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Figure S1. TEM image of triblock copolymer PS(20,000)-b-P2VP(15,000)-b-PEO(27,000) micelles. PS cores (dark 

spheres) are stained with 1.0 wt% phosphotungstic acid. The size of the PS core is ca. 31 nm. 

 

 

 

Figure S2. SEM images of (a) the as-prepared Fe3C-Fe,N/C polymer precursor and (b) the corresponding 

carbonized product (Fe3C-Fe,N/C-900) at 900 °C. 

 



 

Figure S3. HAADF-STEM image of Fe3C-Fe,N/C-900 hollow spheres and corresponding energy-dispersive 

X-ray (EDX) spectra of the selected spots. 

 



 

Figure S4. (a) XRD patterns, (b) Raman spectra, (c) high-resolution N 1s and Fe 2p XPS spectra, and (d) N2 

adsorption-desorption isotherms of Fe3C-Fe,N/C-x (x = 700, 800). 

 

Table S1. Physicochemical properties of the hollow Fe3C-Fe,N/C-x and N/C-900 spheres 

Samples 
SBET 

(m
2
 g

-1
) 

SMicro 

(m
2
 g

-1
) 

SMicro/ SBET 
VPore 

(cm
3
 g

-1
) 

VMicro 

 (cm
3
 g

-1
) 

VMicro/VPore 

N/C-900 1143.0 328.6 0.29 2.632 0.144 0.05 

Fe3C-Fe,N/C-700 805.1 71.6 0.09 1.306 0.024 0.02 

Fe3C-Fe,N/C-800 853.4 194.5 0.23 1.414 0.086 0.06 

Fe3C-Fe,N/C-900 879.5 259.6 0.30 1.590 0.143 0.09 

SBET: Specific surface area 

SMicro: Micropore surface area 

VPore: Pore volume 

VMicro: Micropore volume 

 

 



 

Figure S5. SEM and TEM images for the N/C precursor and carbonized products with different M-FR 

concentrations: (a) 0.03 M, (d) 0.05 M, and (g) 0.10 M, and their corresponding pyrolyzed products, (b, c), 

(e, f), and (h, i), at 800 °C. 

 

 

 

 

 

 



 

Figure S6. TEM images of micelles of triblock copolymer PS(45,000)-b-P2VP(26,000)-b-PEO(82,000) and hollow 

N/C pyrolyzed at 800 °C. The PS cores (dark spheres) were stained with 1.0 wt% phosphotungstic acid. 

 

 

 

 

Figure S7. (a) TEM and (b) HAADF-STEM images of N/C-900 hollow spheres. 

 

 



 

Figure S8. TGA curve of M-FR-coated triblock polymer micelles at a ramping rate of 5 °C min
-1

 under a N2 

atmosphere. 

 

 

 

 

Figure S9. Linear sweep voltammetry (LSV) curves of Fe3C-Fe,N/C-x (x = 700, 800, 900) at a scan rate of 

10 mV s
-1

 under a rotation speed of 1600 rpm in O2/N2-saturated (a) 0.1 M KOH and (b) 0.1 M HClO4. 

 

 

 



 

Figure S10. Cyclic voltammograms of Fe3C-Fe,N/C-900 and N/C-900 in O2/N2-saturated (a) 0.1 M KOH 

and (b) 0.1 M HClO4, respectively, at a scan rate of 50 mV s
-1

. For clarity, the current density for N/C-900 is 

offset vertically by 6 mA cm
-2

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S2. Summary of ORR activities of Fe3C-Fe,N/C-900 and recently reported Fe3C-based catalysts in 0.1 

M KOH (electrode rotation speed of 1600 rpm) 

 

Catalysts 

Catalyst 

loading 

(mg cm
-2

) 

LSV scan 

rate 

(mV s
-1

) 

Half-wave 

potential 

(V vs. RHE) 

Current density (mA 

cm
-2

)  

(potential vs. RHE) 

Electron transfer 

number  

(potential vs. RHE) 

