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ABSTRACT:

Next generation materials of nearly every kind rely on chemical, electronic, and/or magnetic heterogeneity for
creating, harnessing, and controlling functionality. High entropy oxides (HEOs), materials exhibiting a single-
phase crystal structure containing five or more different cations on single crystallographic lattice sites, have
attracted great interest in diverse fields because of their inherent opportunities to tailor and combine materials
functionalities. The control of local order/disorder in the class is by extension a grand challenge towards realizing
their vast potential. We present detailed investigation of the cation site preferences, chemical-short-range
order, and magnetic and catalytic properties achieved in specific rare-earth and transition metal-based
pyrochlore, fluorite, and spinel HEO families through compositional tuning and variation in synthesis/processing
conditions. A combination of local to long-range electron, x-ray and neutron scattering probes are employed to
investigate their complex configurational diversity and associated structure-property trends. Experimentally
derived models are supported by Density Functional Theory calculations and Metropolis Monte Carlo
simulations. This work hints at the exquisite level of detail that may be required in computational and
experimental approaches to guide structure-property tuning in emerging HEO materials.
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