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EXPERIMENTS:

Preparation of the CuFeO, Nanosheet. The CuFeO, nanosheet was prepared by the
hydrothermal method based on our previous work. Measure 1 mmol CuSO,-5H,0 and
1 mmol FeS0O,4-7H,0 and dissolve them in 10 mL deionized water by ultrasound until
dissolved, denoted as solution A; 10 mL Carboxymethyl chitosan agueous solution
with a concentration of 7 g/L was prepared and denoted as solution B; Dissolve 100
mmol NaOH in 10ml deionized water, denoted as solution C. Mixed solution A and B,
the Carboxymethyl chitosan solution was evenly dispersed by mechanical stirring,
transferred to the lining of the polytetrafluoroethylene reactor, and solution C was
added as a mineralizing agent to obtain a brown suspension, which was heated at 160
°C for 6 h, centrifuged and washed with deionized water and ethanol, and dried at 80

°C for 12 h.

Preparation of stepped CuFeO, nanomaterials. Add 0.0304g CuFeO, into 40mL water
and ultrasonic mixing evenly. 55 pL HCl was removed and added to the beaker and
ultrasound was continued. Then the reaction liquid was transferred into the
polytetrafluoroethylene reactor, reacted at 80 °C for 1 h, removed and washed with
deionized water and ethanol, and dried at 60 °C for 12 h. The hydrochloric acid was
added in amounts of 0, 53, 55, and 57 uL named CFO-EO, CFO-E1, CFO-E2, and CFO-

E3, respectively.



Characterization.

Obtain SEM images using a Zeiss Supra 55 electron microscope; Obtain HRTEM
and selected area electron diffraction images using a Tecnai G2 F30 S-TWIN
transmission electron microscope operating at 200 kV, and perform EDX spectroscopy
analysis to determine its surface elemental composition; Using a Bruker D8 focused
diffractometer, XRD spectra of the product were recorded by Cu-K a radiation
(A=1.54178 A) to characterize the crystal structure of the material. The diffraction
angle (2 @) ranged from 10-80 °, and the scanning rate was 10 ° min; Obtain XPS
spectra using ESCALAB 250 Xi Thermal Science X-ray Photoelectron Spectrometer and
calibrate them by C 1s peak position; Using the Cary 5000 UV Vis NIR absorption
spectrometer, absorbance images were obtained in the range of 200-2000 nm using
an integrating sphere. The UV Vis images were processed using the Tauc plot method
to obtain the indirect bandgap of the material; Obtain the N, adsorption desorption
curve of the material using the Quadrasorb EVO physical adsorption instrument,
calculate its specific surface area using the BET method, and measure the average pore
size and pore volume; The fluorescence (PL) spectrum was recorded using an F-7000
FL spectrophotometer. Use Agilent 7890A-7697A headspace gas chromatograph with
DB-WAX column to obtain the composition information of the liquid phase product of
CO, reduction. In situ electrochemical attenuated total reflection surface-enhanced
infrared absorption spectroscopy (ATR-SEIRAS) experiments were conducted on a
Shimadzu IRXross FTIR spectrometer with silicon as the prismatic window at room

temperature.



Fluorescence Microscopy Imaging.

Disperse the catalyst powder (10 mg) in 5 mL of water, sonicate for 30 minutes,
take 10 pL of colloidal suspension and drop it onto a clean glass slide. Cover the glass
slide and wait for the water to evaporate at room temperature to obtain a well
dispersed catalyst particle layer. Then take 10 pL of 1 pM resazurin/amplex red
aqueous solution and immerse it into the catalyst layer prepared above, carefully
covering the droplets with a cover glass to prevent the formation of bubbles. Then,
use the catalyst on the glass slide for fluorescence microscopy imaging. Please refer

to 14 for specific details.

Photoelectrochemical measurements.

The photoelectrochemical responses of these photocatalysts were recorded on
an Autolab electrochemical system using a 500-W xenon lamp with a light intensity of
100 mW/cm?. The work electrodes were fabricated using a dip-coating method. A
photocatalyst sample (8 mg) was added in ethylene glycol methyl ether (3 mL). The
sample suspension was then dropped onto a fluorine-doped tin oxide substrate and
dried by heating at 200 °C for 30 min under nitrogen atmosphere. Platinum wire and
saturated Ag/AgCl were used as the counter electrode and reference electrode
respectively in Na,SO, (0.5 M) electrolytic solution to measure photoelectrochemical

properties.

Photocatalytic performance test.



The photocatalytic reduction of CO, performance was tested in a closed system
at atmospheric pressure and ambient temperature. First, 20 mg of photocatalyst
particles, 0.1 M NaHCO; aqueous solution (9 mL) and 1mL TEOA(Trolamine) were
placed into a quartz bottle with a volume of 25 mL. The suspension was then saturated
with CO, by continuous bubbling with CO, gas for 15 min. The reaction time was 6 h
under the irradiation of a xenon lamp with a light intensity of 100 mW/cm?. Gas
products were detected by gas chromatography (GC-211N, argon as carrier gas). The
liguid products were determined by Agilent 7890A-7697A headspace gas

chromatograph.

