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S1 Experimental Section
S1.1 Materials 
Pyrrole (Py) (≥98.0%), bromoethane (≥98.0%), allyl chloride (≥98.0%) and high-purity graphite powder (≥99.85%) are chemical grade, purchased from Sinopharm Chemical Reagent Co. Ltd., while KOH was guaranteed reagent (GR). Nafion perfluorinated resin solution (Nafion, 5 wt% in lower aliphatic alcohols and water) was purchased from Aldrich. N-vinyl imidazole was purchased from Yancheng Medical Chemical Factory (China), which was distilled under vacuum before use. All the other reagents were analytical grade and used without further purification, such as KMnO4 (Tianjin Baishi Chemical Co. Ltd, ≥99.5%), FeCl3·6H2O (≥99.0%) and thioacetamide (TAA, ≥99.0%) (Sinopharm Chemical Reagent Co. Ltd.), K2PbCl6 (Pd = 26.2%) and 2,2-azobisisobutyronitrile (AIBN) (≥98.0%) (Aladdin reagent (Shanghai) Co., Ltd.), ethanol (≥99.7%) and NaHCO3 (≥99.5%) (Tianjin Damao Chemical Factory), dimethyl formamide (DMF) (≥99.5%) and NaNO3 (≥99.0%) (Tianjin Beilian Fine Chemicals Development Co., Ltd.), H2O2 (Shenyang Xinhua Reagent Factory, ≥30.0%). Ultra-pure water was purchased from Wahaha Group Co., Ltd. (Hangzhou, China).
S1.2 Preparation of GO, PPy/GO and PVEIB/PPy/GO Nanosheets
GO were obtained and purified by Hummers method [S1]. PPy/GO nanosheets were prepared by a typical ultra-sound way [S2], where the mass ratio of GO and Py was 1:1. PVEIB/PPy/GO nanosheets were prepared by our previous method [3]. Firstly, vinyl radicals were fixed on the surface of PPy/GO as our previous report [S4], and then VEIB (synthesized according to the previous literature [S5]) were polymerized on their surface, obtaining PVEIB/PPy/GO nanosheets. The black products were collected by centrifugation, washed several times with water and ethanol, finally dried under vacuum at 45 °C for 24 h.
S1.3 Preparation of GCE Modified by the Electrocatalysts Based on PdS2
The glassy carbon electrode (GCE) modified by the electrocatalysts based on PdS2 was prepared by the same method. Taking PdS2 nanoplates as an example, the PdS2 nanoplates suspension was prepared by adding 1.5 mg of PdS2 nanoplates into 460 L ethanol mixed with 40 L Nafion perfluorinated resin solution, and ultrasound dispersed evenly for 5 min. Then, 5 μL of suspension were dropped on the surface of a GCE ( = 3 mm) to form a layer and drying in the environment. The modified GCE was used as the working electrode for linear sweep voltammetry (LSV) and cyclic voltammetry (CV) measurement. 
S1.4 Characterizations and Apparatus 
The morphology and size of all samples, such as PdS2, PdS2@GO, PdS2@PPy/GO and PdS2@PVEIB/PPy/GO, were assessed by using a Hitachi SU-8010 field emission scanning electron microscope (FESEM) working at 10 kV. Transmission electron microscopy (TEM) image and high-resolution TEM (HRTEM) image of PdS2@PVEIB/PPy/GO were determined by FEI Talos F200X G2 transmission electron microscope equipped with a CCD camera at an acceleration voltage of 200 kV. The element mapping analysis of PdS2@PVEIB/PPy/GO was also determined by FEI Talos F200X G2 transmission electron microscope with an energy-dispersive X-ray spectrometer (Super-X EDS). A JEM-2100 electron microscope (JEOL, Japan) equipped with a CCD camera at an acceleration voltage of 200 kV was used to obtain the TEM and HRTEM images of PdS2, PdS2@GO and PdS2@PPy/GO, as well as the selected area electron diffraction (SAED) patterns of all samples. The electron diffraction (ED) patterns of PdS2 and PdS2@PVEIB/PPy/GO were also simulated using the CaRIne Crystallography 3.1 and compared with those obtained by the interpretation. X-Ray Diffraction (XRD) patterns were obtained with a D8 AXS diffractometer (Bruker, GER) using Cu Kα radiation. Analysis of the X-ray photoelectron spectra (XPS) was performed on a Kratos Axis Ultra DLD electron spectrometer using a monochromatic Al Kα source operated at 150 W. The weight content of Pd element in all of samples were determined by an inductively coupled plasma-optical emission spectrometry (ICP-OES, Agilent 