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Materials and Methods.
Chemicals: All chemicals were directly used without further purifications. Bismuth 
nitrate pentahydrate (Bi(NO3)3∙5H2O), silver nitrate (AgNO3), potassium bicarbonate 
(KHCO3), potassium hydroxide (KOH), ethanol (CH3CH2OH) were purchased from 
Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). Nafion perfluorinated resin 

solution (5wt% in lower aliphatic alcohols and water) and Nafion® N-117 membrane 

(0.18 mm thick) were purchased from Sigma-Aldrich.

Preparation of Bi2O3: Bi2O3 was synthesized by the hydrothermal method. Firstly, 
727.6 mg of Bi(NO3)3∙5H2O (1.5 mmol) was dissolved in 10 mL of 2 mol L-1 
HNO3 aqueous solution, sonicated, and stirred until clear. Then, 1 mL of glycerol was 
added to the mixture and stirred at room temperature for 10 min, followed by the 
addition of a 2.5 mol L-1 NaOH solution to adjust the pH of the solution to 8.5. After 
stirring for another 10 min, the resulting mixture was transferred to a 50 mL 
poly(tetrafluoroethylene) (PTFE)-lined stainless-steel autoclave, heated to 160℃ for 1 
h, and cooled at room temperature naturally after that. The precipitate was centrifuged 
and washed several times with distilled water and absolute ethanol, and then dried at 
60℃ for 12 h. The resulting powder sample was stored for further use.

Preparation of Ag/Bi2O3: Ag/Bi2O3 was prepared by deposition-precipitation method. 
Firstly, a Bi2O3 aqueous suspension (100 mg in 20 mL H2O) was sonicated for 10 min. 
10mL of AgNO3 solution (1 mg/mL) was added dropwise to the Bi2O3 aqueous 
suspension under vigorous stirring for 1 h. Then 5 mL of a 0.1 M NaOH aqueous 
solution was added into it. After that, it was centrifuged and washed with deionized 
water until the pH value of the supernatant was neutral. The precipitate was filtered and 
dried at 70°C overnight. Then the resulting powder was heated at a ramping rate of 5℃ 
min-1 to 450℃ and maintained at the temperature for 1 hour in the air. The product was 
cooled down to room temperature after that, denoted as Ag/Bi2O3-1. By changing the 
volume of AgNO3 solution into 2mL and 10mL, we can synthesize samples with 
different Ag loadings, denoted as Ag/Bi2O3-2 and Ag/Bi2O3-3, respectively.

Preparation of working electrode: 4 mg Ag/Bi2O3 and 30 µL Nafion solution (5%) 
were dispersed into 970 µL ethanol under sonication for 1 h to form a homogeneous 
catalyst ink. The working electrode was prepared by dropping 125 µL of catalyst ink 
onto carbon fiber paper (1 cm × 1 cm). Then constant-potential electrolysis in CO2-
saturated 0.5 M KHCO3 under -0.9 V was performed for 30 min to transform the pre-
catalyst Ag/Bi2O3 into Ag/Bi2O2CO3. The Ag/Bi2O2CO3 transformed from Ag/Bi2O3-
1, Ag/Bi2O3-2 and Ag/Bi2O3-3 were denoted as s-1, s-2 and s-3. Similarly, Bi2O2CO3 
can be synthesized by Bi2O3 using the same method. 



Fig. S1. The SEM image of Ag/Bi2O3.



Fig. S2. The SEM image of Ag/Bi2O3.



Fig. S3. Nitrogen adsorption and desorption isotherm curves of Bi2O3.



Fig. S4. Nitrogen adsorption and desorption isotherm curves of Ag/Bi2O3.



Fig. S5. XRD spectra of Bi2O3 and Ag/Bi2O3 on carbon paper.



Fig. S6. XRD spectra of Bi2O2CO3 and Ag/Bi2O2CO3 on carbon paper.



Fig. S7. The (a) C 1s and (b) O 1s XPS spectrum of Bi2O2CO3 and Ag/Bi2O2CO3.



Fig. S8. (a) Differential curves of Ag K-edge XANES of Ag-foil and Ag/Bi2O2CO3. (b) 
Differential curves of Bi L3-edge XANES of Bi2O3 and Ag/Bi2O2CO3.



Fig. S9. Ag K-edge EXAFS wavelet transform plots of Ag foil and Ag/Bi2O2CO3.



Fig. S10. (a) The FEHCOOH of Bi2O2CO3 at different applied potential. (b) The FEHCOOH of s-1 and 
s-3 at different applied potential.



Fig. S11. Enlarged in situ infrared spectrum of Ag/Bi2O2CO3.



Fig. S12. Cyclic voltammogram scans of (a) Bi2O2CO3 and (b) Ag/Bi2O2CO3 measured in a 
narrow potential window where only double-layer charging and discharging occur at various scan 

rates.



Fig. S13. The optimized model of Ag/Bi2O2CO3. The brown, red, grey, and purple balls represent 
C, O, Ag, and Bi atoms, respectively.



Fig. S14. The geometrical configuration of *OCHO (a), *COOH (b), and *H (c) over Bi2O2CO3. 
The white, blown, red, and purple balls represent H, C, O, and Bi atoms, respectively.



Fig. S15. Calculated free energy diagram of HCOOH, CO, and H2 formation over Bi2O2CO3(100) 
surface.



Fig. S16. Differential charge density from first-principles simulations illustrates the increase 
(olive color) and decrease (cyan color) of electron distributions; the isosurface value of the color 

region is 0.001 e per Å3.



Table S1. The reported electrocatalysts for CO2RR towards HCOOH.

Catalysts Electrolyte FEHCOOH Ref.

Ta-Pb 0.5M NaHCO3 96.4% R[5]

In-SAs/NC 0.5M KHCO3 96% R[6]

SnO2/NSC 0.5M KHCO3 94.4% R[7]

Sb SA/NC 0.5M KHCO3 94% R[8]



Table S2. The reported Bi-based electrocatalysts for CO2RR towards HCOOH.

Catalysts Electrolyte

Potential 
window for 

FEHCOOH > 90% 
(V vs RHE)

Ref.

Bi/Bi2O3-CP 0.5M KHCO3 -0.85 — -1.0 R[9]

Bi-Sn aerogel 0.1M KHCO3 -0.9 — -1.2 R[10]

Bi-300 nanosheets 0.5M KHCO3 -0.7 — -0.8 R[11]

Bi-ene 0.5M KHCO3 -0.7 — -1.2 R[12]

Bi2O3NSs@MCCM 0.1M KHCO3 -1.05 — -1.35 R[13]

AgBi-500 0.1M KHCO3 -0.7 — -1.0 R[14]

Bi-Sn/CF 0.5M KHCO3 -1.14 — -1.24 R[15]

mpBi 0.5M NaHCO3 -0.75 — -1.0 R[16]

Bi NTs 0.5M KHCO3 -0.8 — -1.25 R[17]

Bi NSs 0.5M KHCO3 -0.75 — -1.05 R[18]

Ag/Bi2O2CO3 0.5M KHCO3 -0.8 — -1.3 This work



Table S3. The content of Ag detected from ICP-AES measurement.

sample s-1 s-2 s-3

Ag Content (wt.%) 0.358 0.384 2.928 
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