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(1) Strain engineering of anion ordering in perovskite
oxynitride

Mixed-anion  perovskites such as oxynitrides,
oxyfluorides, and oxyhydrides have flexibility in their
anion  arrangements, which  potentially  enables
functional-material design based on coordination
chemistry. However, difficulty in the control of the anion
arrangement has prevented the realization of this concept.
We demonstrated strain-engineering of the anion
arrangement in epitaxial thin films of the Ca,xSrxTaO;N

perovskite oxynitrides predicted by theoretical calculation.

Under compressive epitaxial strain, the axial sites in
TaO4N; octahedra tend to be occupied by nitrogen rather
than oxygen, which was revealed by N and O K-edge
linearly polarized X-ray absorption near edge structure
(LP-XANES) and scanning transmission electron
microscopy (STEM) combined with electron energy loss
spectroscopy (EELS) (Fig. 1). Furthermore, detailed
analysis of the LP-XANES indicated that the high
occupancy of nitrogen at the axial sites is due to the
partial formation of a metastable trans-type anion
configuration. These results are expected to serve as a
guide for the material design of mixed-anion compounds
based on their anion arrangements.
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Fig. 1 (a) Low and (b) high magnification high-angle annular
dark-field STEM images of CaosSrosTaO2N epitaxial thin film
grown on Nb:SrTiOs substrate. (c and d) EELS spectra around
the (c) N and (d) O K-edges measured at axial and equatorial
sites. EELS spectra were constructed by averaging the spectra
obtained at several atomic columns.
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(2) Reversible changes in resistance of NdNiOs thin
films induced by fluorine substitution

Perovskite nickel oxides are of fundamental as well as
technological interest because they show large resistance
modulation associated with phase transition as a function
of the temperature and chemical composition. Here, the
effects of fluorine doping in perovskite nickelate NdNiO3
epitaxial thin films were investigated through a
low-temperature reaction with polyvinylidene fluoride as
the fluorine source. The fluorine content in the fluorinated
NdNiOz.xFy films is controlled with precision by varying
the reaction time. The fully fluorinated film (x =~ 1) is
highly insulating and has a bandgap of 2.1 eV, in contrast
to NdNiOs;, which exhibits metallic transport properties
(Fig. 2). Hard X-ray photoelectron and soft X-ray
absorption spectroscopies suggested that a Mott-type gap
opening is the cause of the extremely high resistance
increase associated with the fluorination process. In
addition, the resistivity of the fluorinated films recovers
to the original value for NdNiOs after annealing in an
oxygen atmosphere (Fig. 2). By application of the
reversible fluorination process to transition-metal oxides,
the search for resistance-switching materials could be
accelerated.
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Fig. 2 (a) XRD 26-0 patterns of as-grown, fluorinated, and
oxygen-annealed NdNiOs films. (b) Electrical resistivity versus
temperature  plots of as-grown NdNiOs film and
oxygen-annealed film after fluorination. Inset shows electrical
resistance measured in situ during oxygen annealing process.
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