5110, Agilent, USA) after concentrated acids (HNO3:H2O2=7:1, v/v) digestion. High energy resolution fluorescence detected X-ray absorption near-edge (HERFD-XANES) measurements were carried out using the Medium Energy X-ray Absorption Spectroscopy at beamline MEX-2 (monochromatic 1.7 – 3.5 keV). This branch line will offer low energy monochromatic X-rays from either InSb (111) or Si (111) double crystal monochromators at a fixed position and with a maximum beam size of 2 x 5 mm2. Slits can be used to reduce the beam profile on the sample. Fluorescence from the sample is diffracted by a cylindrically bent, Si (111) Johann analyzer in a dispersive Rowland refocusing (DRR) geometry. The variable temperature sample environment can be from 10 to 300 K under helium gas atmosphere and/or vacuum.
S1.5 Nitrate Detection
The produced NO3- was determined by an ion chromatography (IC) (Dionex ICS-900 Starter Line IC System, Thermo Scientific, USA) with an anion column (Dionex IonPac AS19, Thermo Scientific, USA). The standard curve is constructed by measuring a series of specific conductance for the reference solutions with different KNO3 (standard substance, GSB 04-1772-2004) concentrations (0.0 μg mL-1, 0.1 μg mL-1, 0.2 μg mL-1, 0.3 μg mL-1, 0.5 μg mL-1, 1.0 μg mL-1, 2.0 μg mL-1, 3.0 μg mL-1) in KOH. The fitting curve (y = 0.3062x + 0.00233，R2 = 0.9995) shows good linear relation of peak area with KNO3 concentration, where the peak area of KOH is deducted.
S1.6 Nitrite Detection 
The produced NO2- was also determined by an Ion chromatography (IC) (Dionex ICS-900 Starter Line IC System, Thermo Scientific, USA) with an anion column (Dionex IonPac AS19, Thermo Scientific, USA). The standard curve is constructed by measuring a series of specific conductance for the reference solutions with different NaNO2 (standard substance, GSB 04-2839-2011) concentrations (0.1 μg mL-1, 0.2 μg mL-1, 0.3 μg mL-1, 0.5 μg mL-1, 1.0 μg mL-1, 2.0 μg mL-1, 3.0 μg mL-1) in water. The fitting curve (y = 0.3429x - 0.003，R2 = 0.9999) shows good linear relation of peak area with NaNO2 concentration.
S1.7 Computational Formula
The NO3- yield rate was calculated using the following equation:
NO3- yield rate = [NO3-]×V/(m×t)                                     （S1）                                                                    
where [NO3-] is the concentration of the produced NO3-, V is the volume of the electrolyte, t is the chronoamperometry test time and m is mcat. (the mass of the catalyst) or mact. (the mass of the active constituent in catalyst) (for PdS2@PVEIB/PPy/GO, mcat. = mPdS2 + mPVEIB/PPy/GO, and mact. = mPdS2).
The Faradaic efficiency (FE) was obtained by dividing the total charge used for the electrodes by the quantity of electric charge for nitrate production, assuming that five electrons were consumed to produce one NO3- ion. FE was calculated according to the following equation: 
FE = 5×F×[NO3-]×V/(62×Q)                                    (S2)
where F is the Faraday constant (96485 C mol-1), [NO3-] is the concentration of the produced NO3-, Q is the quantity of applied electricity and V is the volume of the electrolyte. 
S1.8 Double Layer Capacitance (Cdl) Measurements: To measure the electrochemical capacitance, the potential was swept between 0.95 to 1.25 V vs. RHE at different scanning rates (12, 14, 16, 18, 20 mV s-1) with an assumption of double layer charging in the potential range. The capacitive currents at 1.09 V vs. RHE were measured and plotted as a function of scanning rate. The linear slope of |Δj| = |ja − jc| against scanning rates was twice the Cdl.
S1.9 Determination of Electrochemically Active Surface Area (ECSA): Assume that the specific capacitance (Cs) for a flat surface was about 40 μF cm−2 for 1 cm2 of real surface area, the ECSA was calculated as follows:
ECSA = Cdl/Cs                                                         (S3)                                                                                                                                                                            

