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S1. Materials Characterization

XRD patterns were carried out on a Rigaku instrument with Cu Ka1 radiation. The
scanning electron microscopy (SEM) was collected with a Super 55 field emission
scanning electron microscope. Transmission electron microscopy (TEM) images, high-
resolution TEM (HRTEM) images, and high-angle annular dark field scanning TEM
(HAADF-STEM) images were characterized using a Talos F200X transmission
electron microscope. X-ray photoelectron spectroscopy (XPS) measurements (XPS,
Escalab 250Xi, Thermo Fisher Scientific), with an Al Ko source, were used to
interstage the surface properties and compositions of the prepared samples. Raman
spectra were carried out at room temperature using a Thermo Fischer DXR via Raman
system under Ar" (532 nm) laser excitation. The Brunauer-Emmett-Teller (BET)
surface area was determined by using an ASAP 2020 instrument. Electron
paramagnetic resonance (EPR) spectra were recorded on a Bruker EMX plus
spectrometer.
S2. Electrochemical measurements

The electrochemical performance of the samples was measured by using an Ivium
VC electrochemical workstation. ORR and OER tests are performed using a three-
electrode system in which Hg/HgO electrode is the reference electrode, Pt wire
electrode is the counter electrode and the prepared catalyst is the working electrode.
The catalyst ink is mainly prepared by ultrasonic mixing of 2.5 mg catalyst, 300 ul DI,
180 pl isopropyl alcohol, and 20 pl Nafion solution. The 6 pl prepared ink was dropped

onto the surface of the rotating disk electrode (RDE, d= 3mm) to form a homogeneous



catalytic film, in which the catalyst load was 0.42 mg cm-2. The electrolyte was purged
by O, gas for at least 30 min before the measurements and the gas flow was maintained
during the experiments. Before the ORR measurements, cyclic voltammograms were
carried out at 100 mV s! for at least 20 cycles to clean and stabilize the electrocatalyst
surface. Linear scan voltammetry (LSV) measurements were collected at a scan rate of
10 mV s!. The long-term stability of electrocatalysts was investigated by
chronoamperometric responses (CA) and accelerated degradation tests (ADT).
Electrochemical impedance spectroscopy (EIS) measurements were conducted in the
frequency range from 10* Hz to 0.01 Hz with a voltage amplitude of 5 mV. Generally,
the applied potential of ORR/OER needs to be converted to a reversible hydrogen

electrode (RHE) through the following formula:

E(vs.Hg /| HgO)+0.59x pH +0.196 )

The selectivity of the electrocatalyst during ORR was measured by measuring
LSV curves on RDE with different rotating speeds (400, 625, 900, 1225, 1600, 2025,
and 2500 rpm). The corresponding electron transfer number (n) was calculated using

Koutecky-Levich (K-L) equation:
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Where j is the measured current density; ji and ji represent kinetic current and

limiting current, respectively. And the  is the rotating rate of the electrode (rpm); n is
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the electron transfer number; F is the Faraday constant (96485 C mol!); Cy is the bulk
concentration of O, in the electrolyte (1.2x10-% mol cm3); D, is diffusion coefficient
of O, (1.9x1073 em? s71); v is the kinematic viscosity of electrolyte (0.01 cm? s!).

The electron transfer number (n) and hydrogen peroxide yield (H,0,%) were

calculated from the RRDE measurements according to the following equations:
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Where 14, I,, and N are the disk current, ring current, and ring disk electrode
collection efficiency (0.42), respectively.

The electrocatalytic OER evaluation was performed in a standard three-electrode
system. The catalyst ink was deposited on the working electrode (d=3mm). A Hg/HgO
electrode and a carbon rod served as the reference electrode and the counter electrode,
respectively. All of the OER measurements were tested at 1 M KOH. The LSV
measurements were recorded with a scan rate of 10 mV s™!. The following equation
calculated the overpotential () of OER:

n=Ew—123V. (6)

The double layer capacitance (Cq)) and electrochemical active surface area (ECSA)

of the electrocatalyst were derived from CV curves in the non-Faradic potential region

with different scan rates from 20 to 100 mV s!

