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The specific capacity of ZnMn2O4 is calculated as follows:
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Figure SI-2. 
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Figure SI-1 EDS of as-prepared ZnMn2O4 
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Figure SI-2 XPS spectra of the ZnMn2O4 samples: (a) survey spectrum; (b) O 1s spectrum; (c) 

C1s spectrum

Figure SI-3 The charge/discharge curves of ZnMn2O4/Zn between 0.8~1.9 V with different 

electrolytes at 100 mA/g
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Figure SI-4 XRD of α-MnO2 and the cyclic voltammetry curve of MnO2/Zn based on 1mol/L 

ZnSO4 with 0.05mol/L MnSO4 in the range of 0.8~1.9 V at a scan rate of 1mV/s

Figure SI-5 EIS spectra and the fitting curves of ZnMn2O4/Zn before cycling at 100 mA/g
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Figure SI-6 The cycling performance of ZnMn2O4/Zn at different C-rates 

A typical cyclic voltammetry curve of Zn2+/Zn half-cell between -0.3～-1.5 V is shown in 

figure SI-7, and there is an inverted crossover “8” shape along the arrow direction. However, it 

can be noted that after adding 0.05 mol/L MnSO4 into 1mol/L ZnSO4, the dissolution potential 

peak is decreased from -1.365 V to -1.372 V in figure SI-7 although the initial coulombic 

efficiency is decreased a little, demonstrating that MnSO4 decreased the overpotential and 

facilitated Zn dissolution much easier. As can be seen from figure SI-8 that the 

deposition/dissolution curves nearly overlap with the cycle number increasing and there is no 

hydrogen evolution, indicating the good cycleability and high coulombic efficiency of anode.  
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Figure SI-7 The initial deposition-dissolution process of zinc ion at a scan rate of 1 mV/s in 

different electrolyte 

Figure SI-8 The deposition-dissolution process of zinc ion at a scan rate of 1 mV/s in different 

electrolyte (a, 1mol/L ZnSO4; b, 1mol/L ZnSO4+0.05mol/L MnSO4)

The diffusion kinetics of electrode based on the cyclic voltammetry at different scan rates 

were analyzed, which can be seen in figure SI-9. Compared figure SI-9 a with figure SI-9 c, after 

adding MnSO4 into 1mol/L ZnSO4, the polarization phenomenon is decreased, which is 

consistent with the deposition/dissolution process of Zn2+ in different electrolyte in figure SI-7. 

Notably, the two separate peaks are more obvious after adding MnSO4. It is well known that the 
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relationship between peak currents and scan rates indicates the different electrochemical reaction 

characteristics, including solid phase diffusion-controlled or surface-confined charge-transfer 

processes. As shown in figure SI-9 b and figure SI-9 d, there is a linear relationship between 

cathodic/anodic current peak and square root of scan rate, demonstrating the diffusion-controlled 

behavior. According to the Randle-Sevcik equation, ip=2.69105n3/2AD1/2v1/2C0 (25 °C), where ip 

is the peak current (mA), n is the number of electrons per reaction species, A is the surface area 

of the electrode (with the geometric area of the electrode,1.5385 cm2, used for simplicity in this 

work), D is the diffusion coefficient of Zn2+ (cm2/s), v is the scan rate (V/s), C0 is the 

concentration of zinc ion (0.0436 mol/cm3, calculated by the cell parameters and cell volume), 

the slopes can be obtained in figure SI-9 b and figure SI-9 d. The calculated Zn2+ diffusion 

coefficients in different electrolyte are 1.3610-7 cm2/s, 1.5310-6 cm2/s, respectively, indicating 

the higher ion diffusion behavior for the zinc ion aqueous battery. What’s more, it is higher after 

adding MnSO4 into 1mol/L ZnSO4 than that without additive, which will show much better 

electrochemical performances for the former than that of the latter.

Figure SI-9  (a, c) the cyclic voltammograms of as-prepared ZnMn2O4 at different scan rates 

and (b, d) the relationships between the peak current and square root of scan rate in the main 

cathodic and anodic processes
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Table SI-1 Comparison of electrochemical properties of different cathode materials for ZIBs

Samples Electrolyte Cycling performance Ref.

α-MnO2 1 M ZnSO4

100 mAh g-1 at 630 mA g-1

with 76% capacity

retention after 100 cycles
1

rod-like 
MnO2/CNT

2 M ZnSO4+0.5 
M MnSO4

100 mAhg-1 at 5 A g-1 after 500 
cycles 2

α-MnO2 nanorod 1 M ZnSO4
147 mAh·g-1 at 83 mAg-1 with 63% 

capacity retention after 50 cycles 3

α-MnO2 nanorod 1 M ZnSO4

140 mAh g-1 at 42 mA g-1

with 70% capacity retention after 
30 cycles

4

α-MnO2 nanorod 1 M ZnSO4

104 mAh g-1 at 83 mA g-1

with 38.5% capacity retention after 
75 cycles 5

α-MnO2 nanorod 2 M ZnSO4+ 0.1 
M MnSO4

260 mAh g-1at 308 mA g-1

after 60 cycles
6

ZnHCFs 1 M ZnSO4

49.7 mAh g-1

at 60 mA g-1 with 76% capacity

retention after 100 cycles
7

ZnHCFs 1 M ZnSO4

47.4 mAh g-1

at 300 mA g-1 with 80% capacity

retention after 200 cycles
8

Na3V2(PO4)3
0.5M 

Zn(CH3COO)2

97 mAh g-1 at 0.5C with 74% 
capacity retention after 100 cycles 9

Spinel-ZnMn1.86O4
3 M

Zn(CF3SO3)2

80 mAh g-1 at 500 mA g-1

with 94% capacity retention after 
500 cycles 10

Spinel ZnMn2O4

1 M 
ZnSO4+0.05M 

MnSO4

106.5 mAh g-1 at 100 mA g-1 with 
123.87% capacity retention after 

300 cycles
This 
work
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Table SI-2 Impedance parameters of equivalent circuit of ZnMn2O4/Zn

No. Electrolyte Rs (ohm) Rct (ohm)

1# 1mol/L ZnSO4 5.599 138.4

2# 1mol/L ZnSO4+0.05mol/L MnSO4 1.265 214.5
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