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Electrochemical tests were performed on an electrochemical workstation (CH Instruments, 

760E). In three-electrode systems, 1 mol·L-1 H2SO4 solution was used as electrolyte, a 

saturated calomel electrode (SCE) served as reference electrode and a platinum wire worked 

as counter electrode. The working electrode was glassy carbon electrode (GCE) modified 

with 5×10-6 L of composite dispersion at a concentration of 1 mg·mL-1 and the GCE needs to 

be polished with alumina before use. EIS Nyquist plots of the modified electrodes were 

acquired in 0.1 mol·L-1 KCl solution containing a 5 mmol·L-1 [Fe(CN)6]3−/4− mixture (1:1). 

For two-electrode systems, composite, acetylene black and polyvinylidene fluoride were 

mixed in an 8:1:1 mass ratio for slurry. The prepared slurry was coated onto a titanium foil as 

the working electrodes of symmetric supercapacitors. The mass of active material on each 

electrode was 1.0∼1.4 mg. 1 mol·L-1 H2SO4 solution was used as the electrolyte and filter 

papers were utilized as the separator. The CV curves at varying scanning rates and the GCD 

curves at varying current densities were obtained in the voltage window ranging from 0 to 1.0 

V. The mass capacitance (C, F·g-1) of the electrode was determined from the GCD curves as 

expressed by the following equation:

𝐶=
𝐼Δ𝑡
𝑚Δ𝑉

where I denotes the current (A), ∆t is the constant current discharge time (s), m is the mass of 

the active substance (g), and ∆V is the applied potential range (V).

Kinetic analysis was performed to explore the charge-storage mechanism of the CDP-

PANI/HCS electrode in a 1 M H2SO4 solution. The contributions of the three processes to the 

electrode were calculated: the non-faradaic contribution from the double-layer capacitance, 

the faradaic contribution from the redox reaction with surface atoms, and the diffusion-

controlled redox reaction for the faradaic contribution. For the CV curves, the capacitive 

effect can be evaluated using the b value determined from the following equation:

𝑖= 𝑎𝑣𝑏

where i denotes the current (A), v is the potential sweep rate (V s-1), and a and b are 

adjustable parameters. In particular, the value of b was close to 0.5, indicating that the 

reaction process was dominated by ion diffusion. When the value of b was close to 1.0, 

surface-controlled pseudocapacitive behavior was observed. 



Mathematical analysis of the contributions of the capacitive and diffusion-controlled 

processes was performed as expressed by the following equations:

𝑖(𝑉) = 𝑘1𝑣+ 𝑘2𝑣
1/2

,𝑖(𝑣)/𝑣1/2 = 𝑘1𝑣
1/2 + 𝑘2

where k1v and k2v1/2 denote the capacitance and diffusion contributions, respectively.

The energy density and power density of the SC was calculated using the following equation: 

ES =
1
2
CSΔV2

PS = ES/Δt

where ΔV is the voltage window. Where Ed is the energy density and t is the discharge time.



Fig. S1. SEM of (a) PANi; (b) MXene; (c) MX/PA-80.



Fig. S2. Ti 2p spectrum of CDP-MX/PA-80



Fig. S3. CV of (a) CDP-MX/PA-40; (b) CDP-MX/PA-60; (c) CDP-MX/PA-100 at scanning 
speeds of 10-150 mV s −1; GCD of (d) CDP-MX/PA-40; (e) CDP-MX/PA-60; (f) CDP-
MX/PA-100 at current densities of 1-10 A g-1.



Fig. S4. CV curves of CDP-MX/PA-80 with separation between total current (black line) and 
capacitive currents (red line) at (a) 10; (b) 20; (c) 30; (d) 50; (d) 70; (d) 100 and (e) 150 mV s-

1 in 1 M H2SO4.



Fig. S5. CV of (a) MXene; (b) PANi at scanning speeds of 10-150 mV s −1. GCD of (c) 
MXene; (d) PANi at current densities of 1-10 A g-1.



Fig. S6. CV of (a) MX/PA-20; (b) MX/PA-40; (c) MX/PA-60 at scanning speeds of 10-150 
mV s −1. GCD of (d) MX/PA -20; (e) MX/PA -40; (f) MX/PA -60 at current densities of 1-10 
A g-1.



Fig. S7. CV of (a) MX/PA-80, (b) MX/PA-100 at scanning speeds of 10-150 mV s −1; GCD 
of (c) MX/PA -80, (d) MX/PA -100 at current densities of 1-10 A g-1.



Fig. S8. Nyquist plots of PANI; MX/PA; CDP-MX/PA-40; CDP-MX/PA-60; CDP-MX/PA-
80; CDP-MX/PA-100.



Fig. S9. (a) CV curves of MX/PA||MX/PA supercapacitor at different scan rates, respectively; 
(c) GCD curves of MX/PA||MX/PA supercapacitor at different current densities, respectively.



Fig. S10. Nyquist plots of CDP-MX/PA||CDP-MX/PA device.
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Fig. S11 Ragone plot of CDP-MX/PA||CDP-MX/PA device.
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