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Fig. S1 XRD patterns of different catalysts prepared at different experimental conditions. (a) 
Various amount of iron source and (b) Different pyrolysis temperatures.

Fig. S2 (a) SEM image and (b) TEM image of NCT800.

Fig. S3 Raman spectra of different catalysts prepared at various pyrolysis temperatures.



Fig. S4 N2 absorption-desorption curves of NCT800.

Fig. S5 N2 absorption-desorption curves of different FNCT catalysts prepared at different 
experimental conditions. (a) Different amount of iron source and (b) Various pyrolysis 
temperatures.

Fig. S6 TGA curves of different FNCT catalysts prepared at different experimental conditions. (a) 
Various amount of iron source and (b) Different pyrolysis temperatures.



Fig. S7 XRD pattern of TGA residue of FNCT800-100.

Fig. S8 XPS survey of NCT800 and corresponding high-resolution XPS spectra of N 1s.

Fig. S9 LSV curves of (a) commercial Pt/C and (b) NCT800 with various rotation rates. The insets 
show the corresponding K-L plots at different electrode potentials.



Fig. S10 LSV curves of FNCT catalysts prepared at various pyrolysis temperatures in O2-saturated 
0.1 M KOH aqueous solution at a scan rate of 1600 rpm.

Fig. S11 LSV curves of (a) FNCT700-100, (b) FNCT900-100 and (c) FNCT1000-100 with various 
rotation rates. The insets show the corresponding K-L plots at different electrode potentials.

Fig. S12 Electron transfer numbers of different catalysts prepared at various pyrolysis 
temperatures derived from their corresponding LSV curves at a scan rate of 1600 rpm.



Fig. S13 LSV curves of FNCT catalysts prepared at 800 oC with various amount of iron source in 
O2-saturated 0.1 M KOH aqueous solution at a scan rate of 1600 rpm.

Fig. S14 LSV curves of (a) FNCT800-20, (b) FNCT800-50, (c) FNCT800-150 and (d) FNCT800-200 
with various rotation rates. The insets show the corresponding K-L plots at different electrode 
potentials.

Fig. S15 Electron transfer numbers of different catalysts prepared at 800 oC with various amount 
of iron source derived from their corresponding LSV curves at a scan rate of 1600 rpm.



Fig. S16 TEM image of FNCT800-100 after ball milling (a) and following acid leaching (b). XRD 
patterns (c) and polarization curves of FNCT800-100, ball-milled FNCT800-100, and ball-milled 
FNCT800-100 after acid leaching (d).

Fig. S17 LSV curves for the determination of collection efficiency N of RRDE. The N measurement 
was carried out in 0.1 M KOH with 2 mM K3Fe(CN)6 and 1 M KNO3 as electrolyte and using a 
potential scanning rate of 10 mV s−1. The calculated value 43.5% is close to the manufacture’s 
value of 43%.



Table S1 Loading amount of Fe in different FNCT catalysts calculated from TGA. 
Sample Fe2O3 wt% Corresponding Fe wt%

FNCT800-20 12.94 9.05
FNCT800-50 17.01 11.90

FNCT800-100 20.72 14.49
FNCT800-150 24.99 17.48
FNCT800-200 32.82 22.95
FNCT700-100 21.66 15.15
FNCT900-100 19.83 13.87

FNCT1000-100 17.43 12.19

Table S2 Comparison of ORR performance (V vs. Ag/AgCl) for different non-precious N-doped 
PCM catalysts reported in recent literatures.a

 Catalysts E n Ref.
Eonset E1/2

Current Density 
at -0.6 V

(mA cm-2)
K-L plot RRDE

FNCT -0.038
(0.933 

vs. RHE)

-0.143
(0.828 

vs. RHE)

-5.319 3.96 3.84-3.94 This 
work

NCF-Co -0.09 -0.18 <-4.5 3.96 / S1
Fe-N-CNP-CNF -0.1 -0.19 / 3.9-4.1 3.61-3.88 S2

NDC 0.862
(vs. RHE)

/ <-4.3 4 / S3

Fe-N-CNFs -0.02 -0.14 -5.12 
(at -0.7 V)

3.93-3.95 / S4

Fe3C@NCTs 0.098 -0.147 -3.1 3.8 / S5
Co-N-C HHMT 0.973

(vs. RHE)
0.871

(vs. RHE)
-5.76 3.95-4.0 3.74-3.88 S6

NiCo@NCNT 0.93
(vs. RHE)

0.82
(vs. RHE)

/ 3.7-3.9 / S7

CNT@NPC -0.114 -0.253 -5 >3.9 / S8
N-CACNT-NF -0.06 -0.168 / 3.98 / S9

Co/N-CNT
Fe/N-CNT

0.94
0.96

(vs. RHE)

0.84
0.82

(vs. RHE)

/
/

3.85
3.90

/
/

S10

Fe/N/C-HNSs / -0.22 / 3.8 / S11
Fe2N/MNGCS 0.960

(vs. RHE)
0.881

(vs. RHE)
/ 4 / S12

Z67D-700-L / <0.8
(vs. RHE)

/ 3.5 / S13

a. The potential, measured with Ag/AgCl (3.5 M KCl) reference electrode, was converted to the 
potential versus the reversible hydrogen electrode (RHE) according to the Nerst Equation:

ERHE = EAg/AgCl + 0.0591 pH + 0.203
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