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Abstract: Using density functional theory (DFT), the effects of different doping amounts and doping sites on
oxygen—doped two—dimensional borophene were systematically investigated. The calculation results show that an
appropriate amount of oxygen doping can optimize the geometric and electronic structures of borophene, enabling
efficient adsorption of benzylamine and low—energy—barrier dehydrogenation. The oxygen—doped two—dimensional
borophene catalyst with 33 wt% oxygen doping on the top layer exhibits the best catalytic activity, with an energy
barrier of only 0.33 eV for the oxidative dehydrogenation of benzylamine and an energy barrier as high as 3.17 eV
for the over—dehydrogenation side reaction, indicating its high selectivity toward the target product,
benzylideneimine. A prediction model based on machine learning successfully predicted the performance trends of

substrates with different substituents, and the model revealed that the first—step dehydrogenation energy barrier is
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the most critical descriptor. By combining theoretical calculations and machine learning predictions, this study

systematically elucidates the structure — activity relationship of oxygen—doped borophene catalysts, providing a

complete theoretical framework for the rational design of efficient non—noble metal catalytic systems.

Keywords: borophene; benzylamine; machine learning prediction; first—principles calculations; catalyst activation;

oxidation; nanomaterials
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Fig.2 Structural diagrams of oxygen—doped two—dimensional
borophene materials with different doping amounts and doping

sites
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Fig.12 Comprehensive schematic diagram of typical catalyst
deactivation mechanisms, countermeasures, and regeneration

effects
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