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S1 Electrochemical measurement
Linear sweep voltammetry (LSV) was performed at a scan rate of 5 mV/s in the region between 0.2 and 1.1 V (vs. RHE). LSV curves at various rotating speed from 400 to 2500 rpm was carried out to estimate the electron transfer number (n). The electron transfer number (n) was determined by the Koutecky-Levich (K-L) equation:
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Where J is the measured current density, Jk and JL are the kinetic and diffusion-limiting current densities. ω is the angular velocity of the disk, n represents the electron transfer number, F is the Faraday constant (96485 C mol-1), Co is the saturated O2 concentration (1.2×10-6 mol cm-3), D is the diffusion coefficient of O2 (1.9×10-5 cm2 s-1), ν is the kinetic viscosity (0.01 cm2 s-1) and k is the electron transfer rate constant.
Tafel slopes were calculated by the Tafel equation based on LSV data:
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Rotating ring-disc electrode (RRDE) is recognized as a high effective method to calculate the number of electron transferred and yield of hydrogen peroxide.
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where Jd is the disk current, Jr is the ring current, and N is the H2O2 collection coefficient at the ring (0.37).
The mass activity (MA) of the catalyst was calculated using the following equation:
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where J is the measured current density under a potential (V vs. RHE) and Ccat is the quality per unit area of the catalyst (0.4 mg·cm-2 for RDE and RRDE in this work).
The electrochemically active surface area (ECSA) can be calculated according to the equations given below based on CV data:
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Where Q is the quantity of electric charge per unit area, U is the voltage, J is the current density and r is the scan rate, so the double-layer capacitance (Cdl) is the slope of J~r. Cs is the specific capacitance value for a flat standard with 1 cm2 of real surface area. The general value for Cs is between 20 μF·cm-2 and 60 μF·cm-2. Here, Cs is the average value (40 μF·cm-2). SA denotes the intrinsic catalytic capability (turnover frequency, TOF) of catalysts per unit exposed area.
The current density (J) values in this paper were recorded as the ratios of the measured current values to the geometric area of RDE. All LSV curves were carried out with iR compensation.
The accelerated stability was examined by LSV experiments before and after 5000 continuous cycling voltammograms with a scan rate 5 mV/s. Tolerance test to methanol was performed by the i-t chronoamperometric responses at 0.7 V (vs. RHE) by methanol injection into the O2-saturated 0.1 M HClO4 electrolyte at the time of 300 s.
S2 In situ Raman spectra measurements
Raman spectra were recorded with a confocal microprobe Raman system (HORIBA FRANCE SAS LABRAM HR EVO). A 50× long working distance (8 mm) objective was used. The wavelength of the excitation laser was 532 nm from an Ar ion laser (the power was about 13 mW). The electrolyte is O2-saturated 0.1 M KOH solution and 0.1 M HClO4 solution. Each Raman spectrum shown here is acquired after 5 s of reaction in i-t mode.
S3 In situ ATR-FTIR spectra measurements
In situ ATR-FTIR was performed on a Thermo NICOLET iS50 FT-IR spectrometer equipped with a VeeMax III (PIKE technologies) accessory. The electrochemical test was conducted in a custom-made three-electrode electrochemical single cell. A Pt wire and a saturated Ag/AgCl were used as the counter and reference electrodes, respectively. The electrolyte is O2-saturated 0.1 M KOH solution and 0.1 M HClO4 solution. Each IR spectrum shown here is acquired after 5 s of reaction in i-t mode.
S4 Hydrogen-Oxygen fuel cell measurements
Membrane: DuPont NC700; gas diffusion layer: SGL, 28BC. The MEA with an active area 5 cm2 was prepared through a spraying method without hot pressing. Catalyst loading: Sample #1, 4.0 mg cm-2 (total) nonprecious catalysts in cathode and 0.1 mgPt·cm-2 Pt/C (20 wt% Pt/C, Alfa Aesar) in anode; Sample #2, 0.2 mg·cm-2 Pt/C (20 wt% Pt/C, Alfa Aesar) in cathode and 0.1 mgPt·cm-2 Pt/C (20 wt % Pt/C, Alfa Aesar) in anode. Single cell performance: Fuel cell performance of the obtained MEA was performed on a multi-range fuel cell test system (850e, Scribner Associates Inc.) with a back pressure of 1.5 bar. The cell temperature was 353 K. The H2 and O2 flow rates were both 300 ccm at 100% relative humility (RH) for polarization curve measurement.
S5 Zinc-Air Battery assembly and test
An aqueous Zn-air battery was assembled with homemade electrochemical cell frameworks. On the air electrode, the catalyst ink was uniformly coated onto carbon fiber paper at an effective size of 1.0 × 1.0 cm2 and then dried at room temperature. The catalyst loading per area was 0.20 mg·cm-2 unless otherwise stated. A polished Zn plate was used as the anode with the same effective size. The electrolyte was composed of 6 mol·L-1 KOH and 0.2 mol·L-1 zinc acetate. The battery performance measurements were carried out under a constant current charging-discharging process by a Neware CT-4008-5V50 mA-164 laboratory instrument at room temperature. FeMg-N-C or Pt/C was used as air cathode and a zinc plate as the anode. The specific capacity of the Zn-air batteries was calculated by the following equation:
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where I is the measured current density, t is the service hours, and mzn is the mass of consumed zinc.
S6 Calculation of rate constants for ORR by Damjanovic modeling
The RRDE voltammetric equations were derived by Damjanovic to calculate the rate constants (k1, k2 and k3) of the ORR model shown in Scheme 1 and expressed as follows:
[image: ]
Scheme S1 Damjanovic model of ORR
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Where and ; Id is the disk current; Ir is the ring current; Idl is the disk limiting current; ω is the rotational speed of electrode; N is the collection efficiency; and are the respective diffusion coefficients of H2O2 and O2; and v is the kinematic viscosity of the solution used. By combining the intercepts and slopes of both and plots, the step rate constants can be expressed by following equations:
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where I1 and S1 are respectively the intercept and slope of the plot of , and S2 is the slope of the plot of .
S7 Calculation of the g-value
For paramagnetic centers with specific structures, the gyromagnetic ratio (g) serves as a fixed intrinsic parameter, also known as a fingerprint. When a single electron meets the resonance condition:
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Where h is Planck's constant, v is microwave frequency, μB is Bohr magneton, and B0 is magnetic field. 
For the g-value of a specific sample, the conversion is as follows:
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Where v is the actual microwave frequency during testing (in GHz), and B represents the magnetic field at the position where the g-factor needs to be calculated (in G).
S8 Calculation of the number of unpaired electrons
The number of unpaired 3d electrons (n) of Fe center is evaluated from the effective magnetic moment (μeff) according to the following equation: 
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where μB is the Bohr magneton.
The μeff can be obtained using the following equation:
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where C is the Curie constant and the slope of the χ-1–T curve
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Susceptibility (χ) can be obtained derived from the following equation:
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S9 Computational details
The four elementary steps of oxygen reduction in acidic solution are as follows:
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where * represents the preferable adsorption site for intermediates.
The four elementary steps of oxygen reduction in alkaline solution are as follows:
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where * represents the preferable adsorption site for intermediates.
For each step, the reaction free energy is calculated by:
	
