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Figure S1. SEM images of (A) Cu foam, (B) Cu20 NWs, and (C) CuO NWs.
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Figure S2. Cu 2p and Cu LMMs spectra of Cu-based catalysts: Cu foam, Cu20 NWs and CuO NWs before and
after one-hour gas-phase CO: electroreduction.
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Figure S3. CV curves of (A) Cu foam, (B) Cu20 NWs and (C) CuO NWs in Ar and CO2
atmosphere saturated with water vapor in the cell voltage range from 0 V to -2.0 V.
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Figure S4. EIS spectra of Cu foam, Cu,O NWs and CuO NWs in water vapor-saturated CO». Inset: the
corresponding equivalent circuit.
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Figure S5. Current densities of gas-phase CO: electroreduction over Cu-based catalysts (Cu foam, Cu20 NWs
and CuO NWs) at the different cell voltages in the range of -1.3 V to -1.7 V.
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Cathodic reaction: xCO, + 2(2x-z+y/2).
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Figure S6. (A) Illustration of operando DRIFTS and Raman measurements system and (B) Home-made H-cell
reactor of gas-phase CO: electroreduction and operando characterizations. (performance test with quartz,
operando DRIFTS with KBr window and operando Raman with quartz window, respectively).
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Figure S7. Operando Raman spectra of (A) Cu foam, (B) Cu20 NWs and (C) CuO NWs for CO:
electroreduction at -1.6 V for 1 h, respectively.
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Figure S8. O 1s spectra of Cu-based catalysts: Cu foam, Cu20 NWs and CuO NWs before and after one-hour

gas-phase CO: electroreduction.
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Figure S9. XRD patterns of Cu-based catalysts: Cu foam, Cu20 NWs and CuO NWs before and after one-hour
gas-phase CO: electroreduction.
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Figure S10. Surface-structure models of (A) Cu (111), (B) Cu20 (111), and (C) CuO (111) surfaces, respectively.
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Figure S11. Relative adsorption energy of H* on (A) Cu (111), (B) Cu20 (111), and (C) CuO (111) surfaces,
respectively.

Cu(111) Ey=-151eV  Cu,0(111) E,y=-1.82eV  CuO (111) E,y=-0.39 eV

Figure S12. Relative adsorption energy of *CO on (A) Cu (111), (B) Cu20 (111), and (C) CuO (111) surfaces,
respectively.

CU(111)Epg=-1916V  Cu0(111) Epg=-2.36 6V CuO(111) Eyy = - 3.47 eV

Figure S13. Relative adsorption energy of HCO* on (A) Cu (111), (B) Cu20 (111), and (C) CuO (111) surfaces,
respectively.
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Figure S14. Relative adsorption energy of COCHO on (A) Cu (111), (B) Cu20 (111), and (C) CuO (111) surfaces,
respectively.
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Figure S15. Activation barriers and reaction energies of CO* + HCO* — COCHO" on (A) Cu (111) surface and
Cu20(111), respectivley, and (B) CuO(111) surface.
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