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[image: ]Supplemental Figures
Supplementary Figure 1 Low-magnification TEM images of (a) Cu NWs and (b) Ag NPs.
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Supplementary Figure 2 TEM images of (a) bipy-functionalized Ag NPs and (b) assembled Ag-Cu with Ag surface functionalized. 
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Supplementary Figure 3 A typical TEM image of a mixture of Ag NPs and Cu NW without bipy-functionalization.
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[bookmark: OLE_LINK120][bookmark: OLE_LINK121]Supplementary Figure 4 IR spectra of OAm-functionalized Cu NWs (as-synthesized Cu-NW with the oleylamine surfactant) and bipy-functionalized Cu NWs (Cu NWs-bipy). 






[image: ]Supplementary Figure 5 Low-magnified TEM images of (a) Ag0.15-Cu0.85, (b) Ag0.25-Cu0.75, (c) Ag0.33-Cu0.67, (d) Ag0.5-Cu0.5, (e) Ag0.75-Cu0.25, and (f) Ag0.85-Cu0.15.
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[bookmark: OLE_LINK116][bookmark: OLE_LINK117]Supplementary Figure 6 Operando XAS characterizations. The Cu K-edge XANES spectra of (a) Ag0.25-Cu0.75 and (b) Ag0.5-Cu0.5 at OCP and various negative potentials (vs. RHE) in CO2-saturated 0.1 M KHCO3. Cu2O and Cu foil were used as references. 
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Supplementary Figure 7 Operando XAS characterizations. FT k3-weighted EXAFS spectra of (a) Ag0.25-Cu0.75 and (b) Ag0.5-Cu0.5 at OCP and various negative potentials (vs. RHE). Cu2O and Cu foil were used as references.


[image: ]Supplementary Figure 8 Potential-dependent Faradaic efficiencies of multiple products on Cu-bipy, Ag and variable Agx-Cuy electrodes, the potential is with 100% iR correction. The error bars along Y axis correspond to one standard deviation of triplicate measurements.
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Supplementary Figure 9 Potential-dependent partial current densities of multiple products on Cu-bipy, Ag and variable Agx-Cuy electrodes, the potential is with 100% iR correction. The error bars along Y axis correspond to one standard deviation of triplicate measurements.
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Supplementary Figure 10 The product distribution and current density of CO2R at different potentials on Cu NWs with (a) and without (b) bipy-functionalization, the potential is with 100% iR correction. 
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Supplementary Figure 11 FE of C2+ products on Cu-bipy, Ag, and variable Agx-Cuy electrodes, the potential is with 100% iR correction. The error bars along Y axis correspond to one standard deviation of triplicate measurements.
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Supplementary Figure 12 The partial current density of CO as a function of applied potentials on Cu-bipy, Ag, and variable Agx-Cuy electrodes, the potential is with 100% iR correction. The error bars along Y axis correspond to one standard deviation of triplicate measurements.
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[bookmark: _Hlk175063409]Supplementary Figure 13 The FE (a) and production rate (b) of C2+ fuels on Ag0.5-Cu0.5 and Cu-bipy in electrochemical CO reduction under different potentials, the potential is with 100% iR correction.
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[bookmark: OLE_LINK123][bookmark: OLE_LINK124]Supplementary Figure 14 The current density and product distribution evaluation during 15 h CO2 electrolysis catalyzed by Ag0.5-Cu0.5 at -1.05 V (vs. RHE, with a 100% iR correction)






[image: ]Supplementary Figure 15 The HAADF-STEM images and corresponding EDS elemental maps showing the reconstructed nanostructures on Ag0.25-Cu0.75. 
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Supplementary Figure 16 The HAADF-STEM images and corresponding EDS elemental maps showing the reconstructed core-shell nanostructure on Ag0.5-Cu0.5. 
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Supplementary Figure 17 The HAADF-STEM image and corresponding EDS elemental maps of Ag0.5-Cu0.5 in a flow cell at -1.05 V vs. RHE.
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Supplementary Figure 18 The HAADF-STEM images and corresponding EDS elemental maps of Ag0.5-Cu0.5 after 0, 0.5, 1, and 3 h CO2 electrolysis.










[image: ]Supplementary Figure 19 Operando XRD patterns of (a) Ag0.25-Cu0.75 and (b) Ag0.5-Cu0.5 at OCP and negative bias between -0.8 and -1.8 V vs. RHE in CO2-saturated 0.1 M KHCO3. The peaks marked with * were from the carbon paper support. Two sets of characteristic peaks attributed to the fcc lattice of pure Ag (PDF-04-0783) and Cu (PDF-04-0836) were shown below.








