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Figure S1. SEM image of Bi2Se3.



Figure S2. TEM image of Bi2Se3.



Figure S3. The EDS elemental mappings of Bi2Se3.



Figure S4. TEM-EDS spectrum of Bi2Se3.



Figure S5. HRTEM image of Bi2Se3.



Figure S6. XRD pattern of Bi2Se3.



Figure S7. (a) Bi 4f and (b)Se 3d XPS spectra of Bi2Se3.



Figure S8. HRTEM image of Bi/Se-Inter.



Figure S9. HRTEM image of Bi/Se-Subs.



Figure S10. SEM-EDS spectrum of Bi/Se-Inter. 



Figure S11. SEM-EDS spectrum of Bi/Se-Subs.



Figure S12. XRD pattern of Bi2Se3 after thermal reduction.



Figure S13. Se 3d XPS spectra of Bi/Se-Inter and Bi/Se-Subs.



Figure S14. Digital photograph of the flow cell system.



Figure S15. SEM image of Bi.



Figure S16. TEM image of Bi.



Figure S17. XRD pattern of Bi.



Figure S18. Bi 4f XPS spectrum of Bi.



Figure S19. SEM image of Bi2O3.



Figure S20. HRTME image of Bi2O3.



Figure S21. XRD pattern of Bi2O3.



Figure S22. (a) Bi 4f and (b) O 1s XPS spectra of Bi2O3.



Figure S23. FE of H2 and CO of Bi/Se-Inter, Bi/Se-Subs and Bi under different potentials.



Figure S24. Total current density of Bi/Se-Inter, Bi/Se-Subs and Bi under different potentials.



Figure S25. Rformate of Bi/Se-Inter, Bi/Se-Subs and Bi under different potentials.



Figure S26. Electrochemically active surface area measurement. CV curves of (a) Bi/Se-Inter, (b) 
Bi/Se-Subs and (c) Bi. (d) Charging current density differences plotted against scan rates.



Figure S27. FE of H2 and CO of Bi/Se-Inter over long-term stability.



Figure S28. SEM image of Bi/Se-Inter after stability test.



Figure S29. The EDS elemental mappings of Bi/Se-Inter after stability test.



Figure S30. HRTEM image of Bi/Se-Inter after stability test.



Figure S31. (a) Bi 4f and (b)Se 3d XPS spectra of Bi/Se-Inter after stability test.



Figure S32. XRD pattern of Bi/Se-Inter after stability test.



Figure S33. Relative intensity of the *OCHO intermediate on Bi/Se-Inter, Bi/Se-Subs and Bi at the 
different potentials.



Figure S34. LSV curves of Bi/Se-Inter in alkaline (1 M KOH), neutral (0.5 M K2SO4) and acidic 
(0.05 M H2SO4 + 0.5 M K2SO4) electrolyte.



Figure S35. Side view and top views for the three models: (a) Bi/Se-Inter, (b) Bi/Se-Subs, and (c) 
Bi in DFT calculations. Color code: purple for Bi, green for Se.



Figure S36. Bader charge calculation of Bi/Se-Inter (a) and Bi/Se-Subs (b). Color code: purple for 
Bi, green for Se.



Figure S37. Side view and top views for the three models with *OCHO adsorbate: (a) Bi/Se-Inter, 
(b) Bi/Se-Subs, and (c) Bi. Color code: purple for Bi, green for Se, red for O, brownness for C, pink 
for H.



Figure S38. Side view and top views for the three models with *HCOOH adsorbate: (a) Bi/Se-Inter, 
(b) Bi/Se-Subs, and (c) Bi. Color code: purple for Bi, green for Se, red for O, brownness for C, pink 
for H.



Figure S39. Side view and top views for the three models with *H adsorbate: (a) Bi/Se-Inter, (b) 
Bi/Se-Subs, and (c) Bi. Color code: purple for Bi, green for Se, pink for H.



Table S1. The comparison of the formate products performance reported in recent literature.
Catalyst Electrolyte FEformate (%) Jformate (mA cm-2) Reference

98.1 413
95.7 572
96.7 759Bi/Se-Inter 1M KOH

91.4 885

This work

VS-Bi2O3 1 M KOH 93.7 400 [1]

InNCN 1 M KHCO3 81.4 407 [2]

PD-Bi 1 M KOH 90.2 450 [3]

nBuLi-Bi 2 M KOH 82 500 [4]

Bi-ene-NW 1 M KOH 91 570 [5]

Sn2.7Cu 1 M KOH 85.3 590 [6]

O-Bi-ene 2 M KOH 87.5 675 [7]

InP 1 M KOH 82.8 712 [8]

RLD Bi NSs 1 M KOH 91 800 [9]

BS/VC 1 M KOH 85.9 800 [10]

500-In2O3 1 M KOH 97.1 510 [11]



Table S2. The FE of Bi/Se-Inter at different times and for different products in the long-term 
stability test.

Time FEformate (%) FECO (%) FEH2 (%)
0.5 94.0 2.0 4.0
1.0 94.5 1.7 3.8
1.5 95.0 1.5 3.5
2.0 94.8 1.5 3.7
2.5 95.2 1.2 3.6
3.0 94.6 1.5 3.9
3.5 95.0 2.2 3.8
4.0 94.9 1.4 3.7
4.5 95.1 1.3 3.6
5.0 94.7 1.4 3.9
5.5 95.0 1.2 3.8
6.0 94.8 1.5 3.7
6.5 95.2 2.2 3.6
7.0 94.6 1.5 3.9
7.5 95.1 1.2 3.8
8.0 94.7 1.4 3.7
8.5 95.0 2.5 3.6
9.0 94.8 2.2 3.9
9.5 95.2 1.4 3.8
10.0 94.6 3.3 3.7
10.5 94.3 2.5 3.6
11.0 95.0 1.4 3.9
11.5 94.9 2.2 3.8
12.0 95.1 3.1 3.7
12.5 94.7 2.4 3.6
13.0 95.0 1.9 3.9
13.5 94.8 1.4 3.8
14.0 95.2 2.6 3.7
14.5 94.6 2.4 3.6
15.0 95.0 2.8 3.1
15.5 94.9 2.9 3.9
16.0 95.1 2.1 2.8



Table S3. The FE of Bi at different times and for different products in the long-term stability test.
Time FEformate (%) FECO (%) FEH2 (%)
0.5 92.6 2.1 5.3
1.0 94.2 1.8 4.0
1.5 93.8 1.7 4.5
2.0 91.56 2.0 6.5
2.5 90.3 1.9 7.8
3.0 91.6 2.2 10.2
3.5 90.1 2.0 8.9
4.0 91.7 2.3 13.0
4.5 89.9 2.1 7.0
5.0 85.4 2.4 18.2
5.5 81.6 2.2 16.2
6.0 76.8 2.3 20.9
6.5 72.1 2.5 25.5



Table S4. Adsorption energy of *OCHO on the Bi/Se-Inter, Bi/Se-Subs and Bi models.
Models E (eV)

Bi/Se-Inter -2.513
Bi/Se-Subs -2.481

Bi -2.285
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