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Part1. Thermodynamic Correction
For the stepwise CO adsorption at different coverage, the stepwise CO adsorption free energy correction

AE, 4(correction) is defined by the following equation:

[ Eaas(correction) = (Ezee+U° —TS%)co nsifsiab — I:(EZPE +U’ —TS%)conforad + (Ezee + H® — TSH)CO]

On the other hand, for the stepwise CO dissociation process, the dissociation free energy barrier

correction AE,(correction) is defined by the following equation:
[ Es(correction) = (Ezre +U® —=TS?)rs — (Ezpe + U’ =TS )is
The dissociation reaction free energy correction AE;(correction) is defined by the following equation:

I E, (correction) = (Ezre + U’ =TS rs —(Eze+U’ =TS )is




Table S1 The stepwise CO adsorption energies (eV) for the most stable adsorption configurations of CO on
Ni surfaces at different coverage with and without the dispersion correction. Zero-point energy corrections,

thermal energy corrections and entropies are not included.

nCO
Method Surface
1 2 3 4 5 6 7 8 9

DFT -1.93 -1.92 -1.87 -1.47 -1.12 -0.86 -0.16 -0.04 4.68
Ni(111)

DFT-D -1.93 -1.92 -1.87 -1.47 -1.12 -0.86 -0.16 -0.04 4.68

DFT -2.01 -1.98 -1.91 -1.88 -1.68 -1.54 -1.46 -1.63 -0.51
Ni(100)

DFT-D -2.01 -1.97 -1.92 -1.88 -1.68 -1.54 -1.46 -1.64 -0.51

DFT -1.83 -1.82 -1.76 -1.83 -1.72 -1.76 -1.50 -1.33 -1.42
Ni(110)

DFT-D -1.83 -1.82 -1.76 -1.83 -1.72 -1.76 -1.51 -1.33 -1.42




Table S2  The test results about the effect of vacuum thickness, supercell size and slab layers on the energy
of the single CO molecule on different Ni(111), (100) and (110) surface models. Zero-point energy

corrections, thermal energy corrections and entropies are not included.

Ni(111) surface models Eq/eV
10A -1.93
Vacuum thickness 12A 4 layers-p(3x3) -1.93
15A -1.92
3 layers -1.82
Slab thickness 4 layers p(3x3)-10 A -1.93
5 layers -1.96
p(3%3) -1.93
Supercell size p(3x4) 4 layers-10 A -1.95
p(4x4) -1.96
Ni(100) surface models Eq/eV
10 A -1.96
Vacuum thickness 12A 4 layers-p(3x3) -1.96
15A -1.96
3 layers -2.00
Supercell size 4 layers p(3x3)-10 A -2.01
5 layers -1.98
p(3%3) -1.96
Slab thickness p(3x4) 4 layers-10 A -2.01
p(4x4) -2.03
Ni(110) surface models E.4/eV
10 A -1.95
Vacuum thickness 12A 4 layers-p(3x3) -1.95
15A -1.98
p(3x3) -1.95
Supercell size p(3%x4) 4 layers-10 A -1.98
p4x4) -2.00
4 layers -1.95
Slab thickness 5 layers p(3x3)-10 A -1.83
6 layers -1.87




Figure S1 The most stable adsorption configurations of CO, C and O atoms on Ni(111), (100) and (110)
surfaces. The Ni, C and O atoms are shown in the blue, grey and red balls, respectively. Zero-point energy

corrections, thermal energy corrections and entropies are not included.
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Figure S2  The initial and optimized structures, as well as the total energy (eV) with adsorbed CO
molecules on Ni(111) surface at different coverage. The blue, grey and red balls stand for Ni, C and O atoms,

respectively. Zero-point energy corrections, thermal energy corrections and entropies are not included.
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(1) The corresponding structures at the Hep and Fcc site respectively
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(1) The corresponding structures at the Bridge site
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(1) The corresponding structures at the Hep and Fcc site respectively
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(1) The corresponding structures at the Hep and Fcc site respectively
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(1) The corresponding structures at the Hep and Fcc site respectively
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(1) The corresponding structures at the Hep and Fcc site respectively
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Figure S3 The computed structures and total energy (eV) with adsorbed CO molecules on Ni(100) surface
at different coverage. The blue, grey and red balls stand for Ni, C and O atoms, respectively. Zero-point

energy corrections, thermal energy corrections and entropies are not included.
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(2) The corresponding structures at the Bridge site
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(2) The corresponding structures at the Top site
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(2) The corresponding structures at the Bridge site
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(1) The corresponding structures at the Hollow site
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(2) The corresponding structures at the Bridge site
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Figure S4 The computed structures and total energy (eV) with adsorbed CO molecules on Ni(110) surface
at different coverage. The blue, grey and red balls stand for Ni, C and O atoms, respectively. Zero-point

energy corrections, thermal energy corrections and entropies are not included.
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(1) The corresponding structures at the short-bridge site
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(1) The corresponding structures at the short-bridge site
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Figure S5 The computed structures of initial states (ISs), transition states (TSs) and final states (FSs)

involved in the dissociations of CO molecules on Ni(111) surface at different coverage.
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The computed structures of initial states (ISs), transition states (TSs) and final states (FSs)

Figure S6

lved in the dissociations of CO molecules on Ni(100) surface at different coverage.
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Figure S7 The computed structures of initial states (ISs), transition states (TSs) and final states (FSs)

involved in the dissociations of CO molecules on Ni(110) surface at different coverage.
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