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Detailed Experimental Section 

Chemicals and Reagents 

Iron trichloride hexahydrate (FeCl3·6H2O), urea, sulphuric acid (H2SO4), 

potassium hydroxide (KOH), anhydrous ethanol and dimethylformamide (DMF) were 

obtained from Beijing Chemical Reagent (Beijing, China). 2-Aminoterephthalate, 5% 

Nafion and 20% E-TEK Pt/C were purchased from Alfar Aesar (Tianjin, China). The 

aqueous solutions of 0.1 M KOH, 0.1 M PBS (pH = 7.4) and 0.5 M H2SO4 were 

prepared by Millipore Mill-Q (18.2 MΩ cm) deionized water. 

Apparatus 

Powder X-ray diffraction (XRD) was measured with a D8 ADVANCE (Germany) 

using Cu Ka radiation (λ =1.5406 Å). Transmission electron microscopy (TEM), 

high-resolution transmission electron microscopy images (HRTEM), high angle 

annular dark field-scanning transmission electron microscopy (HAADF-STEM) and 

elemental mapping images were carried out on a TECNAI G2 high-resolution 

transmission electron microscope (Hitachi, Tokyo, Japan). X-ray photoelectron 

spectroscopy (XPS) was obtained an ESCALAB-MKII X-ray photoelectron 

spectroscopy (VG Scientific, UK). Scanning electron microscope (SEM) and Energy 

dispersive X-ray (EDX) spectras were carried out on an XL30 ESEM FEG SEM 

(Philips, Netherlands). The nitrogen adsorption/desorption isotherms were recorded 

by a Quantachrome Adsorption Instrument. Thermogravimetric analysis (TGA) was 

measured with NETZSCH STA 449F3. Linear sweep voltammetry (LSV), Cyclic 

voltammetric (CV) and amperometric i-t curves were measured on a CH Instruments 
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832 voltammetric analyzer (Shanghai, China). Rotating ring-disk electrode (RRDE) 

and rotating disk electrode (RDE) techniques were tested on a Pine electrochemical 

instrument (Co. Ltd. USA). The electrochemical measurements were all recorded on a 

CHI 832C electrochemical station with an Ag/AgCl (saturated KCl) electrode and a 

platinum wire as the reference electrode and counter electrode, respectively, while the 

RRDE electrode modified catalyst ink as the working electrode. 

In this work, the potentials were all converted to the reversible hydrogen electrode 

(RHE) according to E (vs. RHE) = E (vs. Ag/AgCl) +0.197 + 0.059 pH.  

The transferred electron number (n) and % H2O2 (the percentage of H2O2 released 

during ORR) were calculated with the equation of 
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Here, the id is the current obtained from disk electrode, ir stands for current from ring 

electrode and N is the collection efficiency of 0.37. 

The RDE measurements were performed in an O2-saturated 0.1 M KOH, 0.5 M 

H2SO4 or 0.1 M PBS electrolyte by a negative-direction sweeping potential with 

different electrode rotation rates. The transferred electron number also can be 

calculated according to the Koutecky–Levich equations: 
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where j is the current density, jk represents the kinetic-limiting current density, ω is the 

electrode rotation rates, n is the transferred electron number, F is the Faraday constant, 

D0 is the diffusion coefficient of O2, v is the kinematic viscosity of the electrolyte, C0 

is the bulk concentration of O2. 
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Figure S1 XRD pattern of g-C3N4. 
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Figure S2 XRD patterns of NH2-MIL-101 and C3N4@NH2-MIL-101. 
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Figure S3 The structure introduction of NH2-MIL-101 (A); TEM images of 

NH2-MIL-101 (B) and NH2-MIL-101-700 (C). 
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Figure S4 High resolution C 1s spectra of the obtained C3N4@NH2-MIL-101-700 

catalyst. 
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Figure S5 The XRD pattern of NH2-MIL-101-700 (A); XPS survey spectra (B) of 

