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(1) (TiO2)1x(TaON)x Solid Solution for
Engineering of Anatase TiO2

Band

Band engineering of anatase TiO, was achieved by
means of an anatase (TiO2)1-«(TaON)x (TTON) solid
solution. Epitaxial thin films of TTON (0.1 < x < 0.9)
were synthesized by nitrogen plasma-assisted pulsed laser
deposition. Epitaxial growth of anatase TTON was
confirmed by X-ray diffraction. The lattice constants of
the TTON thin films increased with TaON content in
accordance with Vegard’s law, indicating formation of a
complete solid solution. The bandgaps, band alignment,
and refractive indices of the TTON thin films were
investigated by  combination of  spectroscopic
ellipsometry and X-ray photoelectron spectroscopy. The
bandgap of the anatase TTON systematically decreased
with increasing x, mainly because of an upward shift in
the valence band maximum caused by broadening of the
valence band as a result of hybridization of the shallow N
2p orbital. The position of the conduction band minimum
was rather insensitive to chemical composition, which
makes the band alignment of anatase TTON suitable for
photocatalytic water splitting with visible light (Fig. 1c).
The refractive index of anatase TTON monotonically
increased with an increase in x (Fig. 1a,b).
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Fig. 1 (a) Refractive index spectra of the anatase TTON thin
films. (b) Refractive index at A = 500 nm (nsoo) plotted against x.
(c) Band alignment plotted against the energy of vacuum level
(left axis) and the standard electrode potential at 298 K (right
axis). Error bars represent the uncertainty in the Eas of O 1s
(£0.2 eV) which is used as a reference. Dashed lines represent
the E°(H*/Hz2) and E°(O2/H20).
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(2) Synthesis and magnetism of double-perovskite
YBaCo020s thin films

A-site cation-ordered perovskite cobaltite, RBaCo0,0x
(R = rare earth element), exhibits fascinating physical
properties, such as spin-state ordering and high oxygen
conductivity, because of the large tetragonal distortion of
the Co orbital. However, the distorted coordination
geometry prefers oxygen vacancies, resulting in a
difficulty in obtaining the stoichiometric phase (x = 6).
For example, x in YBaCo020y, which has largely distorted
Co orhitals because of the small size of Y3*, has so far
been limited to 5.52. To expand the available range of x,
in this study, we performed a low-temperature topotactic
oxidation of YBaCo0.0s3 epitaxial films using a strong
oxidizing agent NaClO. The x value can be varied in a
wide range of 5.3 - 6.0, maintaining the A-site
cation-ordered perovskite structure, by changing the pH
and temperature of NaClO. The single crystalline film
with x = 6 exhibits large tetragonal distortion (c/a =
0.968) because of the small ionic radius of Y3 and
substrate-induced tensile strain. Unlike antiferromagnetic
insulating YBaCo,0s s, the fully oxidized film with x = 6
exhibits in-plane ferromagnetism and metallicity with a
Curie temperature of 130 K possibly because of the
double-exchange interaction between Co®* and Co** (Fig.
2). Moreover, the YBaCo20s film exhibits huge magnetic
anisotropy with a magnetic anisotropy constant of 1.5 x
108 erg cm3, demonstrating that the A-site cation-ordered
perovskite structure is promising for obtaining high
magnetocrystalline anisotropic materials.
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Fig. 2 (a) p-T, (b) M-T, and (c) M—H curves for the YBaC020x«
films with x =5.5, 5.8, and 6.0.
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