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Fig. S1. TEM images of the as-prepared NCNC at 500 °C before acid washing (a, b), 

and NCNC5-800 (c, d) 
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Fig. S2. TEM images of NCNC6 (a, b) and NCNC6-800 (c, d)

5 nm

(d)

5 nm

(c)

(a) (b)



406 404 402 400 398 396

N1      0.54 at.%
N2      0.41 at.%
N3      1.6 at.%

N3

N2

 

 

In
te

ns
ity

 / 
cp

s

Binding energy / eV

N1

NCNC5-n800 (d)

406 404 402 400 398 396

N4

N3 N2

N1      0.77 at.%
N2       0.94 at.%
N3      1.08 at.%
N4       0.7 at.%

 

 

In
te

ns
ity

 / 
cp

s

Binding energy / eV

NCNC5-500 (b)

N1

1200 1000 800 600 400 200 0

NCNC5-900

NCNC5-n800
NCNC5-500

 

 

In
te

ns
ity

 / 
cp

s

Binding energy / eV

O1s N1s

C1s

Sample          C (at.%)   O (at.%)   N (at.%)
NCNC5-500     92.79       3.71         3.5
NCNC5-900     94.56       2.63         2.81  
NCNC5-n800   93.58       3.83         2.59
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Fig. S3. XPS survey spectra of different samples (a), high resolution N 1s spectra of NCNC5-500 

(b), NCNC5-900 (c), and NCNC5-n800 (d), and the contents of different types of N in different 

NCNCs (e).
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Fig. S4 Cyclic voltammogram curves of NCNC5-800 (a), and JM catalysts (b) after different 

numbers of potential cycling between 0.6 and 1.24 V (vs. RHE)
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Fig. S5. RDE polarization curves of Pt/CNC(1000) (a) before and after potential cycling between 

0.6 to 1.24 V (vs. RHE) in O2-saturated 0.5 M H2SO4, and the difference between initial E1/2 

and E1/2 after different numbers of potential cycling (b).      
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Fig. S6. RDE polarization curves of NCNC5-800 (a) and JM (b) catalysts before and after 

potential cycling between 0.66 to 1.3 V (vs. RHE) in O2-saturated 0.1 M HClO4, (rotating speed: 

1600 rpm, scan rate: 5 mV s–1), and the variation of half-wave potential with the cycling number 

for NCNC5-800 and JM Pt/C catalyst (c).



Fig. S7. TEM images of NCNC5-800 after 7000 potential cycles in 0.1 M HClO4 (a, b), TEM 

images of Pt/C before (c, d) and after 6000 potential cycles (e, f)
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Fig. S8. RDE polarization curves of NCNC5 heated at 800 °C with different N-containing 

chemicals in O2-saturated 0.1 M HClO4 (rotating speed: 1600 rpm, scan rate: 5 mV s–1).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  


