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Figure S1. XPS spectra of the Bi (4f) orbital (a) and In (3d) orbital (b) in the liquid

alloys Ga83In16Bi1, Gag3In]7, and G3.99Bi] .
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Figure S2. XPS spectra of GalnBi before and after reaction.
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Figure S3. The melting points of GalnBi (a) Galn, (b) and GaBi (c) determined by

differential scanning calorimetry (DSC).
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Figure S4. The electrochemical properties of the liquid alloy in 0.3 M EMIMBF,. (V
v.s. Ag/AgCl) The characteristic cyclic voltammetry curve of (a) GalnBi, (b) GaBi, (c)
Galn and Ga. Sweep rate: 50 mV s™!. (e) The variation of surface tension of GalnBi at
different potential. (f) Effect of Cathodic Potential on the Surface Tension of GalnBi

and Galn Alloys.
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Figure SS. Surface tension variations of GalnBi and Galn at different cathodic

potentials.
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Figure S6. The characteristic cyclic voltammetry curve of Solid In and Solid Bi. Sweep

rate: 50 mV s7!, V v.s. Ag/AgCl.
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Figure S7. Overpotential of GagsIn;¢Bi; at different temperatures. Current density: -2

mA/cm?.
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Figure S8. (a) At different temperatures, LSV curves of GalnBiin 0.3 M CO, or Ar-
saturated EMIMBEF, electrolyte, respectively. (b) Nyquist plots of GalnBi in 0.3 M Ar-

saturated EMIMBF, solution at -1.1 V.
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Figure S9. The viscosity of the 0.3 M EMIMBEF, electrolyte at different temperatures.
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Figure S10. (a) Catalytic performance variation of GalnBi during the solid-to-liquid
phase transition at —1.2 V. (b) Comparison of the catalytic performance of GalnBi in
the solid and liquid states at —1.2 V. Temperature: 6 °C. (¢) Temperature-dependent

catalytic performance of solid-state GaBi at —0.9 V.
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Figure S11. Overpotential at different composition ratios of the alloy. Current density:
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Figure S12. XPS spectra of the Bi (4f) orbital (a) and In (3d) orbital (b) in the liquid

alloys Gay7 13In4 37Big, Gag sIn;s sBis, and Gags s3In;6 1Big 37.
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Figure S13. (a) Trend chart of performance characteristics for alloys with different Bi
contents. (b) Trend distribution chart of performance characteristics for Gag;In;¢Bi; at
different temperatures. The current density corresponds to the data at -1.2 V vs. RHE.

The current density corresponding to the overpotential is -2 mA/cm?.
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Figure S14. (a) LSV curves of GaBi-25 °C and GaBi-33 °C in 0.3 M CO;- or Ar-
saturated EMIMBF, electrolyte, respectively. (b) Comparison of the catalytic activity

of GaBi-25 °C and GaBi-33 °C at different potentials.
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Figure 15. Comparative analysis of catalytic activity with other indium-, bismuth-, and

tin-based metals.
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Figure S16. CO,RR performance in KHCO; electrolytes at different concentrations.
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Figure S17. FE¢mae comparison with Galn at -1.2 V, 0.3M KHCOs,
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Figure S18. (a) Effect of catalyst volume on performance. (b) The influence of the

liquid metal's active surface area on performance.
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Figure S19. Mass-normalized relative intensity of CO- adsorption on GalnBi, Galn,

and GaBi in the high-temperature (above 400 °C) regime.

Figure S20. Optical image of the reaction setup with liquid metal as catalyst.
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Figure S21. (a) The standard curve is generated from the '"H NMR spectra of formate



with known concentrations. (b) The standard curve for quantifying the concentration of

formate, the product of CO, electrochemical reduction.

