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1. Supplementary data
[image: Graph258]
Supplementary Fig. 1 XRD pattern of the Cu(OH)2 precursors.





















[image: Graph463]
Supplementary Fig. 2 High-resolution Cu 2p XPS spectra of CuI-CO2, CuI-N2 and Cu-CO2 catalysts.





























[image: S2]
Supplementary Fig. 3 SEM image of the CuI-CO2 catalysts.
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Supplementary Fig. 4 a TEM and b HR-TEM image of Cu(OH)2 precursors.

































[image: 不同时间CO2 FE]
Supplementary Fig. 5 The main product distributions in CO2-saturated 0.1 M KHCO3/KI solution during the synthesis of CuI-CO2 catalysts.
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Supplementary Fig. 6 Standard curves for the main liquid products of a formate and b ethanol using 1H NMR analysis.
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[bookmark: _Hlk109981923]Supplementary Fig. 7 a Current density vs potential curves of CuI-CO2, CuI-N2 and Cu-CO2 catalysts for CO2 electroreduction. b Nyquist plots of CuI-CO2, CuI-N2 and Cu-CO2 catalysts. Electrochemical impedance spectrums uncover a similar contact resistance between CuI-CO2 (26.09 ohm) and CuI-N2 (26.25 ohm), and a slight lower contact resistance for Cu-CO2 (21.65 ohm) as indicated by the approximate equivalent series resistance (ESR) obtained from the x-intercept of the Nyquist plots.   



























[image: 图片s5]
Supplementary Fig. 8 Cyclic voltammograms of a CuI-CO2. b CuI-N2 and c Cu-CO2 catalysts at scan rates from 5 to 50 mV s-1. d Scan rate dependence of the current densities of CuI-CO2, CuI-N2 and Cu-CO2 catalysts for ECSA measurements. 
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Supplementary Fig. 9 TEM images of a CuI-N2 and b Cu-CO2 catalysts.






















[image: 图片s8]
Supplementary Fig. 10 High-resolution XPS spectra for a Cu 2p and b I 3d of CuI-CO2 catalysts after 20 h stability test in a H-cell.
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Supplementary Fig. 11 a XRD pattern, b TEM image and c HR-TEM image of CuI-CO2 electrocatalysts after 12 h stability test at 400 mA cm-2 in a flow cell.





























[image: 图片s9]
Supplementary Fig. 12 Crystal face models of a Cu(111) for Cu-CO2 catalysts. b CuI(111). c CuI(220). d CuI(311) for CuI-CO2 catalysts.






























Supplementary Table 1 FEs of CuI-CO2 for CO2R at different potentials in a H-cell.
	Potential
(V)
	FE (%)

	
	C2H4
	C2H5OH
	C2H6
	CH4
	CO
	HCOOH
	H2

	-0.9
	22.6
	0.0
	0.0
	0.0
	26.4
	19.1
	28.0

	-1
	31.7
	6.5
	0.2
	0.6
	14.6
	14.5
	31.2

	-1.1
	40.1
	12.7
	0.3
	1.1
	7.4
	9.0
	28.3

	-1.2
	45.3
	13.3
	0.0
	1.3
	11.7
	5.4
	21.5

	-1.3
	42.2
	9.7
	0.0
	4.3
	8.3
	3.1
	33.0

	-1.4
	32.3
	3.3
	0.2
	7.8
	3.0
	2.8
	51.4













































	Potential
(V)
	FE (%)

	
	C2H4
	C2H5OH
	C2H6
	CH4
	CO
	HCOOH
	H2

	-0.9
	14.5
	0
	0.0
	0.0
	21.9
	11.2
	52.6

	-1
	21.4
	0.0
	0.0
	0.2
	15.2
	10.7
	51.5

	-1.1
	30.6
	3.1
	0.0
	1.0
	9.3
	9.2
	45.2

	-1.2
	35.7
	8.3
	0.0
	3.0
	7.7
	8.5
	36.6

	-1.3
	34.0
	8.1
	0.0
	5.0
	3.6
	4.3
	44.1

	-1.4
	23.7
	2.5
	0.0
	5.0
	1.3
	2.7
	62.1


Supplementary Table 2 FEs of CuI-N2 for CO2R at different potentials in a H-cell.











































