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Lithium-sulfur (Li-S) batteries offer a promising alternative to traditional lithium-
ion batteries, boasting a high theoretical energy density and lower production costs.
Nevertheless, their performance is hindered by capacity fading and poor cycling
stability, mainly caused by the shuttle effect of soluble lithium polysulfides (LiPSs) and
the sluggish decomposition of solid LiPSs. In this thesis, the first-principles calculations
were employed to suggest single-atom (SA) decorated Mo,B,0, (SA-Mo,B,0,) as a
potential cathode material for Li-S batteries. The results suggested that 3d- and 4d-
transition metals significantly enhance LiPS adsorption through the formation of strong
transition metal-sulfur (TM-S) bonds. Variations in LiPS adsorption strength between
3d- and dd-transition metals are attributed to differences in their electronic structures,
geometric properties, electron filling in d-p hybridization, and energy level of d states
of each SA, leading to distinct adsorption patterns for each group. SA doping not only
strengthens LiPS adsorption but also promotes the conversion of soluble LiPSs into
smaller, insoluble species, effectively alleviating LiPSs dissolution. Among SA-Mo,B,0,,
V- and Nb-Mo,B,0, show the strongest LiPS adsorption and exceptional catalytic
activities in the sulfur reduction reaction (SRR), reducing the shuttle effect and
enhancing charge-discharge efficiency. This study provides valuable insights and a
strategic approach for designing high-performance SA-Mo,B,0, cathodes, advancing the

stability and efficiency of Li-S batteries.
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