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Figure S1. High resolution XPS spectra of Mn 3s for the freshly sputtered MnO2@CNT. The 

peak splitting((ΔE) of Mn 3s is linearly correlated with the average oxidation state(AOS) of 

Mn (AOS = 8.956 − 1.126 × ΔE), and the AOS of freshly sputtered MnO2 is about 3.7.1, 2
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Figure S2. XRD patterns of (a) the freshly sputtered MnO2@CNT; (b) MnO2-NS@CNT 2C-

10D after 500- (black line) and 5000-cycle (red line) electrochemical activation operations; 

The XRD patterns of the freshly sputtered MnO2@CNT are readily indexed to the Mn2O3 

(JCPDS No. 10-0069). After the electrochemical activation process, the part of XRD peaks 

corresponding to Mn2O3 disappeared, and the peaks assigned to Birnessite-MnO2 (JCPDS No. 

18-0802) appeared.
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Figure S3. Electrochemical cycling performance of CoSi2/Fe, CNTs, MnO2@CNTs and 

MnO2 at the current of 2 mA/cm2.

Figure S4. (a-d) SEM images of MnO2-NS@CNTs 2C-1D, 2C-5D, 2C-10D and 2C-20D 

after 150 circles electrochemical activation. (e-h) SEM images of MnO2-NS@CNTs 2C-1D, 

2C-5D, 2C-10D and 2C-20D with 500 cycles electrochemical test at the current density of 10 

mA/cm2 after electrochemical activation. There is no obvious change in SEM images before 

and after 500 circles.
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Figure S5. (a) SEM image and (b) TEM image of MnO2-NS@CNT 2C-10D with first 

electrochemical activation and later 5000-cycle GCD process, respectively.
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Figure S6. Raman of pristine, MnO2-NS@CNT 2C-1D, 2C-5D, 2C-10D and 2C-20D. 
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Figure S7. TEM image of MnO2-NS@CNT 2C-10D.

Figure S8. Electrochemical performance of MnO2-NS@CNT 2C-10D sample. (a) CV curves 

at different scan rates of 5 mV/s, 20 mV/s, 100 mV/s, 500 mV/s, and 10000 mV/s. (b) GCD 

curves at different current density of 0.5 A/g, 1 A/g, 5 A/g, 20 A/g, and 100 A/g.



Figure S9. Electrochemical cycling performance of the electrochemically activated MnO2-NS 

@CNTs 2C-10D at the current of 10 mA/cm2.

Figure S10. EELS spectra of fresh prepared MnO2@CNTs and electrochemical activated 

MnO2-NS@CNT 2C-10D.



Figure S11. Nyquist plots of MnO2-NS@CNT 2C-1D, 2C-5D, 2C-10D, and 2C-20D.

Figure S12. CV curves of the MnO2-NS@CNT 2C-10D electrode at different scan rate, and 

the shadowed area represents the surface capacitive contribution.



Table S1. Electrochemical rate performance of Mn-based supercapacitor electrode.

Active materials Current density 

change

Current density 

change multiple

Capacitance 

retention

Ref.

Co3O4@MnO2 4 A/g to 20 A/g 5 times 79% 3

CNT@NCT@MnO2 0.5 A/g to 10 A/g 20 times 45% 4

KxMnO2 1 A/g to 36 A/g 36 times 44% 5

Hydrophilic Carbon 

Cloth@MnO2

1 A/g to 10 A/g 10 times 57% 6

MnO2 1 A/g to 20 A/g 20 times 60% 7

Graphene/MnO2@Con

ductive Wrapping

0.1 mA/cm2 to 5 

mA/cm2

50 times 44% 8

MnO2 film 5 mA/cm2 to 25 

mA/cm2

5 times 15% 9

N-CNTs@MnO2 1 A/g to 10 A/g 10 times 50% 10

Na0.5MnO2 1 A/g to 16 A/g 10 times 68% 11

MnO2 1 A/g to 50 A/g 50 times 28% 12

MnO2@CNT 0.5 A/g to 100 A/g 200 times 80% 2C-1D

MnO2@CNT 0.5 A/g to 100 A/g 200 times 80% 2C-5D

MnO2@CNT 0.5 A/g to 100 A/g 200 times 79% 2C-10D

MnO2@CNT 0.5 A/g to 100 A/g 200 times 79% 2C-20D
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