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S1 Experimental Section
S1.1 Synthesis of M-N-RGO (M= Mn, Co, Ni, Cu, Zn, Nb, Cd and Sn)
First of all, metal salts of the same molar ratio were added into the 10 mL deionized water and stirred till solid particle were completely dissolved, respectively. Then, 0.5 g GO (5 mg/mL, 100 mL) was sonication treated for 1 h, and 8 parts were treated in the same way. 1.2 g CO(NH2)2 was added to the dispersion and magnetically stirred for 1h. 10 mL metal salt solution was added to the mixture drop by drop separately and stirred for 2 h at room temperature. The mixture was frozen for 24 h in the refrigerator and treated by freeze-drying method (-60 °C, 0.1 Pa) for 48 h. The above products were put into the tube furnace and carbonized at 800 °C for 1 h at a heating rate of 5 °C /min under Ar atmosphere. The black solids were referred to as M-N-RGO (M= Mn, Co, Ni, Cu, Zn, Nb, Cd and Sn).
[image: ]S2 Supplementary Figures and Tables 
Fig. S1 Microstructural characterization of samples. a, d SEM and TEM images of RGO. b, e SEM and TEM images of N-RGO. c, f TEM images of Fe/RGO (inset: SAED pattern). g, h, i TEM, HRTEM images and EDS elemental mappings of Fe-NPS/Fe-N-RGO
[image: ]Fig. S2 a Fe content in ICP measurement. b XPS survey, high-resolution c C 1s and d O 1s XPS spectrum of RGO, Fe/RGO, N-RGO, Fe-N-RGO and Fe NPs/Fe-N-RGO, respectively
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Fig. S3 FTIR spectra of RGO, Fe/RGO, N-RGO, Fe-N-RGO and Fe NPs/Fe-N-RGO, respectively
[image: ]Fig. S4 The corresponding EXAFS fitting curves of Fe foil a, b and FePc c, d at k space and R space, respectively
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Fig. S5 a, c N2 adsorption-desorption isotherms and b, d the corresponding pore size distribution of N-RGO and Fe-N-RGO
[image: ]Fig. S6 a Real part (µ') and b imaginary part (µ") of permeability of RGO, Fe/RGO, N-RGO, Fe-N-RGO and Fe NPs/Fe-N-RGO, respectively. c Magnetic hysteresis loops of Fe/RGO, Fe-N-RGO and Fe NPs/Fe-N-RGO
Due to the low Fe content (0.86 ~3.3 wt%) in Fe/RGO, Fe-N-RGO and Fe NPs/Fe-N-RGO, the μ' and μ" values of all samples are ≈1 and ≈0 (Fig. S5) with a low filler loading of only 1 wt%. The saturation magnetization (Ms) values are about 0, indicating that Fe has no obvious magnetic loss at the measured frequency in the alternating EM field.
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Fig. S7 RL curves with different thickness and frequency of a RGO, b Fe/RGO, c N-RGO, d Fe-N-RGO and e Fe NPs/Fe-N-RGO

[image: ]Fig. S8 a σ and b-f Cole–Cole plots of RGO, Fe/RGO, N-RGO, Fe-N-RGO and Fe NPs/Fe-N-RGO
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Fig. S9 Impedance match (Z) of RGO, Fe/RGO, N-RGO, Fe-N-RGO and Fe NPs/Fe-N-RGO
The impedance matching ratio (Z) of samples can be calculated as:
                           (S1)
                     (S2)
 represents the material′s intrinsic impedance and  is the free space impedance. The closer the Z value of the absorbing material is to 1, the better the impedance matching, so that more electromagnetic waves enter the material.
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Fig. S10 RL values, calculated and experimental values of matching thicknesses tm under λ/4 condition, impedance matching values for a N-RGO and b Fe-N-RGO over 2-18 GHz
[image: ]Fig. S11 a µ', b µ", c tanδμ, d σ e εc″ and f εp″ of M-N-RGO composites (M= Mn, Fe, Co, Ni, Cu, Zn, Nb, Cd and Sn)
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Fig. S12 2D color-mapping RLvalues with different thickness of Cu-N-RGO a and Zn-N-RGO b. c Z and d α of M-N-RGO composites (M= Mn, Fe, Co, Ni, Cu, Zn, Nb, Cd and Sn)
[image: ]Fig. S13 DOS and PDOS of M-N-Graphene composites (M= Mn, Fe, Co, Ni, Cu, Zn, Nb, Cd and Sn)