[image: ]Supplementary Figure 20 ex-situ XRD patterns of (a) Ag0.25-Cu0.75 and (b) Ag0.5-Cu0.5 before and after electrolysis. The post-electrolysis samples were prepared after conducting CO2R at -1.05 V vs. RHE for 1 hour. The peaks marked with * were from the carbon paper support. Two sets of characteristic peaks attributed to the fcc lattice of pure Ag (PDF-04-0783) and Cu (PDF-04-0836) were shown below.
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Supplementary Figure 21 The HAADF-STEM image and corresponding EDS elemental maps of Ag0.5-Cu0.5 after one hour electrolysis in gas mixtures with different ratios of Ar and CO2.
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Supplementary Figure 22 The free energy evolution of Cu ion deposition on Cu(111) and Cu(111) with 1/3 ML *CO.
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[bookmark: OLE_LINK299][bookmark: OLE_LINK300][bookmark: OLE_LINK144][bookmark: OLE_LINK145]Supplementary Figure 23 Illustration of the key intermediates on Cu(111). The brown, grey, white and red circles represent for Cu, C, H, and O atoms, respectively.
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Supplementary Figure 24 Illustration of the key intermediates on Ag/Cu interface. The brown, silver, grey, white and red circles represent for Cu, Ag, C, H, and O atoms, respectively.
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Supplementary Figure 25 The reaction profiles of the C2H4 (red) and C2H5OH pathway (blue) on Cu(111) with 1/9 ML *CO coverage.
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[bookmark: OLE_LINK146][bookmark: OLE_LINK147]Supplementary Figure 26 Illustration of the key intermediates on Cu(111) with 1/9 ML *CO coverage.
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Supplementary Figure 27 The reaction profile of C2H4 (red) and C2H5OH pathway (blue) on Cu(111) with 2/9 ML *CO coverage.
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Supplementary Figure 28 Illustration of the key intermediates on Cu(111) with 2/9 ML *CO coverage.
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Supplementary Figure 29 The set up of operando XAS.
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Supplementary Figure 30 The set up of operando XRD.




















Supplemental Tables


Supplementary Table 1 Comparison of the CO2R performances in various
Ag-Cu bimetallic structures

	Catalyst
	Electrolyte
	Potential (V vs. RHE)
	FEmajor prod. (%)*
	Current density (mA cm-2)*
	Refs

	AgCu-50
	0.1 M KHCO3
	-0.6
	CO (60)
	5
	1

	Ag1.01%-CuO
	0.1 M KHCO3
	-0.7
	CO (91.2)
	10.5
	2

	snp AgCu
	0.1 M KHCO3
	-0.91
	CO (97.5)
	25
	3

	Cu68Ag32
	0.5 M KHCO3
	-1.17
	CH4 (60)
	42
	4

	Cu/Ag 3 nm
	0.1 M KHCO3
	-1.2
	CH4 (65.3)
	6.48
	5

	Cu9Ag1NWs
	0.1 M KHCO3
	-1.17
	CH4 (72)
	3
	6

	Ag@Cu2O-6.4 NCs
	1 M KOH
	-1.2
	CH4 (74)
	251
	7

	CuAg-30
	0.1 M KHCO3
	-1.7
	C2H4 (25)
	20
	8

	Ag@Cu-20
	0.1 M KHCO3
	-1.06
	C2H4 (28.6)
	3.4
	9

	Ag@CuOx-32
	0.1 M KHCO3
	-1.06
	C2H4 (31.55)
	20
	10

	Cu@Ag-2 NPs
	1 M KOH
	-1.1
	C2H4 (32.2)
	65
	11

	Ag1-Cu1.1 NDs
	0.1 M KHCO3
	-1.1
	C2H4 (36)
	0.7
	12

	Ag@Cu Np
	0.5 M KHCO3
	-1.2
	C2H4 (41.3)
	20
	13

	Ag/Cu
	0.1 M KHCO3
	-1.1
	C2H4 (42)
	5.9
	14

	CuAg NW
	0.1 M KHCO3
	-1.05
	C2H4 (52)
	35
	15

	Ag65-Cu35 JNS-100
	0.1 M KHCO3
	-1.2
	C2H4 (54)
	5
	16

	CuAg-wire (6%Ag)
	1 M KOH
	-0.7
	C2H4 (60) + C2H5OH (25)
	310.8
	17

	OD-Ag15Cu85
	0.5 M KHCO3
	-1
	C2H5OH (33.7)
	26
	18

	Ag-Cu2OPB
	0.2 M KCl
	-1.2
	C2H5OH (34)
	2.5
	19

	supersaturated Ag–Cu
	MEA
	-3.2
	C2H5OH (40.4)
	120
	20

	Ag0.14/Cu0.86
	1 M KOH
	-0.67
	C2H5OH (41)
	250
	21

	AgCu SANP
	1 M KOH
	-0.65
	C2H5OH (45)
	720
	22

	(Cu)2, (Ag)3
	0.5 M KHCO3
	-1.33
	CH3COOH (21.2)
	0.85
	23

	5-Ag/Cu2O
	0.1 M KHCO3
	-1
	C2+ liquids (30)
	10
	24

	Cu3Ag1
	0.5 M KHCO3
	-0.95
	C2+ alcohols (63)
	40
	25



* The values of current densities and faraday efficiencies were either provided in literature or extracted from the corresponding figures. 














Supplementary Table 2 The Cu and Ag contents determined by ICP-OES

	Agx-Cuy 
	Mass percentage of Cu
in the heterostructure (wt%)
	Mass percentage of Ag
in the heterostructure (wt%)

	Ag0.15-Cu0.85
	81.29
	17.89

	Ag0.25-Cu0.75
	69.12
	28.25

	Ag0.33-Cu0.67
	62.19
	34.18

	Ag0.5-Cu0.5
	52.36
	45.85

	Ag0.75-Cu0.25
	38.30
	58.22

	Ag0.85-Cu0.15
	16.48
	82.00








Supplementary Table 3 ICP-OES analysis of Cu ions in electrolyte after different CO2R reaction time under -1.05 V vs. RHE

	Electrolyte
	Reaction time
	Cu content (μg L-1)

	
0.1M KHCO3
	OCV
	71.7

	
	0.5 h
	936.1

	
	1 h
	1640.8
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