NH2-MIL-101-700; High resolution N 1s spectra (C) and Fe 2p spectra (D) of the 

NH2-MIL-101-700.  
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Figure S6 TGA analysis of the C3N4(A) and NH2-MIL-101(B) in N2 atmosphere. 
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Figure S7 RDE voltammograms (A) of the C3N4@NH2-MIL-101-700 catalyst at 

various rotation rates in 0.1 M KOH. The corresponding koutecky–levich plots (B) 

derived from the RDE data. 
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Figure S8 TEM images of the catalysts obtained at different instant pyrolysis 

temperature, (A) C3N4@NH2-MIL-101-600, (B) C3N4@NH2-MIL-101-800, and (C) 

C3N4@NH2-MIL-101-900. 
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Figure S9 XRD patterns of the catalysts obtained at different pyrolysis temperature. 
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Figure S10 High resolution N 1s spectra (A) of different catalysts. The percentage (B) 

of various nitrogen as a function of the pyrolysis temperature obtained from the XPS 

measurements. 
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Figure S11 LSV curves (A), electron transfer number (B) and H2O2 yield (C) of 

different catalysts in an O2-saturated 0.1 M KOH electrolyte with the scan rate of 5 

mV/s. Rotation rate is 1600 rpm. 
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Figure S12 LSV curves (A), electron transfer number (B) and H2O2 yield (C) of 

different catalysts in an O2-saturated 0.5 M H2SO4 electrolyte with the scan rate of 5 

mV/s. Rotation rate is 1600 rpm. 
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Figure S13 LSV curves (A), electron transfer number (B) and H2O2 yield (C) of 

different catalysts in an O2-saturated 0.1 M PBS (pH = 7.4) electrolyte with the scan 

rate of 5 mV/s. Rotation rate is 1600 rpm. 
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Table S1 The catalyst activity of different catalysts in 0.1 M KOH. 

 

Samples 

 

 

Electrolyte 

Onset 

potential 

(V) vs. RHE 

Half-wave 

potential (V) 

vs. RHE 

Current 

density  

(mA/cm
2
) 

NPC-700 0.1 M KOH 0.85 0.68 5.68 

NH2-MIL-101-700 0.1 M KOH 
0.90 0.73 5.33 

C3N4@NH2-MIL-101-700 0.1 M KOH 0.99 0.84 6.44 

 

 

 

 

 

 

Table S2 The catalyst activity of the catalysts at different carbonization temperature. 

 

      Samples 

 

 

   onset potential 

    (V) vs. RHE 

 

 half-wave potential 

   (V) vs. RHE 

 

  current density 

    (mA/cm
2
) 

C3N4@NH2-MIL-101-600 
0.94 0.78 5.5 

C3N4@NH2-MIL-101-700 
0.99 0.84 6.44 

C3N4@NH2-MIL-101-800 
0.95 0.80 6.3 

C3N4@NH2-MIL-101-900 
0.93 0.77 5.7 
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Table S3 Comparison of the ORR ability of various catalysts. 

 

  Catalysts 

 

Electroly

te 

    

   Eonset  

(V) vs. RHE 

     

    E1/2  

(V) vs. RHE  

Electron 

transfer 

number 

(n) 

 

Reference 

 

C3N4@NH2-MIL-101

-700 

0.1 M KOH 0.99 

 

0.84 3.94-3.98  

This work 

0.5 M H2SO4 0.92 0.67 3.97-3.98 

0.1 M PBS 0.90 0.65 3.94-3.97 

Fe-N/C-800  0.1 M KOH 0.923 0.8 3.9  

     1 

0.1 M HClO4 0.72 0.55 3.97 

N-doped Fe/Fe3C@C 0.1 M KOH 0.91  0.83 3.52-3.08      2 

LDH@ZIF-67-800 0.1 M KOH 0.94 0.83 3.86-3.98 3 

Cu-CTF/CP 0.1 M PBS 

 

0.81 0.59 3.75-3.95      4 

 

Fe-P-C 

0.1 M KOH 0.95 — 3.62 5 

0.1 M HClO4 0.84 0.52 3.8 

FeIM/ZIF-8 0.1 M HClO4 0.915  0.755 3.70-3.81 6 

P-Z8-Te-1000 0.1 M KOH 0.90  0.80 — 7 

NC900 (ZIF-8) 0.1 M KOH 0.83 0.68 3.3 8 

—: no data presented. 
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