	
	(S31)


where ΔE is the total energy difference between reactants and products of reactions, ΔZPE is the zero-point energy correction, and ΔS is the vibrational entropy change at finite temperature T.
Supplementary Figures
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Fig. S1 XRD patterns of FeMg-ZIF-8, Fe-ZIF-8 and related samples
[image: 图片S2]
Fig. S2 The SEM and TEM images of ZIF-8 (a, b)
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Fig. S3 The SEM and TEM images of FeMg-ZIF-8 (a, b)
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Fig. S4 Aberration-corrected HAADF-STEM images of FeMg-N-C and the corresponding statistical distribution of single atom and dual atoms
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Fig. S5 The 3D atomic resolution map and intensity profiles on site 1 of a typical Fe-Mg diatomic site.
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Fig. S6 The SEM and TEM images of Fe-N-C (a, b) 

[image: 图片S5]
Fig. S7 The SEM and TEM image of NC (a, b)
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Fig. S8 HAADF images and corresponding EDS element mapping of Fe-N-C
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Fig. S9 HAADF images and corresponding EDS element mapping of Mg-N-C
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Fig. S10 High resolution spectra of the C 1s XPS peak of (a) FeMg-N-C, (b) Fe-N-C, (c) Mg-N-C and (d) NC samples
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Fig. S11 High resolution spectra of the N 1s XPS peak of (a) Fe-N-C, (b) Mg-N-C and (c) NC samples
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Fig. S12 Raman spectra of the FeMg-N-C, Fe-N-C, Mg-N-C and NC catalysts
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Fig. S13 (a) Mg K-edge FT EXAFS spectra of FeMg-N-C and Mg-Pc. (b) Fitting results at R space
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Fig. S14 Mass activity at a voltage of 0.8 and 0.9 V vs. RHE for FeMg-N-C, Fe-N-C, Mg-N-C, NC and Pt/C in alkaline solutions
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Fig. S15 Nyquist plots of the FeMg-N-C catalyst and control samples in O2-saturated 0.1 M KOH solution
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Fig. S16 CV curves of FeMg-N-C , Fe-N-C , Mg-N-C, and NC in the potential range of 1.0~1.1 V vs. RHE with the scan rate increasing from 10 to 50mV s-1 in N2-saturated 0.1 M KOH
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Fig. S17 Corresponding electrochemical double-layer capacitance (Cdl) in N2-saturated 0.1 M KOH
[image: 图片S9]
Fig. S18 N2 adsorption desorption isotherm and pore size distributions of the FeMg-N-C (a, b), Fe-N-C (c, d), NC (e, f) catalysts


