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Preparation of working electrode 

80 wt% active material, 10 wt% Super P (conductive agent), and 10 wt% 

polyvinylidene fluoride (binder) were mixed together in 1-methyl-2-pyrrolidone to 

form a homogeneous slurry. Then, the slurry was uniformly casted on graphite 

substrates (4 cm2). Finally, the working electrode was dried in a blast drying oven at 60 

°C for 48 h. The loading mass of active substance on working electrode is about 4 mg 

cm-2.

Electrochemical calculation

For the three-electrode, the specific capacitance (Cg1, F g-1) was calculated from 

the GCD curves according to the following equation1,2: 

Cg1 =
I × ∆t

m × ΔV

where I, ΔV, m and v refer to the current (A), potential window (V), mass of active 

material (g), and scan rate (V s−1), respectively. 

For the two-electrode system, the specific capacitance (Cg2, F g-1), the energy 

density (E, Wh Kg-1), and energy density (P, W Kg-1) were calculated f according to 

the following equation3-5: 

Cg2 =
I × ∆t

m × ΔV

E =
Cg × ∆V2

2 × 3.6
 

P =
3600 × E

∆t

where I, m, ΔV, and Δt refer to the current (A), mass of active material (g), potential 

window (V), and scan rate (s), respectively. 
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Fig. S1. SEM images of (a) Co-MnO2-1, (b) Co-MnO2-3, and (c) Co-MnO2-4.

Fig. S2. (a) EPR spectra for the MnO2 and Co-MnO2-2. (b) BET adsorption-desorption 

isotherms and (c) pore size distributions of MnO2, Co-MnO2-1, Co-MnO2-2, Co-MnO2-

3, and Co-MnO2-4.
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Fig. S3. CV curves at varied scan rates and GCD curves at 0.4-2.0 A g-1 of (a, b) MnO2, 

(c, d) Co-MnO2-1, (e, f) Co-MnO2-3, and (g, h) Co-MnO2-4.

Fig. S4. (a) CV curve with the capacitive contribution at a scan rate of 10 mV s−1, (b) 

the percentages of capacitive and diffusion contributions of MnO2.

Fig. S5. Equivalent circuit diagram for the Nyquist plots of MnO2, Co-MnO2-1, Co-

MnO2-2, Co-MnO2-3, and Co-MnO2-4.
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Fig. S6. Elemental mapping images of (a) Mn, (b) O, (c) Co, and (d) Mg of Co-MnO2-2 

electrode charged to 1.2 V. (e) GCD curve of Co-MnO2-2 at 0.5 A g-1, (f) XRD pattern 

of Co-MnO2-2 electrode during the charge/discharge process.
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Fig. S7. (a) CV curves of AC and Co-MnO2-2 at a scan rate of 10 mV s−1. (b) CV curves 

at 2-20 mV s-1, (c) GCD curve at 0.5-2.0 A g-1, and (d) Nyquist plot of AC.
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Table S1. The contents of Co in Co-MnO2.

Material Content of Co

Co-MnO2-1

Co-MnO2-2

3.84%

7.66%

Co-MnO2-3 10.74%

Co-MnO2-4 12.04%

Table S2. The Conductivities of MnO2, Co-MnO2-1, Co-MnO2-2, Co-MnO2-3, and 

Co-MnO2-4.

Material Conductivity/μS cm-1

MnO2

Co-MnO2-1

Co-MnO2-2

3.69

50.95

346.21

Co-MnO2-3 17.95

Co-MnO2-4 6.45
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