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1. Supplementary Figures
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Fig. S1. (a) SEM image, (b-e) TEM images, (f-i) EDS elemental mapping images of Cu SAs@MoS2 (green, red and blue represent Cu, Mo, and S elements respectively, and scale bar 200 nm). (j) XRD patterns and (k) Raman spectra of MoS2 and Cu SAs@MoS2.
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Fig. S2. SEM image of pure MoS2.
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Fig. S3. TEM images of pure MoS2.
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Fig. S4. TEM images of Cu SAs@MoS2.
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Fig. S5. k3-weighted Fourier-transform EXAFS spectra of Cu SAs@MoS2, Cu foil, Cu2O, and CuO samples under dark condition.
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Fig. S6. The corresponding EXAFS k space fitting curves for Cu SAs@MoS2 under dark condition. 
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Fig. S7. (a, b) Corresponding EXAFS fitting curve and EXAFS k space fitting curves for Cu foil under dark condition. 
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Fig. S8. (a, b) Corresponding EXAFS fitting curve and EXAFS k space fitting curves for Cu2O under dark condition. 
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Fig. S9. (a, b) Corresponding EXAFS fitting curve and EXAFS k space fitting curves for CuO under dark condition.
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Fig. S10. (a, b) Corresponding in situ EXAFS fitting curve and in situ EXAFS k space fitting curves for Cu SAs@MoS2 under light irradiation. 
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Fig. S11. (a) XPS full spectra of Cu SAs@MoS2, (b) Mo 3d spectra of Cu SAs@MoS2, (c) S 2p spectra of Cu SAs@MoS2, (d) Cu 2p3/2 spectra of Cu SAs@MoS2. 
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Fig. S12. (a) UV-vis spectra and of Cu SAs@MoS2 and (b) tauc plots of Cu SAs@MoS2 and MoS2, respectively.
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Fig. S13. Tafel slopes of MoS2 under dark and light conditions. 
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Fig. S14. (a) UV-Vis absorption spectra of indophenol assays with NH4+ after incubated for 2 h at room temperature. (b) Calibration curve used for estimation of NH4+ concentrations.
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Fig. S15. (a) UV-Vis absorption spectra of various N2H4 concentrations after incubated for 15 min at room temperature. (b) Calibration curve used for quantification of N2H4 concentrations.
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Fig. S16. N2H4 yield and FE of N2, N2H4 plots of PMEC and EC NORR of Cu SAs@MoS2.
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Fig. S17. The NH3 yield and corresponding FE under alternating conditions with or without NO in PMEC-NORR at -0.3 V vs. RHE. 
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Fig. S18. The current density of Cu SAs@MoS2 with Ar-saturated electrolyte at -0.3 V vs. RHE under light irradiation
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Fig. S19. The current density of Cu SAs@MoS2 with NO-saturated electrolyte at OCP (open circuit potential) without light irradiation. 
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Fig. S20. Side views of optimized adsorption configurations for NO molecules on MoS2.
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Fig. S21. Top views of optimized adsorption configurations for NO molecules on MoS2.
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Fig. S22. Side views of optimized adsorption configurations for NO molecules on Cu SAs@MoS2.
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Fig. S23. Top views of optimized adsorption configurations for NO molecules on Cu SAs@MoS2.
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[bookmark: _Hlk178573258]Fig. S24. Potential-dependent Operando ATR-FTIR spectra of PMEC-NORR over (a) Cu SAs@MoS2 and (b) MoS2. 
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[bookmark: _Hlk178565668][bookmark: _Hlk178565863][bookmark: _Hlk178565744]Fig. S25. (a) Potential-dependent and (b) time-dependent Operando photo-electrochemical ATR-FTIR spectra of PMEC-NORR over Cu SAs@MoS2. (c) Potential-dependent and (d) time-dependent Operando photo-electrochemical ATR-FTIR spectra of PMEC-NORR over MoS2.
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Fig. S26. LSV curves of Cu SAs@MoS2 with NO atmosphere under light and dark conditions in flow cell.
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Fig. S27. (a) I-t curves under different potential, (b) V-t curves under different current density.
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Fig. S28. (a, b) The experiment of gas flow rate was optimized. (c, d) Current density and cell voltage under different potential.




2. Supplementary Tables

Table S1. The Cu content of different samples.
	Sample
	Cu content (wt%)

	Cu SAs@MoS2
	0.64




Table S2. EXAFS fitting parameters at the Cu K-edge various sample.
	Condition
	Sample
	Path
	CN
	R(Å)
	 2 (Å2)
	R factor

	Dark
	Cu SAs@MoS2
	Cu-S
	3
	2.27
	0.014
	0.0085

	Light 
	Cu SAs@MoS2
	Cu-S
	3
	2.34
	0.007
	0.0141

	[bookmark: _Hlk188325228]

Dark
	Cu foil
	Cu-Cu
	12
	2.54
	0.0086
	0.0039

	
	CuO
	Cu-Cu
	12
	3.06
	0.0032
	0.0120

	
	
	Cu-O
	4
	2.15
	0.0013
	

	
	Cu2O
	Cu-Cu
	12
	3.03
	0.0026
	0.0166

	
	
	Cu-O
	4
	1.85
	0.0029
	


CN is the coordination number; R is the interatomic distance (the bond length between central atoms and surrounding coordination atoms); σ2 is the Debye-Waller factor (a measure of thermal and static disorder in absorber-scatter distances); ΔE0 is the edge-energy shift (the difference between the zero kinetic energy value of the sample and that of the theoretical model). R factor is used to value the goodness of the fitting.



Table S3. Comparison of NH3 yield and FENH3 of Cu SAs@MoS2 catalyst in our PMEC-NORR system with the reported EC-NORR system.
	Catalyst
	NO concentration
	Reactor type
	NH3 Faradaic efficiency (%)
	NH3 yield rate 
	Potential (V vs. RHE) /Current density (mA cm-2)
	Ref.

	Ni2P
	10%
	H-cell

	76.9%
	33.47 μmol h−1 mg−1
	-0.2 V
	1

	HCNF/CP
	10%
	
	88.33%
	22.35 μmol h−1 cm−2
	-0.6 V
	2

	MnO2-x NA/TM
	10%
	
	82.8%
	9.900 μmol h−1 cm−2
	-0.7 V
	3

	MoS2/GF
	10%
	
	76.6%
	99.60 μmol h−1 cm−2
	-0.7 V
	4

	a-B2.6C@TiO2/Ti
	10%
	
	87.6%
	147.0 μmol h−1 cm−2
	-0.9 V
	5

	Cu@Co
	1%
	
	76.54%
	6.15 μmol h−1 mg−1
	-0.5 V
	6

	FeOCl-VCl
	1%
	
	91.1%
	26.79 μmol h−1 cm−2
	-0.5 V
	7

	hcp-RuCo
	1%
	
	99.2%
	4.570 μmol h−1 mg−1
	-0.1 V
	8

	Agn
	1%
	Flow-cell

	~100%
	28.00 μmol h−1 cm−2
	−0.165 V
	9

	Cu@Cu/C NWAs
	3%
	
	85%
	244.5 μmol h−1 mg−1
	-0.5 V
	10

	Fe/C
	10%
	
	50.40
	2379 μmol h−1 mg−1
	-0.6 V
	11

	Cu SAs@MoS2
	10%
	Flow cell
	86.53%
	3228 μmol h−1 mg−1
	100 mA cm-2
	This work
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