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Photocatalytic oxidative coupling of methane: Reaction mechanisms and design and
performances of photocatalysts
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(1. College of Materials Science and Engineering, Tianjin University, Tianjin 300072, China; 2. College of Chemistry and Chemical
Engineering, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China)

Abstract: The oxidative coupling of methane (OCM) reaction enables the direct construction of C—C bonds from the simplest alkane to
produce C,, hydrocarbons, representing an ideal pathway for the high-value utilization of methane. Photocatalytic reactions, driven by
solar energy, provide a new approach for the selective activation of methane with mild and environmentally friendly conditions. Under
light irradiation, photogenerated charge carriers are generated and separated on the semiconductor surface. Through interfacial migration
and surface reactions, a specific redox environment is established to drive the generation of target activation species, achieving
directional activation of C—H bonds and precise control of oxidation degree. The synergistic effect of photogenerated holes and reactive
oxygen species makes it possible to achieve highly selective conversion of methane, which is difficult to achieve under traditional
thermal catalysis. Recent research progresses on photocatalytic OCM reaction were systematically summarized, with a focus on
analyzing the activation mechanisms of C—H bonds and radical coupling pathways. A mechanism research method combining in-situ
characterization, isotope labeling and density functional theory calculation was proposed, and the catalytic performances of intrinsic
semiconductor catalysts, supported or co-catalyst modified catalysts, and catalysts based on defect engineering regulation were analyzed,
in order to provide a theoretical basis and design strategies for improving yield and selectivity of target products and achieving high-efficiency
methane conversion driven by solar energy.
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Fig. 1 Overview of research review
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Fig. 2 Hole-dominated direct activation pathway (a) and radical-dominated (b) and lattice oxygen-dominated (c) indirect

activation pathways
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Fig.3 Pathway of photocatalytic OCM reaction
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Table1 Comparison of catalytic performances for OCM reaction of different photocatalytic catalysts
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Au/Bi,WO, 30 me L2 MPa CH, + O, 100 W UV LED Il 5 C,H,:1690 85 [48]
(O, #4153 $00.15%)
Au/BiO -TiO, 5 mg AL V(CH,):1(0,) = 70:1 300 W ST sl C,H,:9600 97 [49]
B TREE Au/ZnAl-v 5 mg AL V(CH,):(0,) = 99:1 300 WGk ntah = C,H,:8504 92 [33]
B AWTIOANV, 10 mg fi46 72 CH, LA & 4 mL O, 300 WRST TE C,H,:3200 93 [44]
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