-2014)
Report Number: 1504


