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Figure 1 (Color online) Calculated at 500 K with partial pressures of 0.1 bar O, and 0.9 bar C,H,. (a) Volcano plot of activity versus O binding
energy. (b) Corresponding product selectivity for ethylene partial oxidation. (¢) Transition-state energies of O-promoted ethylene dehydrogenation
(red) and oxametallacycle formation (blue). (d) The barrier difference between acetaldehyde (AA) and EO formation as a function of O binding energy
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Figure 2 (Color online) Apparent activation energies for the formation of (a) EO and (b) AA. Selectivity to epoxide as a function of (c) temperature
(at 1.34 bar) and (d) pressure (at 540 K) (Reaction conditions: 10% C,H, and 10% O,) [18].
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Figure 3 (Color online) Pressure-temperature (P-T) phase diagrams depicting the Ag-O structures for (a) the Ag(110) system and (b) the Ag(111)
system. (c) The reconstructed p(2x1) and c(6%2) surfaces on Ag(110). (d) The reconstructed p(4x4) surface on Ag(111) [6].
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Figure 4 (Color online) (a) Schematic representation of DFT-
computed surface oxygen species and their corresponding vibrational
frequencies. (b) Depictions of various vibrational normal modes and
their corresponding frequency ranges [20].
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Abstract: Silver-catalyzed ethylene epoxidation is the primary industrial route for producing ethylene oxide, yet
balancing its activity and selectivity remains a classic challenge in the field. This review systematically summarizes
recent progress in this reaction, adopting an atomic-scale perspective that integrates the latest findings from theoretical
calculations and experimental characterizations. It critically analyzes the dynamic evolution and structure-activity
relationships of various active oxygen species on the silver surface. Building on this, the core strategies for enhancing
catalyst performance are outlined, including the tuning of Ag particle morphology and size, promoters, supports, and the
reaction environment. Special emphasis is placed on how emerging computational methods, particularly machine
learning, offer revolutionary tools for revealing real catalytic interfaces and exploring reaction networks. Finally, by
discussing current challenges and future trends, this review aims to provide a comprehensive theoretical reference and
forward-looking guidance for the understanding and rational design of higher-performance ethylene epoxidation
catalysts.
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structure-activity relationship

doi: 10.1360/SSC-2025-0187

130


https://doi.org/10.1002/anie.201603886
https://doi.org/10.1016/j.jcat.2018.04.008
https://doi.org/10.1016/j.apcatb.2020.118983
https://doi.org/10.1016/j.jcat.2024.115583
https://doi.org/10.1021/ja048462q
https://doi.org/10.1016/S0926-860X(00)00509-3
https://doi.org/10.1016/j.apsusc.2019.01.076
https://doi.org/10.1016/j.mcat.2021.111574
https://doi.org/10.1021/acscatal.1c05419
https://doi.org/10.1016/j.jcat.2014.11.007
https://doi.org/10.1021/acscatal.0c04951
https://doi.org/10.1016/j.jcat.2020.07.008
https://doi.org/10.1016/j.cattod.2007.03.061
https://doi.org/10.1021/acscatal.2c05453
https://doi.org/10.1016/0021-9517(85)90210-6
https://doi.org/10.1002/anie.202400627
https://doi.org/10.1360/SSC-2025-0187

	计算模拟驱动的银基乙烯环氧化催化剂性能研究
	引言�  引言�
	银催化乙烯环氧化: 活性位点与反应机理� 应机理�
	银催化剂选择性的起源� 择性的起源�
	银催化剂活性表面和局域结构� 和局域结构�
	催化剂表面结构: 从理想到现实�  从理想到现实�
	活性氧物种的识别与作用: 从均一到多样�  从均一到多样�

	核心反应机理� 心反应机理�
	OMC中间体机理� MC中间体机理�
	直接氧化机理�  直接氧化机理�
	双氧机理� �� 双氧机理�

	人工智能驱动的催化理论研究新范式� 研究新范式�

	银催化性能提升策略� 升策略�
	调控银颗粒形貌尺寸� 粒形貌尺寸�
	颗粒尺寸效应�  颗粒尺寸效应�
	初始暴露晶面的调控� 暴露晶面的调控�

	助剂调控�  助剂调控�
	氯助剂: 多维度的性能调控剂� 度的性能调控剂�
	铯助剂: 长程静电场的选择性“加速器”� 择性“加速器”�
	铼助剂: 协同作用中的关键电子“接力棒”� 电子“接力棒”�
	多种助剂的协同作用� 助剂的协同作用�

	反应环境调控� 应环境调控�
	载体调控�  载体调控�

	总结与展望� 与展望�


