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Experimental
Characterizations

The crystal structures of products were analyzed by X-ray diffraction (XRD, Aeris),
utilizing Cu-Ka radiation with an applied voltage of 15 kV and an electrical current of
40 mA, across a 26 range of 10~80°. Raman spectra were recorded using a 532-
nanometre laser on a Raman spectrometer (LabRAM HR Evolution). The
morphologies and microstructures of as-prepared samples were studied by field
emission scanning electron microscopy (FESEM, SU8220) at a 15 kV accelerating
voltage and field emission scanning electron microscopy (FETEM, Tecnai G2F30) at
a 300 kV accelerating voltage. The elemental compositions and their contents and
surface bonding states were characterized by X-ray photoelectron spectroscopy (XPS,
Escalab 250 XI). The monochromatic radiation energy of Al Ka was set at 1486.6 eV.
The measured spectrum was corrected for the amorphous carbon peak (C 1s) at 284.8
eV.
Electrochemical measurements

Electrochemical measurements were performed using a CHI 760E electrochemical
workstation equipped with a standard three-electrode electrochemical cell. Rotating
disk electrode (RDE)/rotating ring disk electrode (RRDE), Ag/AgCl electrode (3.5 M
KCl), and graphite rod were used as working electrode, reference electrode, and
counter electrode, respectively. The catalyst ink was prepared as follows: 7.5 mg of
catalyst was added to a solution containing 950 pL ethanol and 50 pL Nafion, and the
mixed solution was then treated by sonication for 1 h. The homogeneous ink was
dropped onto the RDE/RRDE for electrochemical tests. The mass loading on the
RDE/RRDE was ~ 0.27 mg cm™. All potentials in this study were converted to
reversible hydrogen electrode (RHE) using the equation:

Egpe = EAQ/AQCI +0.059 X pH + 0'2046, where Exg/aqc11s the measured potential vs.

Ag/AgCl electrode. Cyclic voltammetry (CV) was performed in O,-saturated 0.1 M

KOH at a scan rate of 50 mV/s. And linear sweep voltammetry (LSV) was tested in



O,-saturated 0.1 M KOH at a scan rate of 5 mV/s.
For the Tafel slope, kinetic current density (Jx) is corrected through the diffusion

current density (Jp) from the Koutecky-Levich (K-L) equation (1):

K-L plots (J!' vs. w’?) are obtained at different potentials and fitted to linear
curves using the following K-L equation (2) to calculate the number of electrons

transferred (n):

where o is the rotating rate. B is determined from the slope of K-L plots based on
equation (3):

B =0.62nFCy(Dy)* v~ 3)

where F is the Faraday constant (96485 C mol'!), n is the number of electrons
transferred per molecule of oxygen, Cj is the bulk concentration of O, (1.2 x 10-® mol
cm3), Dy is the diffusion of diffusion of O, (1.9 x 10 ¢cm? s!), and v is the kinetic
viscosity of the electrolyte (0.01 cm? s1)

Electron transfer number (n) and H,0, yield were tested using RRDE and
calculated using the following equations (4) and (5):

Jr/N

H,0,yield =200 X ——
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n=—— ———
Ip+ Je/N (s,
where Jp and Jg are the disc and ring current densities, respectively, and N (0.37,
using [Fe(CN)]*/[ Fe(CN)]* redox couple) is the collection efficiency of Pt ring.
Double-layer capacitance (Cg) was calculated from cyclic voltammetry at different
scan rates in the non-Faradic region (1.07~1.22 V). Cy value is derived from the

following equation (6):
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Vp = Scan rate variance, j, - j. = the change in current density.

alr=

ECSA value is derived from the following equation (7):

C, s the specific capacitance of the as-synthesized sample.

