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Synthesis of Mg-MnO 
 

MnO was synthesized using a co-precipitation method followed by high-temperature calcination. A mixture of 

200 mL of MnSO4·H2O solution and 100 mL of Na2CO3 solution (with a molar ratio of 2:1) was slowly added to a 

mixture of ethanol and water, stirred continuously for 2 hours, then left to stand for 1 hour before centrifugation. 

The resulting manganese carbonate precursor was dried overnight in a 70°C oven. Subsequently, the carbonate 

was calcined in a tube furnace filled with argon at 600°C for 2 hours to obtain MnO. To synthesize Mg-doped MnO 

with varying magnesium content, different amounts of Mg(NO3)2·6H2O were added to the manganese sulfate 

solution, while keeping all other conditions constant.1 

 

Assembled coin AZIBs and electrochemical measurement 
 

The electrochemical evaluation was carried out by assembling into a CR2032-type coin cell. The cathode 

consisted of Mg-MnO, acetylene black and polytetrafluoroethylene (PVDF) were mixed by a mass ratio of 7:2:1 

and suitable N-methyl pyrrolidone (NMP) was added to the mixed powder. Then put the mixture on the the 

magnetic mixer,stirring for 2 hours to obtain the uniform slurry before being coated on a stainless steel wire and 

dried at 80 ℃ for whole night by vacuum. Then, the electrodes were cut into circular pole pieces with a diameter 

of 12 mm. Zinc foils(16 mm) and glass fiber membranes(16 mm) (Whatman, GF/A) were used as the anode and 

separators. The electrolyte used was an aqueous solution of 2 M ZnSO4 and 0.2 M MnSO4. 

The cycle performance and rate performance were measured on a battery test system (LAND System, Wuhan). 

Cyclic voltammetry (CV) was performed on an electrochemical workstation (CHI760E, Shanghai). 

 

Materials characterization 
 

X-ray diffraction (XRD) patterns were investigated on a Bruker D8 X-ray diffractometer with Cu K radiation.The 

morphology was conducted by scanning electron microscopy (SEM,ZEISS GeminiSEM 300) and the transmission 

electron microscopy (TEM, FEI Tecnai F20).The chemical composition and element valence of Mg-MnO were 

measured by X-ray photoelectron spectroscopy (XPS, Thermo Scientific K-Alpha). 

 

GITT Calculations 
 

Galvanostatic intermittence titration technique (GITT) technique was used to calculate the Zn2+ diffusivity 

coefficient reflecting the kinetic behavior of Mg-MnO and the Zn2+ diffusivity coefficient was calculated based on 

equation: 

D=
4𝐿2

𝜋𝜏
(
∆𝐸𝑠

∆𝐸𝑡
)2 

Where τ is the relaxation time (s), L is diffusion length (cm) of Zn2+ which is equal to thickness of electrode, and 

∆Es is the steady-state potential change (V) by the current pulse. ∆Et is the potential change (V) during the 

constant current pulse after eliminating the iR drop. Current pulse of 100 mA g-1 was applied for 20 minutes while 

the followed relaxation time is 90 minutes. 

 

Computational details 
 

All the calculations are performed in the framework of the density functional theory with the projector 

augmented plane-wave method, as implemented in the Vienna ab initio simulation package.2 The generalized 

gradient approximation proposed by Perdew-Burke-Ernzerhof (PBE) is selected for the exchange-correlation 

potential.3 The cut-off energy for plane wave is set to 480 eV. The energy criterion is set to 10−4 eV in the iterative 

solution of the Kohn-Sham equation. All the structures are relaxed until the residual forces on the atoms have 

declined to less than 0.05 eV/Å. To avoid interlaminar interactions, a vacuum spacing of 20 Å is applied 

perpendicular to the slab. 

  



Table S1. Comparison of design values of Mg:Mn and actual values measured by ICP. 

 

 

  



Table S2. Crystallographic data obtained from Rietveld refinements of the XRD patterns of the Mg-MnO (5%). 

 

 

  



 

 

Fig. S1. SEM images of (a) pure MnO and (b) Mg-MnO(5%). 

  



 

Fig. S2. N2 adsorption/desorption isotherm of (a) pure MnO and (b) Mg-MnO(5%). 

  



 

 

Fig. S3.TEM images of Mg-MnO(5%). 

  



 

 

Fig. S4.EDX results of Mg-MnO(5%). 

  



 

 

 
Fig. S5. XPS spectra of Mg-MnO(5%) of Mn 3s. 

  



 

 

Fig. S6. XPS spectra of Mg-MnO(5%) of Mg 1s. 

  



 

 
Fig. S7. The first five charge/discharge curves of the (a) pure MnO, (b) Mg-MnO(3%), (c) Mg-MnO(4%), (d) 

Mg-MnO(5%) and (e) Mg-MnO(6%) at 0.1 A g-1. 

  



 

 

Fig. S8. The comparison of potential difference between MnO and Mg-MnO(5%). 



   

 

Fig. S9. The rate capabilities of the (a) pure MnO, (b) Mg-MnO(3%), (c) Mg-MnO(4%), (d) Mg-MnO(5%) and (e) 

Mg-MnO(6%) at 0.1 A g-1. 

  



 

 

Fig. S10. Charge/discharge curves of Mg-MnO(5%) at different current densities. 

  



 

 
Fig. S11. Cycling performance at a current density of 0.1 A g-1 for the MnO and Mg-MnO(5%). 

 

  



 

Fig. S12. Comparison of residual capacity after long-term cycling between this study and existing literature.4-18 

  



 

 

 

Fig. S13. Contribution ratios of the capacitive and diffusion-controlled capacities for Mg-MnO(5%) at (a) 0.2 mV 

s-1, (b) 0.4 mV s-1, (c) 0.6 mV s-1, (d) 0.8 mV s-1, (e) 1 mV s-1and (f) 1.2 mV s-1. 

  



Table S3. Comparison of Mg:Mn ratios in the initial state and after the first charge cycle measured by ICP. 

 

 

  



 

 

Fig. S14. Ex-situ XPS spectra of Mg-MnO(5%) of Mn 2p. 

  



 

 

Fig. S15. Ex-situ XPS spectra of Mg-MnO(5%) of Zn 2p. 

  



Table. S4. Comparison study of the integrated DOS plot from -1.0 eV to 1.0 eV for MnO and Mg-MnO. 
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