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Fig. S2 High-resolution X-ray photoelectron spectroscopy (XPS) of (a) CuN3-C and (b) CuN4-C catalysts.
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Fig. S3 Deconvoluted N 1s spectra of (a) CuN3-C and (b) CuN4-C catalysts.
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Fig. S4 Fourier transforms of the Cu K-edge EXAFS oscillations in the k space of simulated (a) CuN3-C and (b) CuN4-C catalysts.
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Fig. S5 TEM images of (a) CuN3-C and (b) CuN4-C catalysts.
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Fig. S6 HAADF-STEM images of (a) N-C and (b) C samples.
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Fig. S7 Deconvoluted N 1s spectra of (a) N-C and (b) C samples.
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Fig. S8 Amperage curves of CO2 reduction catalyzed by CuN3-C in first 300 seconds at different potentials.
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Fig. S9 LSV and Faradaic efficiency distributions of CO2RR on (a) N-C and (b) C samples.
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Fig. S10 HAADF-STEM images of CuN3-C catalyst after test.



[image: ]
Fig. S11 Structure and morphology of catalysts after the CO2RR electrolysis.
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Fig. S12 EXAFS spectra of CuN3-C catalyst after the CO2RR electrolysis
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Fig. S13 Model of CuN3-C catalyst.
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Fig. S14 Model of CuN4-C catalyst.



Table S1. EXAFS fitting parameters at the Cu K-edge for various samples（Ѕ02=0.90 from Cu-foil）
	Sample
	Shell
	CNa
	R(Å)b
	σ2(Å2)c
	ΔE0(eV)d
	S02
	R factor

	CuN3-C
	Cu-N
	3.1±0.1
	1.95
	0.005
	4.8±0.7
	0.7000(set)
	0.007

	CuN4-C
	Cu-N
	4.0±0.1
	1.95
	0.008
	4.2±0.3
	0.7000(set)
	0.003


aCN: coordination numbers; bR: bond distance; cσ2: Debye-Waller factors; d ΔE0: the inner potential correction. R factor: goodness of fit. Error bounds that characterize the structural parameters obtained by EXAFS spectroscopy were estimated as CN±20%; R ± 1%; σ2 ± 20%. 


Table. S2 The Onset potential and current density of catalysts reacting with different gases.
	Sample
	Gaseous atmosphere
	Onset potential
(V, Current density = −20 mA cm2)
	Current density
(mA cm2, at-1.1 V)

	CuN3-C
	Ar
	−0.61
	−316

	CuN3-C
	CO2
	−0.45
	−560

	CuN4-C
	Ar
	−0.71
	−301

	CuN4-C
	CO2
	−0.65
	−471





Table. S3 The Onset potential and Current density of catalysts reacting with different gases.
	Potential
(V)
	FE (%, over CuN3-C)

	
	CO
	CH3OH
	H2

	−0.6
	58.88
	25.63
	13.86

	−0.7
	47.16
	40.12
	11.17

	−0.8
	39.41
	53.49
	8.62

	−0.9
	29.10
	61.45
	5.79

	−1.0
	11.54
	80.15
	3.86

	−1.1
	20.37
	65.22
	9.18





Table.S4 Faradaic efficiency distributions of CO2RR over CuN4-C
	Potential
(V)
	FE (%, over CuN4-C)

	
	CO
	CH3OH
	H2

	−0.6
	78.9
	0
	20.86

	−0.7
	74.16
	2.58
	23.17

	−0.8
	65.18
	4.77
	28.21

	−0.9
	53.5
	8.12
	32.96

	−1.0
	47.17
	16.11
	34.02

	−1.1
	39.66
	30.99
	27.11





Table. S5 Faradaic efficiency distributions of CO2RR over CuN3-C
	Potential
(V)
	FE
(%)
	Partial current density
(mA cm2)

	−0.6
	−25.63
	−11.53

	−0.7
	−40.12
	−34.90

	−0.8
	−53.49
	−86.65

	−0.9
	−61.45
	−164.07

	−1.0
	−80.15
	−332.33

	−1.1
	−65.22
	−363.92





Table S6 Comparison of the FE of CH3OH in aqueous conditions from this work and previous representative reports.
	Catalysts
	FECH3OH
 (%)
	REF

