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Figure 1 The left side is a schematic view of the structure of
TiO,(101), and the right side is a top view of TiO,(101) when doped
with Mn. In the top view, 1, 2, 3, and 4 indicate lithium ion adsorption
sites, a, b, and ¢ indicate positions at which oxygen vacancies are
formed (color online).
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Table 1 Adsorption energy of TiO,(101) and Mn,Ti;_O,(101) for
lithium ions at different sites. The adsorption sites are shown in Figure 1

o7 A1 o7 152 7 553 {7 ri4
TiO,(101) -3.07 -2.83 -2.80 -3.07
Mn,Ti,_0,(101)  —4.51 —450 -3.98 —3.95
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Figure 2 Gibbs free energy diagram of Li,O, reaction path formed on TiO, and Mn,Ti,_,O, as LOB cathode catalyst, reaction product Li,O, with
rhombohedral structure (a) and (b), and linear structure (c) and (d). The corresponding optimized stability structure under each reaction is shown
simultaneously. Among them, blue, green, red, and purple represent Ti, Li, O, and Mn atoms in turn (color online).
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Table 2 First charging, discharging and balanced voltage Uc, Upc, U,
for TiO,(101) and Mn,Ti,_,O,(101) as cathode catalysts

B (V) Uc Upc Uo
TiO,(101) 5.44 1.85 3.61
Mn,Ti,_0,(101) 5.05 273 3.61
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Figure 3 The first charging and discharge overpotential of TiO,(101)
and Mn,Ti,_,O,(101) as cathode catalysts for LOB (color online).
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Figure 4 Density of states (DOS) of TiO,(101) (a) and Mn,Ti,_,O,
(101) (b) and the partial wave density of states (PDOS) of each atom
(color online).
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and (b, ¢c) PDOS of each atom (color online).
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Table 3 E,,. of TiO,(101) and Mn,Ti,_,O,(101) at positions a, b, c,
and oxygen vacancy formation position is shown in Figure 1

frEa fir Bb frEc
TiO,(101) 6.15 427 5.41
Mn,Ti,_0,(101) 4.17 271 3.99
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Abstract: Based on the density functional theory, pure and doped TiO,(101) (Mn,Ti,_,0,(101)) were investigated as
cathode catalytic materials for lithium-oxygen batteries. It was found that Li,O, was formed on the surface with two
different structures. We chose the most stable structure to further explore, and the catalytic performance is evaluated by
the overpotential during the first charging and discharging process of the lithium-oxygen batteries. The results show that
the doping of Mn has a lowering effect on the overpotential of both charge and discharge. Through further calculation
and analysis of electron state density, we found that the essential factor of Mn doping in TiO, to promote cathodic
catalytic reaction is due to the distribution of d-state orbitals and the average energy of d-state orbitals of doped atom
Mn. The distribution of the d-state orbital of the doping atom Mn at the Fermi level induces the p-state orbit of the
nearby O atom, and these make the formation of new impurity peaks at the Fermi level of the total density of states of
Mn,Ti;_O,(101), which changes the conductivity of the catalyst. In addition, since the average energy of the d-state
orbital of the doped atom Mn is higher than Ti atom, the p-state orbital of the oxygen atom is more excited, which
promotes the formation of oxygen vacancies on the surface when Mn atom is doped. It provides more active sites for
ORR of cathodic catalytic reaction in discharge process and is beneficial to oxygen adsorption and reduction.
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