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Sb:Bi =85:15

Sb:Bi =55:45 - Sb: Bi= 25: 75

Figure S1. (a) EDX mapping image of the SbssBiys catalyst. (b-d) Typical EDX spectra

of Sb-Bi films with different element concentrations.
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Figure S2. Electrochemical capacitance measurements to determine the ECSAs of
electrodes. Cyclic voltammetry (CV) measured at different scan rates of (a) Sb, (b)
SbgsBiis, (¢) SbssBiys, (d) SbysBiss and (e) Bi catalysts. (f) Measured capacitive current
densities based on the CV curves in (a-e) plotted as a function of scan rates. (g)

Measured capacitive current densities based on the cyclic voltammetry (CV) curves in
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(f) plotted as a function of Bi content.
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Figure S3. (a) FE of CO, (b) j, (¢) j of H; plots for the pure Bi, Sb and Sb-Bi alloy
catalysts in 0.5 M KHCO;. (d) Comparison of various Bi,Sb-based and other formate-

formation electrocatalysts for CO,R to formate conducted in the H-type cell.
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Figure S4. The on-line DEMS results over (a) Sb, (b) SbgsBi;s, (¢) SbssBiys, (d) SbysBiss
and (e) Bi catalysts for H, (m/z = 2) under LSV measurements from 0 to —1.1 V vs.
RHE at a scan rate of 2 mV s' in 1 M KOH.
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Figure S5. Schematic illustrations of (a) Si prism, (b) Si prism with Au film for surface
enhancement and (c) sputtered alloy catalyst on the Si prism with Au film. (d) Diagram
of in-situ ATR-SEIRAS measurements.
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Figure S6. Complete in-situ ATR-SEIRAS spectra on the surface of (a) Sb, (b) SbgsBis,
(c) SbssBiys, (d) SbysBiss and (e) Bi catalysts during LSV measurements in CO,-
saturated 0.5 M KHCO; electrolyte from 0.3 to —1.3 V vs. RHE.
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Figure S7. Partial in-situ ATR-SEIRAS spectra and the fitting results on the surface of

(a) Sb, (b) SbgsBi;s, (¢) SbssBiys, (d) Sb,sBiss and (e) Bi catalysts from Figure S6.
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Figure S8. Complete in-situ ATR-SEIRAS spectra on the surface of (a) Sb and (b) Bi
catalysts during LSV measurements in Ar-saturated 0.5 M KHCO; electrolyte from 0.3
to —1.3 V vs. RHE. (¢) LSV pots in CO, and Ar environment for pure Sb and Bi

catalysts.
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Figure S9. In-situ ATR-SEIRAS spectra on the surface of (a) Sb, (b) SbgsBi;s, (c)
SbssBiys, (d) SbysBiss and (e) Bi catalysts under different applied potentials.
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Figure S10. (a) Raman spectra of CFP in CO,-saturated KHCO;. The peak area
adsorption (b) HCO;~ and (c) COs* band for Sb, Bi and Sb-Bi alloy catalysts.
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Table S1. Comparison of various Bi,Sb-based and other formate-formation
electrocatalysts for CO,RR to formate conducted in the H-type cell.

Potential Jj of formate
Catalysts Electrolyte References
(V vs. RHE) (mA cm?)
-1.0 -36.3 this work
SbssBiys 0.5 M KHCO;
-1.1 -45.1 this work
-1.0 -36.0 this work
Sb75Bi,s 0.5 M KHCO;
-1.1 -46.7 this work
Bi 0.5 M KHCO; -1.0 -32.6 this work
Sb 0.5 M KHCO3 -1.0 -9.0 this work
Bi RDs 0.5 M KHCO; -1.2 -25.0 !
Bi,0;@C-800 0.5 M KHCO; -1.1 -12.4 2
Bi@Bi,0; 0.5 M KHCO; -1.0 -22.9 3
PD-Bi 0.5 M KHCO; -1.2 -43.3 4
BisSng 0.1 M KHCO; -1.0 -34.0 >
0.45 M KHCO;
BigOSnmelo/C -091 -5.5 6
and 0.5 M KClI
Bi-Sb/CP 0.5 M KHCO3 -1.2 ~-19 7
reconstructed
B1,0,CO; 0.5 M KHCO; -1.1 ~-14 8
nanosheets
Sb nanosheets 0.5 M NaHCO; -1.06 -3.2 9
Sb single atom 0.5 M KHCO; -0.8 2.5 10
Sb,03/Sb 0.5 M KClI -1.18 -1.6 1
CuSn alloy 0.5 M KHCO; -1.0 -18.3 12
InSn-3 0.5 M KHCO; -1.1 -34.2 13
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