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Table S1. Optimization of synthesis parameters for MXTP. 

Hydrogel A (–) B (wt.%)  C (wt.%) D (wt.%) E (K) 
MXene 

(wt.%) 
ESR(s) (g/g) 

A 5.0 1.5 1.0 20.0 298 0.50 418.50 ± 12.56 

B 10.0 1.5 1.0 20.0 298 0.50 558.00 ± 16.74 

C 20.0 1.5 1.0 20.0 298 0.50 502.20 ± 15.07 

D 10.0 1.0 1.0 20.0 298 0.50 491.04 ± 14.71 

B 10.0 1.5 1.0 20.0 298 0.50 558.00 ± 16.74 

E 10.0 2.0 1.0 20.0 298 0.50 513.36 ± 15.41 

B 10.0 1.5 1.0 20.0 298 0.50 558.00 ± 16.74 

F 10.0 1.5 1.5 20.0 298 0.50 620.00 ± 18.60 

G 10.0 1.5 2.0 20.0 298 0.50 570.40 ± 17.11 

H 10.0 1.5 1.5 10.0 298 0.50 551.80 ± 16.55 

F 10.0 1.5 1.5 20.0 298 0.50 620.00 ± 18.60 

I 10.0 1.5 1.5 30.0 298 0.50 576.60 ± 17.29 

– 10.0 1.5 1.5 20.0 288 0.50 No gelation 

F 10.0 1.5 1.5 20.0 298 0.50 620.00 ± 18.60 

J 10.0 1.5 1.5 20.0 308 0.50 589.00 ± 17.67 

K 10.0 1.5 1.5 20.0 288 0.25 415.40 ± 12.46 

F 10.0 1.5 1.5 20.0 298 0.50 620.00 ± 18.60 

L 10.0 1.5 1.5 20.0 308 0.75 520.80 ± 15.62 

F (optimum) 10.0 1.5 1.5 20.0 298 0.50 620.00 ± 18.60 
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Text S1. Derivation of working formula for CV analyses. The current (I, A) in GSE can be expressed as: 

I pC m k=                                     (S1) 

Here, Cp (F g–1), m (g), and k (V s–1) represent specific capacitance, mass of electroactive material (drop-

casted on GSE), and scanning rate, respectively. 
When potential of GSE was varied within V1–V2 (V), then Eq. (S1) can be reframed as: 
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V dV can be related to area under CV curve (A, A V), Eq. (S2) modifies as: 
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Or, 
2 1( )pA C mk V V= −                                           (S4) 

In charging condition of a capacitor, A is replaced by A1 and Eq. (S4) transforms to: 

1 2 1( )pA C mk V V= −                                         (S4A) 

However, in discharging condition, A is replaced by A2 and Eq. (S4) is modified to:  

2 1 2( )pA C mk V V= −                  (S4B) 

Therefore, area under CV curve, i.e., A can be calculated as: 

1 2 2 12[ ( )]pA A A C mk V V= − = −                          (S5) 

Eq. (S5) can be rearranged in terms of Cp: 
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Cp values of MXTP and Pb(II)-MXTP were estimated by using Eq. (S6).    

 
Text S2. EIS analyses. EIS experiments were carried out using a three-electrode module, composed of 

GSE, RE, and CE. During EIS, alternating potential is sent towards the sample on GSE, and the 
corresponding alternating current (i, A) signal is recorded. Therefore, input potential and output 
current can be written as shown in Eq. (S7) and Eq. (S8), respectively: 

( ) sin( )oE t E t=                                  (S7) 

( ) sin( )oi t i t=                                                                (S8) 

Here, t (s), i0 (A)/ E0 (V), and ω (Hz) represent time, amplitude of current/ potential, and angle of 
frequency, respectively. 

However, phase shift (φ, degree) is observed for output current. Hence, Eq. (S8) can be modified as: 

( ) sin( )oi t i t = −                           (S8A) 

For AC output system, impedance (Z, ohm) can be defined as: 
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E

i
 =                                  (S9) 

The x and y components of Z, i.e., Zx (ohm) and Zy (ohm), respectively, can be evaluated as: 

cosx magZ Z =                               (S10A) 

siny magZ Z =                           (S10B) 

Here, Zmag (ohm) is the vector sum of Zx and Zy and can be defined as: 

2 2 0
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mag x y

E
Z Z Z

i
= + =                                 (S11) 

Zx and Zy are also termed as real impedance (Z′, ohm) whereas Zz (Z′′, ohm) is considered as imaginary 

impedance. 
From EIS, values of Zmag, Z′, Z′′, ω, and φ of an electroactive material can be obtained. From there, Bode 
and Nyquist plots are drawn, and from the solution resistance (Rs, ohm) of Nyquist plot, conductivity 

(σ, ohm m–1) of the sample can be calculated by using the following equation: 
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 =                                      (S12) 

Here, L (m) and A (m2) represent thickness and area of GSE, respectively. 

 

 

Figure S1. FTIR of MAX and MXene 
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Figure S2. pHPZC of MXTP 

 

 

 

 

 

 

Figure S3. XRD of MAX and MXene 
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Figure S4. Wide-scan survey plot of TP and MXTP  