[image: 图片S23]
Fig. S19 (a) LSV curves at different rotating rates, and (b) Koutecky-Levich (K-L) plots of the FeMg-N-C catalyst in O2-saturated 0.1 M KOH solution
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Fig. S20 Electron transfer number (n) and peroxide yield derived from ring-disk voltammograms (H2O2%) of the FeMg-N-C, Fe-N-C, Mg-N-C, NC and commercial Pt/C catalysts in O2-saturated 0.1 M KOH solution
[image: 碱性1]
Fig. S21 (a, b) TEM images, (c) Fe K-edge XANES spectra, (d) Fe K-edge FE EXAFS spectra, and (e) XRD patterns of FeMg-N-C after long-term test in alkaline solutions
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Fig. S22 Aberration-corrected HAADF-STEM image and EDS elemental mapping of FeMg-N-C after stability testing in alkaline medium
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Fig. S23 (a) C 1s, (b) N 1s, (c) Fe 2p and (d) Mg 1s XPS spectra of FeMg-N-C after stability testing in alkaline medium
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Fig. S24 I-t chronoamperometric responses of the FeMg-N-C, and commercial Pt/C catalysts in O2-saturated 0.1 M KOH solution
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Fig. S25 Tolerance to methanol of FeMg-N-C compared with 20% Pt/C at 0.70 V. Methanol is injected into the O2-saturated 0.1 M KOH electrolyte at the time of 300 s
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Fig. S26 The zinc-air battery (ZAB) system used in this work
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Fig. S27 Constant current discharge curves at 10 mA cm-2 of the liquid alkaline Zn-air batteries with air cathodes of the FeMg-N-C,Fe-N-C and Pt/C+RuO2 catalysts
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Fig. S28 Mass activity at a voltage of 0.8 V and 0.9 V vs. RHE for FeMg-N-C, Fe-N-C, Mg-N-C, NC and Pt/C in acidic solutions
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Fig. S29 Nyquist plots of the FeMg-N-C catalyst and control samples in O2-saturated 0.1 M HClO4 solution
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Fig. S30 CV curves of FeMg-N-C , Fe-N-C , Mg-N-C, and NC in the potential range of 1.0~1.1 V vs. RHE with the scan rate increasing from 10 to 50 mV s-1 in N2-saturated 0.1 M HClO4
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Fig. S31 Corresponding electrochemical double-layer capacitance (Cdl) in N2-saturated 0.1 M HClO4 
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Fig. S32 (a) LSV curves at different rotating rates, and (b) Koutecky-Levich (K-L) plots of the FeMg-N-C catalyst in O2-saturated 0.1 M HClO4 solution
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Fig. S33 Electron transfer number (n) and peroxide yield derived from ring-disk voltammograms (H2O2%) of the FeMg-N-C,Fe-N-C,Mg-N-C,NC and commercial Pt/C catalysts in O2-saturated 0.1 M HClO4 solution
[image: 图片S20]
Fig. S34 I-t chronoamperometric responses of the FeMg-N-C, and commercial Pt/C catalysts in the acidic media
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Fig. S35 (a, b) TEM images, (c) Fe K-edge XANES spectra, (d) Fe K-edge FE EXAFS spectra, and (e) XRD patterns of FeMg-N-C after long-term test in acidic solutions
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Fig. S36 Aberration-corrected HAADF-STEM image and EDS elemental mapping of FeMg-N-C after stability testing in acidic medium
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Fig. S37 (a) C 1s, (b) N 1s, (c) Fe 2p and (d) Mg 1s XPS spectra of FeMg-N-C after stability testing in acidic medium
[image: 图片S11]
Fig. S38 Tolerance to methanol of FeMg-N-C compared with 20% Pt/C at 0.70 V. Methanol is injected into the O2-saturated 0.1 M HClO4 electrolyte at the time of 300 s
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Fig. S39 Comparison of H2-air fuel cell performance at begin-of-life (BOL) of FeMg-N-C and Fe-N-C cathode under 150 kPaabs of air pressure and flow rates of 700/1,700 s.c.c.m.
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Fig. S40 The long-term stability of the H2-Air PEMFC tested at a constant voltage of 0.6 V
