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Fig. S1. EDS spectra of precursor Cu,s_InsAlgs alloys. (a) EDS spectrum of Cu;5Algs alloy.

(b) EDS spectrum of Cuj,In;Algs alloy. ¢, EDS spectrum of Cu,glnsAlgs alloy. d, EDS

spectrum In;sAlgs alloy.
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Fig. S2. XRD patterns of precursor alloys of Cu;s.,In,Algs alloys with x =0, 3, 5 and 15.
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Fig. S3. Size distribution of small nanopores and large channels in hierarchical nanoporous

CuyIng/Cu hybrid electrode that is fabricated by chemically dealloying Cu;olnsAlgs precursor
alloy.
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Fig. S4. The nitrogen adsorption/desorption isotherm of nanoporous Cu;;Ing/Cu hybrid

electrode. Inset: Size distribution of small nanopores.
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Fig. S5. (a, b) Typical SEM (a) and EDS spectrum (b) of nanoporous Cu electrode, which is

fabricated by chemically dealloying Cu;sAlgs alloy.
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Fig. S6. (a, b) Typical SEM (a) and EDS spectrum (b) of In(OH);/In electrode, which is

fabricated by chemically dealloying In;sAlgs alloy.
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Fig. S7. XPS survey for nanoporous Cu;;Iny/Cu, nanoporous bare Cu and In(OH);/In,

electrodes, which are prepared by chemically dealloying Cu;¢lnsAlgs, Cu;sAlgs, and InjsAlgs

alloys, respectively.
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Fig. S8. EDS spectrum of as-dealloyed nanoporous Cu;;Iny/Cu hybrid electrode, which is
prepared by chemically dealloying Cu;olnsAlgs alloy.



Fig. S9. STEM image of as-dealloyed nanoporous Cu;;Iny/Cu hybrid electrode and its
corresponding STEM-EDS elemental mapping of Cu, In, Al and O.
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Fig. S10. Raman spectra of as-dealloyed nanoporous Cu;;Iny/Cu, nanoporous bare Cu, and

In(OH);/In electrodes.
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Fig. S11. The charge density difference diagram of Cu-In(OH),/Cu;;Ing(313) and the
Hirshfeld charge analysis. The blue isosurfaces represent charge accumulation and the yellow

represent charge depletion.
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Fig. S12. Detection of liquid products of nanoporous Cu;;Iny/Cu hybrid electrode by 1 H

nuclear magnetic resonance spectroscopy.
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Fig. S13. (a) Faradaic efficiencies of CO and H, products during the CO; electroreduction of
nanoporous bare Cu electrode in CO,-saturated 0.1 M KHCOj solution at various potentials
ranging from —0.45 to —0.65 V versus RHE. (b) Faradaic efficiencies of CO and H, products
during the CO, electroreduction of In(OH)s/In electrode in CO,-saturated 0.1 M KHCO;

solution at various potentials ranging from —0.45 to —0.70 V versus RHE.
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Fig. S14. (a) Typical SEM of as-dealloyed nanoporous Cu;;Ing/Cu from precursor Cu;,In;Algs
alloy. (b) EDS spectrum of as-dealloyed nanoporous Cuy;Ing/Cu from precursor Cu;;In;Algs

alloy. (c) XRD patterns of as-dealloyed nanoporous Cu;;Iny/Cu from precursor Cu;,In;Algs

alloy.
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Fig. S15. (a) Comparison of LSV curves for as-dealloyed nanoporous Cu;;Iny/Cu hybrid
electrodes from Cu;glnsAlgs and Cuy,In3Algs precursor alloys, in 0.1 M N, and CO,-saturated

KHCOs; solution. (b) Comparisons of Faradaic efficiencies of CO and H, products for

nanoporous Cu;;Iny/Cu hybrid electrodes from Cu,olnsAlgs and Cu;,In;Algs precursor alloys.
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Fig. S16. Typical CV curve of as-dealloyed nanoporous Cu;;Ing/Cu from precursor

CuyolnsAlgs alloy in 0.1 M KHCOj solution. Scan rate: 1 mV s7!.
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Fig. S17. Comparison of intrinsic activities for intermetallic Cu-In(OH),/Cu;;Iny, Cu and

In(OH); towards CO,RR for CO product.
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Fig. S18. (a) Free energies for the formation of H* on Cu-In(OH),/Cu;;Ing(313) and
Cuy1Inyg(313), Cu(111) surface. (b) Reaction free energy diagram for the CO, reduction with

CO product or COH* intermediate from the adsorbed *CO, intermediate on intermetallic Cu-

In(OH),/Cu;;Ing(313).
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Cu+In+Al+O

