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[bookmark: _Toc166155909]Figure S1. SEM images of (a) fresh FexN and (f) 32 h spent FexN. EDS color mapping images of (b-e) fresh FexN and (g-j) 32 h spent FexN.
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[bookmark: _Toc166155910]Figure S2. TEM images and EDS color mapping images of (a-f) fresh FexN and (g-k) 32 h spent FexN. 




[bookmark: _Toc166155911]Figure S3. XPS survey spectra of fresh Fe2.5N, 2 h spent Fe2.5N, and 32 h spent Fe2.5N.





[bookmark: _Toc166155912]Figure S4. XPS high-resolution spectra of the (a) Fe 2p and (b) O 1s regions of the fresh Fe2.5N, 2 h spent Fe2.5N, and 32 h spent Fe2.5N.




[bookmark: _Toc166155913]Figure S5. Ar-TPD-MS spectra of fresh Fe2.5N, pure Ar gas was used for Ar-TPD. The outlet gas was connected to the MS for the real-time observation. N2 MS signal: m/z=14.




[bookmark: _Toc166155914]Figure S6. Conversion of isopropanol and the yields of main products using Fe2.5N at 250 ℃ and 10 bar total pressure with 30 mL/min Ar and 30 mL/min H2 flow. IPO bubbling chamber temperature is 25 ℃ (equivalent flow rate: 1.438*10-5 mol/min).




[bookmark: _Toc166155915]Figure S7. Accumulated chemicals amount and conversion of N in Fe2.5N at different temperatures with 5 bar H2 partial pressure.




[bookmark: _Toc166155916]Figure S8. Conversion of isopropanol or acetone to isopropylamine at different temperatures. Accumulated chemicals amount represents the obtained chemicals amount within the first 300 min. Conversion of N in Fe2.5N = . Total flow rate is 60 mL/min, and the total pressure is 10 bar. IPO bubbling chamber temperature is 25 ℃ (equivalent flow rate: 1.438*10-5 mol/min).




[bookmark: _Toc166155917]Figure S9. DRIFTS spectra of adsorbed NH3 at various temperatures over fresh Fe2.5N. Ammonia was injected at 50 ℃, and spectrums were collected under Ar purging flow when increasing temperature to 200 ℃.




[bookmark: _Toc166155918]Figure S10. DRIFTS spectra of isopropanol, isopropylamine and acetone adsorption on fully spent Fe2.5N at Ar atmosphere at 25 ℃.
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[bookmark: _Toc166155919]Figure S11. SEM image and EDX mapping images (a-c), TEM image and EDX mapping images (d-f) of N2-nitridated FexN.


[bookmark: _Toc166155920]Table S1. Summary of some existing amination reaction systems.
	Ref
	Catalyst
	Reaction
	T (℃)
	Yield (%)
	NH3 : substrate
	N utilization efficiency (%)

