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Calculation 

The capacitance could be calculated from CV or GCD curves by the following 

equations.

For specific capacitance (Cm):

From CV curves:                                  (1)
Id

m
V=C 2 m v ΔV


  

Here, Cm is the specific capacitance (F g-1). I is the response current (A), V is the 

potential vs. reference electrode (V), m is mass (mg), ν is the scan rate (mV s-1), ΔV is 

the potential window (V). 

From GCD curves:                                    (2)m
I Δt=C m ΔV



Here, Cm is the specific capacitance (F g-1). I is the current (A), Δt is the 

discharging time (s), m is mass (mg) and ΔV is the potential window (V).

For volumetric capacitance (Cv):

                           (3)v m=C C 

Here, Cm is the specific capacitance (F g-1), Cv is the volumetric capacitance (F 

cm-3), and ρ is the electrode density (g cm-3).

Before assembling the ASC, it is necessary to maintain charge balance between 

positive and negative electrodes. The mass ratio of the negative electrode to the positive 

electrode was decided based on charge balance theory (q+ = q-). The charge stored (q) 

by each electrode depends on the following equation:  

                          (4)mΔVCq m 

The volumetric capacitance (C), energy density (E) and power density (P) of the 
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ASC could be calculated by the following equations.

                             (5)
I

v
tC
V






                          (6)
1
2

2E = C (ΔV)

                              (7)
EP =
Δt

Here, C is the volumetric capacitance (F cm-3), I is the constant discharge current (A), 

Δt is the discharging time (s), v is the volume of active materials including the two 

working electrodes (cm-3), and ΔV is the cell voltage (V).
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Table S1. Experimental parameters of the prepared samples.

Sample Ti3C2Tx NSs 
(mL)

(1.5 mg/mL)

PH1000 
(µL)

(1.5%)

MXene 
content

Soaked in 
concentrated 

H2SO4

Density
(g/cm3)

Ti3C2Tx 10 0 100% - 3.95
Ti3C2Tx/P-50 10 50 95.2% - 3.67
Ti3C2Tx/P-100 10 100 90.9% - 3.29
Ti3C2Tx/P-200 10 200 83.3% - 3.13

Ti3C2Tx-H 10 0 - 24 h 3.95
Ti3C2Tx/P-50-H 10 50 - 24 h 3.92
Ti3C2Tx/P-100-H 10 100 - 24 h 3.72
Ti3C2Tx/P-200-H 10 200 - 24 h 3.31
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Table S2. The comparison of related experimental results of volumetric capacitance 

from recent years.

Material Electrolyte Volumetric capacitance Ref.

few-layer Ti3C2Tx 1M KOH 350 mF/cm3 at 2 mV/s 1

Ti3C2Tx clay 1M H2SO4 900 mF/cm3 at 2 mV/s 2

d-Ti3C2/CNT 6M KOH 393 mF/cm3 at 5 mV/s 3

PPy/ Ti3C2Tx films 1M H2SO4 1000 mF/cm3 at 5 mV/s 4

Ti3C2Tx 1M H2SO4 360 mF/cm3 at 2 mV/s 5

Mixed Ti3C2Tx/SWCNT 1M H2SO4 300 mF/cm3 at 2 mV/s 5

Sandwich-like Ti3C2Tx/SWCNT 1M H2SO4 390 mF/cm3 at 2 mV/s 5

Sandwich-like Ti3C2Tx/OLC 1M H2SO4 397 mF/cm3 at 2 mV/s 5

Sandwich-like Ti3C2Tx/rGO 1M H2SO4 435 mF/cm3 at 2 mV/s 5

d-Ti3C2 1M H2SO4 520 mF/cm3 at 2 mV/s 6

Ti3C2Tx/PVA 1M KOH 528 mF/cm3 at 2 mV/s 7

Ti3C2Tx hydrogels 3M H2SO4 1500 mF/cm3 at 2 mV/s 8

Ti3C2Tx/PDDA film 1M KOH 296 mF/cm3 at 2 mV/s 7

HM treated Ti3C2Tx 1M H2SO4 250 mF/cm3 at 2 mV/s 9

Ti3C2Tx/rGO 3M H2SO4 1040 mF/cm3 at 2 mV/s 10

Ti3C2Tx/P3 1M H2SO4 1026 mF/cm3 at 2 mV/s 11

MnOx-Ti3C2 film 1 M LiSO4 602 mF/cm3 at 2 mV/s 12

Ti3C2Tx/P-100-H 1M H2SO4 1065 mF/cm3 at 2 mV/s This 

work
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Table S3. The comparison of related experimental results from recent years.

