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[bookmark: _Hlk116305179][bookmark: _Hlk111451739][bookmark: _Hlk118919738]Fig. S1 The XPS survey spectra of CP@900, CP-N-C@900, CP-UN-C@900 and CP-DN-C@900.
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[bookmark: _Hlk111483881]Fig. S2 CV curves of (a) Pt/C and (b) CP-N-C@900 under O2 and N2 saturation.
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Fig. S3 The Koutecky-Levich plots at different potentials.
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[bookmark: _Hlk126923923][bookmark: _Hlk121249220][bookmark: _Hlk111792867]Fig. S4 Electron transfers and H2O2 yields of CP-N-C@900 and Pt/C.


[image: ]
Fig. S5 Deconvoluted N 1s spectra of CP-N-C@900 before (a) and after (b) the ORR durable test.
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[bookmark: _Hlk112139403]Fig. S6 Methanol tolerance measurements of Pt/C and CP-N-C@900 at the same condition, with the addition of 1 M methanol at 500 s
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[bookmark: _Hlk117080672]Fig. S7 The open circuit voltages of CP-N-C@900-based and Pt/C-based liquid ZAB (Inset: the open circuit voltage of CP-N-C@900-based ZAB).


Table. S1 The element contents obtained by elemental analysis.
	Samples
	C (wt%)
	N (wt%)
	O (wt%)

	CP@900
	94.1
	0
	5.9

	CP-N-C@900
	83.2
	8.6
	8.2

	CP-UN-C@900
	88.2
	6.3
	5.5

	CP-DN-C@900
	86.9
	5.8
	7.3







Table. S2 Specific surface areas and the element contents obtained by XPS of the electrocatalysts.
	Samples
	Specific surface area (m2 g-1)
	The element content obtained by XPS (atom%)

	
	
	C
	N
	O

	CP@900
	825.4
	94.6
	0
	5.3

	CP-N-C@900
	1109.23
	88.57
	3.62
	7.81

	CP-UN-C@900
	1028.65
	90.61
	2.57
	6.82

	CP-DN-C@900
	1265.27
	86.63
	2.49
	10.88















Table. S3 Summary of the catalytic activities of the reported electrocatalysts in 0.1 M KOH.
	Catalysts
	Eonset
(V vs. RHE)
	E1/2
(V vs. RHE)
	E j=10
(V)
	ΔE
(E j=10-
E1/2) (V)

	CP-N-C@900
	1.00
	0.86
	1.65
	0.79

	10 wt% Pt/C
	0.98
	0.837
	—
	—

	RuO2
	—
	—
	1.54
	—

	S, S′-CNT 1000 °C
	0.87
	0.79
	1.58
	0.79

	NGM
	0.89
	0.77
	1.67
	0.90

	N-GRW
	0.92
	0.84
	1.59
	0.75

	HPNC-2
	0.96
	0.86
	—
	—

	N-GDY-900
	1.01
	0.83
	1.796
	0.966

	MCAC
	0.87
	0.8
	1.56
	0.76

	Fe@C–NG/NCNTs
	0.93
	0.84
	1.68
	0.84

	Co-POC
	—
	0.83
	1.70
	0.87

	MnCo2O4/N-rGO
	0.89
	0.82
	1.73
	0.91

	[bookmark: OLE_LINK142]Co@NPC-800
	0.89
	0.70
	1.68
	0.98
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