	CuSAs/TCNFs
	44
	1

	CoO/CN/Ni
	45
	2

	CuN4-C
	45.1
	This work

	Cu-3(HHTQ)
	53.6
	3

	Ti3(Al1−xCux)C2
	59.1
	4

	Ag,S-Cu2O/Cu
	67.4
	5

	Cu2NCN
	70
	6

	CoO/CN/Ni
	70.7
	2

	Co3O4/N-RGO
	74.8
	7

	Cu2−xSe
	77
	8

	CuN3-C
	78
	This work





Table S7 Comparison of the rate of CH3OH in aqueous conditions from this work and previous representative reports.
	Catalysts
	CH3OH production rate
	REF

	CuPc
	3.8
	9

	CuSAs/TCNFs
	737.133
	1

	CoO/CN/Ni
	178.7565
	2

	CoPc/CNT
	200
	10

	Cu-3(HHTQ)
	18.51468
	3

	Ti3(Al1−xCux)C2
	217.4145
	4

	Ag,S-Cu2O/Cu
	1428.321
	5

	Cu2NCN
	1115.889
	6

	CoO/CN/Ni
	129.4335
	2

	Pd/SnO2 
	2
	11

	Co3O4/N-RGO
	51.6753
	7

	CuN3-C
	5321.244
	This work

	Cu2−xSe
	556.2004
	8

	Pd83Cu17
	439.3782
	12

	Sn1 /Vo -CuO-x
	1025.25
	13


计算方法


Table S8 The Onset potential and Current density of C and N-C reacting with different gases.
	Sample
	Onset potential
(V, Current density = −10 mA cm2)
	Current density
(mA cm2, at −1.1 V)

	C
	−1.01
	−16.82

	N-C
	−0.98
	−19.76





Table S9 Faradaic efficiency distributions of CO2RR over C and N-C
	Potential
(V)
	FE (%, over C)
	FE (%, over N-C)

	
	CO
	CH3OH
	H2
	CO
	CH3OH
	H2

	-0.6
	0
	0
	99.12
	71.55
	0
	27.46

	-0.7
	0
	0
	99.43
	62.16
	0
	35.88

	-0.8
	0
	0
	99.19
	58.81
	0
	40.16

	-0.9
	1.24
	0
	97.22
	50.68
	0
	48.34

	-1.0
	2.37
	0
	96.77
	44.73
	0
	52.17

	-1.1
	2.88
	0
	96.28
	41.75
	0
	56.21





Table S10 Nyquist plot of catalysts over the frequency from 0.1 MHz to 0.1 Hz
	Sample
	Charge-transfer resistance
（Ω）

	CuN3-C
	6.2

	CuN4-C
	8.4





Table 11. EXAFS fitting parameters at the Cu K-edge for various samples（Ѕ02=0.90 from Cu-foil）
	Sample
	Shell
	CNa
	R(Å)b
	σ2(Å2)c
	ΔE0(eV)d
	R factor

	CuN3-C
	Cu-N
	3.1±0.1
	1.95
	0.00084
	6.2±0.7
	0.0019


aCN: coordination numbers; bR: bond distance; cσ2: Debye-Waller factors; d ΔE0: the inner potential correction. R factor: goodness of fit. Error bounds that characterize the structural parameters obtained by EXAFS spectroscopy were estimated as CN±20%; R ± 1%; σ2 ± 20%. 


Table 12 Energy of the CH3OH pathway on CuN3-C catalyst
	Intermediates
	Energy (eV)
	Energy (eV)

	*+CO2
	0
	0

	*COOH
	-0.65
	-0.45

	*CO
	0.9
	-1.29

	*CHO
	-0.56
	-0.15

	*CHOH
	1.87
	-0.41

	*CH2OH
	-1.3
	-0.82





Table 13 D-band center of catalysts
	Cu 3d
	d-band center (eV)

	CuN3-C
	-1.58

	CuN4-C
	-3.12
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