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Fig. S2 SEM images of (A) BNC, (B) PBNC-600, and (C) PBNC-1000.
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Fig. S3 (A) XPS survey scans and (B-F) high resolution N 1s XPS spectrum of BNC (B), PBNC-
600 (C), PBNC-1000 (D), BNC (E), and PBNC (F).
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Fig. S4 (A-B) CV curves of BNC (A) and NCS (B) recorded in N, or O,-saturated 0.1 M KOH
solution; (C-D) CV curves of BNC (C) and NCS (D) recorded in Nj-saturated 0.1 M KOH
solution at different scan rates.



A’ B
—_ —~ 14
NE o~
§ 5
2 o 3
z £
2 2
g -2 2 21
- -
- —N
] N, < 2
: —o | £ —e,
o PBNC-600 ] PBNC-1000
-4 T T T T T T -4 T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
Potential (V vs. RHE) Potential (V vs. RHE)
C 0 Doo3
—— PBNC-600 — 5mV/s 10 mV/s
a1l — NCs — — 15mV/s —— 20 mV/s
NE —— PBNC-1000 NE 0.024 —— 25mV/s 30 mV/s
S ,] —puc L
H £
E 3] £ 0014
z z
£ =
S 4 5 4
g g o000
= €
5 5 5
= £ 0014
]
G 64 © PBNC-600
02 03 04 05 06 07 08 09 1.0 0.96 0.98 1.00 1.02 1.0 1.06
Potential (V vs. RHE) .
Potential (V vs. RHE)
0.8
E | — smvis —10mvys F ,0] = PBNCG0O
. 064 —15mV/s 20 mv/s 1 + nes
o 1—25mv 30mv,
§ 0.4 mv/s mv/s 1e] 4 PeNC1000
E 0.1: — 65 mecm?
£ 1 g L2
>
£ o004 <
z b
S ool £ 0.8 ,
-] ~. 31 mF/cm
T 1 ™
S 04 —r 0.4 4
= 2
'3 064 6.7 mF/ecm
PBNC-1000 0.0+
-0.8 T T T T T T T T T T T T
0.46 048 050 052 054 056 0.58 5 10 15 20 25 30

Fig. S5 (A-B) CV curves of PBNC-600 (A) and PBNC-1000 (B) recorded in N, or O,-saturated
0.1 M KOH solution; (C) LSV curves of PBNC-600, NCS, PBNC-1000 recorded in O,-saturated
0.1 M KOH solution at a scan rate of 10 mV/s and a rotating speed of 1600 rpm; (D-F) CV curves
of PBNC-600 (D) and PBNC-1000 (E) recorded in Nj-saturated 0.1 M KOH solution at different

scan rates and the corresponding linear relationship (F) between capacitive (j,-j.) and CV scan

rates.
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Fig. S6 (A, B) SEM images of PBNC-3/3 and PBNC-3/5; (C, D) CV curves of PBNC-3/3 and
PBNC-3/5 recorded in N, or O,-saturated 0.1 M KOH solution; (E) LSV curves of PBNC-3/3,
NCS, and PBNC-3/5 recorded in O,-saturated 0.1 M KOH solution at a scan rate of 10 mV/s and a
rotating speed of 1600 rpm; (F-H) CV curves of PBNC-3/3 and PBNC-3/5 recorded in N,-
saturated 0.1 M KOH solution at different scan rates and the corresponding linear relationship (H)

between capacitive (j,-j.) and CV scan rates.
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Fig. S7 (A) LSV curves of NCS recorded in O,-saturated 0.1 M KOH solution at different rotating

speeds and (B) the corresponding K-L plots.
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Fig. S8 LSV curves at different rotating speeds and the corresponding K-L plots of (A,D) BNC,
(B,E) PBNC-600, and (C,F) PBNC-1000.
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Fig. S9 RRDE curve of NCS recorded in O,-saturated 0.1 M KOH solution at a scan rate of 10
mV/s and a rotating speed of 1600 rpm.



A 003 B
—— 5mV/s 10mVv/s 0.454 ——10mV/s 15mV/s
— ——15mV/s 20mV/s — ——20mV/s 25mV/s
E o02{ —a2smvss 30mV/s g 0304 —30mV/s 35mV/s
> <
< < 015
£ E
> 0.01 e
-‘;‘ E 0.00
g o NCS
k-] ©  .0.154
Z 0.0 T 015
o g
g £ -0.30
= =
O -0.01 o
-0.45 4
090 092 094 096 098  1.00  1.02 0.36 0.38 0.40 0.42 0.44 0.46
Potential (V vs. RHE) Potential (V vs. RHE)

Fig. S10 CV curves of (A) BNC and (B) NCS recorded in Nj-saturated 0.1 M HCIO;, solution at
different scan rates.
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Fig. S11 (A) LSV curves recorded at different rotating speeds and (B) RRDE curve with a ring
disk potential of 1.48 V of NCS in O,-saturated 0.1 M HCIO, solution at a scan rate of 10mV/s.
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Fig. S12 LSV curves of commercial Pt/C before and after stability test of 5000 cycles.

Table S1 Surface composition of BNC, PBNC-600, NCS, and PBNC-1000.

Samples

BNC
PBNC-600
NCS

PBNC-1000

Atomic ratio (%)

89.25

74.67

90.5

90.11

N

10.93

15.52

4.93

4.48

6.12

9.81

4.57

541




Table S2 E,;, value comparison of NCS and the reported metal-free carbon electrocatalysts in

alkaline medium.

Electrocatalyst Electrolyte Ein (V) Reference

NCS 0.1 M KOH 0.832 This work
GNF-H/N (1:20) 0.1 M KOH 0.83 1
N-GPp 0.1 M KOH 0.83 2
N,P-HCS 0.1 M KOH 0.81 3
BN-CA-900 0.1 M KOH 0.77 4
NCN-1000-5 0.1 M KOH 0.82 5
N-CNSP 0.1 M KOH 0.85 6
SWCNTs 0.1 M KOH 0.80 7
JUC-528 0.1 M KOH 0.70 8
PS-900 0.1 M KOH 0.85 ?
N,S-CD/rGO 0.1 M KOH 0.69 10
GC-900 0.1 M KOH 0.808 1
C 4 NNSs/G, 0.1 M KOH ~0.75 12
N,S-HPC 0.1 M KOH 0.814 13
CF-hydrolyzed PIM-1 0.1 M KOH 0.847 14
XWB-CMP-1000 0.1 M KOH 0.774 15
C-CMPs-1NP 0.1 M KOH 0.82 16
N, F-MCFs 0.1 M KOH 0.81 17
NPC 0.1 M KOH 0.864 18
GNR@CNT 0.1 M KOH 0.819 19
CiNy 0.1 M KOH ~0.65 20

Table S3 E,;, value comparison of NCS and the reported metal-free carbon electrocatalysts in

acidic medium.

Electrocatalysts Electrolyte Eip (V) Reference
NCS 0.1 M HCI1O, 0.64 This work
N, P-GC-1000 0.1 M HCIO4 0.64 21
NCN-1000-5 0.5 M H,SO4 ~0.58 >
PS-900 0.5 M H,SO4 0.70 K
XWB-CMP-1000 0.5 M H,SO4 ~0.62 15
N, F-MCFs 0.5 M H,SO4 0.257 17
NPC 0.5 M H,SO4 0.74 18
GNR@CNT 0.5 M H,SO4 0.633 19
ZnCoNC-IL20 0.1 M HCIO4 ~0.65 22
MoN 0.1 M HCIO, ~0.38 3
Ts 0.1 M HCIO, ~0.41 24
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