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Fig. S1 XRD pattern of the as-synthesized BiOCl-NSs 
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Fig. S2 Raman spectra of the as-synthesized BiOCl-NSs 

The BiOCl crystal possesses a tetragonal structure (space group 𝐷4ℎ
7 -P4/nmm (129), Z = 2). 

The Bi3+ site has C4v symmetry. The primitive cell consists of 6 monoatomic sites. The structure 

of the unreducible representation of the 15 normal modes of vibrations is: Γ = 2 A1g + 2 A2u + 

B1g + 3 Eg + 2 Eu, in which the 𝐴1𝑔
1  (143 cm-1), 𝐴1𝑔

2  (199 cm-1) and 𝐵𝑔
1 (400 cm-1) species are 

resolved in the data while A2u and Eu are IR active [S1]. 

 

Fig. S3 (a) AFM image and corresponding height profile, (b) FESEM images, (c) high 

resolution IFFT-TEM image, (d) corresponding SAED pattern, (e) HAADF-STEM image and 

corresponding element mapping images of BiOCl-NSs 
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Fig. S4 FESEM images of BiOCl-NSs loaded on the carbon paper substrate 

 

Fig. S5 AFM image and corresponding height profile of Bi2O2(CO3)xCly 

 

 

Fig. S6 STEM-EDX spectra of BiOCl-NSs and Bi2O2(CO3)xCly obtained from the selected area 
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Fig. S7 Survey XPS spectra of BiOCl-NSs and Bi2O2(CO3)xCly 

 

Fig. S8 (a) Bi L3-edge k2-weighted FT-EXAFS spectrum and fitting curve of Bi2O2(CO3)xCly 

in R space, and (b, c) Magnitude parts of Bi L3-edge spectra and corresponding fitting curves 

of Bi2O2(CO3)xCly in R space and K space, respectively. (d) Bi L3-edge k2-weighted FT-EXAFS 

spectrum and fitting curve of Bi2O2CO3 in R space, and (e, f) Magnitude parts of Bi L3-edge 

spectra and corresponding fitting curves of Bi2O2CO3 in R space and K space, respectively 
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Fig. S9 Schematic diagram of (a) BiOCl and (b) Bi2O2CO3 crystal structure viewed from a 

axis. The black lines represent the edges of a unit cell. Red, brown, green and purple spheres 

represent O, C, Cl and Bi atoms, respectively 

 

Fig. S10 Operando time-dependent XRD patterns recorded during electrochemical conversion 

of BiOCl-NSs to Bi2O2(CO3)xCly at -0.8 V (vs RHE) in CO2-saturated 0.5 M KHCO3 solution 

 

Fig. S11 (a) XRD pattern, (b) FE-SEM images, (c) IFFT-HRTEM image, (d) corresponding 

SAED pattern and (e) HAADF-STEM image and corresponding EDX element mapping 

images of the BiOCl-NSs derived Bi at EApp = -1.2 V vs RHE 
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Fig. S12 XRD pattern of the as-synthesized Bi2O2CO3 

 

Fig. S13 Raman spectrum of the as-synthesized Bi2O2CO3 

The Raman band observed at 163 cm-1 can be attributed to the external vibration mode of the 

CO3
2- group [S2], and the peak at 1068 cm-1 is assignable to the internal vibration ν1 of the 

CO3
2- ion in the interlayer [S3]. 

 

Fig. S14 (a) FESEM images, (b) TEM image, (c) HRTEM image and (e) HAADF-STEM 

image and corresponding EDX element mapping images of the as-synthesized Bi2O2CO3 
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Fig. S15 XRD patterns of Bi2O2(CO3)xCly and Bi2O2CO3 

 

Fig. S16 LSV curves of Bi2O2(CO3)xCly in CO2- and Ar-saturated 0.5 M KHCO3 electrolyte 

at a scan rate of 5 mV s-1 

 

Fig. S17 NMR spectrum of HCOO- standard sample 
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Fig. S18 NMR spectra of 0.5 M KHCO3 electrolyte after CO2 reduction at different potentials 
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Fig. S19 XRD patterns of Bi2O2(CO3)xCly before and after stability test at -0.8 V (vs RHE) 

for 20 h 

 

Fig. S20 Raman spectra of Bi2O2(CO3)xCly before and after stability test at -0.8 V (vs RHE) 

for 20 h 

 

Fig. S21 (a, b) FESEM images, (c) TEM image, (d) HRTEM image of Bi2O2(CO3)xCly after 

the stability test at -0.8 V (vs RHE) for 20 h 
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Fig. S22 Chronoamperometric curve and FEHCOO- of Bi2O2CO3 at -0.8 V vs RHE 

 

Fig. S23 XRD pattern of Bi2O2CO3 after stability test at -0.8 V (vs RHE) for 20 h 

 

Fig. S24 Raman spectra of Bi2O2CO3 after stability test at -0.8 V (vs RHE) for 20 h 
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Fig. S25 (a) FESEM images, (b) TEM image, (c) HRTEM image and (e) HAADF-STEM 

image and corresponding element mapping images of Bi2O2CO3 after stability test at -0.8 V 