	1
	Ru/ZrO2
	Glycolaldehyde to ethanolamine
	85
	94
	14.7
	6.4

	2
	Ru/Nb2O5
	Furfural to furfurylamine
	90
	99
	16
	6.2

	3
	Ru/CNT
	Lactic acid to alanine
	220
	62
	73.5
	0.8

	4
	Ru/C
	Isomannide to monoamine or diamine
	170
	45
	11.8
	3.8

	5
	Ru NPs
	1-Octanol to 1-Octylamine
	180
	80
	17
	4.7

	6
	Ru1Ni7/MgO
	Lactic acid to alanine
	220
	6.2
	26.5
	0.2

	7
	Pt/graphite
	Butyraldehyde to butylamine
	50
	83
	16.5
	5.0

	8
	Pt/ZrO2
	Trilaurin to dodecylamine
	220
	59
	150
	0.4

	9
	Rh/α- Al2O3
	Butyraldehyde to butylamine
	80
	66.2
	11.3
	5.9

	10
	Rh/Al2O3
	Furfural to furfurylamine
	80
	91.5
	33.3
	2.7

	11
	Pd/C
	Dodecanol to dodecylamine
	200
	96.5
	64.6
	1.5

	12
	Au/TiO2 + Cu/SiO2 
	Benzyl alcohol to benzylamine
	225
	95
	40
	2.4

	13
	Ag-Co/Al2O3
	1-Octanol to 1-Octylamine
	200
	78
	21
	3.7

	14
	Co-DABCO-TPA@C
	Acetophenone to phenethylamine
	120
	87
	121.1
	0.7

	15
	Ni/Al2O3
	Furfural to furfurylamine
	100
	92
	21
	4.3

	16
	Ni@C/Al2O3
	5-Hydroxymethylfurfural to 5-Hydroxymethylfurfurylamine
	30
	96
	14
	6.9





[bookmark: _Toc166155921][bookmark: _Hlk164638846]Table S2. C, N, O, and Fe element content of fresh FexN, spent FexN, N2-nitridated FexN, spent N2-nitridated FexN obtained by TEM-EDS mapping and SEM-EDS mapping.
	
	Particles
	C (wt.%)
	N (wt.%)
	O (wt.%)
	Fe (wt.%)

	TEM-mapping
	Fresh FexN
	2.99
	5.94
	1.19
	89.88

	
	32 h Spent FexN
	5.98
	-0.23
	1.72
	92.53

	
	N2-nitridated FexN
	7.30
	0.11
	2.02
	90.58

	
	Spent N2-nitridated FexN
	5.36
	-0.31
	0.96
	93.99

	SEM-mapping
	Fresh FexN
	23.44
	8.21
	4.34
	64.01

	
	32 h Spent FexN
	7.31
	0.09
	3.72
	88.89

	
	N2-nitridated FexN
	4.43
	0.53
	1.76
	93.27

	
	Spent N2-nitridated FexN
	5.57
	-0.12
	1.33
	93.22





[bookmark: _Toc166155922]Table S3. BET surface area of iron nitrides. 
	[bookmark: _Hlk135838380]Catalyst
	BET specific surface area (m2 g-1)

	Fresh FexN
	14

	32 h Spent FexN
	12

	5 h Spent FexN
	11





[bookmark: _Toc166155923]Table S4. Fe 2p, N 1s, and O 1s binding energies (eV) and relative peak area obtained by XPS of fresh Fe2.5N, 2 h spent Fe2.5N, and 32 h spent Fe2.5N.
	
	Fe
	N
	O

	Particles
	B.E. (eV)
	State
	Rel. area (%)
	B.E. (eV)
	State
	Rel. area (%)
	B.E. (eV)
	State
	Rel. area (%)

	Fresh Fe2.5N
	706.8, 719.8
	FexN/Fe0
	12.5, 7.5
	396.7
	Fe-N
	35.6
	529.7
	Fe-O
	20.7

	
	709.0, 711.3, 723.0, 728.2
	Fe-O/Fe-O-N
	30.5, 13.8, 17.7, 6.9 
	397.6
	Fe-O-N
	27.6
	530.7
	Fe-O-N
	10.2

	
	716.3, 734.2
	Fe sat.
	3.8, 7.5
	399.1
	NH3 ad
	36.9
	532.2
	H2O ad
	69.1

	2 h Spent Fe2.5N
	707.1, 720.0
	FexN/Fe0
	5.2, 7.0
	396.7
	Fe-N
	55.8
	529.8
	Fe-O
	36.2

	
	710.7, 714.1, 724.2, 727.1
	Fe-O/Fe-O-N
	39.2, 10.2, 17.7, 9.7
	397.8
	Fe-O-N
	23.5
	531.2
	Fe-O-N
	41.7

