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Regents 

All chemicals were used as received without further purification. MAX (Ti3AlC2, 400 

mesh) was purchased from Jilin Eleven Technology Co., Ltd. Ammonium persulfate 

(APS) was from Shanghai Jizhi Biochemical Technology Co., Ltd. Aniline monomer 

was from Shanghai Wokai Biotechnology Co., Ltd. Polyvinyl alcohol (PVA) was 

supplied by Shanghai Aladding Biochemical Technology Co., Ltd. Lithium fluoride (CP), 

ethanol absolute (AR) and hydrochloric acid (AR) were received from Sinopharm 

Chemical Reagent Co., Ltd. Distilled water was prepared using a Flom ultrapure 

water system.

Characterizations

The morphologies of the samples were observed by using a field emission scanning 

electron microscope (SEM, JEOL 6701, Japan) and atomic Force Microscope (AFM, 

Keysight 5500). TEM images were obtained using a JEM-2100F electron microscope 

with an accelerating voltage of 200Kv. The morphology and structure of the samples 

were investigated with energy dispersive X-ray spectrometer. The XPS spectra of the 

prepared samples were examined by Thermo ESCALAB 250XI X-ray photoelectron 

spectrometer (XPS, Physical Electronics, USA). The structures of the as-prepared 

samples were analyzed with XRD (DX2700, China) at a scan rate (2θ) of 5o min-1 

ranging from 4o to 80o, operating at Cu Kα radiation (l=1.5418 Å) with an accelerating 

voltage of 40 kV and an applied current of 30 mA. Fourier transform infrared (FT-IR) 

spectroscopy was measured on Nicolet iN10MX Fourier infrared spectrometer. The 

Raman spectrum was analyzed by a micro-Raman spectrometer (DXR2), and the 
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irradiation source was a 633 nm laser. Thermogravimetric analysis (TGA) was 

performed under nitrogen at 35-800℃ using a thermogravimetric analyzer (TG 209 

F3). All the electrochemical tests were performed using a CHI 760E electrochemical 

workstation.

Calculations

Gravimetric specific capacitance (Cg) of all electrodes in a three electrodes system 

was calculated through the following equation:

                                                          (1)
𝐶𝑔 =

𝐼Δ𝑡
𝑚Δ𝑈

Where I is the current density, ΔU is the potential window, Δt is the discharge time 

(s), and m is the mass of each electrode.

Volume specific capacitance (Cv) of all electrodes in a three electrodes system was 

calculated through the following equation:

                                                           (2)
𝐶𝑣 =

𝐼Δ𝑡
𝑉Δ𝑈

Where I is the current density, ΔU is the potential window, Δt is the discharge time 

(s), and V is the volume of each electrode sheet.

The specific capacitances of the compressible supercapacitor were calculated from 

their GCDs which were carried out on symmetrical supercapacitor systems according 

to the following equation:

                                                          (3)
𝐶 =

2𝐼Δ𝑡
𝑚Δ𝑈
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Where C is the specific capacitance (A g-1), I is the discharge current (A), Δt is the 

discharge time (s), m (g) is the mass of a single MGC hybrid electrode and ΔU is the 

voltage window (V). 

The energy density and power density of symmetrical supercapacitor systems were 

calculated using the following equations:

                         (4)  
𝐸 =

𝐶𝑡 Δ𝑈2

2 × 3.6

                             (5)
𝑃 =

𝐸
𝑡

Where E (Wh kg-1) is the energy density, P (W kg-1) is the power density of the 

symmetrical supercapacitor system, Ct (A g-1) is the specific capacitance of the whole 

symmetrical supercapacitor system, which is equal to C/2. ∆U (V) is the voltage 

window, and t (h) is the discharge time, respectively.

The real C′(ω) and imaginary part C″(ω) capacitances can be calculated by the 

following formulas：

                        
𝐶'(𝜔) =

‒ 𝑍''(𝜔)

𝜔|𝑍(𝜔)2| 

(6)  

                         
𝐶''(𝜔) =

𝑍'(𝜔)

𝜔|𝑍(𝜔)2| 

(7)

where ω is the angular frequency, Z′(ω) and Z′′(ω) is the real and imaginary parts of 

the Z(ω), respectively.



