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Abstract: 
High-entropy alloy (HEA) nanomaterials are reshaping the landscape of electrocatalysis by harnessing structural 
complexity and multielement synergy. Unlike conventional catalysts, HEAs offer exceptional opportunities to engineer 
nanoscale architectures, defect sites, and surface compositions, thereby enabling new reaction pathways and enhanced 
catalytic performance. However, the elevated temperatures typically required for HEA synthesis often favor 
thermodynamically stable, spheroidal nanoparticles with Wulff-type structures, substantially limiting structural diversity 
and surface engineering. Here, we develop a series of facile synthetic strategies to precisely tailor the surface structure 
(e.g., {111} facets and twin boundaries), morphology (e.g., octahedra and icosahedra), nanoscale architecture (e.g., 
nanocages and nanoframes), and crystal structure (e.g., amorphous and crystalline phases) of HEA nanomaterials. These 
structural degrees of freedom provide additional knobs for tuning and amplifying their electrocatalytic performance. The 
resulting library of structurally diverse HEA nanomaterials further enables us to establish structure-property relationships 
across representative catalytic reactions, including water electrolysis and alcohol oxidation. Together, these synthetic 
advances, structurally well-defined HEA nanomaterials, and mechanistic insights deepen our fundamental understanding 
of multielement nanocatalysts and provide design principles for next-generation sustainable catalysts. 
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