(vs RHE) for 20 h 

 

Fig. S26 High-resolution XPS spectra of (a) Bi 4f and (b) O 1s of Bi2O2CO3 after stability 

test at -0.8 V vs RHE 

 

Fig. S27 DFT optimised intermediate adsorption on (a) Bi2O2CO3 and (b) Bi2O2(CO3)xCly 
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Fig. S28 Schematic illustrating the relationship between LUMO potential and the minimum 

potential required to reduce Bi3+ in (a) Bi2O2(CO3)xCly and (b) Bi2O2CO3 to metallic Bio 

Table S1 Reported performance of Bi-based electrocatalysts for reduction of CO2 to HCOO- 

 Electrocatalysts Electrolyte 
Potential 

(V vs RHE) 

j HCOO
- 

(mA cm-2) 
FE Refs. 

Metallic Bio Bismuthene 0.5 M KHCO3 -0.58 ~2.5 ~98.0% [S4] 

 2D-Bi 0.5 M KHCO3 -0.79 17.3 99.0% [S5] 

 Bi nanosheet 0.1 M KHCO3 -1.10 16.5 86.0% [S6] 

 Bi nanoflake 0.1 M KHCO3 -0.60 ~2.0 100.0% [S7] 

 Bi dendrite 0.5 M NaHCO3 -1.14 15.2 96.4% [S8] 

 Bi nanotube 0.5 M KHCO3 -1.00 ~22.0 97.0% [S9] 

 Bi dendrite 0.5 M KHCO3 -0.74 2.7 89.0% [S10] 

 Dendritic Bi 0.5 M KHCO3 -0.82 18.8 98.0% [S11] 

 BiNRs@NCNTs 0.1 M KHCO3 -0.90 ~5.0 90.9% [S12] 

 Bi-PVP/CC600 0.5 M KHCO3 -0.83 ~13.0 86.0% [S13] 

 SD-Bi 0.5 M NaHCO3 -0.75 5.0 84.0% [S14] 

 NTD-Bi 1.0 M KHCO3 -0.80 ~30.0 93.0% [S15] 

 POD-Bi 0.5 M KHCO3 -1.16 57.0 95.0% [S16] 

 BiOBr-templated Bi 0.1 M KHCO3 -1.00 80.0 99.0% [S17] 

 BiNS 0.5 M KHCO3 -1.00 22.0 100.0% [S18] 

 Bismuthene 1 M KHCO3 -1.00 105.4 97.4% [S19] 

 mpBi 0.5 M NaHCO3 -0.90 14.5 99.0% [S20] 

 Bi nanosheets 0.5 M KHCO3 -0.80 ~4.0 97.0% [S21] 

 Bi NSs 1.0 M KHCO3 -0.98 75.0 95.5% [S22] 

 Bi NS 0.1M KHCO3 -1.10 10.0 92.0% [S23] 

 Bi-ene 0.5 M KHCO3 -0.90 ~25.0 ~98.6% [S24] 

Oxide β-phase Bi2O3/Bi 0.1 M KHCO3 -1.20 ~22.5 87.0% [S25] 

 Bi2O3NSs@MCCM 0.1 M KHCO3 -1.26 17.7 93.8% [S26] 

 Bi2O3-NGQDs 0.5 M KHCO3 -0.90 18.0 95.6% [S27] 

 BiOx/C 
1.0 M 

NaHCO3/NaCl 
-1.07 15.0 93.4% [S28] 

 Bi2O3@C 0.5 M KHCO3 -0.90 7.5 92.0% [S29] 

 Bi2O3 0.5 M KHCO3 -0.90 8.0 91.0% [S30] 

Subcarbonate Bi2O2CO3 0.5 M NaHCO3 -0.7 ~11.0 85% [S31] 

 

  

http://springer.com/40820


Nano-Micro Letters 
 

 

S13/S15 

Table S2 EXAFS data fitting results of Bi2O2CO3 and Bi2O2(CO3)xCly 

Sample Shell CN R(Å) σ2(10-3Å2) ∆E0(eV) R factor 

Bi2O2CO3 
Bi-O 2.27 ± 0.20 2.24 ± 0.07 4.26 

-2.649 0.0484 
Bi-C 1.75 ± 0.83 3.36 ± 0.02 4.26 

Bi2O2(CO3)xCly 

Bi-O 2.34 ± 0.21 2.22 ± 0.01 4.97 

-5.620 0.0321 Bi-C 1.51 ± 1.24 3.38 ± 0.06 4.97 

Bi-Cl 0.33 ± 0.41 3.11 ± 0.09 9.69 

Note the ~ 5 Å difference between the fitted R values and the peaks in FT-EXAFS spectrum in 

R space. Single scattering paths of Bi2O2CO3 and the Bi-Cl path from the optimized Cl adsorbed 

Bi2O2CO3(001) structure are used for the fitting. 
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