Supercapacitor
Energy density

(mWh/cm3)
Power density

(mW/cm3)
Reference

4.8 40
EG/Ti3C2 1:3 SC

1.4 1 600
13

Ti3C2/rGO-5% SC 10.3 74 400 10
13.6 100

MnOx/ Ti3C2 SC
10.5 3 756

12

Ti3C2// rGO ASC 8.6 200 14
11 15 000

L-s- Ti3C2 SC
18 700

15

5.48 ~1 000
Ti3C2 SC

6.1 ~100
16

Nanoporous Ti3C2 film SC 20.7 184.8 17
2.3 159.6

Ti3C2 SC
1.3 2 015

18

PPy/l-Ti3C2 SC 10 500 19
EG SC 4.9 317 000 20

Nanoporous graphene film SC 2.65 20 800 21
28.2 30 000

GO film//3D-DG@MnO2 16 55 000
22

MXene-CNT// RuO2/CNT yarn 61.6 358 23
23 848

Ti3C2Tx/P-100-H//rGO ASC
13 7659

This work
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Fig. S1 Zeta potential of Ti3C2Tx and PH1000 aqueous solution.
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Fig. S2 (a) Cross-section SEM image of Ti3C2Tx after H2SO4 treatment. (b) HRTEM 

images of Ti3C2Tx/P-100 film, inset is profile plot of the calibration for measuring the 

spacing of Ti3C2Tx NSs. (c) Enlarged HRTEM images of Ti3C2Tx/P-100-H film.
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Fig. S3 Nitrogen adsorption and desorption isotherms of Ti3C2Tx/P-100-H hybrid film 

and Ti3C2Tx film.
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Fig. S4 Raman spectra of PEDOT film before and after concentrated H2SO4 treatment.
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Fig. S5 CV curves of (a) Ti3C2Tx and (c) Ti3C2Tx/P-100 electrode at different scan rates, 

GCD curves of (b) Ti3C2Tx and (d) Ti3C2Tx/P-100 electrode at different current 

densities.
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Fig. S6 (a) Specific capacitance of the as-prepared hybrid film electrodes as a function 

of scan rate. (b) Volumetric capacitance of the as-prepared hybrid film electrodes as a 

function of current density.

The relationships of specific capacitance as a function of scan rates for the as-

prepared samples are shown Fig. S6(a). The pure Ti3C2Tx film electrode showed the 

specific capacitance of 241 F g-1 at 2 mV s-1 and a rate performance of 58 % as the scan 

rate increases to 100 mV s-1. After mixing PH1000 with Ti3C2Tx to form the Ti3C2Tx/P-

100 film, the specific capacitance decreases dramatically to 216 F g-1 at 2 mV s-1. 

However, after treated by concentrated H2SO4, the specific capacitance of Ti3C2Tx/P-

100-H film electrode is significantly improved to 286 F g-1 at 2 mV s-1 and the 

capacitance retention is 62% after increasing the scan rate by 50 times.

The volumetric capacitance calculated from GCD curves of the as-prepared 

samples are shown Fig. S6(b). Compared with the pure Ti3C2Tx film electrode with 

volumetric capacitance of 980 F cm-3 at 2 mA cm-2, the Ti3C2Tx/P-100 film showed a 

decreased volumetric capacitance of 667 F cm-3. However, after concentrated H2SO4 

treatment, the volumetric capacitance of Ti3C2Tx/P-100-H film electrode is 

significantly improved to 1060 F cm-3.
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Fig. S7 (a) CV curves and (b) GCD curves of Ti3C2Tx-H electrode at different current 

densities, (c) Volumetric capacitance and specific capacitance of Ti3C2Tx-H electrode 

as a function of scan rate.
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Fig. S8 (a) CV curves of P-H electrode at different scan rates, (b) GCD curves of P-H 

electrode at different current densities, (c) Volumetric capacitance and specific 

capacitance of P-H film electrode as a function of scan rate.
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Fig. S9 CV curves of (a) Ti3C2Tx/P-50-H and (c) Ti3C2Tx/P-200-H electrode at different 

scan rates, GCD curves of (b) Ti3C2Tx/P-50-H and (d) Ti3C2Tx/P-200-H electrode at 

different current densities.
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Fig. S10 Volumetric capacitance of the as-prepared hybrid film electrodes as a function 

of scan rate.
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Fig. S11 (a) XRD patterns of Ti3C2Tx-H, Ti3C2Tx/P-50-H, Ti3C2Tx/P-100-H and 

Ti3C2Tx/P-200-H and (b) the corresponding enlarged XRD patterns.
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Fig. S12 (a) XRD patterns of GO and rGO film, (b) cross-section SEM image of rGO 

film, (c) CV curves of rGO film electrode at different scan rates, (d) GCD curves of 

rGO film electrode at different current densities, (c) Volumetric capacitance and 

specific capacitance of rGO film electrode as a function of scan rate.
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Fig. S13 (a) The equivalent circuit diagram and physical diagram of OCV test, (b) OCV 

curve of the serial-connected ASCs, the inset is the enlarged OCV curve.

The discharge curve of the serial-connected ASCs when connected to the LEDs is 

obtained by OCV test as shown in Fig. S13. Fig. S13 is added in the supplementary. 

The equivalent circuit diagram and physical diagram of OCV test is shown in Fig. S13a. 

The electrochemical workstation is in parallel with the ASCs. Once the LEDs are 

connected to the circuit, the voltage drops significantly at the 4th second, as shown in 

the inset in Fig. S13b. When the voltage is less than 1.5V, the LEDs are extinguished. 

Thus, the serial-connected ASCs could drive the luminous band for about five minutes.
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