Supplementary Table S3 FEs of Cu-CO2 for CO2R at different potentials in a H-cell.
	Potential
(V)
	FE (%)

	
	C2H4
	C2H5OH
	C2H6
	CH4
	CO
	HCOOH
	H2

	-0.9
	7.0
	0.0
	0.0
	0.7
	19.2
	16.3
	56.9

	-1
	11.7
	3.2
	0.0
	4.5
	13.9
	13.4
	54.3

	-1.1
	15.6
	5.2
	0.0
	0.9
	10.4
	11.8
	51.7

	-1.2
	24.9
	5.3
	0.0
	3.6
	5.2
	7.3
	50.9

	-1.3
	26.5
	4.7
	0.0
	6.4
	4.9
	4.2
	49.0

	-1.4
	20.4
	2.4
	0.0
	7.2
	3.9
	3.7
	62.6












































	Current density
(mA cm-2)
	FE (%)

	
	C2H4
	CH4
	CO
	H2

	400
	47.6
	0.65
	28.24
	16.7

	500
	56.98
	4.51
	14.92
	13.27

	600
	59.85
	0.9
	16.19
	17.97

	700
	71.85
	3.64
	18.35
	12.23

	800
	72.43
	6.42
	11.39
	13.27

	900
	65.5
	7.22
	8.23
	24.97

	1000
	55.12
	8.46
	5.37
	41.98


Supplementary Table 4 FEs of CuI-CO2 for CO2R at different potentials in a flow cell.

































Supplementary Table 5 Comparison of CO2R performance of CuI-CO2 with recently reported Cu-based catalysts in a flow cell.
	Materials
	J (mA cm-2)
	FE of C2H4
	Electrolyte
	Reference

	CuI-CO2
	800
	72.4%
	0.5 M KHCO3/KI
	This work

	S-HKUST-1
	400
	57%
	1.0 M KOH
	Angew. Chem. Int. Ed. 61, e202111700 (2022).
	1

	Cu dimer distorted
HKUST-1
	260
	45%
	1.0 M KOH
	J. Am. Chem. Soc. 140, 11378-11386 (2018).
	2

	graphite/carbon
NPs/Cu/PTFE
	275
	66%
	10.0 M KOH
	Science 360, 783-787 (2018).
	3

	CuAl-GDE
	400
	80%
	1.0 M KOH
	Nature 581, 178-183 (2020).
	4

	molecular tuned Cu catalyst
	~320
	72%
	1.0 M KHCO3
	Nature 577, 509-51 (2020).
	5

	Cu-F
	800
	65%
	2.5 M KOH
	Nat. Catal. 3, 478-487 (2020).
	6

	Cu-polyamine hybrid
	~433
	72%
	1 M KOH
	Nat. Catal. 4, 20-27 (2021).
	7

	Cu(OH)2-D/CP
	~250
	58%
	1 M KOH
	Angew. Chem. Int. Ed. 60, 4879-4885 (2021).
	8

	multihollow Cu2O
	~250
	38%
	2 M KOH
	J. Am. Chem. Soc. 142, 6400-6408 (2020).
	9

	Cu-CuI
	~710
	35%
	1 M KOH
	Angew. Chem. Int. Ed. 60, 14329-14333 (2021).
	10

	3D porous CuO
	~653
	39%
	1 M KOH
	Adv. Mater. 30, 1803111 (2018).
	11

	CuAg Alloy
	~300
	60%
	1 M KOH
	J. Am. Chem. Soc. 140, 5791-5797 (2018).
	12

	AEI-OD-Cu nanosheets
	800
	62%
	1 M KOH
	J. Am. Chem. Soc. 144, 10446-10454 (2022).
	13

	Cu-PTFE
NNs
	300
	45%
	1 M KOH
	J. Am. Chem. Soc. 144, 3039-3049 (2022)
	14
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