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Characterization

The XRD patterns were obtained by an X-ray diffractometer (XRD, Purkinje XD-
3, Cu Ka radiation, A=0.15418 nm). The transmission electron microscopy (TEM) was
performed on a Tecnai G2 F30 S-TWIN instrument with an acceleration voltage of 300
kV. Fourier transform infrared (FT-IR) spectroscopy was recorded on a Nicolet-iS10
spectrometer (32 scans). The composition and surface state of the samples were verified
by X-ray photoelectron spectroscopy (XPS, PHI QUANTERA II, Al Ko X-ray
radiation). The binding energy 284.8 eV was used as the carbon (C—C) correction value.
UV-vis diffuse reflectance spectroscopy (DRS) spectra were recorded on a Shimadzu
UV-2600 spectrophotometer. N,-temperature programmed desorption (N,-TPD)
measurements were performed on a ChemiSorb 2040 instrument. Mott—Schottky plots
were measured on an electrochemical workstation (CHI 760E, three-electrode system
in 0.5 M Na,SO, aqueous solution as an electrolyte). The detection of NO3; /NO,™
conducted using lon-Chromatography (IC, DIONEX ICS-600, Thermo). The working
electrode was fabricated using a drop-casting method. 5 mg of the photocatalysts were
dispersed in 1 mL ethanol containing 40 pL Nafion solution (5%) by sonication for 30
min. Then, the dispersive suspension was drop-cast onto a pretreated fluorine-doped tin
oxide (FTO) glass substrate, and dried at 60 °C in air for 2 h to improve the adhesion.
The LC-MS analysis was performed on a high-performance liquid chromatography-
mass spectrometry with an Agilent 1290I1-6460 Liquid chromatography and waters
BEH C18 column (2.1 mm x 100 mm, 1.7 pm). The mobile phase comprised (A)
aqueous formic acid (0.1%, v/v) and (B) acetonitrile. Drying gas flow was 12 L-min'.
Gas temperature was 350 °C and Capillary voltage was 3200V.

In-situ DRIFT experiments were performed on a Nicolet 1Z10 spectrometer

equipped with a Harrick Scientific DRIFT cell and a Nicolet [Z10 detector. Prior to test,

photocatalysts were pretreated at 150 ‘C under N, flow (30 mL/min) for 2 h and then
cooled to 35 C to get the background spectrum. Next, N, (30 mL/min) with bubbled

solution (H,O:CH30H=4:1) was introduced into the chamber at 35 C and reacted at



dark for 30 min for adsorption. Then, the light source was turned on to monitor the

produced intermediates for another 1 h.

Mott-Schottky plots are analyzed by eq. (1, 2):
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Here, C is the differential capacitance of the Helmholtz layer, e represents the
charge of single electron (1.602 x 107!° C), € is the dielectric of CN, g, is the vacuum
permittivity (8.85 x 1074 F cm™), E is the applied bias at the electrode, K is the
Boltzmann constant (1.38 x 1072> J K™!), and T is the absolute temperature. Then the
flat band potential is obtained by extrapolating the 1/C? value to the x-axis.
Photocatalytic nitrogen fixation

The photocatalytic N, fixation was conducted in a 100 mL jacketed reactor with
an external circulating water system, which controlled a certain reaction temperature.
Briefly, 50 mg of the catalyst was dispersed in 50 mL methanol aqueous solution (20
vol%), and purity nitrogen gas was bubbled into the reaction solution with a flow rate
of 30 mL min~'. A 300 W Xe lamp (PLS-SXE300/300UV, working current 15A, output
light wavelength 200-2500nm) was turned on as a light source after stirring for 30 min
in the dark. At given irradiation time intervals, 2 mL of the reaction solution was taken

out and liquid sample was separated by centrifugation at 4200 rpm for 10 min. The



concentration of ammonia was determined by Nessler’s reagent method (JB7478-87)
with a UV-vis spectrophotometer (T6 New Century, Beijing). The ammonia
concentration was calculated by ammonia nitrogen standard curve (Fig. S1). In order
to verify that NH; is produced from N,, an experiment was performed by replacing N,
with Ar. The reaction conditions were the same as for NRR. Before starting the reaction,
Ar was introduced in the dark for 1 h to drive off the dissolved nitrogen in the water to
avoid the participation of the dissolved nitrogen in the NRR. An Ar atmosphere was

then maintained over the solution.
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Fig. S1. Ammonia nitrogen standard curve.

