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1 Oxygen Reduction Reaction

The free energy of reactions detailed in Eq.(3) to Eq.(4) in the paper can be expressed using
Eq.(2) as (see Ref. [1] for detail):

AG| = G — G, —0.5Gn, + Ugq (SD)
AG; = G+ G,0 — Gopo — 0-5Gn, + Ueq (S2)
AG3 = Gy — Giy — 0.5GH, + Ueq (S3)
AG4 = G0+ Gy — Grgyy — 0.5Gh, + Ueq (S4)

where Ueq = eU — kgT In10 x pH. However, due to the high-spin ground state of the O,
molecule, the free energy is poorly described within the framework of DFT. To circumvent
this problem when using the Eq.S1-S4, the reaction free energy of following equations is

used:
" +2H,0 < "OOH + %Hz (S5)
"+ H,0 < ‘O0+H, (S6)
*+H,0 < "OH + %Hz (S7)

Thus, the reaction free energies, Eqs. S5 to Eq. S7, can be expressed as:

AG:o oy = 1.5Gn, + G- — 2Gn,0 — G (S8)
AG+o = G, + G+, — G0 — G, (S9)
AG+py = 0.5Gu, + Gy — G0 — Gs (510)

At equilibrium potential of 1.23 V, the reaction free energy of O, + 4H* + 4¢~ <= 2H,0
is 4.92 eV. Combining with Egs. S8 — S10, the free energy in Eqs. S1 — S4 can be rewritten
as:

AG| = AG-goy —4.92 4 Ugq (S11)
AG; = AG-g — AG+ o + Ueq (812)
AG3 = AG: oy — AG-( + Ueq (S13)

AG4 = —AGiqy + Ueq (S14)
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Table S1: Bond length .

Bond length Pristine 44|p 44|E 5518

H,0 2.6A 2.6A 25A 24A

OH [O—Se] 2.1A 2.1A 1.9A 1.9A

O [0—Se] 1.7A 1.7A 1.7A 2.0A [0—Mo]
H [H—Mo] 1.9A 1.9A 1.9A 1.8A

Table S2: Overpotential.

Overpotential ~ Pristine 441p 441E 5518
- 1.34V 1.26V 1.19V 1.25A
(3 Eaes=0.15 (o)  Eaws=0.14 @  Eas=0.18

Charge
0.839674 " l-1.15895

Figure S1: (a)-(c) Water adsorption on MoSe; at various sites. (d) Bader analysis of H,O
on MoSe;. The charge analysis shows slight polar behaviour of MoSe, indicating that the
electrostatic attraction is the main reason for orientation of H,O in the most favourable
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absorption configuration i.e. schematic (c).
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Figure S2: (a)-(d) OOH adsorption on MoSe, at various sites. (a) Pristine (b) 44IP (c) 44|E
(d) 5518.
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Figure S3: Schematic view of OH and O, association and dissociation reactions: on Pristine,
44|P, 44|E and 5518 systems.
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Figure S4: The energy diagram for the 2- (red) and 4-electron (gray) oxygen reduction, on
44|P MTB. The electrochemical barrier for ‘OOH to O is slightly lower than that for “OOH
to H202.
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Figure S5: Projected density of states (PDOS) for OH adsorbed on pristine and 44/P MTB
MoSe,. The red and gray lines indicate the states for the MoSe2 monolayer and adsorbate,
respectively..



