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Calculation methods  

1. Single Electrode

The specific capacitance (Cs) and areal capacitance (Ca) of the electrode is calculated from the galvanostatic charge-

discharge curves by the following equations:

Cs= It/m∆V                                                                               (1)

Ca = It/A∆V                                                                               (2)

Where I is the applied current (A), t is the discharging time (s), m is the mass of the active material (g), A is the 

effective areal of the electrode and ∆V is the discharging potential window (V).

2. ASC devices:

The capacitance (C), specific capacitance (CS) and areal capacitance (CA) are calculated from the galvanostatic 

charge-discharge curves using the following equations:

C = i/(-dV/dt)                                                                             (3)

CS = C/S                                                                                 (4)

CA= C/A                                                                                 (5)

where i is the applied current (A), dV/dt is the slope of the discharge curve (V/s), S is the total mass of the active 

material (g), A is the areal of device (cm2). 

Energy density (E) and Power density (P) of the devices were obtained from the following equations:

E =                                                                             (6)

∆𝑡

∫
0

𝐼𝑉(𝑡)𝑑𝑡

P = E/∆t                                                                                  (7)

Where I is the discharging current, V is the discharging voltage, dt is the discharge time, and Δt is the discharge time.

3. Balance the charge of electrodes in asymmetric supercapacitors   

As for an ASC device, it is well-known that the charge balance can be following the relationship Q+= Q-, where Q+ 

is the charges stored at the positive and Q- is the charges stored at the negative electrodes .The charge storage by 

each electrode depends on the areal capacitance (CA), the potential range for the charge/discharge process (ΔE) and 

the effective areal of the electrode (A). The charge can be following equations:

Q = CA × ΔE ×A

In order to obtain Q+=Q-, the areal balance will be expressed as follows:

𝐴+

𝐴 ‒
=
𝐶 ‒ ∆𝐸 ‒

𝐶+∆𝐸+
= 2:0.73
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Figure S1. FESEM images of (a) pristine MnO2/CFs and calcined products in N2 at different temperatures named 

Mn/CFs-x, x = (b) 200 °C, (c) 300 °C, (d) 400 °C, (e) 500 °C, (f) 600 °C.



S4

Figure S2. (a) Nitrogen adsorption-desorption isotherms, and (b) pore size distribution plot of MnO@C.
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Figure S3. High-Resolution XPS C1s spectrum of MnO@C.
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Figure S4. Raman spectrum of MnO@C composite.
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Figure S5. CV curves of (a) MnO2/CFs and Mn/CFs-x, x = (b) 200 °C, (c) 300 °C, (d) 400 °C, (e) 500 °C, (f) 600 

°C.
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Table S1. Comparison of electrochemical performance for previous negative electrodes, other MnOx electrodes 

and MnO@C composite electrode in this paper.

Electrode materials Electrolyte

Potential range

(V vs.Ag/AgCl, SCE 

or Hg/Hgo)

Specific capacitance 

(F/g)
Ref

Fe2O3 nanotubes 5 M LiCl -0.8 to 0 V 257.8 F/g at 1.4 A/g 1

V2O5@PPy Nanoribbon 0.5 M K2SO4 -0.9 to 0.1 V 308 F/g at 0.1 A/g 2

γ-FeOOH nanosheet 1 M Li2SO4 -0.8 to -0.1 V 310.3 F/g at 0.13 A/g 3

Amorphous 

FeOOH QDs/FGS

1 M  

Li2SO4
-0.8 to 0 V 365 F/g at 1 A/g 4

activated carbon nanofiber 6 M KOH -1.0 to 0 V 455 F/g at 1mv/s 5

RGO/MoO3 1 M Na2SO4 -1.0 to 0 V 291 F/g at 2 mV/s 6

carbon nanotube (CNT)-graphene 

foam
1 M Na2SO4 -0.8 to 0.2 V 280.4 F/g at 1 A/g 7

Bi2O3/carbon nanofiber 1 M Na2SO4 -0.9 to 0 V 51 F/g at 3 mA/cm2 8

MnFe2O4/graphene/polyaniline 1 M NaCl -0.55 to 0.25 V 241 F/g at 0.5 mA/cm2 9

MnO@C/CC 3M KOH -0.6 to 0.5 V 
662.9 F/g, 716 mF/cm2 

at 4 mA/cm2

Our 

work

WO3@PPy core-shell nanowire 

arrays
3 M NaOH -1.0 to 0 V

253 mF/cm2 at 0.67 

mA/cm2
10

α-Fe2O3@PANI core-shell 

nanowire arrays
1M Na2SO4 -0.8 to 0 V

103 mF/cm2 at 0.86 

mA/cm2
11

Mn3O4/ on conducting paper 1.0 M NaOH -0.8 to 0 V 432 mF/cm2 at 5 mV/s 12

N-Fe2O3 nanorods 3 M LiCl -0.8 to 0 V
277.3 mF/cm2 at 10 

mV/s
13

sulphur-doped Co3O4 5 M LiCl -0.8 to 0 V 0.55 F/cm2 at 10 mV/s 14

Three-Dimensional CoSe2 1 M Na2SO4 -0.8 to 0 V
332 mF/cm2 at 1 

mA/cm2
15

MnOx NF 0.5 M Na2SO4 -0.2 to 0.8 V 360.7 F/g at 1 A/g 16

MnOx/CNFs 0.5 M Na2SO4 -0.2 to 0.8 V 211 F/g at 0.25 A/g 17

MnOx-N-CS 6 M KOH -1.0 to 0 V 258 F/g at 1 mV/s 18

Mn3O4@C nanowires 1 M Na2SO4 0 to 0.8 V 197 F/g at 2.5 mV/s 19

rGO/Mn3O4 SaturateNa2SO4 0 to 0.8 V 193 F/g at 50 mA/g 20

Mn3O4@GR 6 M KOH -0.6 V to 0.4 V 250 F/g at 0.5 A/g 21

Mn3O4-GO 0.5 M Na2SO4 0 to 1 V 225 F/g at 5 mV/s 22
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Figure S6. Nyquist plots of the MnO@C/CC electrode, Mn/CC-x electrode.   
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Figure S7. FESEM images of MnO@C/CFs after 5000 charge/discharge cycles at 10 mA/cm2 in 3 M KOH 

solution.
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Figure S8. XPS spectra for MnO@C stripped off from CF cloth (a) before and (b) after 5000 charge/discharge 

cycles.
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Figure S9. (a) Nitrogen adsorption-desorption isotherms, and (b) pore size distribution plot of Co3O4.
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Figure S10. CV curves of ASCs at 100 mV/s in 3 M KOH.
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Figure S11. (a) Galvanostatic discharge/charge curves collected at different voltage windows. (b) Specific 

capacitance calculated from galvanostatic discharge/charge curves as a function of voltage window for the 

assembled ASC devices.
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Figure S12. An LED indicator powered by the ASC device.
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