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Fig. S1 ICP images of Cu-doped Bi2S3 samples.

Fig. S2 SEM images of Bi2S3 (a), Cu/Bi2S3-0.59% (b), Cu/Bi2S3-1.24% (c) and Cu/Bi2S3-3.49% 

(d).
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Fig. S3 TEM (a) and HRTEM (b) images of Bi2S3.

Fig. S4 TEM, HRTEM and corresponding elemental mapping images of Cu/Bi2S3-0.59% (a), 

Cu/Bi2S3-1.24% (b), Cu/Bi2S3-2.67% (c) and Cu/Bi2S3-3.49% (d).
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Fig. S5 (a) S 2s XPS spectra and (b) O 1s XPS spectra of Bi2S3, Cu/Bi2S3-0.59%, Cu/Bi2S3-1.24%, 

Cu/Bi2S3-2.67% and Cu/Bi2S3-3.49%.

Fig. S6 Bi L3-edge XANES spectra (the inset is a partial enlargement).
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Fig. S7 (a) Cu 2p XPS spectra and (b) Cu L3M45M45 Auger spectroscopy of Cu/Bi2S3-0.59%, 

Cu/Bi2S3-1.24%, Cu/Bi2S3-2.67% and Cu/Bi2S3-3.49%. 

Fig. S8 XRD patterns of Cu2S and CuS.
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Fig. S9 SEM images of CuS (a) and Cu2S (b).

Fig. S10 The corresponding wavelet transforms for Cu K-edge EXAFS signals of Cu/Bi2S3-0.59% 

(a), Cu/Bi2S3-1.24% (b), Cu/Bi2S3-2.67% (c) Cu/Bi2S3-3.49% (d), CuS (e), Cu2S (f), and Cu foil 

(g).
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Fig. S11 XRD patterns of the different samples.

Fig. S12 XRD patterns of Bi2S3-CO2, Cu/Bi2S3-2.67%-CO2 and carbon paper.
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Fig. S13 SEM images of Bi2S3-N2 (a), Cu/Bi2S3-0.59%-N2 (b), Cu/Bi2S3-1.24%-N2 (c) and 

Cu/Bi2S3-3.49%-N2 (d).

Fig. S14 SEM images of Bi2S3-CO2 (a), Cu/Bi2S3-2.67%-CO2 (b).
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Fig. S15 TEM (a) and HRTEM (b) images of Bi2S3-N2.

Fig. S16 (a) Cu 2p XPS spectra and (b) S 2s XPS spectra of the different samples. (c) Cu 2p XPS 

spectra and (d) S 2s XPS spectra of the different samples.
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Fig. S17 Bi 4f XPS spectra Cu/Bi2S3-x-CO2 catalysts (x = 0.59%, 1.24%, 2.67%, 3.49%).

Fig. S18 (a) Bi L3-edge XANES spectra (the inset is a partial enlargement), (b) Bi L3-edge FT-

EXAFS spectra in R space. (c) The corresponding wavelet transforms of Bi L3-edge EXAFS signal 

of Cu/Bi2S3-2.67%-N2.
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Fig. S19 Potential-dependent in situ Raman spectra of Bi2S3 in N2-saturated KHCO3 solution (a) 

and CO2-saturated KHCO3 solution (b).

Fig. S20 Nuclear magnetic mass spectrometry (a, c) and gas chromatography (b, d) of Bi2S3-N2 

and Cu/Bi2S3-2.67%-N2 at -0.8 V vs. RHE, respectively.

11



Fig. S21 (a) Potential-dependent Faradaic efficiencies of H2 and HCOOH for Bi2S3-N2, 

Cu/Bi2S3-0.59%-N2, Cu/Bi2S3-1.24%-N2, Cu/Bi2S3-2.67%-N2 and Cu/Bi2S3-3.49%-N2 in CO2-

saturated 0.5 M KHCO3. (b) Potential-dependent HCOOH partial current densities of the 

different samples.

Fig. S22 (a) Potential-dependent Faradaic efficiencies of H2 and HCOOH for Bi2S3-CO2 and 

Cu/Bi2S3-2.67%-CO2 in CO2-saturated 0.5 M KHCO3. Potential-dependent Faradaic efficiencies 

of H2 and HCOOH for Cu/Bi2S3-0.59%-CO2 (b), Cu/Bi2S3-1.24%-CO2 (c), and Cu/Bi2S3-3.49%-

CO2 (d). (e) Potential-dependent HCOOH partial current densities of the different samples.
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Fig. S23 (a)LSV curves of Cu2S and CuS under CO2-saturated 0.5 M KHCO3 electrolyte. (b) FEs 

of H2 and HCOOH for Cu2S and CuS at different potentials.

Fig. S24 XRD patterns of Cu2S and CuS after ECO2R.
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Fig. S25 CV curves in the region of -0.65 ~ -0.55 V vs. Ag/AgCl at various scan rate (10 ~ 100 

mV s-1) of Bi2S3-N2 (a), Cu/Bi2S3-2.67%-N2 (b). (c) Cdl of those materials.

Fig. S26 FEs of HCOOH for Bi2S3-N2 and Cu/Bi2S3-2.67%-N2 at the different concentration of 

bicarbonate.
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Fig. S27 Tafel plots of different catalysts for HCOOH production.

Fig. S28 SEM images of Bi2S3 after introducing different metal elements (Cr, Mn, Fe, Co, Ni, Zn, 

Ag) respectively.
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Fig. S29 (a) XRD patterns and (b) ICP images of Bi2S3 doped with different metal elements. (c) 

Ksp images of different compounds.

Fig. S30 XRD patterns of Ag/Bi2S3-1.14%, Ag/Bi2S3-4.28%, and Ag/Bi2S3-10.24%.
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Fig. S31 Elemental mapping images of Ag/Bi2S3-10.24%.

Fig. S32 (a) XPS full spectrum, (b) Ag 3d XPS spectra and (c) Bi 4f XPS spectra of Ag/Bi2S3-

10.24%. 

Fig. S33 XRD patterns of Ag/Bi2S3-1.14%, Ag/Bi2S3-4.28%, and Ag/Bi2S3-10.24% after N2 

pretreatment.
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Fig. S34 LSV curves of Cu/Bi2S3-2.67% at 1 M KOH electrolyte in flow cell.
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