Photocatalytic oxidation of benzyl alcohol: The photocatalytic reaction was carried
out in a quartz vial under air atmosphere by dispersing 10 mg of catalyst in 5 mL of
DMF, 10 uL of benzyl alcohol, and adding 1.5 mg of KOH to provide an alkaline
environment, with dodecane as the external standard. The light source was a 500 W
xenon lamp with a light intensity of 100 mW/cm? and the reaction time was 4 h. The

conversion and selectivity were determined by gas chromatography (GC-2014C).

Photocatalytic Reduction of Nitrobenzene: The photocatalytic reaction was carried
out in a quartz vial under N, atmosphere by dispersing 10 mg of catalyst in 1 mL of
hydrazine hydrate, 10 uL of nitrobenzene, and 5 mL of isopropanol with dodecane as
the external standard. The light source was a 500 W xenon lamp with a light intensity
of 100 mW/cm? and the reaction time was 6 h. The conversion and selectivity were

determined by gas chromatography (GC-2014C).



RESULTS AND DISCUSSION

Fig. S1. Figures a-c show SEM images of CFO E1-E3, respectively.

Fig. S2. (a) is the element distribution mapping image of CFO-E2.
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Fig. S3. FTIR spectra (a) and Raman spectra (b) of CFO-EO and CFO-E2.
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Fig. S4. Rietveld refinement of XRD patterns of CFO-EO (a) and CFO-E2 (b).
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Fig. S5. EDS spectra of CFO-E2.
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Fig. S6. N, adsorption desorption curves of CFO-EQ and CFO-E2
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Fig. S7. Tauc plots of CFO EO-E3 from UV-vis-NIR spectra.
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Fig. S8. Mott-Schottky plot in the dark state in 0.5 M Na,SO, electrolyte.
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Fig. 9. (a) CVs of CFO-EO0 and (b) CFO-E2 at scan rates of 10-200 mV s
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Fig. S10. Fluorescence microscopy images of CFO-EO (a-c) and CFO-E2(d-f) in 1 uM
resazurin.

Fig. S11. Fluorescence microscopy images of CFO-E2 in 1 uM resazurin (a)-(h) and 1
UM amplex red (a)-(f) under different light intensities.
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Fig. S12. (a) AFM image; (b) KPFM surface potential distribution; (c) corresponding line
scanning of KPFM surface potential of CFO-E2
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Fig. S13. The recycling performance of CFO-E2 in photocatalytic CO, reduction
reaction.
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Fig. S14. (a) Comparison of catalytic activity of different samples in photocatalytic
benzyl alcohol oxidation; (b) Conversion and selectivity of CFO (EO-E3) in
photocatalytic nitrobenzene reduction reactions; (c) Standard curves for benzyl
alcohol and nitrobenzene; (d) Standard curves for nitrobenzene and aniline.
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Fig. S15. External standard calibration curve used for calculation of CO, CH, and H,,

detected by GC.
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Fig. S16. (a) GC spectrum of CH30OH and CH3CH,OH; (b) GC spectrum of CH3;OH

generated during the photocatalytic CO, reduction process of CFO-E2.
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Fig. S17. The GC spectra of CO and CH, produced during the photocatalytic CO,

reduction process of CFO-EO to CFO-E3.




Table S1. The ratio of 2H (space group: P6:/mmc) phases and 3R (space group: R3m)
phase of CuFeO, materials.

Sample Ratio of P63/mmc Ratio of R3m
CFO-EO 36.48% 63.52%
CFO-E2 44.98% 55.02%

Table S2. Specific surface area, pore volume, and average pore size of CFO-EO and
CFO-E2.

samples Specific surface area Pore volume Pore size (nm)
(m?/g) (cm?/g)

CFO-EO 3.592 0.021 4.17

CFO-E2 5.313 0.039 3.18

Table S3. Defective oxygen content of CFO obtained by XPS spectral fitting of Ols.

Sample Lattice O (%) Defect O (%) Absorbed O (%)
CFO-EO 64.46 25.77 8.77
CFO-E2 65.69 29.48 5.04

Table S4. Fitting results of Nyquist plots for samples.

Sample Rs cbulk Rtrap css Rct
CFO-EO 52.97 8.59x107 4437 2.4x10° 8.76x10°
CFO-E1 53.86 2.3x10° 1083 1.86x10° 3.73x10°
CFO-E2 38.34 1.52x10° 174.3 2.37x10° 981.5
CFO-E3 39.03 2.27x10® 5.83x10* 2.52x10® 8.36x10°

Table S5. The average fluorescence intensity of CFO-EQ and CFO-E2 in 1 uM resazurin
(a~d).

Sample 1 uM resazurin

CFO-0 49352
CFO-2 58520




Table S6. The average fluorescence intensity of CFO-E2(Fig. S8) in 1 uM resazurin (a)-
(h) and 1 uM amplex red (a)-(f).