S1.10 Electrochemical in situ Attenuated Total Reflection Surface-enhanced Infrared Absorption Spectroscopy (ATR-SEIRAS)
The surface enhanced infrared absorption spectroscopy (SEIRAS) with the attenuated total reflection (ATR) configuration was employed. A Thermo Nicolet 8700 spectrometer equipped with MCT detector cooled by liquid nitrogen was employed for the electrochemical ATR-SEIRAS measurements. Chemical deposition of Au thin film (~60 nm) on the Si prism was prepared according to “two-step wet process”. Before chemical deposition of Au, the Si prism surface for IR reflection was polished with Diamond suspension and cleaned in water with sonication. Then the prism was soaked in a piranha solution (7:3 volumetric ratio of 98% H2SO4 and 30% H2O2) for 2 h. 1.5 mg of PdS2 and 40 μL of 6 % polytetrafluoroethylene solution were sonicated in 460 μL of ethanol by ultrasound treatment to generate a homogeneous ink. 30 L of the ink was deposited and dried on the Au-film working electrode, then the ink-coated prism was assembled into a homemade spectroelectrochemical cell as the working electrode, Hg/HgO was used as reference, which was introduced near the working electrode via a Luggin capillary, a Pt mesh (1 cm × 1 cm) was serving as the counter electrode. All spectra were shown in the following equation:
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                                            (S4) 
with Es and ER representing the sample and reference spectra, respectively. The spectral resolution was 4 cm-1 for all the measurements if not otherwise mentioned.
S1.11 Computational Method
We have employed the first-principles tool, Vienna Ab initio Simulation Package (VASP) [S6, S7], to perform all density functional theory (DFT) calculations within the generalized gradient approximation (GGA) using the Perdew-Burke-Ernzerhof (PBE) [S8] formulation. We have chosen the projected augmented wave (PAW) potentials [S9, S10] to describe the ionic cores and take valence electrons into account using a plane wave basis set with a kinetic energy cutoff of 500 eV. Partial occupancies of the Kohn−Sham orbitals were allowed using the Gaussian smearing method and a width of 0.05 eV. For the optimization of both geometry and lattice size, the Brillouin zone integration was performed with a 1 × 1 × 1 Gamma centered sampling [S11]. The self-consistent calculations applied a convergence energy threshold of 10-5 eV. The equilibrium geometries and lattice constants were optimized with maximum stress on each atom within 0.02 eV Å-1. The 17 Å vacuum layer was normally added to the surface to eliminate the artificial interactions between periodic images. The weak interaction was described by DFT+D3 method using empirical correction in Grimme’s scheme [S12, S13]. Spin polarization method was adopted to describe the magnetic system. The Gibbs free energy for each elementary step was calculated as: G = Eelec + EZPE – TS, in which Eelec is the electronic energy at 0 K calculated by DFT, EZPE is the zero-point energy term, and T is the absolute temperature (here 298.15 K). 
S2 Supplementary Figures
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Fig. S1 (a) Ion chromatogram spectra of the standard NO3- concentrations; (b) calibration curve used for calculation of NO3- concentrations
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Fig. S2 (a) Ion chromatogram spectra of the standard NO2- concentrations; (b) calibration curve used for calculation of NO2- concentrations
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Fig. S3 SEM images of (a) GO; (b) PPy/GO and (c) PVEIB/PPy/GO
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Fig. S4 Linear sweep voltammograms of (a) PdS2, (b) PdS2@GO, (c) PdS2@PPy/GO and (d) PdS2@PVEIB/PPy/GO under saturated Ar and N2 in 0.1 M KOH
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Fig. S5 The chronoamperometry curves of (a) PdS2, (b) PdS2@GO, (c) PdS2@PPy/GO and (d) PdS2@PVEIB/PPy/GO obtained at different potentials (vs. RHE)
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Fig. S6 (a) SEM; (b) TEM; (c) HRTEM image (with SAED pattern, inset); (d) XRD pattern of PdS2@GO
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Fig. S7 (a) SEM; (b) TEM; (c) HRTEM image (with SAED pattern, inset); (d) XRD pattern of PdS2@PPy/GO
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Fig. S8 Cyclic voltammetry profiles of (a) PdS2, (b) PdS2@GO, (c) PdS2@PPy/GO and (d) PdS2@PVEIB/PPy/GO at the sweep rates
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Fig. S9 The atomistic structure scheme for describing the reaction pathway of N2 oxidation on the S-vacancy of PdS2 (002)
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Fig. S10 Top and side views of the in situ generated SO42- on a (002) surface of PdS2 monolayer with an S-vacancy
Table S1 Different electrocatalysts synthesized by different supporters with their Pd content determined by ICP and calculated PdS2 loading content
	Label
	Electrocatalyst
	Pd content by ICP (wt%)
	PdS2 loading (wt%)

