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Fig. S2 Gibbs free energy step diagram of reducing CO; to *CO on (a) Cu/ScN34-
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Fig. S4 Gibbs free energy step diagram of reducing CO; to *CO on (a) Cu/YNg4-
pd/pl, (b) Cu/ZrNj-pd/pl, (¢) Cu/NbNj,-pd/pl, (d) Cu/MoNj,4-pd/pl, (e)
CU/TCN3/4-pd/pl.
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Fig. S5 Gibbs free energy step diagram of reducing CO; to *CO on (a) Cu/RuN3;4-

pd/pl,
Cll/CdN3/4-pd/pl.
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Fig. S6 Gibbs free energy step diagram of reducing CO; to *CO on (a) Cu/FeN3-
pd and FeN;-pd, (b) Cu/CoN3-pd/pl and CoN;-pd/pl, (¢) Cu/NiN;-pd and NiN;-pd,
(d) Cu/CuNj3-pd and CulN;-pd, (e) Cu/NbN;3-pd/pl, Cu/NbN4-pd, NbN;-pd/pl and
NbN,-pd, (f) Cu/MoN;-pd and MoN;-pd.
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Fig. S7 Gibbs free energy step diagram of reducing CO; to *CO on (a) Cu/T¢N;-
pd and TcN;-pd, (b) Cu/RuN;-pd, Cu/RuN4-pl, RuN;-pd and RulN;-pl, (¢)
Cu/PdNj3;-pd/pl and PdN;-pd/pl, (d) Cu/RhN;z-pd/pl and RhIN;-pd/pl.
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Fig. S9 Model diagrams of different reaction intermediates on the Cu/VNj3,-pd/pl

-pd/pl structures.
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Fig. S12 Model diagrams of different reaction intermediates on the Cu/CuNj;;-

pd/pl and Cu/ZnN;/,-pd/pl structures.
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Fig. S13 Model diagrams of different reaction intermediates on the Cu/YN3,-pd/pl

structures.
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Fig. S16 Model diagrams of different reaction intermediates on the Cu/RhN3; -
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Fig. S18 Schematic diagrams and Gibbs free energy change of *CO hydrogenation

conversion to *CHO or *COH on (a) Cu/NiN3-pd, (b) Cu/NbN4-pd and (c)

Cu/PdN;-pl, respectively.
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Table S1. Bader charge data of Cu/NbN;-pd.

Atom X Y V4 CHARGE | Atom X Y Z CHARGE
Cl 0.03 1.46 1.97 4.08 C41 6.20 7.83 2.23 4.11
C2 1.26 0.76 1.97 3.91 C42 7.48 7.14 2.04 3.44
C3 2.50 1.47 2.01 3.97 C43 8.68 7.88 1.88 4.13
C4 3.73 0.75 1.99 3.99 C44 9.91 7.17 1.83 3.88
C5 4.96 1.45 2.07 4.11 C45 -4.91 10.02 1.86 3.96
Cé6 6.19 0.74 2.04 3.88 C46 -3.68 9.30 1.82 4.16
C7 7.43 1.45 2.07 3.99 C47 -2.44 10.02 1.84 3.79
C8 8.66 0.75 1.99 3.94 C48 -1.21 9.30 1.83 3.95
C9 9.89 1.47 2.00 4.15 C49 0.03 10.02 1.87 4.14
C10 11.13 0.76 1.97 3.96 C50 1.26 9.30 1.88 3.96
Cl1 12.36 1.46 1.97 4.17 Cs1 2.49 10.02 1.92 3.96
C12 13.60 0.75 1.97 3.76 C52 3.72 9.31 1.97 4.13
C13 -1.21 3.60 1.91 3.95 C53 4.97 10.01 2.02 3.93
Cl4 0.03 2.89 1.96 4.16 C54 6.20 9.29 2.09 4.01
C15 1.27 3.60 1.99 3.93 C55 7.43 10.01 1.99 4.03
Cl16 2.52 2.90 2.07 3.99 C56 8.67 9.30 1.90 3.95
C17 3.76 3.62 2.20 4.11 C57 -6.15 12.15 1.94 3.74
C18 4.99 2.86 2.27 3.51 C58 -4.91 11.44 1.90 4.17
C19 7.40 2.87 2.24 3.56 C59 -3.68 12.15 1.92 3.97
C20 8.63 3.62 2.14 4.12 C60 -2.45 11.44 1.89 4.13
C21 9.87 2.90 2.02 3.92 Co61 -1.21 12.15 1.94 4.08
C22 11.12 3.60 1.94 4.10 Co62 0.03 11.44 1.91 3.94
C23 12.36 2.89 1.93 3.96 C63 1.26 12.15 1.94 3.74
C24 -2.44 5.74 1.84 3.72 Co4 2.49 11.44 1.94 4.17
C25 -1.21 5.02 1.87 4.17 C65 3.73 12.15 1.96 3.96
C26 0.02 5.74 1.88 3.96 C66 4.96 11.44 1.98 4.16
C27 1.25 5.02 1.95 4.13 Co67 6.19 12.15 1.98 3.90
C28 2.48 5.74 1.99 3.99 C68 7.43 11.44 1.96 4.08
C29 3.70 5.05 2.17 3.45 C69 5.02 4.09 5.06 3.52
C30 8.68 5.06 2.04 3.50 N1 6.19 3.47 2.53 6.20
C31 9.91 5.74 1.87 4.03 N2 4.83 5.80 2.37 6.28
C32 11.14 5.02 1.87 3.96 N3 7.54 5.79 2.18 6.24
C33 -3.67 7.88 1.80 4.07 Nb 6.21 5.21 3.79 11.33
C34 -2.44 7.16 1.81 3.91 Cul 5.16 6.00 5.89 10.96
C35 -1.21 7.88 1.82 4.16 Cu2 4.12 8.14 5.55 11.02
C36 0.02 7.16 1.85 3.96 Cu3 6.21 8.00 4.39 10.85
C37 1.25 7.88 1.89 4.17 Cu4 7.65 6.48 5.60 11.20
C38 2.48 7.17 1.96 3.73 Cus 6.14 7.97 6.81 11.02
C39 3.71 7.88 2.00 4.01 O 4.39 3.19 5.53 7.09
C40 491 7.15 2.16 3.60




