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Fig. S1 (a) Side-view FESEM images of TNTAs and (b) overall view FESEM image of MnO2/EH-

TNTAs

Table. S1 Fitting results of three different TNTAs electrodes based on the equivalent circuit 

Samples Rs/ohm Rct/ohm CPE/(F·cm-2) Zw/ohm

air-TNTAs 9.88 1475.0 0.00119 0.00499

H2-TNTAs 7.42 279.20 0.02353 0.04770

EH-TNTAs 6.41 22.38 0.14770 0.01376

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2017



Capacitances calculated from CV curves: 

The capacitances of electrodes were calculated from the CV curves according to the following 

equations:

 𝐶𝑠 =
𝑆

2 × 𝑈 × ∆𝑉 × 𝑆𝑤
 , 𝐶𝑚 =

𝑆
2 × 𝑈 × ∆𝑉 × 𝑚

where Cs (mF·cm-2) refers to the areal capacitances of air-TNTAs, H2-TNTAs and EH-TNTAs 
electrodes，S (A×V) is the integral area of CV curves, U (V·s-1) is the scan rates, ∆V (V) is the 
potential window, Sw (cm2) is the surface area of the air-TNTAs, H2-TNTAs and EH-TNTAs electrodes; 
Cm (F·g-1) refers to the specific capacitances of MnO2/air-TNTAs, MnO2/H2-TNTAs and MnO2/EH-
TNTAs electrodes, and m is the mass of MnO2.

Capacitances calculated from CD curves: 

The capacitances of electrodes measured by galvanostatic charge/discharge method were 
calculated based on the following equations: 

𝐶𝑆 =
𝐼 × ∆𝑡

∆𝑉 × 𝑆𝑤
, 𝐶𝑚 =

𝐼 × ∆𝑡
∆𝑉 × 𝑚

Where CS (mF·cm-2) refers to the areal capacitance of air-TNTAs, H2-TNTAs and EH-TNTAs 
electrodes, I (A) is the constant discharging current, Δt is the discharging time, ΔV (V) is the potential 
window, and Sw (cm2) is the surface area of the air-TNTAs, H2-TNTAs and EH-TNTAs electrodes; Cm 
(F·g-1) refers to the specific capacitance of MnO2/air-TNTAs, MnO2/H2-TNTAs and MnO2/EH-TNTAs 
electrodes, and m is the mass of MnO2.

Fig. S2 CV curves of the (a) air-TNTAs, (b) H2-TNTAs and (c) EH-TNTAs electrodes at different scan 
rates



Table. S2 Areal capacitance of air-TNTAs, H2-TNTAs and EH-TNTAs at different scan rates 

scan rates (mV·s-1) Air-TNTAs (mF·cm-2) H2-TNTAs (mF·cm-2) EH-TNTAs (mF·cm-2)

10 0.37 4.11 7.76

30 0.29 3.81 7.55

50 0.25 3.50 7.38

80 0.20 3.27 7.15

100 0.18 3.14 6.96

Fig. S3 GCD curves of the (a) air-TNTAs, (b) H2-TNTAs and (c) EH-TNTAs electrodes at different 

current densities



Fig. S4 CV curves of (a) MnO2/air-TNTAs, (b) MnO2/H2-TNTAs, (c) MnO2/EH-TNTAs and (d) 

MnO2/Ti electrodes at different scan rates



Fig. S5 GCD curves of (a) MnO2/air-TNTAs, (b) MnO2/H2-TNTAs, (c) MnO2/EH-TNTAs and (d) 

MnO2/Ti electrodes at different current densities

Table. S3 Mass of pseudo-capacitive material and the specific capacitance for MnO2-based electrode 

with different substrates

Sample 

 

Mass of MnO2

/(mg·cm-2)

Specific capacitance

/(F·g-1) at 1 A·g-1

Specific capacitance

/(F·g-1) at 10 mV·s-1

MnO2/Ti foil 0.20 257.7 F·g-1 205.8 F·g-1

MnO2/air-TNTAs 0.16 290.7 F·g-1 218.8 F·g-1

MnO2/H2-TNTAs 0.10 388.7 F·g-1 326.4 F·g-1

MnO2/EH-TNTAs 0.12 650.0 F·g-1 558.9 F·g-1

EH-TNTAs@MnO2 0.20 523.9 F·g-1 469.1 F·g-1



Table. S4 Performance comparison of reported electrode materials composed of various supports and 

MnO2 deposit

Electrode materials Technique Electrolyte Capacitance (F/g) Stability (cycles) Ref.

MnO2/C@TiO2 

NTAs

C laryer coating and hydrothermal 

deposition of MnO2

1.0 M Na2SO4 521.4 (2 A/g) 88.6% (2000) 20161

MnO2@TNTAs Pulsed electrodeposition of MnO2 0.5 M Na2SO4 425.0 (0.5 A/g) 71.4% (3000) 20162

MnO2/H2-TiO2/ C

microfiber

Hydrogen annealing and hydrothermal 

deposition of MnO2

0.5 M Na2SO4 630.1 (10 mV/s) 90.0% (5000) 20153

H2-TiO2 

NTAs/C/MnO2 

Hydrogen treatment, carbon coating 

and hydrothermal deposition of MnO2

1.0 M Na2SO4 299.8 (0.5 A/g) 87.0% (2000) 20154

MnO2-TiO2/C 

NTAs

C coating and potentiostatic deposition 

of MnO2

0.5 M Na2SO4 580.0 (2.6 A/g) 90.0% (1000) 20145

MnO2/C/TiO2 

nanowire arrays

C coating and electrodepositing MnO2 0.5 M Na2SO4 639.0 (1 A/g) 78.7% (1000) 20146

MnO2@TiO2 

nanobelt arrays

Hydrothermal deposition of MnO2 1.0 M Na2SO4 557.6 (200 mV/s ) 86.3% (3000) 20137

H2-TiO2@MnO2 

nanowires

Hydrogen annealing and anodic 

electrodeposition of MnO2

5.0 M LiCl 449.6 (10 mV/s) 91.2% (5000) 20138

Fig. S6 FESEM images of (a) MnO2/EH-TNTAs and (b) EH-TNTAs@MnO2 (insets are the 

corresponding side-view images)

Table. S5 The relative BET specific surface area of EH-TNTAs, MnO2/EH-TNTAs and EH-

TNTAs@MnO2 

sample Relative BET specific surface area (m2/cm2)

EH-TNTAs 0.2124

MnO2/EH-TNTAs 0.3326

EH-TNTAs@MnO2 0.2677

Note: Regarding to the measuring and calculation methods for the relative BET specific surface area 
please refer to reference [9].



Fig. S7 Cycling performance of the MnO2/EH-TNTAs electrode at a current density of 5 A·g-1
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