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Oxyhydrides, or partial substitution of oxide by hydrides, recently gains
popularity due to several exciting characteristics such as superconductivity,
metal to insulator transition, catalytic activity, and superionic conduction'.
Unique characteristics of hydride, including its polarizability, strong
reduction ability, and high mobility in the material, make it a good candidate
as an ion carrier. On the other hand, the preparation of oxyhydrides with
poor elemental selectivity becomes challenging for material exploration.
Regarding this background, the research topics of hydride material
exploration and ionic conduction study of hydrides in the superionic
oxyhydride were investigated in the present study from the viewpoint of
crystal structure.

The material exploration of oxyhydrides was first initiated by the
topotactic reduction reaction of transition metal oxides LaSrCoO42. Several
oxyhydrides were then reported containing a transition metal, alkali metal,
or alkaline-earth metal atoms. There is less report on p-metal element
oxyhydrides despite the important role of p-metal cations in some functional
compounds due to their duality of ionicity and metallicity. Refer to the study
of p-element metal oxyhydrides on Ba3AlOsH and Sr3;AlOsH** a new
oxyhydrides containing p-metal cation, gallium, have been synthesized in
this study. A polycrystalline sample of 43GaHO4 (4 = Ba, Sr) was prepared
by solid-state reaction under high pressure. The stoichiometric mixture of
raw materials, AH> (99.5%, Mitsuwa Chemical Co.), 40 (99.99%, Aldrich),
and Ga203 (99.99%, Aldrich), was heated up to 800°C under 2 GPa for 0.5
hours. The obtained gray-colored powder sample was then characterized by
the synchrotron X-Ray Diffraction (SXRD) at BL02B2, SPring-8, and
neutron diffraction (ND) at BL09 SPICA, MLF, J-PARC.

The SXRD and ND refinement results indicated non-stoichiometric
compositions of (Ba,Sr);.,GaOsH,x (x=0.22-0.30,y=0.10-0.15) which adopted
an anti-perovskite structure of tetragonal /4/mcm. The structure is an anti-
perovskite structure with GaOg4 tetrahedra ordered in the HBas octahedra
framework, where hydride is located in the center of the octahedra. The

hydrides are ordered in the structure with partial occupancy confirmed from



the neutron diffraction pattern refinement of the deuterated sample. As
reported in other isostructural compounds, the Bond Valence Sum (BVS)
calculation results in an under-bonding state of apical Ba sites in HBag
octahedra, indicating local ordering as reported in LaSr2AlOs>. Regarding
stability, Baz g5GaO4Ho.70 is unstable in the air. The thermogravimetry (TG)
measurement using Rigaku Thermo Plus 8121 up to 500°C revealed hydride
to oxide replacement is possible in Ba> gsGaO4Do.70 upon heating under dry
oxygen flow. Because the ionic size of hydride is flexible, in conclusion, the
anti-perovskite oxyhydrides containing GaOs4 and AlOs4 unit were
summarized to obtain the degree of flexibility of hydride and provide crystal
chemistry knowledge of an anti-perovskite oxyhydrides stability range for
future material exploration.

In the point of view of oxyhydrides properties, the ionic conduction
study of hydrides in the superionic oxyhydride was performed. As hydride
has large mobility and other distinct characters as charge carriers, the recent
study on K NiF4-type structure oxyhydrides reported pure hydride
conduction with a practical conductivity at an intermediate temperature®.
The current report by Takeiri et al.; on superionic hydrides revealed high
conductivity of Baj7sLiH.7Hoo (BLHO) with conductivity ~102S/cm at
350°C7. The Arrhenius plot of its conductivity shows a jump conductivity
which corresponds to order-disorder phase transitions. A nearly temperature-
independent conductivity or a flat curve of the Arrhenius plot was observed
at high temperatures, indicating a superionic phase. The structure BLHO was
tentatively clarified only by the hydrogen phase. The detail of the superionic
structure concerning the conduction mechanism was not clear. In order to
gain new insight into hydride conduction in BLHO, a deuterated sample was
prepared. The deuterated sample, BLDO, was successfully synthesized by a
solid-state reaction of the stoichiometric raw materials of BaD: (93%,
Kojundo), LiD (98%, Aldrich), and BaO (99.99%, Aldrich) sintered under a
deuterium atmosphere. The temperature-dependent SXRD was performed to
confirm that the structure and phase transition behavior of BLDO is similar
to the hydrogen sample. In addition, the Electrochemical Impedance
Spectroscopy (EIS) measurement was performed to confirm the similarity in
conductivity behavior. Then finally, a temperature-dependent neutron
diffraction experiment was performed at BL09 SPICA, MLF, J-PARC to
investigate the detailed structure supported by MEM analysis.

The structural study of the superionic hydride conductor BLDO with
KoNiF4-type structure revealed that both hydrogen and deuterium samples
have a similar phase transition and conductivity. There are two-phase

transitions that occurred from room temperature to 400°C. These transitions



involve PB-phase, y-phase, and 6-phase. Although the intermediate phase, y-
phase, of BLDO is slightly different from BLHO, both samples have a
similar disordering structure of the superionic phase, d-phase.

The MEM analysis results on the superionic phase indicated that
interstitial hydride exists near apical hydride sites. As already reported in
other superionic materials that interstitial sites provide an ionic conduction
pathway, the interstitial hydride site discovered in BLDO in this study is
likely to contribute to its conduction. The interstitial hydride site could
facilitate ionic migration between apical sites through an interstitialcy
mechanism. The main contribution to the conductivity likely comes from the
equatorial hydrides, in which the MEM density map visualized the
significant ionic vibration of equatorial hydrides and the lithium vibration
forming a circle-like ionic conduction pathway. The contribution of apical
hydrogen site to the conduction mechanism and the presence of interstitial

hydride at high-temperature phase have never been reported before.
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