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Electrochemical measurements

The electron transfer numbers (n) were calculated by the K-L equations as follows
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where j is the measured current density, jx and j, are the kinetic and limiting current
densities, w is the angular velocity of the disk, n is the overall number of electrons
transferred in oxygen reduction, F is the Faraday constant (96485 C mol!), Cy is the
bulk concentration of O, (1.2 x 10 mol cm™3), D, is the diffusion coefficient of O, in
0.1 M KOH (1.9 x 10 cm? s°!), and ¥ is the kinematic viscosity of the electrolyte (0.01

cm? s7).

For the RRDE test, the disk electrode was scanned at a rate of 10 mV s’! at a rotating
speed of 1600 rpm, and the ring potential was kept at 1.4 V versus RHE. The peroxide
percentage (H,0,%) and the electron transfer number (n) were determined by the

following equations
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where /; is disk current, /, is ring current, and N is current collection efficiency of the

Pt ring. N was determined to be 0.37.



Fig. S3 SEM of NC-800
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Fig. S4 DTG curves of carrageenan with melamine; carrageenan and melamine.
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Fig. S5 CV tests for NSC-800, SC-800, NC-800, and Pt/C under Ar and O, saturated

0.1 m KOH.
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Fig. S6 CV curves in the region of 1.0-1.1 V at scan rates from 2 to 12 mV s™! for (a)
NSC-800, (b) SC-800, (c) NC-800, and (d) NC-800-KOH.
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Fig. S7 Linear fitting of capacitive current for NSC-800, SC-800, NC-800 and NC-
800-KOH.
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Fig. S8 Nyquist plots of NSC-800, SC-800 and NC-800, with the inset showing the

equivalent circuit for fitting the experimental data.
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Fig. S9 SEM image of NC-800-KOH
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Fig. S10 (a) Nitrogen adsorption and desorption isotherms, and (b) pore size
distribution curve of NC-800-KOH
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Fig. S11 (a) XPS survey spectra. High-resolution XPS spectra of (b) C 1s and (c¢) N 1s
peaks for NC-800-KOH.
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Fig. S12 CV tests for NC-800-KOH under Ar and O, saturated 0.1 M KOH.
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Fig. S13 ORR polarization curves for NC-800-KOH.
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Fig. S14 H,0, yield together with the electron transfer numbers for NC-800-KOH.
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Fig. S15 The galvanostatic discharge-voltage curve of aqueous ZAB with NSC-800 at
50 and 100 mA cm™.
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Fig. S16 The galvanostatic discharge-voltage curve of aqueous ZAB with NSC-800 at

10 mA cm™.



Table S1 Physical properties of NSC-800, SC-800, NC-800 and NC-800-KOH.

SBET pore volume (%)
sample Vp (cm? g1)
(m? g pore < 2nm pore > 2nm
NSC-800 1069.4 0.88 63.55 36.45
SC-800 1775.8 2.03 35.70 64.30
NC-800 337.8 0.33 63.23 36.77
NC-800-KOH  1220.3 1.12 41.58 58.42

Table S2 Elemental composition of different samples from XPS spectra.

sample C/at. % N /at. % S /at. %
NSC-800 85.32 8.88 0.57
SC-800 94.10 0.86
NC-800 82.91 10.60
NC-800-KOH 87.05 8.83

Table S3 The content of surface carbon species in different samples from high-

resolution Cls XPS spectra.

sz C Sp3 C C-N C-S C-0 C-0=C
Sample o 0 o 0 0
/Cotat (%) /Crota1 (%0)  /Ciotat (%6)  /Ciotar (%) /Ciotar (%) /Crorar (%0)
NSC-800 59.88 13.17 10.18 4.79 5.39 6.59
SC-800 66.23 13.25 9.27 3.97 7.28
NC-800 60.24 10.84 12.05 13.25 3.62
NC-800-

67.11 9.40 9.40 8.72 5.37
KOH




Table S4 The content of surface nitrogen species in different samples from high-

resolution N1s XPS spectra.

pyridinic-N pyrrolic-N graphitic-N  N-oxides

1
Sample Now (%) Now (%) New (%) /N (%)
NSC-800 35.69 39.22 18.82 6.27
NC-800 38.61 32.43 21.62 7.34
NC-800-
33.00 33.34 21.67 11.99
KOH

Table S5 The content of surface sulfur species in different samples from high-

resolution S2p XPS spectra.

Sample S 2p3/2 S 2p1/2 S-oxides
P /S orat (%) /S orat (%) /S orat (%)
NSC-800 57.14 29.14 13.72

SC-800 60.98 31.10 7.92




Table S6 The electrocatalytic activities of the recently reported metal-free and

transition-metal catalysts for ORR in the 0.1M KOH solutions.

sample Eonset (V) Ein (V) Ref.
NSC-800 0.980 0.890 This work
CMD-900-4 0.930 0.850 !
NVG-30 0.910 0.800 2
NBCNT-10 0.958 0.820 3
NFPC-1100 0.960 0.850 4
NOPHC,p-900 0.900 0.770 3
HPNHC 0.980 0.870 6
Cxi 0.944 0.828 7
N,P-HCNF-8 0.930 0.820 8
N-CNSP 0.960 0.850 9
N-GPp 0.960 0.830 10
h-NCT-900 0.970 0.863 1
Fe SA-NSC-900 0.940 0.860 12
FeCo-N-HCN 0.980 0.860 13
CoN-PCNS 0.930 0.860 14

Table S7 EIS spectra fitting results for NSC-800, SC-800 and SC-800.

sample R (Q cm?) Rt (Q cm™?)
NSC-800 2.94 130.5
SC-800 3.49 132.4

NC-800 3.01 141.4




Table S8 The OCP and peak power density of the reported Zn-air batteries prepared by

the ORR catalyst using liquid alkaline electrolytes.

e
NSC-800 1.530 166.05 This work
DAP;-NDA 5-DBUj 5 1.480 149.00 15
N,P-FC 1.420 148.30 16
NPS-G-2 1.372 151.00 17
1100-CNS 1.490 151.00 18
NFGD 1.180 86.00 19
N,P-NC-1000 1.480 146.00 20
CoS,/Co-NC-800 1.400 103.00 21
Fege_o_re.UP/CA 1.490 140.10 22
Fe-N-HPC 1.480 164.80 23
4Fe;04@PCN-800 1.423 156.80 24
MNSs@NGA 1.520 115.00 25
Fe;C—FeN/NC-2 1.410 166.00 26

2-SA-Mn-900 1.442 147.00 27
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