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Figure S1. Two-step electrodeposition process of BiOI on carbon paper.
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Figure S2. BiOI SEM images (a) top-view (b) cross-sectional view.
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Figure S3. SEM images of BiOI with different electrodeposition time (a) 60 s (b) 720 s.



5

Figure S4. CV of BiOI in 0.2 M KHCO3.
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Figure S5. Chronoamperometric (CA) reduction of BiOI to Bi-VNS at -0.5 VRHE.
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Figure S6. Raman spectra of BiOI and Bi-VNS
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Figure S7. CV curves at different scan rates of (a) Bi film and (b) Bi-VNS. Calculated double-layer 
capacitances (CDL) of (c) Bi film (d) Bi-VNS.
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Figure S8. ECSA-normalized LSVs of Bi film and Bi-VNS
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Figure S9. Contact angle measurement of water on (a, b) Bi film and (c, d) Bi-VNS
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Figure S10. (a) FE and (b) jHCOOH of Bi film.
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Figure S11. CA curves during FE measurements.
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Figure S12. FEHCOOH and CA curve of Bi film.
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Figure S13. Nyquist plots for Bi-VNS and BOC@Bi-VNS.
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Figure S14. Top-view and cross-sectional view SEM images of Bi-based cathodes at each stage. (a,b) 
BiOI, (c,d) Bi-VNS, (e,f) Bi-VNS after 12 h of electrolysis, (g,h) Bi-VNS after 24 h of electrolysis 

(BOC@Bi-VNS).
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Figure S15. (a) CV curves at different scan rates and (b) calculated double-layer capacitances (CDL) 
of BOC@Bi-VNS.
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Figure S16. XRD patterns of Bi films.
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Figure S17. (a) SEM image of NiFe-LDH. (b) LSV, (c) Nyquist plots (inset: magnified plots) and (d) 
overpotentials of NiFe-LDH and Ni foam
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Table S1. Faradaic efficiencies and partial current densities for CO2RR electrocatalysts in a gas-tight 
H-cell.

Materials Electrolyte FEHCOOH, MAX (%) jHCOOH at
FEMAX (mA cm-2)

Potential
(V vs. RHE) Ref.

Bi-VNS 0.2 M KHCO3 97.2 32.5 -1.1 This Work

BMNS 0.5 M KHCO3 98 23 -0.8 1

Cu foam@BiNW 0.5 M NaHCO3 95 15 -0.69 2

Bi nanosheets 0.1 M KHCO3 86 16.5 -1.1 3

Bi-NRs@NCNT 0.1 M KHCO3 90.9 ≈5 -0.9 4

Bi NR 0.5 M KHCO3 98.6 ≈5 -0.8 5

Bi@Sn NPs 0.5 M KHCO3 91 31 -1.1 6

Bi19Br3S27 0.1 M KHCO3 98 N/A -1.1 7

D-NR 0.5 M KHCO3 81.3 ≈7 -1 8

Bi-Sn 0.1 M KHCO3 93.9 9.3 -1 9

MHKTs 0.5 M KHCO3 95 < 1 -1 10

NiSn-APC
nanoarray 0.5 M KHCO3 86.1 20.8 -0.82 11

SL-NG@Sn foil 0.5 M KHCO3 92 21.3 -1 12

CuSn NPs 0.5 M KHCO3 53 N/A -1 13

Cu70Sn30 0.5 M KHCO3 90 N/A -1.1 14

Ag75/(A-Sn(Ⅳ))25 0.5 M NaHCO3 75.1 13.4 -0.9 15

Sn-MOF 0.5 M KHCO3 92 23.2 -1.2 16
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Table S2. Rct values of each sample

Rct (Ω)

Bi film 388.2

Bi-VNS 68.74

BOC@Bi-VNS 48.09
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Table S3. Comparison of the performances of reported solar-driven systems using cost-effective PV 
cells.

Materials System type Main reaction
product

FEMAX of the
Product (%) STF (%) Stability (h) Year Ref.

Bi-VNS PV-EC HCOOH 97.2 11.5 13 2023 This
work

BOI-Bi PV-PEC HCOOH 96.5 8.3 1 2021 17

Ti cathodes PV-EC HCOOH 80 7.2 5 2021 18

In/Cu mesh PV-EC HCOOH 67 1.8 1.5 2014 19

Sn/Cu PV-EC HCOOH 65 5.7 N/A 2022 20

Bi19Br3S27 PV-EC HCOOH 98 4.75 3 2023 7

nano-Ag PV-EC CO 93 8.05 8 2020 21

Au PV-EC CO ≈90 7 18 2015 22

np-Ag PV-EC CO 78.1 ≈6.5 2 2017 23

Au/CdTe/ZnTe PV-PEC CO ≈80 0.43 3 2016 24

GB-Cu PV-EC C2H4 38 3.88 ~3 2020 25

Cu-Zn monolithic 
PV-EC Syngas 85 4.3 3 2017 26

CuAg PV-EC Hydrocarbons & 
oxygenates 30-40 3.8 6 2017 27
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