5

 



6

Fig. S1. (a) AFM image and height file of MXene. (b) TEM image of MXene. 

Fig. S2. Schematic illustration for the preparation process of (a) conventional stacked 

pure MXene film (S-MXene), (b) aggregated polyaniline/MXene film (A-PANI/MXene), 

and (c) stacked PANI/MXene film (S-PANI/MXene).
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Fig. S3. SEM image of the I-PANI/MXene film folded with a small bending radius 

(1.78 mm).

Fig. S4. (a) Thermogravimetric analysis (TGA) curves of S-MXene, A-PANI/MXene, S-

PANI/MXene, and I-PANI/MXene films. (b) Magnified regions of the curves at 300 to 

500 °C.
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Fig. S5. Photo images showing the ultrasonic resistance of S-MXene, A-PANI/MXene, 

S-PANI/MXene, and I-PANI/MXene films after 5 min of sonication.

Fig. S6. High-resolution XPS spectra of (a) C 1s, (b) O 1s and (c) Ti 2p spectra for I-

PANI/MXene film. High-resolution XPS spectra of (d) C 1s and (e) O 1s spectra for S-

MXene film.
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Fig. S7. CV curves of (a) S-MXene, (b) A-PANI/MXene, and (c) S-PANI/MXene film 

electrode at scan rate from 5 to 1000 mV s-1.
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Table S1. Comparisons of electrochemical performances of this work and those 

reported from literatures.

Electrode materials Capacitance Capacitance retention Ref.

Ti3C2Tx FSC 214 μF cm-2 at 5 mV s-1 101 μF cm-2 at 100 mV s-1 
(50%) 

1

IDT@rGO 345.5 F g-1 at 0.6 A g-1 293.6 F g-1 at 5.3 A g-1 
(84.95%)

2

ZIHC 318 μF cm-2 at 5 mV s-1 105 μF cm-2 at 200 mV s-1 
(33%)

3

PANI0.7/MXene 560 μF cm-2 at 5 mV s-1 360 μF cm-2 at 100 mV s-1

(64%)
4

MXene/rGO 1：99 245 μF cm-2 at 2 mV s-1 193 μF cm-2 at 100 mV s-1

(76%)
5

GM2 920 μF g-1 at 5 mV s-1 124 μF g-1 at 500 mV s-1

(15%)
6

MXene/CN 113 F g-1 at 5 mV s-1 38 F g-1 at 300 mV s-1

(33.6%) 
7

Ti3C2Tx and VN/PC 197 F g-1 at 1 A g-1 50 F g-1 at 10 A g-1

(25.4%)
8

d-Ti3C2Tx 73 mF cm-2 at 10 mV s-1 46 mF cm-2 at 200 mV s-1

(36%) 
9

Ti3C2/ZnO 200 F cm-3 at 2 mV s-1 149 F cm-3 at 100 mV s-1

(74.5%)
10

MXene 307 F g-1 at 20 mV s-1 225 F g-1 at 100 mV s-1

(73.2%)
11

MXene 405 F g-1 at 1 A g-1 281 F g-1 at 20 A g-1

(70%)
12

I-PANI/MXene
1360 F cm-3

 And 385 F g-1 at 5 mV s-

1

343 F g-1 at 100 mV s-1

(89%)
321 F g-1 at 500 mV s-1

(83.3%)
312 F g-1 at 1000 mV s-1

(81%)
263 g-1 at 5000 mV s-1

(68.3%)
207 F g-1 at 10000 mV s-1

(53.9%)

This 
wor

k
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Fig. S8 (a) CV curves and (b) specific capacitance of pure PANI electrode at a scan 

rate from 5 to 1000 mV s-1. 

Fig. S9. Capacitive contributions of a) S-MXene, (b) A-PANI/MXene, and (c) S-

PANI/MXene electrodes at different scan rates.

Fig. S10. Normalized real and imaginary capacitances of (a) S-MXene, (b) A-
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PANI/MXene, and (c) S-PANI/MXene electrode.

Fig. S11. The CV curves of I-PANI/MXene devices in different voltage windows at 20 

mV s-1
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