Table S1 EXAFS fitting structural parameters at the Fe K-edge of Fe foil, FePc and Fe-N-RGO
	Sample
	Path
	C.N.
	R(Å)
	σ2(Å2)
	ΔE0 (eV)
	R factor

	Fe foil
	Fe-Fe
	8*
	2.46±0.01
	0.0053±0.0010
	4.1±0.5
	0.0092

	
	Fe-Fe
	6*
	2.85±0.01
	0.0049±0.0011
	4.6±0.8
	

	FePc
	Fe-N
	4.0±0.4
	1.97±0.01
	0.0058±0.0017
	-0.2±0.5
	0.0075

	Fe-N-RGO
	Fe-N
	3.9±0.4
	1.98±0.01
	0.0162±0.0020
	-1.8±0.5
	0.0032


C. N. is the coordination number; R is interatomic distance; σ2 is Debye-Waller factor (the Mean Square Relative Displacement (MSRD)); ΔE0 is inner potential correction. R factor is used to value the goodness of the fitting.


Table S2 The optimal EMWA properties of reported N-doped RGO-based EM absorbers
	EM absorbers
	Mass Ratio (wt%)
	EAB
	RL
	Refs.

	
	
	EABmax (GHz)
	d (mm)
	RLmin (dB)
	d (mm)
	

	N-rGO@CNTs
	2
	7.1
	2.6
	-49.4
	2.6
	[S1]

	CoP/NC@rGO
	4
	7
	2.71
	-67.5
	2.14
	[S2]

	N-doped-rGO/g-C3N4
	5
	4.56
	1.6
	-49.59
	1.6
	[S3]

	AgNWs@NGA
	5
	3.5
	2.66
	-79.99
	2.66
	[S4]

	NGAs
	6
	6.8
	2.35
	-56.4
	2.0
	[S5]

	rGO/N-C/FeNi
	8
	6.88
	2.2
	-68.87
	2.5
	[S6]

	N-rGA/Ni
	10
	5.1
	2.1
	-60.8 
	2.1
	[S7]

	NiO/NiFe2O4@N-rGA
	15
	6.58
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]1.93
	-57.7
	1.93
	[S8]

	NRGO/CoFe2O4
	15
	5.2
	1.8
	-44.7
	1.8
	[S9]

	CoFe2O4/N-rGO
	20
	6.48
	2.2
	-60.4
	2.1
	[S10]

	LaFeO3/N-rGO
	20
	6.72
	2.83
	-64.5
	2.83
	[S11]

	FeCo@NC/NCR/rGO
	20
	5.28
	1.66
	-59.42
	1.42
	[S12]

	NS-rGO/Fe3O4/C
	20
	5.04
	2.7
	-46.33
	2.7
	[S13]

	NRGO/MgFe2O4
	25
	4.8
	2.0
	-48
	2.0
	[S14]

	ZnO/CuO/N-RGO
	25
	2.8
	2.8
	-17.1
	2.8
	[S15]

	Fe-Co/NC/rGO
	25
	9.29
	2.63
	-43.26
	2.5
	[S16]

	γ-Fe2O3@N-rGO/MWCNT
	25
	3.4 
	3.5
	-59.2
	4.98
	[S17]

	Cu/NC@Co/NC
	35
	5.19
	2.5
	-54.13
	3
	[S18]

	CoFe@NC/rGO
	35
	4.48
	1.7
	-53.0
	2.4
	[S19]

	Fe4N/N-rGO
	50
	5.27
	1.61
	-53.1
	1.6
	[S20]

	FePc/N-rGO
	60
	4.2
	3.8
	-49.3
	3.8
	[S21]

	N-RGO
	1
	6.41
	2.16
	-45.27
	3.5
	This work

	Nb-N-RGO
	1
	4.96
	2.19
	-43.31
	2.0
	This work

	Zn-N-RGO
	1
	5.16
	2.16
	-48.33
	4.0
	This work

	Fe-N-RGO
	1
	7.05
	1.89
	-74.05
	2.0
	This work
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