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In this thesis, we carried out first-principles calculations to study the
synergetic role of a transition metal and N co-doped graphdiyne (TMN,@GDY, TM =
Fe or Co) as a host cathode material in lithium-sulfur (Li-S) batteries. The
fundamental properties were explored, including the formation of doping,
adsorbability, electronic properties, suppression and solvation of lithium polysulfide
(LS, and catalytic Li,S, decomposition. Our computations reveal that a doped
substrate is thermodynamically stable. Their metallic structures promote redox
activities during the charge/discharge process. The adsorption strengths between
Sg/Li,Sx molecules and pristine GDY are weak as Van der Waals interactions, leading
to Li,Sy shuttling easily. The adsorbability is substantially improved upon adsorption
on the doped substrates where the molecules prefer to form TM-S and Li-N
bonding. Moreover, the adsorption strength between Li,S, and the doped substrates
is stronger than the binding interaction toward electrolyte molecules, suggesting a
good suppression of the shuttle effect. The Li,S, molecules show high solubility in
the presence of an electrolyte environment, especially DME solvent, leading to
promote Li,S, dissolution. In addition, the energy barriers of the Li,S, decomposition
on the doped substrates are reduced when compared to those on pristine GDY,
resulting in accelerated phase transformation. Our thesis may suggest that the doped

substrate is a promising candidate as a novel host cathode material in Li-S batteries.
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