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Fig. S1 (a) Screened nonequivalent adsorption sites for adsorption on the Vg containing MoS,
surface, including the top, hollow, and bridge sites. The hollow site adsorption of oxygen before
(b) and after (c¢) structure optimization. The initial hollow site structure is unstable, and it
converts to a top site adsorption.

Supplementary note: The ASE library is used to search for the nonequivalent adsorption sites
on the Vg containing MoS, surface.!: 2 There are 9 atop, 12 hollow, and 21 bridge sites in the
model. In Fig. S1a, some sulfur atoms at the edge are missing due to periodic display, the Vg are

marked by red dashed circle.



B
R

S o
B RO\ it
e KK

Diffusion path

Fig. S2 Activation energy for oxygen dissociation within the vdWs gap of Oxsor).
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Fig. S3 Optimized structures of Or,, of different oxygen concentration for both facets situation.
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Fig. S4 Optimized structures of Og of different oxygen concentration for both facets situation.



Fig. S5 Charge density distribution of (a) VBM, (b) in-gap states, and (¢) CBM in Oy with an

iso-surface of 1.5 x 103 e.



Fig. S6 Charge density distribution of (a) VBM and (b) CBM in Or,, with an iso-surface of 1.5

x 1073 e.



Fig. S7 Charge density distribution of (a) VBM and (b) CBM in Og with an iso-surface of 1.5 x

103 e.
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Fig. S8 Oxygen contribution projected band structures of Or,, of different oxygen concentration

for both facets situation.
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Fig. S9 Oxygen contribution projected band structures of Og of different oxygen concentration

for both facets situation.
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Fig. S10 Atomic structure and band structure of monolayer MoS, without (a) and with (b) Vs.

Flat in-gap states exist in the case of V.
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Fig. S11 Convergence test for the vacuum layer thickness dependent work function in MoS,

monolayer.

Table S1 Formation energy for various O adsorbates on MoS, under S-poor (Hsmin) and S-rich (

Hsmax) conditions.

Formation energy (eV)

Adsorbate type
Hs,min Hsmax
Ox(sorb) 1.72 1.72
O (sub) -1.03 0.26
Ortop -1.17 -1.17
Os -3.24 -1.96
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Table S2 Lattice parameters of Or,, of different oxygen concentration for both facets situation.

Table S3 Lattice parameters of Og of different oxygen concentration for both facets situation.
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