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Experimental
Synthesis of FeS,/MoS,

To synthesize the FeS,/MoS, (Fe: Mo= 1: 1) sample, one should follow these steps:
Firstly, 241.9 mg of Na,MoO,4 -H,0, 175.4 mg of FeCls, 2878 mg of H4S104(W309)4,
and 450.8 mg of CH3;CSNH, were dissolved in 45 mL DI water to prepare the precursor
solution, keep stirring the mixture solution to obtain a homogenous solution. Secondly,
the solution was transferred into a 60 mL stainless steel autoclave for hydrothermal
reaction which was performed at 200 °C for 24 h, and then cool down naturally. Finally,
the FeS,/MoS, powders were collected by the centrifugal process, washed with DI
water and ethanol several times, then dried for later use. While for the preparation of
FeS,/MoS, (Fe: Mo= 1: 2) sample, only the amount of FeCl; is replaced with 87.7 mg.
For FeS,/MoS, (Fe: Mo=2: 1) sample, only the amount of FeClj; is replaced with 350.9
mg. For MoS, sample, the precursor remains unchanged except that FeCl; is not
included.

Electrochemical measurement

Electrochemical measurements were performed on a CHI660D electrochemical
analyzer (Chenhua Instrument, Inc.) in an H-type cell with Nafion 117 membrane. 0.1
M Na,SO, aqueous solution was adopted as the electrolyte. A platinum foil (10mm*10
mm), Ag/AgCl (saturated KCI) and Carbon paper (10mm*10 mm) deposited with
electrocatalysts were employed as the counter electrode, the reference electrode and the
working electrode, respectively. In this work, the electrode potential (Ag/AgCl) is
converted to the reversible hydrogen electrode (RHE) according to the following
formula:

V(RHE) =V (Ag/AgCl) + 0.197 V + 0.059*pH (1)

To well prepare the working electrode, the following steps are suggested: 5 mg of



catalyst, 470 pL of CsHgO (IPA) and 30 pL of Nafion solution (5 wt%) were added
together. The mixture was suffered from the ultrasound process until a uniform solution
was obtained. Then, 10 pL of the slurry was dropped onto the carbon paper (CP)
electrode and dried naturally. LSV measurement was recorded from 0 V vs. Ag/AgCl
to -1 V vs. Ag/AgCl with a sweep rate of 10 mV/s. EIS measurement was performed at
-0.3 V in the range of 0.1-100 kHz.

Determination of NH;

The general indophenol blue method was employed for the detection of NHj
concentration!. 50 pL of the oxidizing solution containing NaClO (pCl = 4-4.9) and
NaOH (0.75 M), 50 pL of catalyst solution containing 1wt% Na,[Fe(CN)sNO]-,H,0,
and 500 pL of coloring solution containing 0.4 M C;H¢O3 and 0.4 M NaOH solution
was added into 4 mL reacted electrolyte in turn. After full-color rendering, the
absorbance of electrolytes was recorded at A = 697 nm. Besides, a series of standard
NH,CI solutions were used to calibrate the concentration—absorbance curves and the
fitting curve is y = 0.243x + 0.054, R?> = 0.999 (Fig. S5).

NH; yield rate is calculated by:

NHj; yield rate = (Cnpact X V) / (t X A) 2)
Faradaic efficiency is calculated by:

Faradaic efficiency = (3FxCypaci V) /Q 3)
where Cypac 1S the measured concentration of NH3, V is the electrolyte volume, t is the
potential applied time, A is the surface area of the working electrode, F is the Faraday

constant and Q is the quantity of total charge during NRR.
Determination of N,H,

The Watt and Chrisp method was employed to detect the possible N,H, in the
electrolyte?. Firstly, prepare the color reagent: mixing 5.99 g of p-CoH;;NO, 30 mL of
HCI and 300 mL of C,HsOH together. 5 mL color reagent was added into 5 mL reacted
electrolyte. After full-color rendering, the absorbance of electrolytes was recorded at A
= 457 nm by spectrophotometer. A series of standard N,H, solutions were used to

calibrate the concentration—absorbance curves and the fitting curve is y = 5.654x +



0.0246, R? = 0.9997 (Fig. S7).
Determination of NOj3-

Firstly, 0.1 mL of 1.0 M HCI was added into 5 mL sample solutions. Then, after
standing for 5 min, the absorbance of electrolytes was measured by spectrophotometer
at a wavelength range from 190 to 300 nm. A series of standard NOs- solutions were
used to calibrate the concentration—absorbance curves (0.1, 0.2, 0.5, 1.0, 1.5, 2.0, 2.5,
3.0, 4.0 and 5.0 pug mL-! LiNO; standard solutions) and the fitting curve is y = 0.0571x
+ 0.0054, R? = 0.999, which is recorded with the absorbance value difference at 220

nm and 275 nm as y axis and the concentration of NO;™ as x axis. (Fig. S8).
Determination of NO,-