Fig. S19. (a) HRTEM image of Cu;;Inyg/Cu interfacial region in nanoporous Cu;;Ing/Cu
hybrid electrodes after the durability test, in which intermetallic Cu;;Ing and FCC Cu matrix
are identified by their corresponding FFT patterns. (b, ¢) FFT patterns of monoclinic CuyIng
nanoparticles (b) and FCC Cu matrix (c) corresponding to the selected areas in (a). (d) STEM
image and the corresponding STEM-EDS elemental mapping of Cu, In, Al and O in

nanoporous Cu;Iny/Cu hybrid electrode after the durability test.
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Fig. S20. (a) Comparison of the stability of nanoporous Cu;;Ing/Cu, nanoporous bare Cu and

In(OH);/In electrodes. (b) Magnification of the stability and Faradaic efficiencies of H, and

CO for the In(OH);/In electrode.
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Table S1. Comparison of electrochemical parameters of nanoporous Cu;;Ing/Cu with those of

state-of-the-art metal-based CO,RR catalysts previously reported in 0.1 M KHCOj3 aqueous

electrolyte.
E JCO RCO
Electrocatalysts Electrolyte FEco Refs.
(Vvs RHE) (mA cm™) (umol h'! cm?)
CuyIny/Cu 0.1 M KHCO; -0.6 12.6 92.8% 235.1 This work
Zn P-NS 0.1 M KHCO3 -1.2 13 90% 242.5 [1]
ZnO NS 0.1 M KHCO;3 -1.1 16.1 83% 300.4 2]
Ni-N-C 0.1 M KHCO; -0.78 9Ag! 85% / (3]
Fe/NG-750 0.1 M KHCOs -0.6 2.5 80% 46.6 (4]
Pd nanoparticles 0.1 M KHCO; -0.89 4 91% 74.6 [5]
Fe-N-C 0.1 M KHCO; -1.0 3.2 80% 59.7 (6]
NCNTs 0.1 M KHCOs -1.05 3.8 80% 70.9 [7]
CuO+ALD SnO, 0.1 M KHCO; -0.6 0.4 89% 7.5 (8]
NC-CNTs (Ni) 0.1 M KHCO; -0.8 7.2 91% 1343 9]
Tri-Ag-NPs -0.85 1.25 95% 233
0.1 M KHCO; [10]
Ag-NPs -0.85 0.6 65% 11.2
Au-10 0.1 M KHCO; -0.5 0.12 97% 22 [11]
Plasma-treated Ag 0.1 M KHCO3 -0.6 2.1 90% 39.2 [12]
Au nanoparticles -0.9 3.0 66% 56.0
0.1 M KHCO; [13]
Au;Cu -0.72 0.9 65% 16.8
Au;Cu@fct Au 0.1 M KHCO; -0.8 10 94.5% 186.5 [14]
Auss/C 0.1 M KHCO; -0.6 4.7 94.1% 87.7 [15]
Fe-N-C 0.1 M KHCOs -0.6 12.5 95% 233.2 [16]
Cu-In 0.1 M KHCO; -0.6 0.9 90% 16.79 [17]
Cu-N,/GN 0.1 M KHCO; -0.5 0.8 81% 14.9 [18]
AuNi;/CNFs 0.1 M KHCOs -0.98 4 92% 74.6 [19]
A-MnO,-H 0.1 M KHCO; -0.62 10.4 94.8% 194.0 [20]
CN-H-CNT 0.1 M KHCO; -0.5 0.25 88% 4.7 [21]
Culn20 0.1 M KHCOs -0.6 1.6 93% 29.8 [22]
BAX-M-950 0.1 M KHCO; -0.66 0.8 40% 14.9 [23]
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NP Au-Zn 0.1 M NaHCO; -0.6 4.95 90% 92.3 [24]
Coi-N, 0.1 M KHCO; 0.8 11.25 82% 209.9 [25]
Cu-Pd NPs 0.1 M KHCO; 0.9 2.83 87% 52.8 [26]
Ag@Cu-7 0.1 M KHCO; -1.06 1.23 82% 22.9 [27]
Zn(101) 0.1 M KHCO; -0.9 5.4 45% 100.7 [28]
Cu-In alloy 0.1 M KHCO; 0.8 0.18 35% 3.4 [29]
WIT SnO, 0.1 M KHCO; -0.89 1.71 38% 31.9 [30]
Pd Icosahedra/C 0.1 M KHCO; 0.8 1.9 91.1% 35.4 [31]
FePGH-H 0.1 M KHCO; -0.44 1.1 98% 20.5 [32]
Ni-CTF 0.1 M KHCO; 0.9 1.75 96% 32.6 [33]
Au foil 0.1 M KHCO; 1.0 2 35% 37 [34]
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Table S2. ICP analysis of Cu and In ions in electrolyte before and after cycling measurement
of nanoporous Cu,Iny/Cu electrode.

Cu (mg/L) In (mg/L)
Original electrolyte 0.0468 0.0289
Electrolyte after recycling 0.0545 0.0348
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