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Figure S1. Optical microscope image of Fructus azedarach. 

 

Figure S2. (a) TEM image of Fructus azedarach, (b) TEM image of PTC, (c) TEM image of KAC, (d) 

TEM image of NPDC-1.09, (e) SEM image of Fructus azedarach, (f) SEM image of PTC, (g) SEM image 

of KAC, and (h) SEM image of NPDC-1.09. 
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Figure S3. (a) TEM image of NPDC-1.09, (b) TEM image of hydrothermally treated NPDC (NPDC-H). 

 

Figure S4. High resolution XPS spectra of N 1s in (a) NDC, (b) NPDC-2.41, (c) NPDC-0.63, and (d) 

NPDC-0.61. 
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Figure S5. High resolution XPS spectra of P 2p in (a) NPDC-2.4, (b) NPDC-0.63, and (c) NPDC-0.61. 

 

Figure S6. CV curve in (a) NDC, (b) NPDC-0.61, (c) NPDC-0.63, (d) NPDC-2.41, (e) NPDC-H. 

 

Figure S7. LSV curve of NPDC-H and NPDC-1.09. 
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Table S1. N 1s and P 2p fitted results of all sample. 

*PS: (ar) means after reaction. 

 

 

Figure S8. (a) Disk and ring currents of NDC, (b) Disk and ring currents of NPDC-0.61, (c) Disk and ring 

currents of NPDC-0.63, (d) Disk and ring currents of NPDC-2.41. 

Samples Nitrogen (%) Phosphorous (%) 

 Pyridine Pyrrolic N-P Graphite P-O P-N P-C 

KAC 12.25 55.63 -- 32.12 -- -- -- 

NDC 5.21 27.45 34.38 32.96 -- -- -- 

NPDC-2.41 39.86 33.69 14.24 12.21 34.13 32.17 32.89 

NPDC-1.09 44.83 22.03 14.57 18.57 25.52 32.14 42.34 

NPDC-1.09 (ar) 14.52 26.20 27.76 31.52 26.54 37.91 35.55 

NPDC-0.63 52.17 14.50 20.29 13.04 34.23 38.30 27.47 

NPDC-0.61 20.28 28.32 21.11 30.29 34.24 33.93 31.83 
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Figure S9. (a-d) Calculated n and determined % H2O2 at various potentials of NDC, NPDC-0.61, 

NPDC-0.63 and NPDC-2.41. 

 

Figure S10. (a) Disk and ring currents of NPDC-H, (b) Calculated n and determined % H2O2 of NPDC-H. 

 

Figure S11. (a) LSV diagram of NPDC-1.09 after ADT test, (b) LSV diagram of NPDC-1.09 after CP test, 

and (c) LSV diagram of NPDC-1.09 after adding MeOH. 
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Figure S12. (a) CV curves NPDC-1.09 in 0.1 M HClO4, (b) LSV curves of NPDC-1.09 with rotate speed 

of 200 rpm-1800 rpm in 0.1 M HClO4; (c) the CP curve on NPDC-1.09 in 0.1 M HClO4, and (d) the CP 

curve on NPDC-1.09 with addition of MeOH in 0.1 M HClO4. 
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Table S2. The performance of the sample NPDC-1.09 in this work is compared with the samples in other papers. 

Biomass source 
Heteroatom 

precursor 

Other 

precursors 

Synthesis 

strategy 

Surface 

area 

[m
2
·g

-1
] 

Eonset 

[V] 

E1/2 

[V] 

EOER 

[V] 

Transferred 

electrons (n) 

Zn-air battery 

cycle duration 

[h] 

Ref. 

Sodium alginate 

t 

2-methylimidazole 

(N) 

Co(NO3)2 

NaHCO3 

Activation, 

MOF growth 
252 0.90 0.83 – 4.3 – S1 

Peanut-shell Dopamine (N) 

Co(AC)2 

Fe(NO3)3 

KOH 

Activation, 

Pyrolysis 
1863 1.05 0.84 1.61 4.8 155 S2 

D-Glucose and 

Cellulose 
Soya bean flour (N) – 

Pyrolysis 

Hydrothermal 
449 0.90 0.76 – 3.8 – S3 

Hair Self-doping (N, S) KOH 
Pyrolysis, 

Activation 
1698 0.92 0.82 – 3.9 – S4 

Coconut shell 
Urea (N) 

Phosphate acid (P) 
– 

Activation, 

Pyrolysis 
1216 0.94 0.75 – 3.7 – S5 

Triarrhena Melamine KOH 
Pyrolysis 

Hydrothermal 
1347 0.94 0.83 – 3.8 – S6 

Pristine catkin NH3 (N) [Omim]FeCl4 Pyrolysis 385 0.93 0.85 1.54 4 – S7 
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Wood NH4Cl (N) – 

Pyrolysis 

Cellulose 

Activation 

1039 0.99 0.83 1.61 3.9 80 S8 

Peach gum Melamine (N) 
Co(NO3)2 

 
Pyrolysis - 0.91 0.81 1.63 3.9 32 S9 

Porphyra Self-doping (N, S) FeCl3 
Encapsulate, 

Pyrolysis 
1533 0.96 0.84 1.62 3.8 66.5 S10 

Fructus 

azedarach 

NH4H2PO4 (N, P) 

Cyanamide (N) 
KHCO3 

Pyrolysis, 

Activation 

Hydrothermal 

1584 0.94 0.84 1.68 3.9 84 
This 

work 
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