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 Supplementary Electrochemical test
The catalyst was first activated by reduction in 0.2 M Na2SO4 solution at a potential of -0.82 V (vs. RHE) for 3600 s. All electrode potentials (vs. Ag/AgCl) in the experiments could be converted to standard electrode potentials (vs. RHE) by equation [1]. The cyclic voltammetry (CV) in 0.2 M Na2SO4 solution with various scan rates, and the final results could be got through equation [2] (Wei et al., 2019; Zhong et al., 2022). 
 				[1]
										[2]
where Cdl is the doubled-layer capacitance of the catalyst, Ic is the average value of the charging current, and v is the scan rates. Linear sweep voltammetry (LSV) was performed at a scan rate of 10 mV/s within the range of 0 ~ -0.82 V(vs. RHE). Electrochemical impedance spectroscopy (EIS) was tested at a voltage of -0.32 ~ -0.72 V (vs. RHE), within frequency ranges of 105 ~ 0.1 Hz, and an amplitude wave of 5 mV. Turnover frequency (TOF) is calculated by equation [3] (Hua et al., 2022):
									[3]
Iproduct is the partial current density of certain product, n is the number of electrons for the conversion of CO2 to certain product, F is the Faraday constant (96485 C/mol), mcat is the mass of the catalyst, α and Mmetal are the mass ratio of active atoms in the catalyst and the atomic mass of the metal, respectively.
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[bookmark: _Hlk137216620]Supplementary Figure 1. CV curves of BC(a) and Cu/C-S(b) materials in 1 M KHCO3 solution at different sweep rates.a
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[bookmark: _Hlk137216769]Supplementary Figure 2. Electrochemical activity area of BC(a) and Cu/C-S(b) materials.
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[bookmark: _Hlk137216927]Supplementary Figure 3. CV curves of BC and Cu/C-S materials in 0.2 M Na2SO4 solution with a sweep rate of 50 mV/s.a
b
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Supplementary Figure 4. EDS layered images of Cu/C-S material before and after electrochemical testing. a, before testing; b, after testing.a
b

[image: ]
Supplementary Figure 5. Total spectra of elemental distribution maps of Cu/C-S materials before and after electrochemical tests. a, Before the test; b, After the test.
[image: ]a
b

Supplementary Figure 6. Typical GC chromatogram of the gas phase product after electrolysis. a, FID detector; b, TCD detector.
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Supplementary Figure 7. Typical 1H NMR spectra of liquid phase products after electrolysis.
Supplementary Tables
[bookmark: _Hlk137218010]Supplementary Table 1. Specific surface area, pore volume, and pore diameter of BC and Cu/C-S materials. 
	[bookmark: _Hlk131598038]Materials
	Surface Area
(m2/g)
	Total pore volume
(cm3/g)
	Average pore Diameter
(nm)

	BC
	1202.9
	0.58
	1.93

	Cu/C-S
	1005.8
	0.53
	2.09












Supplementary Table 2. EIS fitting data for Cu/C-S material in 1.0 M KHCO3 solution.
	[bookmark: _Hlk131598419]Potential
V(vs.RHE)
	RS(Ω)
	RCT(Ω)
	CPE-T
	
CPE-P


	0.38
	2.06
	7.86
	0.050
	0.43

	-0.32
	2.17
	44.88
	0.0038
	0.73

	-0.42
	2.03
	7.48
	0.018
	0.56

	-0.52
	2.14
	10.04
	0.0042
	0.71

	-0.62
	2.02
	3.69
	0.013
	0.58

	-0.72
	2.03
	2.56
	0.0086
	0.62



Supplementary Table 3. Product efficiency of Cu/C-S materials in 1.0 M KHCO3 solution at different potentials.
	Potential
V(vs.RHE)
	H2
FE
	CO
FE
	CH4
FE
	CH3CH2OH
FE
	HCOOH
FE

	-0.72
	92.25%
	3.65%
	0.14%
	0.55%
	0.02%

	-0.62
	80.36%
	7.40%
	0.21%
	2.53%
	0.08%

	-0.52
	65.29%
	17.05%
	0.80%
	8.72%
	0.23%

	-0.42
	53.20%
	37.87%
	1.56%
	2.07%
	0.68%

	-0.32
	18.57%
	74.61%
	1.89%
	0.28%
	0.45%



[bookmark: _Hlk137218423]Supplementary Table 4. Comparison of CO2RR performance of Cu/C-S material and other materials.
	Catalyst
	Potential  V(vs.RHE)
	FE
(%)
	TOF
(h-1)
	
Electrolyte

	
Ref


	Cu/C-S
	-0.32
	74.6(CO)
	116.4
	1.0 M KHCO3
	This work

	Cu/C-S
	-0.52
	8.7(C2H5OH)
	
	1.0 M KHCO3
	This work

	Cu-Cu2O-1/Cu
	-0.4
	32(C2H5OH)
	15.6
	0.5 M KHCO3
	(Zhu et al., 2019)

	Cu3Ag1
	-0.95
	63(C2H5OH)
	/
	0.5 M KHCO3
	(Lv et al., 2020)

	FeNC(ZIF-8)
	-0.57
	98.8(CO)
	/
	1.0 M KHCO3
	(Hu et al., 2019)

	Fe-N-C
	-0.49
	83(CO)
	410
	0.1 M KHCO3
	(Pan et al., 2018)

	Cu(core)/CuO(shell)
	-1.78 (vs.Ag/AgCl)
	21(CO)
20(HCOOH)
	/
	1.0 M KHCO3
	(Lan et al., 2014)

	Cu2O
	-0.99
	39(C2H5OH)
	/
	0.1 M KHCO3
	(Ren et al., 2015)

	Ni−N-PC
	-0.8
	90(CO)
	/
	0.5 M KHCO3
	(Gang et al., 2020)

	Fe-N/P-C
	-0.45
	98(CO)
	508.8
	0.5 M KHCO3
	(Li et al., 2022)

	AgNP/MnO2
	-0.90
	68(CO)
	/
	0.5 M KHCO3
	(Zhang et al., 2021)

	Cu/In2O3
	-0.70
	68(CO)
	/
	0.5 M KHCO3
	(Xie et al., 2018)




Supplementary Table 5. ICP-MS measurement data for BC and Cu/C-S materials
	[bookmark: _Hlk128927247]
	
Cu
(mg/g)
	
Fe
(mg/g)
	
Zn
(mg/g)
	
Mn
(mg/g)
	
Cr
(mg/g)
	
Sb
(mg/g)
	
Pb
(mg/g)

	BC
	0.061
	0.19
	0.052
	0.017
	0.010
	0.00030
	0.0080

	Cu/C-S
	37.87
	0.025
	0.025
	0.015
	0.015
	0.00026
	0.0095
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