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Fig. S41 XRD spectra of FeMg-N-C catalyst at different temperatures
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Fig. S42 (a-c) CV curves of FeMg-N-C at the potential range of 1.0~1.1 V vs. RHE with the scan rate increasing from 10 to 50mV s-1, d) Corresponding electrochemical double-layer capacitance (Cdl) in N2-saturated 0.1 M KOH
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Fig. S43 (a-c) CV curves of FeMg-N-C at the potential range of 1.0~1.1 V vs. RHE with the scan rate increasing from 10 to 50mV s-1, d) Corresponding electrochemical double-layer capacitance (Cdl) in N2-saturated 0.1 M HClO4
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Fig. S44 ORR polarization curves of FeMg-N-C catalysts pyrolyzed at different temperatures in O2‑saturated 0.1 M KOH. Scan rate: 5 mV s-1; rotation rate: 1600 rpm
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Fig. S45 ORR polarization curves of FeMg-N-C catalysts pyrolyzed at different temperatures in O2‑saturated 0.1 M HClO4. Scan rate: 5 mV s-1; rotation rate: 1600 rpm
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Fig. S46 ORR polarization curves of FeMg-N-C catalysts with different Fe:Mg molar ratios in O2‑saturated 0.1 M KOH. Scan rate: 5 mV s-1; rotation rate: 1600 rpm
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Fig. S47 ORR polarization curves of FeMg-N-C catalysts with different Fe:Mg molar ratios in O2‑saturated 0.1 M HClO4. Scan rate: 5 mV s-1; rotation rate: 1600 rpm
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Fig. S48 ORR polarization curves of FeCa-N-C, FeNa-N-C, FeLi-N-C and Fe-N-C catalysts in O2‑saturated 0.1 M KOH. Scan rate: 5 mV s-1; rotation rate: 1600 rpm
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Fig. S49 ORR polarization curves of FeCa-N-C, FeNa-N-C, FeLi-N-C and Fe-N-C catalysts in O2‑saturated 0.1 M HClO4. Scan rate: 5 mV s-1; rotation rate: 1600 rpm
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Fig. S50 ORR polarization curves of Co-N-C and MgCo-N-C catalysts in O2‑saturated 0.1 M KOH. Scan rate: 5 mV s-1; rotation rate: 1600 rpm
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Fig. S51 ORR polarization curves of Co-N-C and MgCo-N-C catalysts in O2‑saturated 0.1 M HClO4. Scan rate: 5 mV s-1; rotation rate: 1600 rpm
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Fig. S52 Digital photograph of electrochemistry operando Raman device used in this work
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Fig. S53 FT-IR spectra of various samples generated during the prepared process in 0.1 M KOH
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Fig. S54 FT-IR spectra of various samples generated during the prepared process in 0.1 M HClO4
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Fig. S55 The curve of O2-TPD of NC
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Fig. S56 EPR spectra at 77 K of the FeMg-N-C catalyst and control samples
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Fig. S57 Magnetic hysteresis loops of catalysts at room temperature of Mg-N-C and NC
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Fig. S58 Temperature-dependent magnetic susceptibility (𝜒-1-T) curves of Mg-N-C and NC
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Fig. S59 Formation energy data calculated for different models and structural models of FeMg-N6, Fe-N4/Mg-N4-1 and Fe-N4/Mg-N4-2
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Fig. S60 Partial density of States for (a) Fe-N4 and (b) FeMg-N6 moieties
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Fig. S61 The total COHP for Fe-N4
[image: 计算S5]
Fig. S62 Optimized Fe/Mg dual-site atomic structures for the main adsorption intermediates in FeMg-N-C
[image: 计算S6]
Fig. S63 Optimized atomic structures for the main adsorption intermediates in Fe-N-C
[image: 计算S7]
Fig. S64 Diagram of ORR catalytic mechanism
Supplementary Tables 
Table S1 ICP-OES results for metal contents in the obtained FeMg-N-C and the references
	Sample
	Fe (wt%)
	Mg (wt%)