S3. Rechargeable Zn-air battery (ZAB) measurements



The prepared catalyst was dripped onto Ni foam as an air cathode, while Zn foil
was the anode. The electrolyte consists of 6 M KOH and 0.2 M Zn(OAc),. The polished
zinc foils (0.5 mm thickness). The contact area between the catalyst and electrolyte is
1 cm?. The mass load of the Co/CoO@N-C-40 catalysts on Ni foam is about 1mg cm-
2, In addition, Pt/C and RuO, were mixed at a 1:1 molar ratio as reference samples. The
polarization curves were collected at a scan rate of 10 mV s'!. The charge/discharge
polarisation curves of the ZABs were recorded by the Bio-Logic VPM-300, with the
open-circuit voltage as the initial potential and scan rate of 10 m V s°!, corresponding
to a power density that multiplies the voltage by the corresponding current density,
which allows the determination of the peak power density. The specific discharge
capacity was normalized to the mass of the consumed Zn plate based on galvanostatic
discharge results. The galvanostatic discharging-charging evaluation was conducted

with a NEWARE multichannel battery instrument.



SS5. Additional Figs in supporting information

Fig. S2. (a-c) SEM images of Co@N-C-60.
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Fig. S3. SAED pattern of Co/Co@N-C-40.



Co2p o01sN1s

Intensity (a.u.)

B A A .q‘
Co/CoO@N-C-40

1200 1000 800 600 400 200 0

Binding Engery (eV)

Fig. S4. The XPS survey spectra.
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Fig. S5. Content of Co species for Co@N-C-20, Co/CoO@N-C-40, and Co@N-C-60.
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Fig. S6. Content of O species for Co@N-C-20, Co/CoO@N-C-40, and Co@N-C-60.
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Fig. S7. EPR spectra of Co@N-C-20, Co/CoO@N-C-40 and Co@N-C-60
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Fig. S8. ORR polarization curves of (a) Co/CoO@N-C-40 and (b) Pt/C before and after

5,000 CV cycles.



Fig. S9. (a, b) SEM images of Co/CoO@N-C-40 after 5, 000 CV cycles in 0.1 M
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Fig. S10. CV curves of (a) Co@N-C-20, (b) Co/CoO@N-C-40, (¢) Co@N-C-601in 1.0
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Fig. S11. The value of R for Co@N-C-20, (b) Co/CoO@N-C-40, (c) Co@N-C-60.
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Fig. S12. Bifunctional catalytic activities of electrocatalysts toward ORR and OER.
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Fig. S13. Discharge performance of ZABs based on Co/CoO@N-C-40 at 10 mA cm.
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Fig. S14. Discharge performance of ZABs based on Co/CoO@N-C-40 at 25 mA cm.
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Fig. S15. Discharge performance of ZABs based on Co/CoO@N-C-40 at 50 mA cm.
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Fig. S16. Specific capacity curves at 10 mA cm™
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S6. Additional tables in supporting information

Table S1. Elemental analysis results.

Sample C (wt%) N (wt%) Co (wt%) O wt%) Zn (Wt%)
Co@N-C-20 83.5 7.05 241 6.74 0.30
Co/CoO@N-C-40 85.63 6.33 2.18 5.54 0.32
Co@N-C-60 86.33 6.21 2.22 5.22 0.02

Table S2. Summary of performance based on Co-N-C-40 and non-precious metal

catalysts for liquid RZABs with alkaline electrolyte (6.0 M KOH + 0.2 M Zn(OAc),).

Power
ocyv . Specific capacity .
Catalysts density Cycle time (h) Ref.
V) (mAhg™)
(mW cm?)
750@10 mA .
Co/CoO@N-C-40 1.47 186 808@10 mA cm™ 5 This work
cm
811.3 @100 mA 400@10 mA
PMnCo,0O@PWC 1.57 160 ) ) !
cm cm
800 h@10 mA
MIIQ_3RHO'702 / 179 812@10 mA cm? 5 2
cm
280@10 mA
Co/SP-NC 1.46 187 801@10 mA cm? 5 3
cm
167@10 mA
CoSe2 @NC 1.45 137 751@10 mA cm? 5 4
cm-
SA-Co-Ns-GCs 1.51 149 600@10 mA cm?  167@5 mA cm? 3
Sn SA/OCNTs 1.5 105 786@10 mA cm?  200@2 mA cm- 6
MnCo,04/NCNTs  1.46 74 827@5 mA cm?  100@5 mA cm? 7
700@10 mA
FeMn-N-C 1.49 151 795@50 mA cm? 8

cm2

13



140@10 mA

Fe;5(CoNi); gSg 1.45 224.8 808@10 mA cm™ om 9
CoP/FeP@PCN 1.52 175 750@5 mA cm?  600@5 mA cm 10
FeNij,y/NC 1.44 210 742@10 mA cm?  140@5 mA cm 1
SA-Fe-SNC@900 1.46 218 798.@5 mA cm?  200@5 mA cm 12
COzP/CZIO\IO“@NSC' 1.40 103 770@5 mA cm?  183@5 mA cm2 13
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