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S1 Working equations

The Gibbs free energy of each chemical species was calculated from DFT energies and adding

thermodynamic correction following the approach of Norskov and co-workers:*
AG = AE 45 + AEzpg — TAS

AE, 4, is related to the DFT energy, AEzre and AS are the zero-point energy correction and entropy,
respectively. The entropic contribution of gas phase molecules was taken from the NIST database,®
and that of solid-state species was neglected. The zero-point energy correction term was taken from

the literature. The working equations are reported below:
AG®%2 = AEE92 + 0.68 eV

AGH20 = AEH20 4 058 el

ads

AGCOOH = AECOOH 4 1 03 eV

ads

AGOCHO = AEOCHO + 1,01 eV.



S2 Supporting Figures and Tables

Table S1: Calculated TM binding energies to the support and atomic magnetization obtained at PBE
and PBE+U levels.

™ U+®/ev PBE PBE+U
B.E. (eV) Hd B.E. (eV) L
Sc 2.11 -8.43 0.00 -8.56 0.00
Ti 2.58 -8.50 0.88 -7.40 1.01
V 2.72 -7.86 2.09 -7.02 2.31
Cr 2.79 -7.20 3.25 -6.22 3.46
Mn 3.06 -6.80 2.94 -5.41 3.17
Fe 3.29 -7.39 1.86 -6.27 1.97
Co 3.42 -7.79 0.76 -6.69 1.02
Ni 3.40 -7.78 0.00 -7.09 0.00
Cu 4.18 -5.36 0.54 -5.18 0.58
Mo 2.30 -6.51 2.36 -5.57 2.76
Ru 2.79 -8.52 1.16 -6.93 1.55
Rh 3.04 -7.81 0.00 -6.16 0.68
Pd 3.33 -6.03 0.00 -5.43 0.00
Ag 1.87 -2.31 0.27 -2.13 0.44
W 2.08 -8.28 1.49 -7.31 181
Os 2.51 -8.02 0.00 -6.34 1.83
Ir 2.74 -8.62 0.00 -7.32 0.75
Pt 2.95 -7.99 0.00 -71.97 0.00
Au 3.17 -3.31 0.00 -2.92 0.00
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Figure S1: Structure of TMs anchored on 4N-Gr support with PBE and PBE+U frameworks.



PBE Mo@4N-Gr || PBE+U

Ni@4N-Gr

0C—00500-00—0 | | 06—00=0C-00—0

Figure S2: Structure of CO2 adsorbed on TM@4N-Gr support with PBE (left) and PBE+U (right)
approaches.
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Figure S3: Structure of (a) *COOH and (b) *OCHO adsorbed on TM@4N-Gr support with PBE
(left) and PBE+U (right) approaches.
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Figure S4: Structure of *H,0 adsorbed on TM@4N-Gr support with PBE (left) and PBE+U (right)
approaches.
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Figure S5: Structure of *CO. adsorbed on TM@4N-Gr support in the presence of *H.O with PBE
(left) and PBE+U (right) approaches.
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