	FeMg-N-C
	1.25
	0.61

	Fe-N-C
	1.23
	/



Table S2 EXAFS fitting parameters at the Fe K-edge and Mg K-edge
	Sample
	Shell
	Na
	R (Å) b
	σ2 (Å2·10-3) c
	ΔE0 (eV) d
	R-Factor

	FeMg-N-C
	Fe-N
	3.8±0.2
	2.00±0.03
	5.8±3.5
	-1.2±0.2
	0.031

	Fe -N-C
	Fe-N
	3.9±0.2
	1.99±0.02
	4.7±3.5
	-1.3±0.2
	0.042

	FeMg-N-C
	Mg-N
	3.9±0.2
	1.91±0.03
	3.8±2.5
	-1.1±0.2
	0.033

	Mg-Pc
	Mg-N
	4±0.1
	1.93±0.02
	4.1±2.5
	-1.2±0.2
	0.036


[bookmark: _Hlk220599597]a N: coordination numbers; b R: bond distance; c σ2: Debye-Waller factors; d ΔE0: the inner potential correction.
Table S3 BET surface area and the pore size distribution results of NC, Fe-N-C, and FeMg-N-C samples
	Sample Name
	BET(m2g-1)
	Pore Volume (cm3g-1)

	NC
	964.5
	0.433 

	Fe-N-C
	932.6
	0.888

	Fe Mg-N-C
	944.0
	0.501


Table S4 ICP-MS analysis of electrolytes after 25-hour chronoamperometry tests over FeMg-N-C catalyst
	Electrolyte
	K content (wt%)
	Fe Content (wt%)
	 Mg Content (wt%)

	0.1 M KOH
	0.40
	Not detected
	Not detected

	0.1 M HClO4
	--
	Not detected
	Not detected


Table S5 Comparison of ORR performance in alkaline media of FeMg-N-C with reported representative non-precious electrocatalysts
	Catalyst
	Eonset
(V vs. RHE)
	E1/2
(V vs. RHE)
	Tafel slop
(mV decade-1)
	Electrolyte
	Reference

	FeMg-N-C
	1.192
	1.004
	44
	0.1 M KOH
	This work

	Fe1/d-CN
	1.05
	0.950
	54
	0.1 M KOH
	[S1]

	Cu-Se DAs
	1.12
	0.905
	30.6
	0.1 M KOH
	[S2]

	FeNb/c-SNC
	-
	0.922
	52
	0.1 M KOH
	[S3]

	Mg-N-C
	1.03
	0.91
	62
	0.1 M KOH
	[S4]

	FeSA/AC@HNC
	0.99
	0.90
	55
	0.1 M KOH
	[S5]

	Fe-Sn-N/C
	1.1
	0.92
	69
	0.1 M KOH
	[S6]

	Fe,Zn-N-C
	-
	0.90
	67
	0.1 M KOH
	[S7]

	FeAl-RNC
	-
	0.92
	65.8
	0.1 M KOH
	[S8]

	Fe1/NCP
	1.1
	0.95
	56.9
	0.1 M KOH
	[S9]

	FeCo-NC-1100
	-
	0.877
	69.06
	0.1 M KOH
	[S10]

	NiFe-N-C
	-
	0.87
	33
	0.1 M KOH
	[S11]

	PtFe-DAC
	1.04
	0.935
	67.9
	0.1 M KOH
	[S12]