Aqueous Zinc-air battery assembly and test

The aqueous ZAB performance was measured on an electrochemical workstation
(CHI 760E) and a battery testing system (LAND, CT3001A 1U). The dried catalyst
with a loading of ~ 1.00 mg cm was uniformly coated on the stainless steel mesh as
an air electrode. A polished zinc plate was used as the negative electrode, and the

electrolyte consisted of KOH (6 M) and Zn(CH;COO), (0.2 M).
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Fig. S1 XRD image of MnCO;/NC.
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Fig. S2 Particle-size distribution of MnO nanoparticles on the MnO/NC-900.
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Fig. S3 XPS survey spectra of (a) MnO/NC-600, (b) MnO/NC-700, (c) MnO/NC-800,

and (d) MnO/NC-900.
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Fig. S4 CV curves of MnO/NC-600, MnO/NC-700, MnO/NC-800, MnO/NC-900,
and NC-900 in O,-saturated 0.1 M KOH electrolyte at a scan rate of 50 mV s..
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Fig. S5 LSV curves of MnO/NC-900 and Pt/C at 1600 rpm.
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Fig. S6 LSV curves of (a) MnO/NC-600, (b) MnO/NC-700, (c) MnO/NC-800, (d)

MnO/NC-900, and (e) Pt/C with different rotation rates.
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Fig. S7 RRDE polarization curves of MnO/NC-600, MnO/NC-700, MnO/NC-800,
MnO/NC-900, and NC-900 in O,-saturated 0.1 M KOH solution at a rotation rate of
1600 rpm.
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Fig. S8 CV curves for ORR at various scan rates: (a) MnO/NC-600, (b) MnO/NC-700,
(c) MnO/NC-800, and (d) MnO/NC-900.
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Fig. S9 Current density to scanning rate of MnO/NC-600, MnO/NC-700, MnO/NC-
800, and MnO/NC-900.



Fig. S10 A schematic showing the aqueous ZAB configuration.
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Fig. S11 Discharge curves of MnO/NC-900-ZAB till complete Zn consumption at

diverse current densities.
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Fig. S12 Galvanostatic charge-discharge cycling performance and corresponding

voltage efficiency based on MnO/NC-900-ZAB at a current density of 5 mA cm2.



Sample Mn C N o
MnO/NC-600 0.11 95.0 1.11 3.78
MnO/NC-700 0.06 96.2 0.76 2.98
MnO/NC-800 0.11 96.5 0.61 2.78
MnO/NC-900 0.08 96.9 0.19 2.83

Table S1. Element contents in the MnO/NC samples measured by XPS.



Table S2. Relative proportions of pyridinic-N, pyrrolic-N, graphitic-N, and oxidized-
N in the MnO/NC samples measured by XPS.

Sample pyridinic-N pyrrolic-N graphitic-N oxidized-N
MnO/NC-600 30.5 44.4 9.40 15.7
MnO/NC-700 32.7 41.2 13.2 12.9
MnO/NC-800 35.0 35.8 13.9 15.3
MnO/NC-900 37.2 30.1 18.7 14.0




Table S3. Relative proportions of O, Og, and O, in the MnO/NC samples measured

by XPS.

Sample O, Og O,
MnO/NC-600 43.2 38.2 18.6
MnO/NC-700 359 47.6 16.5
MnO/NC-800 39.8 48.2 12.0
MnO/NC-900 34.7 49.0 16.3




Table S4. The ORR performance of reported Mn-based catalysts for comparison.

Catalysts Ein(Vvs. Reference
RHE) S
MnO/NC-900 0.74 This work
MnO/RGO 0.60 1
MnO@CNT 0.70 2
MnO/N-CC-2 0.69 3
MnO/CC 0.72 4
MnO@NC-1100 0.74 5
N-CN@MnO 0.69 6
MnO 0.63 7
NC/MnO,/NC (15) 0.73 8
Mn-defected Mn;0y4 0.65 9
H-B-MnO, 0.69 10
Mn,03 nanoballs 0.68 11
Y-MnO, 0.66 12
MnO, nanoflakes 0.67 13
Cu-0-MnO, nanowires 0.71 14

A-MnO,-Z 0.67 15
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