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Supplementary Figures and Tables
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Fig. S1 N2 adsorption–desorption isothermal curves (a) and pore size distribution (b) of coconut shell-derived activated carbon (AC)
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Fig. S2 Joule heating equipment and the heating curves for N-CD sample
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Fig. S3 HR-TEM images of pure C (a), pure CD (b), N-C (c) and N-CD’ (d)
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Fig. S4 High-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) image and the corresponding EDS mapping images of N-CD
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Fig. S5 Pore size distribution of different samples
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Fig. S6 High-resolution N 1s spectra of N-C
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Fig. S7 LSV curve of N-CD before and after adding 10 mM KSCN into O2-saturated 0.1 M KOH solution
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Fig. S8 LSV curves without iR compensation in O2 saturated 0.1 m KOH at the scan rate of 10 mV s−1 at 1600 rpm with RDE for N-CD and N-CD’
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Fig. S9 K-L plots and electron transfer numbers for N-CD
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Fig. S10 LSV curve (solid line) of N-CD measured using a Rotating Ring-Disk Electrodes (RRDE) and the corresponding H2O2 current (dashed line) on the ring electrode were obtained in O2 saturated 0.1 M KOH at the speed of 1600 rpm with a fixed potential of 1.2 V vs. RHE
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Fig. S11 LSV curves of catalysts annealed in secondary tube furnaces
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Fig. S12 The anti-methanol toxicity test of N-CD and Pt/C 20% adding 2 mL methanol at 30min in 0.1 M KOH
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Fig. S13 (a-e) CV curves obtained in a potential window of 0.95-1.15 V vs RHE at different scan rates in Ar saturated 0.1 M KOH for pure C (a), pure CD (b), N-C (c), N-CD’ (d) and N-CD (e). (f) The charging current density plots with different scan rates for the samples
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Fig. S14 OER Tafel plots of the catalysts
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Fig. S15 HR-TEM images of N-CD under different joule heating time from 1 s to 10 s
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Fig. S16 HR-TEM of other biomass-based ACs with Joule heating
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Fig. S17 N2 adsorption–desorption isothermal curves and pore size distribution of biomass-based ACs before and after Joule heating
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Fig. S18 DFT calculation model of (a) G, (b) GD, (c) A_N-C
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Fig. S19 Gibbs free energy of the ORR intermediates on A_N-C at 1.23 V
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Fig. S20 Gibbs free energy of the ORR intermediates on different catalysts at 0 V
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Fig. S21 (a-c) The charge density difference mappings of N-CA (a), N-CL (b), N-CG (c). Yellow: charge accumulation, cyan: charge depletion
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Fig. S22 The optimized adsorption configurations of ORR intermediates (*, *OOH, *O, and *OH) on N-CL


[image: ][image: ]
Fig. S23 The pyridinic N and graphitic N models effect by different size sp2-C domains (sp2-C size order: CL>CL1>CL2)
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Fig. S24 The calculated density of states (DOS) of pyridinic N and graphitic N models
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Fig. S25 Gibbs free energy of the ORR intermediates on pyridinic-N-CL and graphitic-N-CL
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Fig. S26 Assembled ZAB device


Table S1 Elemental content of C, N, and O in different catalysts measured by XPS
	Catalysts
	C (at%)
	N (at%)
	O (at%)

	Pure C
	97.88
	/
	2.12

	Pure CD
	96.94
	/
	3.06

	N-C
	95.94
	0.89
	3.17

	N-CD’
	92.26
	1.94
	5.8

	N-CD
	93.03
	2.35
	4.62



Table S2 The C, N, O contents of N-CD’ treated with a tube furnace
	Catalysts
	C (at%)
	N (at%)
	O (at%)

	N-CD
	93.03
	2.35
	4.62

	N-CD’-1 
	93.19
	2.22
	4.58

	N-CD’-30 
	93.74
	2.38
	3.89


Table S3 The comparison with the reported metal-free bifunctional electrocatalysts
	samples
	EORRonest 
(V)
	EORR1/2
(V)
	EOER(V)
(j=10 mA cm-2)
	ΔE(V)
(Ej=10-EORR1/2)
	Refs.

	N-CD
	0.98
	0.884
	1.525
	0.64
	This work

	20%Pt/C+RuO2
	0.96
	0.882
	1.54
	0.66
	This work

	2D-PPCN
	0.92
	0.85
	1.595
	0.75
	[S1]

	1100-CNS
	0.99
	0.85
	1.69
	0.84
	[S2]

	B, N-Carbon
	0.98
	0.84
	1.57
	0.73
	[S3]

	DG
	0.91
	0.76
	1.57
	0.81
	[S4]

	GH-BGQD
	/
	0.87
	1.6
	0.73
	[S5]

	N-GRW
	0.92
	0.84
	1.66
	0.82
	[S6]

	NKCNPs
	0.81
	0.79
	1.71
	0.92
	[S7]

	NPCS-900
	0.91
	0.83
	1.64
	0.81
	[S8]

	S, S’-CNT
	/
	0.78
	1.58
	0.8
	[S9]

	TTF-F
	0.86
	0.77
	/
	/
	[S10]

	SNGL-20
	0.86
	0.68
	/
	/
	[S11]

	PG
	0.92
	0.54
	/
	/
	[S12]

	NCNF-1000
	0.97
	0.82
	/
	/
	[S13]

	NCS-800
	0.86
	0.7
	/
	/
	[S14]

	MCN-1000-5
	0.95
	0.82
	/
	/
	[S15]

	G-CBP-A
	0.68
	0.64
	/
	/
	[S16]






Table S4 The comparison of the performance of assembled Zn-air battery with the reported bifunctional electrocatalysts
	samples
	current density(mA cm-2)
	Time(h)
	Refs.

	N-CD
	5
	over 1200
	This work

	C111-900
	5
	200
	[S17]

	HEO/CoNC
	5
	140
	[S18]

	HHPC
	10
	388
	[S19]

	N-CNSP
	5
	150
	[S20]

	NFS-CNF
	10
	60
	[S21]

	N-GDY-900
	5
	300
	[S22]

	NPCTC
	5
	30
	[S23]

	PSNC-0.8
	10
	320
	[S24]

	PyN-GDY
	2
	150
	[S25]

	SNC
	5
	500
	[S26]

	SD-Fe-N/C
	10
	300
	[S27]

	WN- Ni@pDC-750–0.02
	5
	400
	[S28]

	NPC-950
	20
	85
	[S29]
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