	FeI-N-CR
	1.025
	0.915
	52.9
	0.1 M KOH
	[S13]

	FeMn/N-C
	-
	0.928
	97
	0.1 M KOH
	[S14]

	Fe SAs-HP
	1.06
	0.94
	-
	0.1 M KOH
	[S15]

	Sr/FeNC-2
	-
	0.85
	83
	0.1 M KOH
	[S16]

	Fe SAs/N-C
	1.02
	0.91
	68
	0.1 M KOH
	[S17]

	Zn/Fe-N-C
	1.9
	0.90
	-
	0.1 M KOH
	[S18]


Table S6 Comparison of ORR performance in acidic media of FeMg-N-C ith reported representative non-precious electrocatalysts
	Catalyst
	Eonset
(V vs. RHE)
	E1/2
(V vs. RHE)
	Tafel slop
(mV decade-1)
	Electrolyte
	Reference

	FeMg-N-C
	1.053
	0.881
	55
	0.1 M HClO4
	This work

	FeSA/AC@HNC
	0.88
	0.78
	66
	0.5 M H2SO4
	[S5]

	Fe,Zn-N-C
	-
	0.79
	84
	0.5 M H2SO4
	[S7]

	FeAl-RNC
	-
	0.83
	128.8
	0.5 M H2SO4
		[S8]




	FeMn/N-C
	-
	0.804
	79
	0.1 M HClO4
	[S14]

	Fe SAs-HP
	0.90
	0.78
	-
	0.1 M HClO4
	[S15]

	Fe SAs/N-C
	0.95
	0.798
	66
	0.1 M HClO4
	[S17]

	Zn/Fe-N-C
	0.95
	0.81
	-
	0.1 M HClO4
	[S18]

	(Fe,Co)/N-C
	1.06
	0.863
	66
	0.1 M HClO4
	[S19]


Table S7 The performance comparison Zn-air batteries
	Catalyst
	Peak power density (mW cm-2)
	Specific capacity@10 mA cm-2 (mA h g Zn-1 )
	Reference

	FeMg-N-C
	530.1
	802.4
	This work

	Fe1/d-CN
	144
	770
	[S1]

	Cu-Se DAs
	206.5
	809.3
	[S2]

	FeNb/c-SNC
	314.3
	-
	[S3]

	FeSA/AC@HNC
	171.5
	811.8
	[S5]

	Fe,Zn-N-C
	211.7
	856.6
	[S7]

	Fe1/NCP
	263.8
	713.1
	[S9]

	FeCo-NC-1100
	372
	-
	[S10]

	NiFe-N-C
	153
	818
	[S11]

	PtFe-DAC
	192
	780
	[S12]

	FeI-N-CR
	197.9
	-
	[S13]

	FeMn/N-C
	160.8
	-
	[S14]

	Fe SAs-HP
	254.2
	-
	[S15]

	Fe SAs/N-C
	225
	636
	[S17]



Table S8 Performance comparison of H2-O2 fuel cell employing non-precious metal catalyst as the cathode
	Catalyst
	Cathode
catalyst
Loading
(mg cm-2)
	Test condition
	Current
density
(mA cm-2)
@ 0.9 V
	Peak power
density
(W cm-2)
	Reference

	FeMg-N-C
	4
	150 kPa, 100% RH, 353 K
	45.1
	1.06
	This work

	Fe SAs/N-C
	2
	200 kPa, 100% RH, 353 K
	-
	0.75
	[S17]

	(Fe,Co)/N-C
	0.77
	200 kPa, 100% RH, 353 K
	-
	0.98
	[S19]

	Fe-N-C-FG
	4.5
	150 kPa, 75% RH, 353 K
	50.8
	-
	[S20]

	Fe-AC
	5
	100 kPa, 100% RH, 353 K
	44.2
	-
	[S21]

	OP-Fe-NC 
	4
	200 kPa, 100% RH, 353 K
	29
	0.937
	[S22] 

	Co4/Fe1@NC 
	3
	150 kPa, 100% RH, 353 K
	33.4
	0.84
	[S23]

	sur-FeN4-HPC
	4
	100 kPa, 100% RH, 353 K
	24.2
	0.79
	[S24] 

	Fe-N-C-Phen-PANI 
	5
	200 kPa, 100% RH, 353 K
	-
	1.06
	[S30]