	a
	GO
	-
	-

	b
	PPy/GO
	-
	-

	c
	PVEIB/PPy/GO
	
	

	d
	PdS2
	-
	100.00

	e
	PdS2@GO
	24.17
	38.76

	f
	PdS2@PPy/GO
	20.74
	33.26

	g
	PdS2@PVEIB/PPy/GO
	22.14
	35.51


Table S2 The NOR performance comparison of PdS2@PVEIB/PPy/GO with the well-developed electrocatalysts for the NOR
	Electrocatalyst
	Electrolyte
	Potential (vs. RHE)
	FE (%)
	NO3- yield (μg h-1 mgact.-1)
	Stability
	References

	PdS2@PVEIB/PPy/GO
	0.1 M KOH
	2.05
	7.36
	93.91
	12
	This work

	Pd-s PNSs
	0.1 M KOH
	1.75
	2.5
	18.6
	72
	[S14]

	ZnFeCoO4
	1 M KOH
	1.6
	10.1
	8.06
	24
	[S15]

	Ru/TiO2
	0.1 M Na2SO4
	1.8
	26.1
	9.982
	10
	[S16]

	Pd0.9Ru0.1
	0.1 M KOH
	1.7
	0.61
	4.836
	5
	[S17]

	Fe-SnO2
	0.05 M H2SO4
	1.96
	0.84
	42.904
	10
	[S18]

	Rh nanoparticles
	0.1 M KOH+0.5 M SO42-
	1.9
	-
	10.416
	50
	[S19]

	Ru-Mn3O4
	0.1 M Na2SO4
	2
	6.33
	35.34
	10
	[S20]

	Nanoporous B13C2
	0.1 M Na2SO4
	2.4
	4.17
	165.8
	-
	[S21]

	OPA-PCN-222(Fe)
	0.1 M HCl
	1.6
	70.7
	110.9
	10
	[S22]

	Pd-MXene
	0.01 M Na2SO4
	0.4
	11.34
	2.8
	-
	[S23]

	AD-Fe NS
	0.05 M K2SO4
	2.1
	35.63
	379.44
	10
	[S24]

	Pd/S-TiO2@2-MeIm/PPy/GO
	0.1 M KOH
	2.04
	8.92
	72.69
	12
	[S25]

	FeS2-TiO2@2-MeIm/PPy/GO
	0.1 M KOH
	2.04
	4.38
	137.04
	12
	[S26]

	 D-CeO2/MQDs
	0.1 M KOH
	1.7
	31.80
	71.25
	10
	[S27]

	Sr0.9RuO3 
	0.1 M Na2SO4
	2.2
	38.6
	1109.8
	30
	[S28]


Table S3 The binding energies and assignments for C 1s, N 1s, O 1s, Pd 3d and S 2p in the XPS fitting spectra of PdS2@PVEIB/PPy/GO before and after NOR
	Element
	B. E. (eV) before NOR
	B. E. (eV) after NOR
	Attribution
	Ref.

	C 1s
	284.0
	284.0
	sp2-hybridized carbon
	[S29]

	
	284.7
	284.7
	C-C/C-H, 
	[S30]

	
	285.5
	285.5
	C-N/C=N of Py rings
	[S31]

	
	286.5
	286.5
	C-N+ of Py 
	[S32]

	
	287.5
	287.5
	C-N+ of imidazolium ring
	[S26]

	
	288.8
	288.8
	O-C=O
	[S33]

	
	
	291.8
	CF2 groups in Nafion
	[S34]

	
	
	293.5
	CF3 groups in Nafion
	[S35]

	
	
	292.6
	K+ 2p3/2
	[S36]

	
	
	295.7
	K+ 2p1/2
	[S37]

	N 1s
	398.1
	398.1
	pyridinic-N
	[S38]

	
	400.1
	400.1
	pyrrolic-N
	[S39]

	
	401.5
	401.5
	N+ in the imidazolium ring
	[S40]

	O 1s
	
	530.7
	OH-
	[S41]

	
	531.5
	531.5
	C=O
	[S42]

	
	532.3
	532.3
	Pd 3p3/2
	[S43]

	
	533.2
	533.2
	O−C=O in PPy/GO
	[S44]

	
	534.1
	534.1
	HO-C=O/C-OH
	[S45, S46]

	
	535.6
	535.6
	-SO3-/SO42-
	[S47]

	Pd 3d
	336.9
	336.8
	Pd 3d5/2 of Pd-S bonding mode
	[S48]

	
	342.1
	342.0
	Pd 3d3/2 of Pd-S bonding mode
	[S48]

	
	337.9
	337.9
	Pd 3d5/2 of Pd-O bonding mode 
	[S49]

	
	343.1
	343.1
	Pd 3d3/2 of Pd-O bonding mode
	[S49]

	S 2p
	161.5
	161.4
	terminal S
	[S50]

	
	162.4
	162.3
	S 2p3/2 of Pd-S bonding mode
	[S51]

	
	163.0
	162.9
	S 2p1/2 of Pd-S bonding mode
	[S51]

	
	163.6
	163.5
	S 2p3/2 of bridging S bonding mode
	[S52]

	
	164.4
	164.3
	S 2p1/2 of bridging S bonding mode
	[S53]

	
	166.0
	166.0
	S-O
	[S54]

	
	168.6
	168.6
	SO42-
	[S55]
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