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Figure S1. SEM image of Bi,O3 nanosheets.
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Figure S2. The corresponding energy dispersive X-ray spectroscopy (EDX) of Bi;S;-BiO;
nanosheets.
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Figure S3. XRD patterns of Bi,S;.
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Figure S4. (a, b) SEM images and (c) the corresponding energy dispersive X-ray spectroscopy
(EDX) of BizS3-Bi203-O.5.
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Figure S5. (a, b) SEM images and (c) the corresponding energy dispersive X-ray spectroscopy
(EDX) of Bi,S;-Bi,05-2.
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Figure S6. (a, b) SEM images and (c) the corresponding energy dispersive X-ray spectroscopy
(EDX) ofBi2$3.
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Figure S7. EPR spectra of Bi,S; -Bi,0; (red) and Bi,0; (blue) at room temperature.
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Figure S8. High-resolution XPS spectra of S 2s in Bi,S;-Bi,05 and Bi,0s.
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Figure S9. The RHE calibration was measured in the high purity H,-saturated electrolyte (0.1 M
KHCO,). Pt foils act as both the working electrode and counter electrode through cyclic voltammetry
(CV) at a scan rate of 1 mV s’!, and the average of two potentials at which the current crossed zero was
taken to be the thermodynamic potential for the hydrogen electrode reactions'. So in 0.1 M KHCO;, E
®HE) = E (agiagen +0.722V
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Figure S10. Linear sweep voltammetry (LSV) curves of Bi,S;-Bi,O;@rGO (red) and Bi,S;-Bi,0;
(blue) at a scan rate of 5 mV s! in Ar and CO,-saturated 0.1 M KHCOj; solution.
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Figure S11. (a) Linear sweep voltammetry (LSV) curves of rGO at a scan rate of 5 mV s in Ar
and CO, saturated 0.1 M KHCO; solution. (b) Faradaic effciency of rGO for CO, reduction at each
applied potential for 2 h.
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Figure S12. Chronopotentiometric curves at the corresponding potentials in CO,-saturated 0.1 M
KHCO; solution on (a) Bi;S;-Bi,O;@rGO (b) Bi,O;@rGO, (c¢) Bi;S;@rGO and (d) rGO,
respectively.
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Figure S13. Linear sweep voltammetry (LSV) curves of Bi,;S;-Bi,03-0.5@rGO (peach pink),
Bi,S;3-Bi,O3@rGO (red) and Bi,S;-Bi,03-2@rGO (black) at a scan rate of 5 mV s! in Ar and CO,-
saturated 0.1 M KHCOs solution.
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Figure S14. Faradaic efficiency of Bi,S;-Bi,O; for CO, reduction at each applied potential for 2 h.
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Figure S15. Faradaic efficiencies for HCOOH and CO on Bi,S3-Bi,0;@rGO (orange), Bi,O;@rGO
(blue) and Bi,S;@rGO (green) at different applied potentials.
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Figure S16. Double layer capacitance (Cdl) obtained from cyclic voltammograms of (a) Bi,S3-

Bi203@rGO (b)

Bi,0;@rGO, (¢) Bi;S;@rGO and (d) rGO in CO;-saturated 0.1 M KHCO;

electrolyte between 0.80 V and 0.90 V vs. RHE at various scan rates, respectively.
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Figure S17. Electrochemical impedance spectroscopy (EIS) curves of Bi,S;-Bi,O;@rGO,

Bi,0;@rGO, Bi,S;@rGO and rGO catalysts performed in CO, -saturated 0.1 M KHCOj solution at

-0.9 V vs. RHE.

Figure S18. SEM images of Bi,S3-Bi,0;@rGO (a, b) before and (c, d) after 24 h electrolysis.



Figure S19. TEM mapping of Bi,S;-Bi,O;@rGO after 24 h electrolysis.
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Figure S20. XPS spectra of Bi,S;-Bi,0;@rGO (a) survey scan, (b) Bi 4f, (c) O 1s, and (d) S 2s
after 24 h electrolysis.
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Figure S21. XRD patterns of Bi,S;-Bi,O;@rGO before and after 24 h electrolysis.
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Figure S22. The structures of (a) Bi,Os (200) surface, (b) Bi,S; (100) surface and (c) Bi,S;-Bi,0;

heterostructure. The Bi, O, S atoms are denoted by blue, pink and red balls, respectively.



Table S1. Calculated total energies of different surface models with different k-points mesh.

1x3x1 2x3x1 2x4x1
Bi,0; (200) -312.07 eV -312.36 eV -312.34 eV
Bi,0;-Bi,S; -381.55eV -381.47 eV -381.43 eV

I1x1x1 2x2x1 3x3x1
Bi,S; (100) -270.68 eV -271.01 eV -271.01 eV

Table S2. Comparison of the electrocatalytic performance for reducing CO, to formate on different

Bi-based electrodes reported recently.

Electrocatalysts Electrolyte Potential FEucoon Durability Ref.
(vs. RHE)

Bi,S5-Bi,03@rGO 0.1M KHCO;4 -0.9v 90.1% 24h This work
Bi nanosheets 0.5M NaHCO; 0.9V --1.2V 90% 5h 2
Bi 0.5 M KHCO;4 -0.82V 82% 6h 3
Bi subcarbonate 0.5M Na,CO; 07V 85% 12h 4
Bi dendrite catalyst 0.5 M KHCO; —-0.74V 89% 12h 3
Bi nanosheets 0.5M NaHCO; -1.74V vs. SCE 90% 10h 6

Bi,0; nanoparticles 0.5M NaHCO; -1.2V 91% 23 h 7
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