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Figure S1. XRD pattern of FeGH-ArNH3-L

Figure S2. High-resolution N 1s spectra of (a) FeGH-ArNH3, (b) FeGH-Ar, (c) FeG-ArNH3, and (d) the 

relative contents of each N in three samples.
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Figure S3. (a) N2 adsorption/ desorption isotherm of FeGH-ArNH3 (inset: pore size distribution of FeGH-

ArNH3). (b) Raman spectroscopy of the Fe3O4/C precursor and FeGH-ArNH3.

Figure S4. 57Fe Mössbauer spectra of FePc.
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Table S1. Table of fitted Mössbauer parameters and the corresponding assignment to each species of 

FeGH-ArNH3 and FeG-ArNH3. The isomer shift (IS), quadrupole splitting (QS), hyperfine field (H) and 

the relative absorption area of each species (Area) are given.

Assignment IS (mm/s) QS(mm/s) H (KOe) Area (%)

Doublet 1 ε-Fe2+xN (x≤0.1) 0.270(15)(a) 0.468(42) - 63.3(28)

Doublet 2 ζ-Fe2N 0.431(12) 0.249(17) - 7.9(21)

Sextet 1 α-Fe 0 0 332.7(54) 4.0(14)

FeGH-
ArNH3

Sextet 2 Fe3C 0.210(47) -0.030(41) 205.4(30) 24.8(31)

Doublet 1 ε-Fe2+xN (x≤0.1) 0.317(34) 0.459(87) - 37(12)

Doublet 2 ζ-Fe2N 0.418(14) 0.250(19) - 47(13)FeG-
ArNH3

Sextet 1 Fe3C 0.214(84) 0.017(77) 207.2(54) 15.9(43)

Doublet 1 Ox-FeIII-N4 
1,2 0.188(27) 1.063(57) - 64.2(65)

Doublet 2 FeII-N4 (in amor-
phous FePc) 3,4,5 0.380(64) 0.70(13) - 23.4(56)FePc

Doublet 3 FeII-N4 (in p-
FePc) 5,6 0.194(22) 2.709(45) - 12.4(19)

(a) Errors are given between parenthesis.
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Table S2. Iron contents (molar ratios) toward each phase of FeGH-ArNH3 and FeG-ArNH3 based on the 

results of their Rietveld refinement showed in Figure 2. 

FeGH-ArNH3 FeG-ArNH3
ε-Fe2+xN 45.5% 16.7%
ζ-Fe2N 20.2% 62.7%

Fe 13.5% 4.6%
Fe3C 20.7% 8.0%
Fe4N 0.0% 8% (2% Fe I and 6% Fe II)(*)

(*) the cubic Fe4N should have two sextets in Mössbauer spectrum due to its two kind of iron sites: 1) 
those at corner position (Fe I) which in neutral state; 2) those occupying the face-center position (Fe II) 
with two neighboring N atoms.7,8
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Figure S5. a) CV curves of FeG-ArNH3 and FeGH-ArNH3-L in O2-saturated 0.1 M KOH solution. b) 

LSV curves of Fe3O4/C precursor and the catalysts pyrolyzed at different temperatures, c) LSV curves 

Fe2N, NC and physical mixture of Fe2N and NC in O2-saturated 0.1 M KOH solution at 1600 rpm, d) 

LSV curves of FeGH-ArNH3-L at various rotation rates in O2-saturated 0.1 M KOH solution; the inset is 

the corresponding K-L plots at different potentials.
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Figure S6. Chronoamperometric (i-t) response of FeGH-ArNH3 and Pt/C at – 0.4 V vs. Ag/AgCl in O2-

saturated aqueous solution of a) 0.1 M KOH. (The inset is the retained ratio of the current density of 

FeGH-ArNH3 and Pt/C). b) 0.1 M KOH + 1 M methanol.

Rietveld Refinement

The refinements were performed with assistance of software GSASII.9 The phase composition, 

background function, sample displacement, lattice constant and crystallite size were allowed to change 

during the refinement. The peak width function is obtained from the standard silicon (NIST 640e). For both 

FeG-ArNH3 and FeGH-ArNH3, their starting phase compositions were from the quantitative analysis of the 

Mössbauer spectroscopy, which is exhibited later in this paper.

DFT Calculation

The valence electrons were described by plane-wave basis sets with the cutoff energy of 380 eV. All the 

slabs were separated by a vacuum of 14 Å along the vertical direction to avoid the interaction. The top one 

layer of each slab was relaxed during the geometry optimization and other layers were kept fixed.10 For 

(100), (110) and (111) surfaces of ε-Fe2N, the Brillouin zone was sampled using Monkhorst-pack11 (5 × 5 

× 1), (5 × 5 × 1), (6 × 6 × 1) k-points, respectively. For (100), (110) and (111) surfaces of ζ-Fe2N, the the 

Brillouin zone was sampled at (5 × 5 × 2), (5 × 5 × 1), (4 × 4 × 1) k-points. The atoms were fully relaxed 
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using the Broyden-Fletcher-Goldfarb-Shanno (BFGS) scheme until the maximum force on them was less 

than 0.01 eV/Å. The results had been checked for convergence about the cutoff energy and k-points.
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