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Fig. S1 Raman spectra of the MnO2 sample.
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Fig. S2 TGA curve of the MnO2 sample.

It is well known that MnO2 with large tunnel and layered structures requires cations and water 

molecules to stabilize their structural framework. There are two-stage weight losses in the TGA 

curves. The first stage with 16 wt.% loss before 250 °C is related to the removal of surface 

adsorped water and structural water which is typical of layered type MnO2. In general, the 

removal of structural water molecules starts at around 120 °C and the content can be estimated to 

be about 9.6 wt.%. The second stage above 420 °C corresponds to the partial reduction of 

manganese accompanied by oxygen evolution. The thermal behavior of MnO2 is accordance with 

the results reported by Ghodbane et al. [ACS Appl. Mater. Interfaces, 2 (2010) 3493–3505.]
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Fig. S3 FTIR spectrum of the MnO2 sample.

In the spectrum, the broad adsorption peak at around 3400 cm-1 corresponds to the stretching 

vibrations of water, while the bands at 1630 and 1120 cm-1 are attributed to the bending modes of 

structural water in the framework of MnO2. In addition, the strong peak at 400-800 cm-1 belong to 

the Mn-O stretching vibrations of basic [MnO6] octahedra.



0

20

40

60

80

100

81
.5
%

72
.2
%

70
.5
%

65
.2
%

62
.7
%

 0.3         0.6          1.0         1.5          2.0          3.0
Current density (mA g-1)

 

P
er

ce
nt

ag
e 

(%
)

58
.2
%

0

50

100

150

200

250

300

S
pe

ci
fic

 c
ap

ac
ity

 (m
A

h 
g-1

)

  lower plateau
 upper plateau

Fig. S4 A comparison of upper and lower discharge capacity at different current densities.
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Fig. S5 (a) XRD pattern and (b) N2 adsorption/desorption isotherm with the corresponding pore 
size distribution (inset) of the control sample of MnO2.
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Fig. S6 (a) Cycling performance of CB electrode in ZnSO4 electrolyte with and without MnSO4. 
(b) Charge/discharge curves of the cells after cycling test.



 

Fig. S7 High-resolution SEM images of the discharge cathode at (a) C state and (b) I state.
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Fig. S8 Charge/discharge profiles of MnO2 electrode in different electrolytes.



1 2 3 4
0

200

400

600

800

H=21.3

J=104.1

-1/2 (rad-1/2 s1/2)

Z'
 (o

hm
)

 H-cell
 J-cell

Fig. S9  A linear plot of Real resistance (Z’) against angular frequencies (ω-1/2) in the 

low frequency region.

The apparent ion diffusion coefficient (D) of the ZIBs is calculated by the following 

equation:

                        22244

22

2 CAFn
TRD 

Here, R, n, T, A, F, and C correspond to the gas constant, the electron number 
involved in the redox reaction, the absolute temperature, the geometric area of 
electrode, the Faraday constant, and the molar concentration of ions, respectively. σ is 
the Warburg coefficient, which can be calculated by plotting Z′ (Ω) against ω-1/2 on 
the basis of the equation of Z′ =Rs + Rct + σω-1/2, as shown in Fig. S8. 


