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[bookmark: _Toc524410757]Supplementary Table S1: Geometrical features of the MoNx phases reported in the literature. 
	Mo-N system
	Structure and space group
	Lattice parameters (Å)
	References

	γ-MoNx (x~0.5)
	fcc rock salt , 
	a = 4.16
	High-pressure–high-temperature synthesis (Bull et al., 2006)

	Mo2N
	fcc 
	a = 4.16–4.19
	Reactive DC sputtering (Ihara et al., 1985)

	γ-Mo2N
	Fcc
	a = 4.124
	Pulsed laser irradiation (Wu et al., 1997)

	c-Mo2N
	Fcc
	a = 4.2
	Plasma immersion ion implantation (Mändl et al., 2004)

	β-Mo2N
	Body centred tetragonal phase a space group of I41/amd
	a = 4.16
c = 8.0
	Plasma immersion ion implantation (Mändl et al., 2004)

	β-Mo2N0.85
	Tetragonal
	a = 4.199
c = 7.996
	Reactive DC magnetron sputtering (Stöber et al., 2015)

	β-Mo2N
	Tetragonal
	a = 4.18
c = 7.99
	Expanding plasma microwave discharge (Jauberteau et al., 2009)

	β-Mo16N7
	Tetragonal
	a = 8.4
c = 8.0
	Heat treatment of calcium nitride and molybdenum (Karam and Ward, 1970)

	MoN(0.5-1) 
	Cubic
	 a = 4.16–4.28
	LDA -DFT(Lowther, 2004)

	δ1-MoN
	Hexagonal WC typem2
	a = 2.868
c = 2.810
	Plasma-enhanced chemical MoCl5 (Ganin et al., 2006)

	δ3-MoN
	Hexagonal NiAs-type P63mc
	a = 5.73
c = 5.62
	GGA–DFT (Kanoun et al., 2007)

	Mo5N6
	Hexagonal WC and NiAs structures
	a = 4.89
c = 11.06
	Ammonolysis of MoS2 (Ganin et al., 2006).

	δ3-MoN
	Hexagonal NiAs-type P63mc
	a = 5.71
c = 5.62
	LDA–DFT (Kanoun et al., 2007)

	δ1-MoN
	Hexagonal WC-like structure with space group m2
	a = 2.86
c = 2.84
	GGA–DFT (Zhao et al., 2010)

	B1-MoN
	Cubic NaCl-type structure with space group of
	a = 4.25
	PAW–DFT (Papaconstantopoulos et al., 1985)

	Mo5N6
	Filled 2H-MoS2 structure
	a = 4.893
c =11.06
	Ammonolysis of MoS2 (Marchand et al., 1999)
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Supplementary Figure S1: Typical crystalline structures of metallic molybdenum (bcc) and molybdenum nitride (fcc) unit cells. Light blue and dark blue spheres denote Mo and N atoms, respectively.
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[bookmark: _Toc524205715]Supplementary Figure S2: Structural configurations of H–MoN2, Td–MoN2, H–MoN2-H2, and Td–MoN2–H2 sheets. White spheres correspond to H atoms (Wang and Ding, 2016). Reproduced with permission from the Royal Society of Chemistry. 
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Supplementary Figure S3: Evolution of MoNx phases during MoS2 reduction by NH3 at various temperatures (Sun et al., 2018). Reproduced with permission from John Wiley and Sons.
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[bookmark: _Toc524205724]Supplementary Figure S4: Pathways to Mo–N and Mo–C phases via temperature programmed reaction (TPR) of MoO3 (Claridge et al., 2000). Reproduced with permission from the American Chemical Society. 
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Supplementary Figure S5: Hydrogen uptakes of Mo2N at 673 K, redrawn from Li et al. (1996).
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Supplementary Figure S6: Comparison of the BET surface areas and O2 uptakes following pre-treatment in flowing H2 at 673 K during three hours’ uptake at 298 K (red squares) and 195 K (green squares) (Choi et al., 1992). Reproduced with permission from Elsevier. 
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[bookmark: _Toc524205730]Supplementary Figure S7: Reaction rate constants of hydrogen evolution over transition metal carbides and nitrides during electrocatalysis, plotted as functions of inverse temperature (Neylon et al., 1999). Reproduced with permission from Elsevier. 
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[bookmark: _Toc524205733]Supplementary Figure S8: HDS reaction routes of dibenzothiophene over Co-promoted molybdenum nitride (Co–Mo–N) catalysts proposed by Liu et al. (2002). DDS: direct desulfurization, HYD: hydrogenation. Reproduced with permission from the American Chemical Society. 
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Supplementary Figure S9: HDS activities of carbides, nitrides, and (for comparison) NiMo/Al2O3 at 643 K and 3.1 MPa. The liquid hourly space velocity (LHSV) was 5 h-l (Ramanathan and Oyama, 1995). Reproduced with permission from the American Chemical Society. 
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[bookmark: _Toc524205735]Supplementary Figure S10: HDN activities of carbides, nitrides, and (for comparison) NiMo/Al2O3 at 643 K and 3.1 MPa. The LHSV was 5 h-l (Ramanathan and Oyama, 1995). Reproduced with permission from the American Chemical Society. 
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