	
	717.8, 733.2
	Fe sat.
	3.6, 7.4
	399.1
	NH3 ad
	20.77
	532.4
	H2O ad
	22.1

	32 h Spent Fe2.5N
	706.3, 720.4
	FexN/Fe0
	4.0, 4.6
	---
	---
	---
	529.6
	Fe-O
	41.4

	
	710.4, 714.8, 723.6, 726.4
	Fe-O/Fe-O-N
	49.0, 6.7, 17.2, 7.9
	---
	---
	---
	531.0
	Fe-O-N
	39.1

	
	718.5, 732.8
	Fe sat.
	4.9, 5.8
	---
	---
	---
	532.4
	H2O ad
	19.5





[bookmark: _Toc166155924][bookmark: _Hlk164638897]Table S5. C, H, N element content obtained by elemental analysis of different particles. The reaction was conducted at 250 ℃.
	Particles
	Reaction time (hrs.)
	PH2 (bar)
	N (wt.%)
	H (wt.%)
	C (wt.%)

	Fresh Fe2.5N
	---
	---
	9.07
	0.00
	0.36

	Spent Fe2.5N
	2
	5
	1.57
	0.00
	0.55

	Spent Fe2.5N
	5
	5
	0.24
	0.00
	0.32

	Spent Fe2.5N
	32
	5
	0.09
	0.09
	0.39

	Spent Fe2.5N
	5
	3
	0.25
	0.00
	0.33

	Spent Fe2.5N
	5
	1
	0.31
	0.00
	0.37

	N2-nitridated FexN
	---
	---
	0.10
	0.00
	0.00

	Spent N2-nitridated FexN
	6
	10
	0.00
	0.00
	0.00





[bookmark: _Toc166155925]Table S6. Values of the Mössbauer hyperfine parameters, derived from the least-square fitting of the Mössbauer spectra of the fresh Fe2.5N and spent Fe2.5N of 2 h, 5 h, and 32 h. 
	Sample
	δa (mm/s)
	Δb (mm/s)
	Hc (T)
	Line width
	Aread (%)
	Assignmente

	Fresh Fe2.5N
	0.24
	0.13
	20.78
	0.78
	26.11
	γ-Fe4N

	
	0.40
	0.27
	--
	0.62
	73.89
	ε-Fe2.1N

	2 h Spent Fe2.5N
	0.024
	--
	32.95
	0.30
	100
	α-Fe

	5 h Spent Fe2.5N
	0.0018
	--
	33.01
	0.30
	100
	α-Fe

	32 h Spent Fe2.5N
	0.0028
	--
	33.03
	0.33
	100
	α-Fe


aδ is the isomer shift.
bΔ is the quadrupole splitting.
cH is the hyperfine magnetic field.
dArea is the relative spectral area of individual spectral components identified during fitting. 
eThe spectra were recorded at 298 K.


[bookmark: _Toc166155926]Table S7. IR band assignments for isopropanol absorbed over Fe2.5N.
	Wavenumber (cm-1)
	Assignment 
	Ref

	3656
	O-H stretching
	17

	3566, 3553, 3545, 3528, 3524
	Fe-NHx stretching
	18

	2655
	N-H stretching
	19

	1738
	C=O stretching
	20,21

	1651, 1642
	C=N stretching
	22,23

	1246
	C-N stretching
	23,24

	1625, 1593, 1579~1508, 966, 931
	N-H bending
	22,23,25





[bookmark: _Toc166155927][bookmark: _Hlk164639006]Table S8. N content of N2-nitridated FexN and spent N2-nitridated FexN determined by acid treatment.
	Sample
	Sample amount (g)
	NH4+ conc. in diluted H2SO4 (mg/L) [a]
	N amount (μmol) in 0.5 g sample

	N2-nitridated FexN
	0.50
	2.46
	143.58

	Spent N2-nitridated FexN
	0.50
	n.d.
	n.d.


[a] H2SO4 adsorption solution was 10 times diluted for IC test, and the volume is 10.5 mL.
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