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Abstract

Proton exchange-membrane fuel cell (PEMFC) is a clean and efficient type of energy storage device. However, the sluggish
reaction rate of the cathode oxygen reduction reaction (ORR) has been a significant problem in its development. This review
reports the recent progress of advanced electrocatalysts focusing on the interface/surface electronic structure and exploring
the synergistic relationship of precious-based and non-precious metal-based catalysts and support materials. The support
materials contain non-metal (C/N/Si, etc.) and metal-based structures, which have demonstrated a crucial role in the synergistic
enhancement of electrocatalytic properties, especially for high-temperature fuel cell systems. To improve the strong interaction,
some exciting synergistic strategies by doping and coating heterogeneous elements or connecting polymeric ligands containing
carbon and nitrogen were also shown herein. Besides the typical role of the crystal surface, phase structure and lattice strain, etc,
the evolution of structure-performance relations was also highlighted in real-time tests. The advanced in-situ characterization
techniques were also reviewed to emphasize the accurate structure-performance relations. Finally, the challenge and prospect
for developing the ORR electrocatalysts were concluded for commercial applications in low- and high-temperature fuel cell

systems.
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