Intensity 4.0 6.0 8.0
1 uM amplex red 25957 33421 49713
1 uM resazurin 47868 49703 53776

Table S7. Photocatalytic CO, reduction products and selective calculation.

sample co CH, CH;OH  Selectivity of Selectivity of  Selectivity of
(umol)  (umol)  (umol) CO (%) CH,4 (%) CH3;OH (%)
CFO-EO 0.06 2.03 0.29 2.50 85.4 12.1
CFO-E1 0.09 2.24 0.31 3.60 84.6 11.8
CFO-E2 0.37 2.63 0.37 11.0 78.0 11.0
CFO-E3 0.22 2.55 0.20 7.50 85.7 6.8

The selectivity calculation formula for photocatalytic CO, reduction products is:

n(Molar quantity of product
Selectivity(%) = ( q yofp )

n(Total molar amount of all products)



Table S8. Comparison of photocatalytic CO, reduce performance over various
photocatalysts and reaction conditions reported in reference.

Photocatalyst Light source Condition Products Yield
Cu-SA-CO 2 300 W Xe lamp CO,, H,0 vapor CH,4 58.5 umol/(g-h)
300 W Xe lamp co, saturated solution (NaZCO3 + co 2.8 umol/(g-h)
In,S;/1n,0;3
(A>420 nm) 0.5 M H,S0,) CH, 16.52 pmol/(g-h)
Mn/Co;0,* 300 W Xe lamp CO,, H,0 vapor CH, 23.4 umol/ (g-h)
co 2 pmol/(g-h)
Cuy,nes/BT® 300 W Xe lamp CO,, H,0 vapor
CH, 19.63 pmol/(g-h)
co 39.9 umol/(g-h)
PW,/g-C;N,® 300 W Xe lamp CO,, H,0 vapor
CH, 40.8 pumol/(g-h)
co 26.3 umol/(g-h)
U2-PHI’ 300 W Xe lamp CO,, H,0 vapor
CH, 52.8 umol/(g-h)
Rug.g5C0.12/TiO, 300 W Xe lamp CO,, H,0 vapor CH, 191 mmol/(g-h)
H, 271.6 umol/(g-h)
co 260.6 umol/(g-h)
CO, bubble CH;CN/water/TEOA
Au/TZ0° 300 W Xe lamp CH, 10.6 umol/(g-h)
solution
C,H4 6.8 umol/(g-h)
C,He 4.05 pmol/(g-h)
Ov-BC21 300 W Xe lamp CO,, H,0 vapor CHA 28.5 umol/(g-h)
co 4.3 umol/(g-h)
Vo-Nb,0; '* 300 W Xe lamp CO,, H,0 vapor
CH, 19.14 umol/(g-h)
Pt@Def-CN 12 300 W Xe lamp CO,, H,0 vapor CH, 6.3 umol/(g-h)
co 3.3 umol/(g-h)
Sro.sBigTipsMo,03 300 W Xe lamp CO,, H,0 vapor
CH, 30.6 umol/(g-h)
Znin,S,/Cuy ;5™ 300 W Xe lamp CO,, H,0 vapor CH, 23.4 umol/(g-h)
PNCO 215 300 W Xe lamp CO,, H,0 vapor CH, 52.4 umol/(g-h)
H, 2.55 umol/(g-h)
2Cu-ZISF 16 400-700 nm Xe lamp CO,, H,0 vapor Cco 2.38 umol/(g-h)
CH 22.27 umol/(g-h)

CO, bubble CH;CN/water/TEOA
Pd,/Sn0,@rGO 7 300 W Xe lamp CH 77.8 pumol/(g-h)
solution

CO2 saturated solution (NaZCO3 +
Ga,S;/CuS 8 300 W Xe lamp CH 18.8 umol/(g-h)
0.5 M H,S0,)

g-C;N,/CuFe,0,/ZnInS, »° 350 W Xe lamp CO,, H,0 vapor CH 267.4 umol/(g-h)

2z/Ag-Pt20 300 W Xe lamp CO,, H,0 vapor CH 16.23 pmol/(g-h)




Table S9. The comparison on etching process between the strategy in this work and

those reported in the literature.

Etching

Materials Applications Benefits
reagent
This work HCI CO; reduction Facet junctions
KaPdCl H=3.
In,03 2 ? 82)( P CH,4 conversion Oxygen vacancies
TiO,@graphene?? HCl RhB degradation Facets engineering
tZIF-67 2 Cyanuric acid Hydrogen evolution Surface functionalization
Bi,WO, 24 NaOH Blsphenql A Tungsten anq oxygen
degradation vacancies
Sulfamethoxazole
. - .
Bi,WOg NaOH degradation Oxygen vacancies
ZnCr-LDH 26 NaOH N, reduction Oxygen vacancies
Overall water
27 H H
C3Ny KOH splitting Nitrogen vacancies
BiygBr3S,; 28 NaOH CO, reduction Br and S dual-vacancies
Bi,MoOg ?° NaOH Nitrogen fixation Oxygen vacancies
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