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Table S1 The experiential lattice parameters of nine transition metals

Metals al A b/ A c/ A References
Co 2.51 251 4.07 [52]
Rh 3.80 3.80 3.80 [53]

Ir 3.84 3.84 3.84 [54]
Ni 3.52 3.52 3.52 [55]
pd 3.89 3.89 3.89 56]
Pt 3.92 3.92 3.92 [57]
Cu 3.62 3.62 3.62 58]
Ag 4.09 4.09 4.09 [59]
Au 4.08 4.08 4.08 [53]

Table S2 Calculated adsorption characteristics of O, and H,O on selected transition

metal surfaces using DFT method

Surfaces Eui(02)  Ena(H,0) (ozfaﬁdszoy AEgd  d(O-O)
Co(0001) 208 —0.43 2,90 0.39 1.51
Rh(111) 161 0.55 252 ~0.36 1.42
(111 ~1.20 -0.52 ~1.94 ~0.21 1.44
Ni(111) ~1.84 ~0.37 2.7 ~0.52 1.46
Pd(111) ~0.83 ~0.40 ~1.49 ~0.29 1.36
Pi(111) -0.53 ~0.41 113 ~0.19 1.36
Cu(l11) 0.49 ~0.26 ~1.06 ~0.32 1.44
Ag(111) 0.27 0.18 0.34 —0.43 1.35
Au(111) -0.05 ~0.17 0.39 0.61 1.23

E,q(0,) represents the adsorption energy of Qi PE..(H,O) represents the adsorption energy of H,O;
Eq5(0;3---H,0) represents the co-adsorption energy of Oy and H;O; ‘AE,4; = Euq(O2---H>0) — (Euas(02) +
E.i(H,0)); ¢d(0O—0) represents the distance between two O atoms of O,. The unit of energy, bond length and

charge is eV, A and e, respectively.




The Gibbs free energy is calculated as follows (eq (2), eq (3)):
G(T) = H(T) - TS(T) )
H(T) = U(T) + ksT 3)
Where T represents the temperature, G(7), H(T), S(T), U(T) represent the Gibbs

free energy, the corresponding enthalpy, the entropy, the internal thermal energy at T

K at the standard conditions, respectively. kg is the Boltzmann constant.

Table S3 The individual adsorption energies of O, and H,O, the co-adsorption

energies of O, and H,O on transition metal surfaces

Surfaces Lo Eaas Es B Ew™  Ea  AGw  AGw  AGu
(0y)° (H,0)"  (Oy+-H,0)° (Oy)¢ (H0)°  (OrH0)Y (02f  (H,0)'  (Or+-H,O)
Co(0001)  —2.26 —0.72 —3.40 —2.25 —0.66 -3.32 —2.28 —0.70 —3.41
Rh(111) -1.74 -0.79 -2.93 -1.70 -0.71 —2.79 -1.74 -0.74 —2.83
Ir(111) -1.24 -0.74 —2.40 -1.21 —0.66 —2.25 -1.23 -0.72 —2.28
Ni(111) —2.01 —0.66 —3.22 -1.98 —0.60 -3.11 —2.03 —0.65 —3.20
Pd(111) —-0.91 —-0.54 -1.74 —-0.87 —0.47 —1.60 -0.90 —-0.54 —1.66
Pt(111) —-0.60 —0.60 —1.46 —0.56 —-0.53 -1.31 —0.58 —-0.62 -1.37
Cu(111) —0.60 —0.44 —1.40 —0.58 —0.38 -1.29 —0.62 —0.44 —1.55
Ag(111) 0.19 —0.31 —0.57 —0.20 —0.26 —0.47 0.14 —-0.35 —0.57
Au(111) —0.11 -0.29 0.17 —0.10 -0.24 0.27 —0.14 -0.33 0.12

aE,q4(0,) represents the adsorption energy of O, °E,.(H,0) represents the adsorption energy of H,O; °Eq(05---H,0)
represents the co—adsorption energy of O; and H,0; “E?P5(0y), ¢Ew’ E(H0), /Eq?PE(Oy---H,0) represent the
adsorption energies of O, H,O and O,--- H,O with zero point energy corrections, respectively; 8AG,(0,),
"AG 45(H20) and 'AG .45(0,---H>0) represent the adsorption free energies of O, H,O and Oy-- H,O at 298.15 K,
respectively. The unit of energy is eV.




Table S4 The spin states of adsorbed O, on nine transition metal surfaces

Molecular adsorbed O,

Surfaces Spin (S,,) Spin Multiplicity (25, + 1) Spin state
Co(0001) 0.23 1.46 singlet
Rh(111) 0 1 singlet
Ir(111) 0 1 singlet
Ni(111) 0.14 1.28 singlet
Pd(111) 0 1 singlet
Pt(111) 0 1 singlet
Cu(111) 0 1 singlet
Ag(111) 0 1 singlet
Au(111) 1 3 triplet

Table SS The optimized structures of initial states, transition states and final states of

adsorbed O, and O,:--H,O on transition metal surfaces

Surfaces Structures
Co(0001) 1S4 TS4
1S4’
Rh(111)
1S5 TS5 FS5
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The d-band center which is generally used to describe the d-state of metal surfaces is

calculated as:

0
pEdE
d band center = & = L

N, I_Ow pdE

where Ey4 is the total energy of occupied d electrons, Ny the total number of

occupied d electrons, p the density of d states.

Table S6 The d-band centers for the adsorption sites of the nine transition metal

surfaces
d-band d-band d-band
Surfaces center / eV Surfaces center / eV Surfaces center / eV
Co(0001) -2.26 Ni(111) -1.98 Cu(111) -2.55
Rh(111) -2.55 Pd(111) -2.95 Ag(111) -4.00
Ir(111) -3.04 Pt(111) -2.58 Au(111) -3.48

Table S7 The activation barriers and reaction energies of O, dissociation without and

with co-adsorbed H,O on transition metal surfaces

Without H,O With H,O

Surfaces
Eaa AEb EaZPEC AEZPEd AGae AG/ Eaa AE b EaZPEC AEZPEd AGae AG[

Co(0001) 0.04 327 -0.03 —-323 003 -320 001 -3.19 0.00 -3.12 0.00 -3.08
Rh(111) 022 237 -021 -234 020 233 014 221 0.09 —2.18 0.09 -2.18
Ir(111) 071 -2.13 -0.65 -2.11 062 208 045 —1.88 037 -1.89 037 -191
Ni(111) 028 —2.64 -0.27 -260 026 257 014 254 0.11 -2.50 0.11 -2.48
Pd(111) 071 -1.76 —-0.67 -1.75 0.65 —-1.72 049 -1.60 043 -1.60 043 -1.60
Pt(111) 1.02 -1.02 -095 -1.02 092 -098 0.75 -0.78 0.68 -0.79 0.65 -0.79
Cu(111) 051 =211 -047 -2.08 045 204 033 -2.02 030 -1.99 028 -1.98
Ag(111) 110 -032 -1.07 -031 1.07 —026 0.85 —0.41 0.81 -040 081 -0.37

Au(111) 252 124 -249 125 250 1.28 1.50 0.36 1.44 036 145 044

af, represents the activation barrier of O, dissociation,; AE represents the reaction energy of O, dissociation;
°E/PE and Y{AE?PE represent the activation barrier and the reaction energy of O, dissociation with zero point
energy corrections; °AG, and’AG represent the firee energy barrier and reaction free energy of O, dissociation at
298.15 K. The unit of energy is eV.
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Fig. S1 Mulliken charge distribution of Rh(111) surface adsorbed with O, (a) and
O,:--H,0 (b).



