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Abstract: The development of highly efficient and low-cost electrocatalysts is important
for both hydrogen- and carbon-based energy technologies. The electronic structure and
coordination features, particularly the coordination environment and the amount of
low-coordination atoms, of the catalyst are key factors that determine their catalytic activity
and stability in a particular reaction. The regulation and rational design of catalytic materials
at the molecular and atomic levels are crucial to achieving precise chemical synthesis at the
atomic scale. Recently, significant efforts have been made to engineer coordination features
and electronic structures by reducing the particle size, tuning the composition of the edges,
and exposing specific planes of crystals. Among these representative strategies, the methods
based on the confinement effect are most effective for achieving precise chemical synthesis
with atomic precision at the molecular and atomic levels. Under molecular or atomic scale
confinement, the physicochemical properties are largely altered, and the chemical reactions as
well as the catalytic process are completely changed. The unique spatial and dimensional
properties of the confinement regulate the molecular structure, atomic arrangement, electron
transfer, and other properties of matter in space. It not only adjusts the coordination
environments to control the formation mechanism of active centers, but also influences the
structural and electronic properties of electrocatalysts. Therefore, the adsorption of catalytic
intermediates is altered, and consequently, the catalytic activity and selectivity are changed.
The catalysts, produced by confinement significantly differ from those produced in an open

system, showed unique advances in the field of fuel cells and material energy conversion.
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