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Section 1 Experimental Methods
1.1. Preparation of cathode materials

The as-prepared active material was thoroughly mixed with carbon black and
polyvinylidene fluoride (PVDF) in a weight ratio of 7:2:1 using N-Methyl-2-
pyrrolidone (NMP) solvent to obtain a homogeneous slurry. Subsequently, the slurry
was evenly coated onto titanium foil and dried overnight at 80 °C under vacuum
conditions. The dried electrodes were then punched into circular discs with a diameter
of 12 mm, achieving an active material loading of approximately 0.6 mg cm2.
1.2. Assembly of button batteries

The button batteries were assembled the air using CR2032 types, of which zinc
metal as anodes, Whatman GF/A glass fiber filter paper as separators, and material
prepared was the positive electrode. Meanwhile, the electrolyte was composed of a
mixture of 2 M ZnSO,4 and 0.1 M MnSO,.
1.3. Electrochemical performance test

The Cyclic voltammetry (CV) curves were obtained by electrochemical
workstation (CHI760E, Shanghai Chenhua Technology Co., LTD., China) at the
specified scan rate within a voltage of 0.9 V ~ 1.9 V. The Electrochemical impedance
spectroscopy (EIS) tests were implemented on CHI760E within a frequency of 0.01 Hz
~ 100 kHz. Besides, the cycling performance, rate capabilities, galvanostatic
Intermittent Titration Technique (GITT), and galvanostatic (dis-)charge profiles were
measured between 0.9 V ~ 1.9 V by the CT-4008Tn (Neware/Neware BTS, Shenzhen
NEWARE Technology Co., LTD., China).

1.4. Material structure characterization

The morphology and structure of the samples were observed by field emission
scanning electron microscopy (SEM), and the element distribution was analyzed by
energy dispersion spectrometer (EDS) (SU 8100, Hitachi, Japan). The morphology of
the samples was observed by field emission transmission electron microscope (TEM)
(JEM-2100-F, JEOL, Japan). Material bonding was determined using X-ray
photoelectron spectroscopy (XPS) (K-Alpha, Kratos, UK). X-ray diffraction (XRD)
(D8 Advance, Bruker, Germany) was used to analyze the crystalline structure of the
products. The Raman spectra were collected on the Raman spectrometer (DXRxi,

THEM, USA).






Section 2 Supporting image
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Fig. S1. Lattice parameter measurement and calculation methods.
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Fig. S3. O 1s XPS spectra of different materials.
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Fig. S4. Schematic representation of the equivalent circuit diagram utilized in EIS.
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Fig. S5. GITT tests of different cathodes.
(a) (b)
20 2.0
18 " 18}
= 01Ag’ = 01Ag!
%18 02Ag" 418 02Ag"
'; 03Ag’ ﬁ 03Ag"
> 1.4 05Ag" 14 05Ag"
2 08Ag" 2 08Ag’
= —1Ag" £ —10Ag"
12 —15Ag" s12p —15ag"
& &
1.0 1.0}
08 L L 08 L L
100 200 300 100 200 300

Specific capacity (mAh g™

Specific capacity (mAh g)

Fig. S6. Charge-discharge curves of a) 5-MnO;; b) N-3-MnO, under rate capability

tests.
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Fig. S7. Impedance capacitance contribution ratio chart of a) Moy ;/N;-6-MnQO, b)

MOo,l/Nz—S—MnOZ and C) M00.2/N1—6—M1'102.
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Fig. S8. GITT curves of a) Moy ;/N;-6-MnO, b) Moy 1/N,-6-MnO, and ¢) Moy »/N;-0-
MHOZ.

—
2
S—
—
o
S—

2.0 20
L
1z e _18
& . IS .
N 0.1Ag" N 01Ag
i1 02Ag" %18 —02Ag"
'; ——03Ag" ’; —03Ag"
1.4 —o05Ag" > 1.4 —o05Ag"
2 —osAg" 2 —08Ag"
k] —1Ag" k] —10Ag"
§1_2 —isAg’ §1.2 —1sag"
10 10
Mon N, 5-Mn0 Mo, /N, 5-MnO,
O, N o, Ind
i 0.1/ 2 oa 02/Ny 2
0 100 200 300 0 100 200 300
Specific capacity (mAh g™') Specific capacity (mAh g™')

Fig. S9. Charge-discharge curves of a) Moy 1/N,-6-MnO,; b) Mo »/N;-6-MnQO, under

rate capability tests.
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Fig. S10. The DRT curves of different batteries: a) Moy ;/N;-6-MnO,; b) Moy 1/N,-06-
MHOZ; C) MO()‘z/Nl-S-Ml’lOZ.
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Fig. S11. Corresponding high-resolution Ex-situ XRD patterns.
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Fig. S12. The calculated density of states (DOS) for a) 5-MnO, and b) Mo-56-MnO,.

Fig. S13. Zn?" migration pathways of a) -MnO,, b) M0-3-MnO, and ¢) Mo/N-8-

Ml’lOz.

Fig. S14. Charge difference density of a) 3-MnO,, b) M0-6-MnO, and ¢) Mo/N-3-

MHOZ.

Table S1. Comparison with other works.

current Initial discharge Remaining discharge
Cycle
references  density specific capacity specific capacity
number
(Agh (mAh g (mAh g)
1 0.5 300 173.06 113.87
2 0.5 100 351.7 327.3
3 0.1 100 370.38 161.34




4 0.2 150 409 271

5 0.1 70 491.7 250
6 1 300 260 190
This work 0.2 200 370.8 270.0
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