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High-entropy oxides (HEOs) which are complex oxides containing five or more metal cations
at around the same molar ratio in a single phase have attracted much attention because of their
unique chemical and physical properties, for example, thermoelectric and dielectric properties.
Although HEO nanoparticles (NPs) are considered to be a new class of materials such as catalysts,
the syntheses of HEO NPs have not been well developed because it is difficult to homogeneously
mix diverse elements with nano-sized crystals.

Here, we succeeded for the first time in synthesizing HEO NPs consisting of nine 3d transition
elements (Sc, Ti, V, Mn, Fe, Co, Ni, Cu, and Zn) by supercritical water in a flow reactor. The
formation of a single phase of complex oxide homogeneously consisting of all the nine elements
was confirmed by scanning transmission electron microscopy (STEM) and energy dispersive X-
ray spectroscopy (EDS). X-ray diffraction (XRD) analysis revealed that all the nine 3d transition
metals formed a solid-solution spinel structure, which is the same as Fe;Os, at equimolar amounts.
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Figure: Powder XRD pattern of 3d HEO NPs
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