The Griess-llosvay reaction was employed to detect the possible NO, in the
electrolyte. Firstly, prepare the color reagent A and B respectively: Reagent A: 0.5 g of
sulfanilamide was dissolved in 50 mL solution consisting of 2.0 M HCI; Reagent B: 50
mg of N-(1-Naphthyl) ethylenediamine dihydrochloride was dissolved in 50 mL of DI
water. Secondly, 0.1mL reagent A was added into 5 mL sample solutions, and keep
shanking and standing the sample solution for 10 min. Then 0.1 mL of reagent B was
added and the mixed solution was shaken up and stand for 30 min. Finally, after full-
color rendering, the absorbance of electrolytes was measured by spectrophotometer at
a wavelength range from 400 to 700 nm. A series of standard NO;" solutions were used
to calibrate the concentration—absorbance curves (10, 20, 30, 40, 50, 60, 80 and 100 pg
L) and the fitting curve is y = 0.0011x + 0.0019, R?> = 0.9985, which is recorded with
the absorbance value difference at 540 nm and 650 nm as y axis and the concentration

of NO,™ as x axis. (Fig. S9).
Characterization

X-ray diffractometer (X’Pert PRO MPD) was employed to characterize
the phase structure of samples with Cu Ko radiation (A = 1.15406 A). A photoelectron
spectrometer (Thermo/ESCALAB250Xi) was adopted to analyze the elemental
composition of samples with Al Ka radiation (1486.60 eV) as the excitation source.

The morphologies and structure of samples were investigated by SEM (SU8020) and



TEM (JEM-2100F) measurements. UV-visible absorption spectroscopy was measured

on a UV 1800 spectrophotometer.
Computational details

Spin-polarized DFT calculations were performed using the Vienna ab initio
simulation package (VASP)> “. The generalized gradient approximation proposed by
Perdew, Burke, and Ernzerhof (GGA-PBE) is selected for the exchange-correlation
potential®>. The pseudo-potential was described by the projector-augmented-wave
(PAW) method®. The geometry optimization is performed until the Hellmann—-Feynman
force on each atom is smaller than 0.02 eV-A-!. The energy criterion is set to 107 eV
in iterative solution of the Kohn-Sham equation. A 0.04 2n/A K-mesh resolution was
applied for the geometry optimization. A higher K-mesh resolution was used for the
calculation of density of states. A plane-wave kinetic-energy cutoff of 450 eV was
applied. GGA+U method was used for the evaluation of DOS. U= U —J =2.5 eV and
J=1.0 eV were set for Fe 3d orbitals’. The heterojunction was constructed from

FeS,(111) plane and MoS,(001) surface.
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Figure S1. The XRD patterns of FeS,/MoS, powders with different mole ratios (Fe:
Mo)



Figure S2. SEM images of different samples, (a) MoS,, FeS,/MoS, samples (b) Fe:
Mo= (1:2), (c¢) Fe: Mo= (1:1), (d) Fe: Mo=(2:1)

Figure S3. TEM images of different samples, (a) MoS,, (b)FeS,/MoS,(1:1)



Figure S4. HRTEM image of as-fabricated MoS,
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Figure S5. (a) The absorbance of a series of standard solutions for NHj;, (b) the

corresponding fitting curve
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Figure S6. UV—vis absorption spectra of the electrolytes under different potentials
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Figure S7. (a) The absorbance of a series of standard solutions for N,H,4, (b) the

corresponding fitting curve
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Figure S8. (a) The absorbance of a series of standard solutions for NOj-, (b) the
corresponding fitting curve, (c) UV—vis absorbance of electrolyte for NO;3™ detection under

different conditions
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Figure S9. (a) The absorbance of a series of standard solutions for NO,-, (b) the
corresponding fitting curve, (c¢) UV—vis absorbance of electrolyte for NO,~ detection under

different conditions
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Figure S10. UV—vis absorption spectra of the electrolytes from anodic and cathodic cell



Table S1. The element composition in FeS,/MoS,(1:1) sample

Name Position At.%
O 1s 532.08 15.38
Cls 285.08 20.17
S2p 163.08 45.17
Fe 2p 708.08 1.24
Mo 3d 229.08 18.04

Table S2. The comparison of the NRR performance with the relevant Mo-based catalyst

Catalysts Conditions NH; yield rate FE Ref.
(%)

FeS,/MoS, 0.1M Na,SOy | 2.59 pmol-h'!-mg! 4.63% | This
nanosheets (44.03 pg-h-mg! ) work
MoS,-rGO 0.1 M LiClOy4 | 24.82 ug-h'mg!, 4.58% |8
MoS,-Fe 0.1 M Na,SOy4 | 20.11 pg-h'mg1 . 15.72% | °
VS-MoS, 0.1 M Na,SOy | 29.55 pg-h™''mg, ! 4.58% |10
Fe-MoS, 0.5 M K,SO4 | 8.63 pg-h l'mge, ! 18.8% | M
Fex(MoOy); 0.1 M Na,SO, | 7.5 pg-h--mgey ! 1.0% |©
MoS, QDs 0.5 M LiCIO;4 | 39.6 ug h'! mg! 12.9% |13
MoS,@Fe(OH);/CC | 0.1 M NaySOy4 | 423 x 102 mol s'ecm™2 | 2.76% | 14
FeS,—MoS, 0.1 M KOH 7.1x10* umol-s!-cm 4.6% 15
FeS@MoS,/CFC Na,SO, 8.45 ug-hl-cm™ 2.96% | 1'°
MoS,-800 0.l MHCl  |[23.38 pg-h 'mgey 17.9% |17
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