	Fe2-Z8-C
	2.8
	250/200 kPa, 100% RH, 353 K
	-
	1.141/1.110
	[S31]

	Fe/N/C(4mlm) 
	3
	100/200 kPa, 100% RH, 353 K
	-
	1.12/1.33
	[S33]

	Fe-HMT@Z8
	2.8
	150 kPa, 100% RH, 353 K
	28
	1.355
	[S34]

	Fe/N/C-Recry
	3
	200 kPa, 100% RH, 353 K
	62
	1.36
	[S35]

	Feg-NC/Phen
	4.41
	200 kPa, 100% RH, 353 K
	46
	1.53
	[S36]

	Fe-NCBrCl
	3.5
	250 kPa, 100% RH, 353 K
	54
	1.86
	[S37]


Table S9 Performance comparison of H2-air fuel cell employing non-precious metal catalyst as the cathode
	Catalyst
	Cathode
catalyst
Loading
(mg cm-2)
	Test condition
	Current
density
(mA cm-2)
@ 0.8 V
	Peak power
density
(W cm-2)
	Stability Performance
	Reference

	FeMg-N-C
	4
	150 kPa，100% RH, 353 K
	120.0
	609.92
	150 h / 50%
@0.6V
	This work

	Fe SAs/N-C
	2
	200 kPa，100% RH, 353 K
	-
	350
	-
	[S17]

	(Fe,Co)/N-C
	0.77
	200 kPa，100% RH, 353 K
	-
	505
	100 h / -
	[S19]

	Fe-N-C-FG
	4.5
	150 kPa，100% RH, 353 K
	191.0
	501
	200 h / 43%
@0.67V
	[S20]

	Fe-AC
	5
	100 kPa，100% RH, 353 K
	151.0
	601
	200 h / 20%
@0.67V
	[S21]

	1.5Fe-ZIF
	4
	100 kPa，100% RH, 353 K
	76
	360
	118 h / 50%
@0.7V
	[S25]

	ZIF-NC-0.5Fe-700 
	3.5
	150 kPa，100% RH, 353 K
	78
	320
	-
	[S26]

	FeNx/Gp 
	4
	200 kPa，100% RH, 353 K
	70
	430
	100 h / 37.5%
@0.4V
	[S27]

	FeCl2-/NC-1000
	4
	100 kPa，100% RH, 353 K
	37
	280
	-
	[S28]

	Fe-N-C-Phen-PANI
	5
	200 kPa，100% RH, 353 K
	-
	380
	-
	[S30]

	TPI@Z8(SiO2)-650-C
	2
	100 kPa，100% RH, 353 K
	105
	420
	120 h / 62%
@0.5V
	[S32]

	Fe/N/C(4mlm) 
	3
	100/200 kPa，100% RH, 353 K
	-
	467/538
	-
	[S33]

	Fe/N/C-Recry
	3
	200 kPa，100% RH, 353 K
	-
	650
	-
	[S35]

	Feg-NC/Phen
	4.41
	100 kPa，100% RH, 353 K
	-
	710
	25 h / 15%
@0.6V
	[S36]

	Fe-NCBrCl
	3.5
	250 kPa，100% RH, 353 K
	259
	880
	-
	[S37]


Table S10 The ICOP of Fe 2p -O 2p for FeMg-N-C and Fe-N-C
	
	FeMg-N-C
	Fe-N-C

	Spin-up
	-1.00
	-1.17

	Spin-down
	-1.62
	-1.74
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 1 J = 1 J L + 1 J k = 1 B ω 1/2 + 1 J k  ( S 1)  

 B=0.62nF C o D 2/3 v - 1/6  ( S 2)  

 J k =n FkC o  ( S 3)  

Where  J  is the measured current density,  J k   and  J L   are the kinetic and   diffusion - limiting  current densities.  ω  is the angular velocity of the disk,  n  represents the electron transfer number,  F  is the Faraday constant ( 96485 C mol - 1 ),  C o   is the saturated O 2   concentration (1.2×10 - 6   mol  cm - 3 ),  D  is the diffusion coefficient of O 2   (1.9×10 - 5   cm 2   s - 1 ),  ν  is the kinetic viscosity (0.01 cm 2   s - 1 ) and  k  is the electron transfer rate constant.   Tafel slopes were calculated by the Tafel equation based on LSV data:  