Table S2. Bader charge data of Cu/NbNg-pd.

Atom X Y V4 CHARGE | Atom X Y Z CHARGE
Cl 0.04 1.56 2.00 3.99 C40 7.35 7.19 1.99 4.12
C2 1.27 0.84 2.00 3.95 C41 8.60 7.91 1.97 3.84
C3 2.52 1.55 2.03 4.06 C42 9.85 7.22 1.97 3.89
C4 3.73 0.80 2.02 4.14 C43 -4.94 10.07 1.95 3.74
C5 4.97 1.51 2.02 3.98 C44 -3.71 9.36 1.94 4.16
Cé6 6.20 0.80 1.98 3.99 C45 -2.47 10.07 1.93 3.97
C7 7.43 1.51 1.98 3.95 C46 -1.23 9.37 1.90 4.17
C8 8.67 0.81 1.96 3.98 C47 0.00 10.09 1.90 3.79
C9 9.90 1.53 1.98 3.97 C48 1.23 9.39 1.89 3.99
C10 11.14 0.83 1.97 3.73 C49 2.47 10.10 1.94 4.19
Cl1 12.38 1.54 1.98 3.89 C50 3.71 941 1.95 4.01
C12 13.61 0.84 1.98 4.08 Cs1 4.94 10.10 1.92 3.98
C13 -1.19 3.68 1.97 3.93 C52 6.17 9.37 1.92 3.99
Cl4 0.07 2.99 2.00 3.96 C53 7.41 10.08 1.94 3.96
C15 1.32 3.71 2.03 3.95 C54 8.63 9.35 1.95 4.15
Cl16 2.57 2.98 2.10 3.62 C55 -6.15 12.23 1.97 3.96
C17 4.97 2.92 2.11 3.44 C56 -4.93 11.50 1.97 3.94
C18 6.21 3.63 2.10 3.69 C57 -3.69 12.21 1.98 3.94
C19 7.43 2.93 2.02 3.97 C58 -2.46 11.50 1.95 3.96
C20 8.66 3.65 2.02 3.86 C59 -1.22 12.21 1.95 4.18
C21 9.90 2.95 2.00 4.17 C60 0.01 11.51 1.93 3.91
C22 11.13 3.67 1.98 3.96 Co61 1.25 12.22 1.94 4.25
C23 12.38 2.97 1.98 4.15 C62 2.48 11.52 1.94 3.93
C24 -2.46 5.81 1.93 4.31 C63 3.72 12.23 1.95 3.95
C25 -1.21 5.10 1.93 4.09 Co4 4.96 11.52 1.94 4.18
C26 0.02 5.82 1.89 3.75 C65 6.20 12.24 1.95 3.86
C27 1.28 5.14 1.94 3.64 C66 7.42 11.51 1.96 4.15
C28 7.36 5.75 2.07 3.45 Co67 4.98 4.54 4.65 3.43
C29 8.62 5.07 2.02 3.95 N1 3.79 3.63 2.23 6.21
C30 9.86 5.80 1.98 4.21 N2 2.45 5.88 1.94 6.34
C31 11.11 5.09 1.96 3.88 N3 6.19 5.01 2.21 6.27
C32 -3.72 7.93 1.94 3.95 N4 4.92 7.27 1.84 6.21
C33 -2.47 7.23 1.92 3.73 Nb 4.26 5.63 2.95 11.09
C34 -1.24 7.95 1.89 3.94 Cul 4.36 6.25 542 10.97
C35 0.00 7.25 1.86 4.08 Cu2 2.02 6.67 5.37 11.03
C36 1.22 7.97 1.85 4.03 Cu3 3.48 8.13 4.14 10.86
C37 2.44 7.25 1.88 3.59 Cu4 5.57 8.28 5.36 11.00
C38 3.71 7.97 1.96 3.74 Cus 3.49 8.19 6.57 11.05
C39 6.13 7.94 1.91 3.58 O 5.49 3.63 5.23 7.05




