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Abstract: Based on first-principles calculations, this work systematically investigates the geometric structures and
electronic properties of pristine silicene as well as ruthenium (Ru)-doped and hafnium (Hf)-doped silicene. The calculated
results indicate that among the two doped systems, Ru-doped silicene exhibits higher structural stability, whereas Hf-doped
silicene demonstrates superior gas adsorption performance. After determining the most favorable adsorption sites for gas
molecules, a comprehensive comparative study is carried out on the adsorption behaviors of six gas molecules—CO, CO-,
H,S, NH,, SO,, and H,CO—on the surfaces of pristine silicene, Ru-doped silicene, and Hf-doped silicene. The adsorption
mechanisms and the effects of doping on adsorption capacity and gas-sensing performance are analyzed by comparing the
adsorption distance, adsorption energy, charge transfer, recovery time, and density of states. Theoretical results reveal that, ex-
cept for NHs, the selected gas molecules exhibit negligible interactions with pristine silicene, indicating its limited sensitivi-
ty toward these gases. In contrast, significant adsorption interactions are observed for all selected gas molecules in the Ru-
doped and Hf-doped systems. Compared with the pristine system, the doped silicene exhibits stronger binding strength and

more pronounced charge transfer after gas adsorption. Moreover, some gas molecules show moderate adsorption energies
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and acceptable recovery times on the doped surfaces, suggesting good potential for reversible adsorption. In summary, this

study demonstrates that Ru and Hf atom doping can effectively modulate the electronic properties of silicene and significant-

ly enhance its adsorption capability and gas-sensing performance toward CO, CO,, H,S, NH,, SO,, and H,CO, providing the-

oretical support for its potential applications in gas adsorption and other related fields, and offering valuable insights for the

development of novel high-performance adsorption materials to address environmental and energy-related challenges.
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Ru-doped and Hf-doped system
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Figure 7 Differential charge density of different gas molecules adsorbed

on Ru-doped and Hf-doped silicene
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Figure 8 Work function of pristine, Ru-doped, and Hf-doped silicene

upon adsorption of six gas molecules
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Figure 9 TDOS and PDOS of six gas molecules on pristine, Ru-doped, and Hf-doped silicene
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