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Figure S1. Various possible surface CO adsorption configurations on Cu(111) at different CO coverage: (a) 1/9

ML; (b) 2/9 ML; (c) 1/3 ML; (d) 4/9 ML; (e) 5/9 ML; (f) 2/3 ML; (g) 7/9 ML; (h) 8/9 ML; (i) IML.

Table S1. Activation Barriers (AE,., €V) and Reaction Free Energies (AGie,., €V) for the Possible Elementary

Reaction Steps for CO, Electroreduction on Cu(111) in Aqueous Phase at the Present Simulated low

Overpotential
Reactions AE,, eV? AGreac, €V
CO* — (CO + O)* 1.10 0.99
COy* + (H* +¢) — (CO + OH)* 0.83 0.45
CO,* + (H* + ) -» COOH* 0.87 0.63
COOH* + (H" + ¢) —» CO* + H,O 0.20 -1.00
CO* + (H" + e) —» CHO* 0.85 0.65
CO* + (H" + ') —» COH* 1.39 1.09
CHO* — (CH + O)* 1.67 1.42
CHO* + (H* + ¢") —» CH,O* 0.45 -0.27
CHO* + (H* + e) - CHOH* 0.43 0.07
CH,O* — (CH; + O)* 1.36 0.83
CH,0* + (H* + ¢’) —» CH,OH* 0.32 -0.22
CH,O* + (H" + ¢’) — CH;0* 0.23 -0.98
CHOH* — (CH + OH)* 0.73 0.31
CHOH* + (H" + ') — CH,OH* 0.38 -0.55

CHOH* + (H* + ¢’) — CH* + H,0 0.19 0.09




CH,OH* — (CH, + OH)* 1.02 0.23

CH,OH* + (H* + &) — CH,* + H,0 0.07 -0.34
CH,OH* + (H' + &) — CH;0H* 0.36 -0.94
CH;0* — (CH; + O)* 2.29 0.74
CH;0* + (H" + &) — CH;OH* 0.69 -0.33
CH* + (H* + &) — CH,* 0.33 -0.80
CH,* + (H' + &) — CH;* 0.32 -1.04
CHy* + (H* + &) — CHy* 1.31 -0.88

The asterisk (*) indicates that the species is adsorbed on Cu(111).
aIn the calculations, the entropies obtained from the literature of Nerskov and coworkers are considered for gaseous
molecules,'- > whereas the entropies of the adsorbed species are ignored. The DFT calculated zero point energies (ZPFE)

for all species are included in the activation barrier and reaction free energy calculations.
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Figure S2. The MEP analysis of (a) the first elementary step of CO, electroreduction and (b) subsequent trans-
COOH electroreduction into CO and H,O on Cu(111) at the present simulated low overpotential (an asterisk *
indicates adsorption to the Cu surface; IS represents Initial State, TS represents Transition State, FS represents

Final State).
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Figure S3. The MEP analysis of CO electroreduction into CHO and COH intermediates on Cu(111) at the present

simulated low overpotential (an asterisk * indicates adsorption to the Cu surface; IS represents Initial State, TS

represents Transition State, FS represents Final State).
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Figure S4. The MEP analysis of CHO electroreduction into CH,O and CHOH intermediates on Cu(111) at the

present simulated low overpotential (an asterisk * indicates adsorption to the Cu surface; IS represents Initial State,

TS represents Transition State, FS represents Final State).
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Figure S5. The MEP analysis of CH,O electroreduction into CH,OH and CH;0 intermediates on Cu(111) at the
present simulated low overpotential (an asterisk * indicates adsorption to the Cu surface; IS represents Initial State,

TS represents Transition State, FS represents Final State).
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Figure S6. The MEP analysis of CHOH electroreduction into CH,OH and CH intermediates on Cu(111) at the
present simulated low overpotential (an asterisk * indicates adsorption to the Cu surface; IS represents Initial State,

TS represents Transition State, FS represents Final State).
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Figure S7. The MEP analysis of CH,OH electroreduction into CH, intermediate and CH3;0OH production on

Cu(111) at the present simulated low overpotential (an asterisk * indicates adsorption to the Cu surface; IS

represents Initial State, TS represents Transition State, FS represents Final State).
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Figure S8. The MEP analysis of CH;0 electroreduction into CH3;0H production on Cu(111) at the present

simulated low overpotential (an asterisk * indicates adsorption to the Cu surface; IS represents Initial State, TS

represents Transition State, FS represents Final State).
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Figure S9. The MEP analysis of CH electroreduction into CH,, CH, electroreduction into CH; and CHj;
electroreduction into CH4 on Cu(l11) at the present simulated low overpotential (an asterisk * indicates

adsorption to the Cu surface; IS represents Initial State, TS represents Transition State, FS represents Final State).
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