High-entropy oxides for energy-related applications
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Since their discovery (Rost et al., Nature 2015), high entropy oxides (HEO) have become a promising
playground to develop new functional materials. HEOs are generally produced by mixing several binary
oxides, five or more, in near equimolar amounts. When heated at a temperature above which the
configurational entropy dominates the Gibbs free energy term, a solid solution can be formed even from
immiscible oxides. This entropy concept provides a versatile approach to design materials with
properties that are often unique because they are driven by synergistic effects between the combined
elements as recently shown in electrocatalysis for the oxygen evolution reaction (Baek et al., Nat.
Commun. 2023).

We are currently studying several HEO structure-types with different objectives:

e understanding the temperature path toward the multi-cationic oxide using advanced and time-
resolved x-ray techniques at large facilities (ESRF, SOLEIL) to quantify the role of the mixing
entropy through the identification of intermediate phases and to monitor the thermal stability of
the mixed oxides

« correlating the structural and chemical disorder with functional properties (optical, magnetic, etc.)

e exploring new compositions as a route to sustainability and circularity of strategic materials
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Schematic and experimental reaction path toward the entropy-stabilized (Mgo.2C00.2Nio.2Cuo.2Zno.2) O
compound from in situ X-ray absorption spectroscopy.
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