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Preparation of working electrodes

For electrochemical measurements, a glassy carbon electrode (GCE, ® 5 mm) was
used as the working electrode substrate. Before every measurement, the GCE was
cleaned by ethanol in an ultrasonic bath, polished with a-Al,O;5 slurry (50 nm) on a
micro cloth, and rinsed with DI water.

For catalysts ink preparation, 5.0 mg catalyst and 1 mL Nafion ethanol solution
(0.25 wt%) were thoroughly mixed under ultrasound for about 30 min. And then, 20
uL slurry was coated onto the GCE and dried naturally. The catalyst loading was
calculated to be 0.5 mg cm. For comparisons, a commercial Pt/C (20 wt%, Johnson
Matthey Corp.) catalyst was also used for ORR.

Preparation of air electrode

For air electrode preparation, a Toray carbon paper (TGP-H-060) was used as the
substrate. A diffusion layer was formed by painting the suspension of carbon black
(XR-72R) and polytetrafluoroethylene (PTFE) onto one side of the carbon paper (the
mass ratio of carbon black and PTFE is 3:2).

For catalyst layer fabrication, a catalyst ink was first prepared through the same
procedure described in the working electrode preparation. The ink obtained was
painted onto the other side of carbon paper and dried under an infrared lamp. The
catalyst loading for NC-S900 is calculated to be 1.0 mg cm2. For comparisons, Pt/C

was also used to fabricate an air electrode through the same procedures.

Characterization
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The scanning electron microscopy (SEM) images were obtained on a JSM-
7100F field emission scanning electron microscope (JEOL, Japan), with an
acceleration voltage of 5 kV. The transmission electron microscopy (TEM) was
operated on a JEM-2100 transmission electron microscope (JEOL, Japan) at an
acceleration voltage of 200 kV. The X-ray photoelectron spectroscopy (XPS)
was conducted on an ESCALAB 250 X-ray photoelectron spectrometer
(Thermo-VG Scientific, USA). Catalysts’ specific surface areas and pore size
distribution were analysed by Brunauer-Emmett-Teller (BET) nitrogen
adsorption-desorption at 77 K on a Tristar II 3020 gas adsorption analyzer
(Micromeritics, USA).
Electrochemical measurements
Electrochemical measurements were carried out at room temperature by using a
three-electrode glass cell on an Interface 1010B electrochemical workstation
(Gamry, USA), coupled with a rotating ring-disk electrode (RRDE) system
(PINE, USA). An Hg/HgO/NaOH (1M) and Pt wire was used as the reference
and counter electrodes, respectively. All the potentials initially measured versus
Hg/HgO/NaOH (1M) were converted to the ones versus reversible hydrogen
electrode (RHE) by adding 0.92 V.

Before every measurement, the KOH solution (0.1 M) was saturated with O,
(99.999%) or N, (99.999%) for at least 30 min. All the current densities were

normalized to the GCE’s geometric area (0.1964 cm?).

S3



The linear sweep voltammetry (LSV) measurements were conducted at a
scan rate of 5 mV s! in an O, or N, saturated 0.1 M KOH solution.
The rotating ring-disk electrode (RRDE) measurements were conducted by using
a glassy carbon disk with a Pt ring which was biased at 1.42 V (vs. RHE). The
peroxide yields and the electron transfer number (n) per oxygen molecule were
calculated based on the following equations':
n =200 (NIg+1)!
n = 4l(Iq+IN"1)!
where /; and /4 refer to the ring and disk currents, respectively, and N is the
collection efficiency, which was confirmed to be 0.36 by the reduction of
K;3Fe(CN)g.
Battery tests
A home-made ZAB device was designed for the tests. A 6 M KOH solution
containing 0.2 M zinc acetate was used as the electrolyte, and a zinc plate was
used as the anode, respectively. The discharge-charge polarization curves were
obtained by an Interface 1010B potentiostat (Gamry, USA). The full-discharge
experiment was conducted by using galvanostatic technology on a BTS-3000

battery testing system (Newware, China) under the current density of 5 mA cm-
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Fig. S1 XPS spectra of different catalysts
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Fig. S2 SEM images: (a) dipy-Fe-SBA; (b) NC-S700; (c) NC-S800. (d)

magnified TEM image of NC-S900
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Fig. S3 N, adsorption-desorption isotherms: (a) NC-S700; (b) NC-S800; (c)

Pore size distributions.

S8



Disk Current (mA)

Graphitic N

Intensity

404 402 400 398 396
Binding Energy (eV)

Fig. S4 High resolution N1s spectra of NC-900
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Fig. S5 RRDE curves of different catalsyts
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Fig. S6 open-circuit potential of ZAB based on NC-S900

Table S1 atomic compositions of various catalysts derived from XPS results

NC-S700 NC-S800 NC-S900 NC-900

C 81.49 86.16 88.58 90.34
N 9.82 6.73 5.08 3.06
O 7.56 6.65 5.81 5.62
Fe 1.14 0.46 0.53 0.98

Table S2 relative content of different N species (%)

oxidized graphitic pyrrolic pyridinic

NC-S700 3.1 37.5 26.4 33.0
NC-S800 6.4 44.5 27.6 21.5
NC-S900 10.0 553 15.8 18.9
NC-900 5.5 23.3 27.0 443
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Table S3 Half-wave potential (E,;) of recently reported ORR catalysts

Reference
No. Catalyst Electrolyte Ei» Reference
electrode
1 Co-Fe/NC-700 0.1 M KOH 0.854 RHE 2
2 1% Co-N-GDY 0.1 M KOH 0.81 RHE 3
3 SC-Fe 0.1 M KOH 0.869 RHE 4
4 Zn6Co 0.1 M NaOH 0.89 RHE 5
5 Fe SAs/N-C 0.1 M KOH 0.91 RHE 6
Co304@C/N-r-GO- 0.1 MKOH RHE
6 0.80 7
10
7 S-GNS/NiCo2S4 0.1 M KOH 0.88 RHE 8
8 Fe0.3C00.7/NC 0.1 M KOH 0.88 RHE 9
9 FeSA-N-C 0.1 M KOH 0.891 RHE 10
10 FeNx/GM 0.1 M KOH 0.80 RHE 1
11 NC-S900 0.1 M KOH 0.906 RHE Our work
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Table S4 power density of ZABs recently reported

No. Catalysts Peak power density (mW cm) Reference
1 Co0304@Co/N-r-GO 172 7
2 Fe2Ni2N/Co@NCNT 300 12
3 FeZ-CNS-900 168 13
4 Co-SAs@NC 105.3 14
5 CCOPTDP-FeNi—SiO2 112.8 15
6 FeCo@C MS 86.9 16
7 CoFe/N-GCT 203 17
8 S-GNS/NiCo2S4 216.3 8
9 Fe/N/S-CNTs 111 18
10 0.1-Co-NHCs 239.8 19
11 NC-S900 196.3 Our work
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