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Supporting Information

Experimental section

Synthesis of SBA-15:

Mesoporous SBA-15 silica was prepared using Pluronic P123 and
tetraethylorthosilicate (TEOS) according to the reported method. In a typical
preparation, TEOS (8.3 g) was mixed with P123 (4.0 g) in HCI solution (1.6 M,160
ml) and stirred at 40 °C for 24 h. The mixtures were heated at 150 °C for 24 h under
static condition in a Teflon-lined autoclave. Resulting white precipitate was filtered,
dried at 100 °C. After it was further calcined at 550 °C in air for 4 h, with heating rate

of 1 °C min™*, mesoporous SBA-15 silica was obtained.



Figure S1 Calibration curves to reversible hydrogen electrode

The crossing potential at zero current was taken to be the potential for the reaction of
H+/H, reaction in a Hp-saturated electrolyte using the platinum wires as the working
electrode and the counter electrode. Using these crossing potential in different
electrolytes, all the reported potentials were calibrated to the reversible hydrogen
electrode (RHE) potentials according to the reported method.
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Figure S2 SAED patterns for Fe-N-GC-900
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Figure S3 SEM image (A), EDS-mapping images for C (B), Cl (C) and O (D)
elements, and the SEM EDS spectrum (E) for Fe-N-GC-900
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Figure S4 RDE polarization curves at 1600 rpm over Fe-N-GC-900 materials
preapred by heating the mixtures containing different molar ratio of 2,2-bipyridine to
FeCl3*6H,0 at a scan rate of 10 mV s in 0.1 M KOH (A) and 0.1 M HCIO, solution
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Figure S5 The small-angle (A) and large-angle (B) XRD patterns of Fe-N-GC
materials prepared by heating 2,2-bipyridine and FeClzs6H,O at different
temperatures
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Figure S6 RDE curves recorded at 1600 rpm for Fe-N-GC-900 with different catalyst
loadings in an O,-saturated 0.1 M HCIO, solution at a scan rate of 10 mV s™
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Figure S7 RDE polarization curves for Pt/C-JM recorded at different rotation rates in
an O,-saturated 0.1 M KOH (A) and 0.1 M HCIO,4 (B) solution and their K-L plots of
I versus @™ (C and D)at a scan rate of 10 mV s™
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Figure S8 The CV curves on Pt/C-JM electrode with 20uge; cm™ loading in a solution
of 0.1 M KOH (A) and 0.1 M HCIO, (B) at a scan rate of 10 mV s™
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TABLES

Table S1 Textural data of hierarchically porous Fe-N-GC materials

T-plot T-plot
Samp|95 SBET Pmeso Vtotal Smicro po VMicro po

(cm’/g) (nm) cm’g)  (cm/g)

Fe-N-GC-700-p-aminotoluene 1156  5.0,8.3,12.0 1.90 246 0.12
Fe-N-GC-700-p-nitroaniline 900 4.8 1.05 217 0.10
Fe-N-GC-700-2-amino pyridine 946 5.6 1.19 375 0.19
Fe-N-GC-600 755 5.2 0.98 93 0.04
Fe-N-GC-700 758 5.8 1.16 99 0.05
Fe-N-GC-800 881 6.2 1.28 215 0.105
Fe-N-GC-900 929 6.3 1.35 430 0.21
Fe-N-GC-1000 764 6.5 1.24 145 0.07

Table S2 XPS data for the surface species of Fe-N-GC materials obtained at the

different temperatures and their content of deconvoluted N-types

Samples N Metal Cl Py-N-O Py-N  G-like Pyr-N
(at%) (at%) (at%) (%) %) (%) (%)

Fe-N-GC-600 11.3 013 0.30 8.27 5191 1237 27.45

Fe-N-GC-700 8.66 013 0.34 7.18 50.34 17.98 2450

Fe-N-GC-800 6.68 019 0.30 6.05 38.92 36.44 1859

Fe-N-GC-900 495 023 037 3.60 37.95 4391 1454
Fe-N-GC-1000 2.81 0.13 0.18 2.89 27.37 5113 18.6




Table S3 The data of catalytic activity for Fe-N-GC in 0.1 M KOH electrolyte

Samples Onset-potentail  Half-wave Peak J»
V(vs RHE) potential  potential  (mA/cm?)
Fe-N-GC-700-p-aminotoluene 0.93 0.78 0.82 1.9
Fe-N-GC-700-p-nitroaniline 0.93 0.80 0.82 2.7
Fe-N-GC-700-2-amino pyridine 0.93 0.82 0.83 35
Fe-N-GC-600 (2:1) 0.91 0.71 0.79 1.0
Fe-N-GC-700 (2:1) 0.97 0.84 0.86 4.1
Fe-N-GC-800 (2:1) 0.99 0.85 0.86 4.2
Fe-N-GC-900 (2:1) 1.01 0.86 0.87 4.3
Fe-N-GC-900 (3:1) 0.97 0.85 0.85 4.5
Fe-N-GC-900 (1:1) 0.94 0.84 0.86 3.8
Fe-N-GC-1000 (2:1) 0.95 0.83 0.85 34
PY/C-JM (20 pg cm?) 0.99 0.83 0.85 33

®The ORR peak petential of Fe-N-GC materials obtained for their corresponding CVs
® The diffusion (J) limiting current density at 0.8V determined at the polarization curve at1600rmp in
0.1M KOH soultion

Table S4 The data of catalytic activity for Fe-N-GC in 0.1 M HCIO, electrolyte

Samples Onset-potentail  Half-wave Peak »
V(vs RHE) potential  potential  (mA/cm?)
Fe-N-GC-700-p-aminotoluene 0.77 0.54 0.60 19
Fe-N-GC-700-p-nitroaniline 0.79 0.63 0.63 3.7
Fe-N-GC-700-2-amino pyridine 0.82 0.54 0.69 4.8
Fe-N-GC-600 (2:1) 0.75 0.48 0.56 12
Fe-N-GC-700 (2:1) 0.86 0.73 0.71 5.2
Fe-N-GC-800 (2:1) 0.86 0.73 0.71 5.0
Fe-N-GC-900 (2:1) 0.88 0.74 0.71 5.3
Fe-N-GC-900 (3:1) 0.86 0.73 0.70 5.3
Fe-N-GC-900 (1:1) 0.83 0.71 0.71 4.4
Fe-N-GC-1000 (2:1) 0.83 0.70 0.69 5.0
Pt/C-JM (20 pg cm) 0.91 0.78 0.81 46

#The ORR peak petential of Fe-N-GC materials obtained for their corresponding CVs
® The diffusion (J) limiting current density at 0.6V determined at the polarization curve at1600 rmp in
0.1M HCIQ, solution