Refe

rence 

Fe3C-Fe,N/

C-900 
0.20 10 0.881 

5.53 

(at 0.45 V) 

3.98-4.05 

(0.4 to 0.7 V) 

This 

work 

Fe3C/C-800 0.60 
10 

(900 rpm) 
0.83 

ca. 3.9 

(at 0.45 V) 

3.8-4.0 

(0.3 to 0.6 V) 
[1] 

Fe/Fe3C 

@C/RGO 
0.53 5 0.93 

ca. 9.6 

(at 0.45 V) 

3.52-3.08 

(0.5 to 0.7 V) 
[2] 

Fe3C@NG 

800-0.2 
0.20 10 0.81 

ca. 5.1 

(at 0.45 V) 

3.94 

(0 to 0.8 V) 
[3] 

Fe-N-CNFs 0.60 10 

-0.14 

[vs. Ag/AgCl/KCl 

(3.5 M)] 

ca. 5.14 

[at -0.6 V vs. 

Ag/AgCl/KCl (3.5 M)] 

3.93-3.95 

[-0.4 to -0.6 V vs. 

Ag/AgCl/KCl (3.5 

M)] 

[4] 

Fe3C/NG 

-800 
0.40 5 0.86 

ca. 5.68 

(at 0.45) 

3.89-4.0 

(0 to 0.8 V) 
[5] 

Fe/Fe3C 

@N-rGO 
0.25 5 0.82 

ca. 5.35 

(at 0.45 V) 

ca. 4.0 

(0.4 to 0.7 V) 
[6] 

F-PNG 0.10 5 
-0.187 

(vs. Ag/AgCl/KCl) 

ca. 4.33 

(at -0.6 V vs. 

Ag/AgCl/KCl) 

ca. 3.98 

(-0.3 to -0.7 V vs. 

Ag/AgCl/KCl) 

[7] 

Fe–C/ 

NG-10% 

-700-AL 

0.28 10 0.793 
6.15 

(at 0.45 V) 
Unknown [8] 

Fe3C@NC

NF-900 
0.41 10 

-0.121 

(vs. SCE) 

4.51 

(Unknown) 

3.8 

(at -0.5 V vs. SCE) 
[9] 

Fe3C@C 

-900 
0.30 10 0.80 

ca. 5.18 

(at 0.45 V) 

3.98-4.05 

(0 to 0.5 V) 
[10] 

  



 

 

Figure S11. (a, b) Electron transfer number and (c, d) peroxide yield (H2O2) calculated based on disk-ring 

currents of N/C-900, Fe3C-Fe,N/C-900, and Pt/C in O2-saturated 0.1 M KOH and 0.1 M HClO4 at a scan 

rate of 10 mV s
-1

 under a rotation speed of 1600 rpm. 



 

Figure S12. XRD patterns of Fe3C-Fe,N/C-900 after 5000 cycles in O2/N2-saturated (a) 0.1 M KOH and (b) 

0.1 M HClO4. Only 25 μg of Fe3C-Fe,N/C-900 powder was deposited on the surface of a GC electrode for 

the general cycling measurement, which is insufficient for the XRD measurement. To obtain more powder, 

2.5 mg of Fe3C-Fe,N/C-900 powder was deposited on a 11 cm carbon paper (Toray, TGP-H-090) and 

removed from the carbon paper after the cycling measurement by sonication. After cycling for the XRD 

measurement, the Fe3C-Fe,N/C-900 powder was mixed with graphite; the sharp diffraction peaks at 26° are 

mainly attributed to graphite. 

 

 

Figure S13. Chronoamperometric response with 3 M methanol of Fe3C-Fe,N/C-900 and Pt/C at 0.65 V and 

1600 rpm in O2-saturated 0.1 M KOH. 

 



 

Figure S14. (a) CV and (b) LSV curves of Fe3C-Fe,N/C-900 and milled Fe3C-Fe,N/C-900 after hot acid 

leaching in O2-saturated 0.1 M KOH. 
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