(b)

Figure S22. (a) The natural oxidation of the liquid alloy in air forms an oxide layer. (b)
The oxide layer formed by applying an anodic potential to the liquid alloy. (c) The

removal of the oxide layer by applying a cathodic potential to the liquid alloy.
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Figure S23. (a) SEM images of the liquid metal before and after reaction. (b) SEM
images after electrochemical reduction. (c) XRD pattern characterization of the GalnBi

liquid alloy before and after the reaction.
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Figure S24. Thermogravimetric analysis (TGA) of the post-reaction liquid metal.
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Figure S25. Yield and current density of the liquid metal array electrode at a reaction

potential of -1.2 V vs. RHE.



Table S1. Changes in the surface elemental composition, as determined by XPS, before

and after the reaction.

Surface element content (wt.%)

Ga In Bi
Fresh 87.80 11.00 1.20
Reacted 87.75 11.17 1.08

Table S2. The charge transfer resistances corresponding to the Nyquist plots recorded

at-0.9 V and -1.1 V in both Ar-saturated 0.3 M EMIMBF, solution.

Temperature Zreal (Q) -Zim (Q)

6°C (-0.9V) 713 253

25°C (-0.9V) 710.9 663.9
6°C (-0.9V) 23.97 9.439
25°C (-0.9V) 16.21 2.027
6°C (-1.1V) 69.47 5.576
25°C (-1.1V) 72.23 138.4
6°C (-1.1V) 14.52 8.272
25°C (-1.1V) 14.28 1.441

Table S3. Performance comparison of indium-, bismuth-, and tin-based catalysts.

Electrocatalyst Electrolyte Applied potential  FE (%) Ref
(V vs.RHE)
GalnBi 0.3 M EMIMBF, -1.2 95.3 This work

SnO, NP-s 0.1 M KHCO; -1.2 81.0 S1
V, G-Sn0,/C 0.5 M KHCO; -1.2 87 S2
Pt atom/SnO, 0.1 M KHCO;4 -1.2 82.1 S3
B-SnO, 0.5 M KHCO; -1.0 95.1 S4
CuSny 0.5 M KHCO; -1.4 82.1 S5
CeOx-Sn 1.0 M KOH -1.07 95 S6
SnSe,-graphene 0.1 M KHCO3 -0.9 95.1 S7
Bi-NFs 0.1 M KHCO; -0.9 923 S8
BOC-NS 1.0 M KOH -1.55 93 S9
CDB 1.0 M KOH -0.86 92.6 S10
Bi,0s/p-rGO 0.1 M KHCO; -1.09 94.3 S11
Bi/CNFs-900 1.0 M KCl -1.09 94 S12




R-In,0; 0.1 M KHCO; -1.27 91.2 S13
F-In(OH); 0.1 M KHCO; -1.2 92.5 S14
In,S;-RGO 0.1 M KHCO;s -1.2 91 S15
mp-In@MWCNTs 0.1 M KHCO;s -0.8 91 S16
MIL-68(In)-NH, 1.0 M KHCOs -1.1 94 S17

Table S4. Comparison of electrochemical parameters for different CO: reduction

systems towards formate production.

Electrocatalyst  Electrolyte Applied FE Tafel Current Ref
potential (%) slope (mV/  density
v dec) (mA/cm?)
vs.RHE)
GalnBi 03 M -1.2 95.3 586 4.85 This
EMIMBF, work
Pt atom/SnO, 0.1 M -1.2 82.1 / 7.8 S3
KHCO;3
B-SnO, 0.5M -1 95.1 145 42.35 S4
KHCO;
CuSny 0.5M -14 82.1 / 150 S5
KHCO;
F-In(OH); 0.1 M -1.2 92.5 / 5.5 S14
KHCO;
In,S;-RGO 0.1 M -1.2 91 142 10.9 S15
KHCO;
mp- 0.1 M -0.8 91 134 78.5 S16
In@MWCNTs KHCO;
MIL-68(In)- 1.0M -1.1 94 176 108 S17
NH, KHCO;
Cu-Sn0O; 0.5M -0.9 90 224 220 S18
KHCO;3
PdC, ;3/CNT 0.5 M K,SO4 -0.9 95 5353 1000 S19
Pd;Cug3 1.5M -0.8 90 / 150 S20

KHCO;3
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