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Figure S1. a), b), and c) SEM images of P-NMG-0
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Figure S2. a), b), and c) SEM images of P-NMG-5
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Figure S3. a) and b) SEM images of P-NMG-10
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Figure S4. a), b), and c) SEM images of P-NMG-15




Figure S5. XRD patterns of P-NMG-0, P-NMG-5, P-NMG-10 and P-NMG-15.
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Figure S6. a) Nitrogen adsorption-desorption isotherm, and b) its corresponding pore distribution pattern of P-NMG-5.
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Figure S7. a) Nitrogen adsorption-desorption isotherm, and b) its corresponding pore distribution pattern of P-NMG-15.
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Figure S8. High-resolution C 1s XPS spectra of a) P-NMG-5, b) P-NMG-10, and c) P-NMG-15.
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Figure S9. High-resolution O 1s XPS spectra of a) P-NMG-0, b) P-NMG-5, c) P-NMG-10, and d) P-NMG-15.


Figure S10. The collection efficiency (N) immersed in Ar-saturated 0.1 M PBS with 5mM of potassium ferricyanide (K3Fe(CN)6).



Figure S11. LSV curves of P-NMG-5, P-NMG-10 and P-NMG-15 in 0.10 M KOH containing 50 mM H2O2.   



Figure S12. Corresponding standard curve.



Figure S13. The blank control group.



Figure S14. H2O2 yield of the samples obtained from different temperature treatments.
The samples obtained from different temperature treatments were tested (Figure S14,15), and it can be observed that the highest yield and Faraday efficiency (FE) were obtained (0 V vs. RHE) from the samples treated at 900 °C. It proved that 900 °C is the optimum annealing temperature for P-NMG-X. 
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Figure S15. a) The yield and FE of H2O2 for the samples obtained from 1000 °C. b) The yield and FE of H2O2 for the samples obtained from 800 °C.





[image: ]
Figure S16. a) The yield and FE of H2O2 for the P-NMG-5. b) The yield and FE of H2O2 for the P-NMG-15. 
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Figure S17. Determination of electrochemically active surface area. (a-c) CV curves of P-NMG-5, P-NMG-10 and P-NMG-15. d) The Cdl for P-NMG-5, P-NMG-10 and P-NMG-15 are calculated to be 2.15, 3.24 and 10.31 mF cm–2, respectively.


Figure S18. UV-vis spectra of electrolyte every hour.



Figure S19. The yield and FE of H2O2 for the P-NMG-10 in 0.9 wt.% NaCl.
 


Figure S20. The current density for 24h in 0.9 wt.% NaCl and linear fitted lines for the change in H2O2 concentration.
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Figure S21. Schematic diagram of N-doped graphene with pyrrolic nitrogen (a/b), pyridinic nitrogen (c), and quaternary nitrogen in the bulk phase (d), respectively.
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Fig S22 (a-c) PDOS of pz orbital of C atom on dual-spyrrolic nitrogen carbon with different nanoribbon widths before and after *OOH adsorption. (d-f) PDOS of pz orbital of C atom on pyrrole with different nanoribbon widths before and after *OOH adsorption.



Table S1. Atomic content of C, N and O for P-NMG-0, P-NMG-5, P-NMG-10 and P-NMG-15 according to XPS survey spectra.

	Sample
	O (at. %)
	N (at. %)
	C (at. %)

	P-NMG-0
	13.01
	0
	86.99

	P-NMG-5
	4.91
	8.69
	86.4

	P-NMG-10
	3.71
	9.38
	86.91

	P-NMG-15
	4.53
	9.47
	86






Table S2. Atomic content of C−OH, C−O−C/O=C−O and C=O for P-NMG-0, P-NMG-5, P-NMG-10 and P-NMG-15 according to XPS survey spectra.
	Sample
	C−OH
	C−O−C/O=C−O
	C=O

	P-NMG-0
	9.4
	50.1
	40.5

	P-NMG-5
	23.3
	41.3
	35.4

	P-NMG-10
	18.9
	32.2
	48.9

	P-NMG-15
	19.8
	37.9
	42.3






Table S3. The electrochemical performance comparison with electrocatalysts recently reported.
	Catalysts
	Potential (V vs. RHE)
	FE
	H2O2 yield
(mol g−1 h−1)
	Ref.

	P-NMG-10
	0
	90
	12
	This work

	P-NMG-10
	-0.6
	80
	30
	This work

	G-COF-950
	0.1
	69.8
	1.29
	1

	N-doped porous carbon
	0.1
	55
	0.46
	1

	N-doped porous carbon
	0.2
	58
	0.35
	1

	N-doped mesoporous carbon
	0.1
	70
	0.56
	2

	Biomass derived N/C
	−0.67
	51
	0.05
	3

	a-NiO NSs
	0.45
	85
	0.23
	4

	Co1-NG(O)
	0.6
	95.6
	0.42
	5

	Oxo-G/NH3·H2O
	0.2
	43.6
	0.22
	6

	rGO-PEI
	0.74
	90.7
	0.11
	7

	[bookmark: OLE_LINK2]Ni-N2O2
	~0.4
	90
	5.9
	8

	N‐FLG‐8
	1.8 (cell voltage)
	90
	9.66
	9

	Single site Co-NC
	0.1
	52
	0.19
	10

	N-O-P-C-800
	0.25
	65
	1.47
	11
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