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Polar Oxides for Energy Conversion
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“Elastocaloric cooling: phenomenon, materials, devices, and comparison with other solid state cooling

technologies”
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Burning fuels at high temperature produces environmentally harmful nitrogen oxides. Although catalytic
conversion is generally used in power plants or other pollution sources for reducing NOx emissions, the catalysts
generally include precious metals. New oxide materials in the AMOx family, with A =Li, Na, K, Rb, Cs and M = Fe, Sn,

Ti, may over sufficient NOx conversion efficiency to compete with precious metal catalysts.
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Electrochemical analysis is generally used to identify catalytic reactions taking place at liquid-solid interfaces. The
technique is also useful for the analysis of surface electronic structures of semiconducting materials. In this study, a
high-vacuum thin film growth system for oxides has been combined with an in-situ electrochemical cell, where
single-crystal thin film samples can be repeatedly characterized electrochemically and processed in vacuum without

exposure to air, allowing for accurate analysis of oxide semiconductor surfaces.
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Various wide-gap oxide semiconductors have excellent chemical stability in water and are therefore considered as
possible photocatalytic materials for solar water splitting. However, due to a large bandgap, most such
semiconductors can only absorb ultraviolet light. This work shows that it is possible to arbitrarily tune the bandgap
of an oxide semiconductor by co-doping with several transition-metal cations, such as Cr and Fe in SrTiOs, that allow
for independent shifting of both valence and conduction band edges. Reasonably high light absorption efficiencies can

be achieved in this way in the visible spectral range.
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Unit cell scale lattice distortions in oxides can have a large effect on the functional properties of interface layers.
Analysis of bright-field scanning transmission electron microscopy images can be used to extract the depth profile of

lattice distortions, such as octahedral rotations at mismatched interfaces. Insertion of lattice-matching interface

layers, even if only a single unit cell thick, can be effective for lattice distortion control in oxide heterostructures.
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The band gap of an oxide semiconductor is a critical parameter in photovoltaic and photocatalytic materials. In
many cases it is the hybridization of the transition metal 3d orbitals with the oxygen 2p orbitals that determines the
location of the valence band edge. An interesting material system in this regard is the infinite-layer analog SrFeOz,

which can be synthesized by annealing SrFeOs.5 in the presence of CaHz, effectively shifting the bandgap to 1.3 eV.
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Novel polar oxides may offer interesting new ways of designing heterostructures with suitable built-in fields for
photocarrier separation or accumulation. In this regard, oxynitrides are an interesting family of compounds that can
have fairly low bandgaps and show ferroelectric polarization. As an example, SrTaO:zN has been recently shown to
have a bandgap absorption edge at around 600 nm, yielding a yellow color while also showing room temperature

ferroelectricity.
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Low carrier mobility is often the main limiting factor in efficient photogenerated charge extraction from oxide
semiconductors. In this regard, it is interesting to look at oxide systems that can support very high carrier mobilities,
such as ZnO. The current record mobility achieved in ZnO is approaching 10¢ cm2?/Vs at low temperature and thus
competes with the best non-oxide semiconductors. The growth techniques used for fabricating exceptionally

high-mobility oxide thin films and heterostructures were reviewed.
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Polar oxides can be valuable in designing the built-in field of an oxide junction. However, in many cases,
particularly for thin films, polar materials may show large leak currents, making it challenging to measure the
polarization or even observe ferroelectric switching in very thin films or interface regions. For this reason,
pyroelectric zero-bias characterization can be effective. Several example cases are reviewed here, including magnetite

below the Verwey temperature, a double-perovskite La(Ni,Mn)Os, and BeO.
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Elastocaloric cooling: phenomenon, materials, devices, and comparison with other
solid state cooling technologies

i —BF (University of Maryland)

Solid-state cooling can potentially be more efficient and reliable than traditional gas-liquid refrigerators,
particularly in usage cases that need to be maintenance free. Solid-state elastocaloric cooling may offer a way to
achieve this, where heat can be stored, transported, and released upon mechanically straining and relaxing a shape

memory alloy wire or foil. In principle, the technique may be applied to large scale refrigeration but may also be

useful for micro-scale heat handling.
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In an oxidizing environment, such as the surface of the Earth, oxides are the most abundant materials and can be
viewed as a ‘ground state’ for matter. From a general energy consumption point of view, materials synthesis generally
starts from an oxide and ultimately returns to an oxide. From a general material life cycle point of view, there are

thus significant advantages in using oxides as functional components in large-scale energy conversion applications.
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