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Figure S1. Effect of pH on Bi2Os synthesis for CO2RR performance. (a) LSV curves in CO»-

saturated 0.5 M KHCOs at scan rate of 10 mV s, (b) Production rate and FE.
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Figures S2. (a) XRD patterns of BiNPs, Oxi-BiNPs, and as-prepared Bi2Os. (b) Crystal structure

of Bi20s.
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Figures S3. XPS of Bi»O3 (before CV) and OD-BiNSs (after CV).



Figure S4. SEM images of Bi>Os with different numbers of CV cycles. (a) Before CV, (b) 1

cycle, (c) 2 cycles, and (d) 20 cycles.



Figure S5. SEM images of (a,b) BiNPs and (c,d) Oxi-BiNPs before and after 20 cycles of CV,

respectively.
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Figure S6. Current density profiles of (a) BiNPs, (b) Oxi-BiNPs, and (c) OD-BiNPs under

different applied potentials, and (d) Faradaic efficiencies for different products of OD-BiNSs.

Gaseous products were analyzed by on-line gas chromatography (GC, SRI instrument 8610C
MG#3) equipped with HaySep D and MolSieve 5 A columns. H, and CO were detected by the
thermal conductivity detector (TCD) and flame ionization detector (FID), respectively. The rate of

H and CO generation (r, mol s™%) was calculated by:
r=cx10%x[pV x 10°%(RT)]

Where ¢ is the H, or CO concentration (ppm); V is the volumetric flow rate of the inlet gas (20

mL min~Y); p is the ambient pressure (p = 1.013 x 10° Pa); R is the gas constant (R = 8.314 J mol !



K™); T is the room temperature (293.15 K). The total amount of Hz and CO production (mol) was
calculated by integrating the plot of H, and CO production rate (mol s™2) vs. reaction time (s) with

polynomial curve fitting.



Figure S7. SEM images of (a) BiNPs after 30 min of CO2RR at —0.85Vrn+e and (b) OD-BiNSs

after 10 h stability test at —0.85VRrHE.
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Figure S8. CV curve for the measurement of Cq for (a,d) BiNPs, (b,e) Oxi-BiNPs, and (c,f) OD-
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BiNSs before and after 20 cycles of CV, respectively.
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Figure S9. Comparison of Cqi before and after CV over (a) BiNPs, (b) Oxi-BiNPs, and (c) OD-

BiNSs.
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Figure S10. Cell voltage profiles during the chronopotentiometry experiments in the flow cell

over (a) BiNPs and (b) OD-BiNSs.



Table S1. Comparison of CO2RR performance of state-of-the-art Bi-based catalysts in H-type

cells.
FE Current Potential  Electrolyt
Catalysts density otentia CCtroly?™  Reference
(%) ) (VrHE) concentration
(mAcm )
93 62 —-0.95
; 05M .
OD-BiNSs KHCO3 This work
92 47 —0.9
; 05M
Bi nanotube 97.1 32.1 -0.9 KHCOs 1
) ) 0.5M
Bi nanowire 95 15 —0.69 NaHCO; 2
Electrodeposited _ 0.5M
BiNS 93 30 0.89 NaHCOs 3
: 05M
3D-porous Bi-ene 95 50 —0.87 KHCOs 4
BiOBr derived 0.1 M
BiNS % 33 0.9 KHCO3 >
i 05M
Bi,0, nanotube 93 10 —0.7 KHCO3 6
; 05M
Bi nanostructure 92 18 -0.9 KHCOs 7
Bi,0,@MOF 0.5 M
derived carbon 93.8 15 —1.256 KHCO3 8

nanorode




Table S2. Comparison of CO2RR performance on state-of-the-art Bi-based catalysts in flow

cells.
FE Current Electrolyte
Catalysts Membrane* o density  Potential (catholyte Reference
(%) -2
(mA cm ) /anolyte)
40V
95 2000 full-cel) £H5C'\C")
. 3 .
OD-BiNSs CEM ey 1.0M This work
‘ KOH
99 100 (full-cell)
336V
878 20 (full-cell)
AEM n/a
406V /0.5 M
928 180 fullcell)  KHCOs
Alloyed BiSn 9
398V
68.5 20 (full-cell)
CEM
427V
43 1200 fillcell)
05M
Hydrangea- 3.0V KHCO3
like BiNS BPM 93 17 (full-cell) /1.0 M 21
KOH
3.0M
Electrodeposi 4.0V KHCOs3
ted Bi BPM 64 100 (full-cell)  /1.OM 10
KOH
) 1.0M
BiVO,
derived AEM ) 50 425V KHCO3 1

. (full-cell) /1.0M
Bismuthene KHCO3



Metal-
organic layer
derived
Bismuthene

Bi203@MOF
derived

carbon
nanorode

3D-porous
Bi-ene

BPM

AEM

AEM

98.5

93

95

18

208

200

05 M

3.0V KHCOs
(full-cell) /1.0 M
KOH

-1.1 1.0 M KOH
VRHE /1.0M 8
(half-cell) KOH

—0.7 IM KOH
VRHE /not 4
(half-cell)  specified

* Membrane: Cation exchange membrane (CEM), Anion exchange membrane (AEM), Bipolar

membrane (BPM)



Table S3. Summary of the synthesis conditions of Bi-based catalysts for CO2RR.

Catalyst Precursor and solvent Synthesis conditions  Reference
OD-BiNSs Bi(NO,),-5H,0 in KOH solution room-temperature This work
BMNS Bi(NO,),-5H,0 + H,BDC in DMF 70°C 13
. . . . direct current
. 14
Bi5071 NSs Bi flakes in Nal solution (DC) potential of 20 V
BiNSs Bi(Cl), in 2-ethoxyethanol 120°C 15
Ultrathin BiNS Bi(NO,), + Kl in glacial acetic acid 160°C 16
BiOBr derived .
BiBr, in DMSO °
BiNS 3 140°C 5
distorted BiOCl Bi(NO,), 5H,0 in mannitol 160°C autoclave 17
nanoplates (20 Mpa)
Metal-organic . .
Bi(NO,),-5H,0 + H IDC in
layer derived ( _ s 2 2 170°C autoclave 12
Bismuthene piperazine solutions
: Bi(NO,),'5H,0 + Na,PO4-12H,0
BiPO, (N 3)_3 2 3 2 170°C autoclave 18
in ethylene glycol
Bi,0,@MOF . .
. 2 3d@ . B1(NO3)2'5H20 +H,BTC in 120°C autoclave 8
erived carbon methanol anhydrous +800°C heating
nanorode
nBuli-Bi nBuLi in hexanes 80°C 19
Bi,0, nanotube bismuth acetate + PVP in ethylene 300°C 6
glycol
. bismuth(III) 2-ethylhaxnoate +
f-Bi,0
273 2-ethylhexanoic acid in Toluene 4 bar 20
. Bi(NO,), 5H,0 in Glycerol and
S-Bi-NSs 160°C autoclave 21
DMF
BiVO, derived Bi(NO,),-5H,0 + NH, VO, in 200°C autoclave 1
Bismuthene SDBS solutions + 300°C heating
. Bi(NO,),"5H,0 + CTAB + urea in
2D-Bi 90°C 22

ethanol
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