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Fig. S1. XPS survey spectrum of the Cu;goln;goAgioo oxide and Cuygolngy oxide

catalyst.
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Fig. S2. XPS spectrum for Cu LMM of (a) Cu;gln;poAgioo 0xide, (b) Cuygoln; oo oxide

and (c) Ag 3d of the Cuygoln;goAgioo oxide.
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Fig. S3. EDX spectroscopy elemental mapping for Cu (red), In (green) of Cu;goln;go

oxide catalyst.

Fig. S4. EDX spectroscopy elemental mapping for Cu (red), In (green) and Ag (blue)
of CuygolnigoAgioo oxide catalyst.
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Fig. SS. Experimental and fitting spectrum of Cu K-edge in r space of (a) Cugolnygo,
(b) CuygolniooAgioo
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Fig. S6. Experimental and fitting spectrum of In K-edge in r space of (a) Cugoln;go,
(b) CuigolnigoAgioo
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Fig. S7. LSV for different catalysts



W
(3]

300 rpm

w
o
1

N
[4,]
1

N
o
1

-
(3]
1

Current density (mA/cm™)
=

[3,]
1

0.0 —0I.5 -1.0 -1.5
Potential (V vs. RHE)

Fig. S8. LSV curves of the Cu;goln;g0Agioo catalyst at different stirring speeds.
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Fig. S9. FEs of CO and H; under different applied potentials over pure GDL in 0.1 M

KHCO;s electrolyte.
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Fig. S10. partial current densities of CO and H, under different applied potentials

over pure GDL in 0.1 M KHCO;j electrolyte.
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Fig. S11. FEs of CO and H, under different applied potentials over In NPs in 0.1 M
KHCO:; electrolyte.
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Fig. S12. FEs of CO and H, under different applied potentials over Cu NPs in 0.1 M

KHCO;s electrolyte.
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Fig. S13. FEs of CO and H, under different applied potentials over Cugln;gpin 0.1 M

KHCO;s electrolyte.
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Fig. S14. FEs of CO and H, under different applied potentials over Cu;goln;pin 0.1 M
KHCO;s electrolyte.
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Fig. S15. Partial current densities of CO and H, under different applied potentials

over Cuygln;gpin 0.1 M KHCOj electrolyte.
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Fig. S16. Partial current densities of CO and H, under different applied potentials

over Cuygoln;oin 0.1 M KHCO;j electrolyte.
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Fig. S17. Ratio of H,/CO over different catalystsin 0.1 M KHCOj electrolyte.
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Fig. S18. Partial current densities of CO and H, under different applied potentials

over CujgoAgiooin 0.1 M KHCOs electrolyte.
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Fig. S19. EIS of the CuloolnlooAgloo and Cu1001n100 Catalyst.



Fig. S20. FEs of CO and H; under different applied potentials over Cu;opAgigo in 0.1
M KHCO;j; electrolyte.
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Fig. S21. FE of CO and H; under different applied potentials over Cugoln;goAgioin
0.1 M KHCOs electrolyte.
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Fig. S22. Total current density over Cujgln;goAgioo and Cuygoln;g catalyst in 0.1 M

KHCO:; electrolyte.
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Fig. S23. Ratio of H,/CO over different catalystsin 0.1 M KHCOj electrolyte.
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Fig. S24. XRD patterns of Cu;goln;goAgioo after an 8-hour stability test.

200 nm

Fig. S25. HRTEM images of Cu;gln;goAg;oo after an 8-hour stability test.
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Fig. S26. Cu 2p XPS spectra of Cujgoln;goAgigo after an 8-hour stability test.



In 3d
£ [
2
@
: ;
[1}] /
b~ /
£
/ ”’ ‘
v
- \
aPa S " -
460 455 450 445

Binding Energy (eV)

440

Fig. S27. In 3d XPS spectra of Cuygoln;goAgio after an 8-hour stability test.
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Fig. S28. Ag 3d XPS spectra of Cujgoln;goAg;oo after an 8-hour stability test.
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Fig. S29. Optimised structures of Cuygoln;oo and CugolnigoAgigo.
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Fig. S30. Adsorption configurations of *CO, intermediates.
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Fig. S31. Adsorption configurations of *COOH intermediates.
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Fig. S32. Adsorption configurations of *CO intermediates.
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Fig. S33. Adsorption configurations of *H intermediates.
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Fig. S34. Free-energy diagrams for CO, to CO on simulated Cu-Ag surfaces.
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Fig. S35. Free-energy diagrams for H, evolution on simulated Cu-Ag surfaces.

/‘\

- i :\/\"‘ - /\/:'\_sﬁ

-10 -5 0 5 10
E-E; (ev)

Fig. S36 The PDOS of CO, adsorbed on Cu-In-Ag surfaces.
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Fig. S37. The PDOS of CO, adsorbed on Cu-In surfaces.
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Figure S38. The PDOS and bader charge of CO, adsorbed on Cu-In and Cu-In-Ag
surfaces.
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Fig. S39. structures of CO Adsorption on Cu-In surfaces.
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Fig. S40. structures of CO Adsorption on Cu-In-Ag surfaces.

Table S1. Electrochemical impedance parameters obtained by fitting the EIS data of

Cujgolnygo and Cul()oIIllo()Aglo() electrodes

Equivalent Circuit Element Cujpolnigo CuygolngoAgioo
Rg 8.45(£0.8%) 11.08(£2.4%)
R1 7.5(£0.9%) 7.6(£3.1%)
WI1-R 97.84(+2.8%) 143.7(£2.0%)
WI1-T 0.38(£2.7%) 20.31(£3.1%)
WI-P 0.69(+0.7%) 0.66(0.7%)
C1 2.14E7(2.3%) 5.17E8(£7.7%)




Table S2. The comparison of the syngas production performance for the multiple

catalyst in H-cell reported in recent literature.

Potential iTotal Ratio 2 jco
Catalyst Electrolyte Ref.
(vs. RHE) (mA/cm?) H,/CO (mA/cm?) (mA/cm?)
0.1 M
CuloolnlooAgloo —0.6V 491 0.85 2.26 2.65 This work
KHCO;
0.1 M
AuZn-3/Zn0O -0.7V 0.68 0.49 0.22 0.46 (2]
KHCO;
0.5M
NiPC@FeNc -0.6V 436 0.61 1.65 2.71 [33]
KHCO;
0.5M
Cuyln,/Bp-53 0.6V 4.60 1.60 2.83 1.77 [34]
KHCO;
0.1 M
R-Cu-500 -1.0V 6.00 2 4.00 2.00 [33]
KHCO;
0.1 M
BPN-3Dp-CCE -0.6V 0.05 0.32 0.01 0.04 1361

KHCO;