Isotopic Labeling Experiment

The isotopic labeling experiment was conducted in a 100 mL photoreactor. 50 mg
of wet FeVS@g-C;N;5 photocatalyst was distributed on the bottom of the photoreactor.
Before starting the reaction, Ar was introduced in the dark for 1 h to drive off the air,
after which it is completely evacuated by a mechanical pump. Then, N, or ¥N, gas
was injected into the photoreactor, and the FeVS@g-C;Ns photocatalyst was exposed

to irradiation supplied by a 300 W Xe lamp. After 12 h of visible light irradiation,5 mL



of deionized water was added into the photoreactor to form a mixture solution, which
was centrifuged at 5000 rpm. The resulted solution was mixed with 0.2 mL of a phenol
solution (1.2 g of phenol in 10 mL a 95% ethanol aqueous solution), 0.2 mL of a 0.5
gL 7! sodium nitroferricyanide dihydrate solution, and 0.7 mL of a NaClO solution (0.1
g of NaOH, 2 g sodium citrate, 1 mL ofa 10 wt % NaClO solution in 10 mL of deionized
water) and stirred for 1 h. The indophenol in the mixture solution was then analyzed by

HPLC/MS (Agilent 129011-6460) system with a waters BEH C 18 column [,
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Fig. S2. NH; yields of samples with different polysulfide loadings.
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Fig. S3. Mass spectra of the product (indophenol) produced by reaction of phenol with NH;
generated from photocatalytic (a) *N; or (b) N, reduction. The inset is the chemical structure of
the indophenol product, with m/z = 198.0 (indophenol containing '*N) and m/z = 199.0
(indophenol containing '>N).
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Fig. S4. XRD patterns of FeVS.
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Fig. S5. XRD patterns of (a) g-C3N5 and samples with different polysulfide loadings and

(b) partial enlargement diagram of XRD patterns.
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Fig. S6. N, adsorption-desorption isotherms of all samples (Insert was the corresponding BJH

mesopore size distributions).
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Fig. S7. FT-IR of all samples.
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Fig. S8. (a) UV—vis DRS spectra and (b) tauc plots for samples;
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Fig. S10. FT-IR of FeVS.



Tab. S1. Performance comparison of the reported photocatalysts for NRR.

Photocatalyst Activity Light source Refeerenc
This work FeVS@g-C3N; 1916.5 umol-h!-g .. *! 300W Xe lamp
FeN-CDs/TiO,@CN 9.365 mg-h ! gey! 300W Xe lamp 2]
GF (Fe,05 loaded g-C3Ny) 47.9 mg/L/h 300W Xe lamp (3]
Iron modified Al-PMOF(Fe) 127 pg-ht-gey ! AM 1.5G [4]
catalysts Fe-Bi;MoOg 106.5 umol-h™!-g! 300W Xe lamp (3]
MIL-53(Fell/Felll) 306 umol-h™!-g™! 300W Xe lamp (6]
Fe doped SrMo0O, 93.1pymol-h™!-g™! 300W Xe lamp 7]
Ti3Cy/N-defect g-C3N4 nanosheets 5.792 mg-h™1-ggy! 300W Xe lamp (8]
C;3;N4/r-Ti;C, QD 328.9 umol-h™!-g! 300W Xe lamp ol
. B-doping in g-C;N4(BCN) 313.9 umol-h™!-g™! 250W Xe lamp [10]
Carbon Nitride . . . _
Bi-defective g-C;Ny4 (K and -Ctriple bond=N) nanorod 23.5 mmol/(h-g..) 300W Xe lamp (i
B-C;N;s 421.18 pmol-h1-g™! 300W Xe lamp [12]
NV-g-C3Ns/BiOBr 29.4 ug-h™!'mg! 300W Xe lamp (13]
g-C3N4/ZnMoCdS 3.5mg-L-h gyl 500W Xe lamp [14]
g-C3N4/ZnSnCdS 7.543mg L 1"hl-ggy ! 250W Xe lamp [13]
MoS, 325 umol-h™!-g™! 500W Xe lamp [16]
Sulfides WS,@TiO, 1.39 mmol-h~!-g™! AM 1.5G 7
In,S; nanotubes 52.49 umol-h™!-g! 300W Xe lamp [18]
Zn3In,S¢ nanosheets 3552 mg L™ h g, 300W Xe lamp (191
SV-1T-MoS,-/CdS 8220.83 pmol-L-1-h!-g™! AM 1.5G 20]
Pt/N-MoS, 133.8 umol-h™!-g ! 300 W Xe lamp (21]
TiO,/Mo,C@C 432 pg-gey*h! 300W Xe lamp (22]
. Ui0-66 (Zr-Hf) 351.8 umol-h™!-g! 300W Xe lamp (23]
Nitrogenase MIL-88A(Fe/Mo,)/Fe mesh 2.30 x 102 pmol/em¥h  350W Xe lamp [24]
Biomimetic x )
Fe/Mo-BMWO 218.93 ymol-h™!-g! 300W Xe lamp (23]
Fe-MoTe, 129.08 pmol-h™!-g! 300W Xe lamp (26]
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Tab. S2. Specific surface area and pore structure of all samples.

BET Surface Pore volume Pore
Area (m?¥g) (cm?/g) size (nm)
g-C;3N; 11.2035 0.026281 11.0568
5%FeS,@g-C;Ns 19.3733 0.037705 17.6748
5%Fep.o6V0.04Sn@g-C3N5 22.3047 0.049250 25.0848
5% Fep92V.085n @g-C3Ns 19.0077 0.038909 17.4327

5% F90'88V0.12S“ @g-C3N5 16.2998 0.035489 23.5731




