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1. Cs/PANI hybrid film 

 

Fig. S1: photograph of fabricated CPF hybrid hygrogel film 

 

2. EDS analysis 

 

 

Fig. S2: SEM-EDX spectra of Chitosan and CPF films  
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3. Cyclic voltammograms at different scan rate 

 

 

Fig. S3: (a,b and c) CVs obtained at different scan rates for CPF1, CPF2 and CPF3 films 

respectively and (c,d and f) variation peak current as a function of square root of scan rate for 

CPF1, CPF2 and CPF3 films respectively 

 

4. Chronopotentimetric responses during consecutive oxidation/reduction 

cycles 

 

Fig. S4: (a) A representative square current waves applied to the CPF working electrode and (b) 

resulting chronopotentiometric responses  
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5. CVs of CPF films at the scan rate of 5 mV s-1 

 

Fig. S5: CVs at scam rate of 5 mV s-1 

 

6. Chronopotentiogram at different working current at constant charge for 

the device 

 

Fig. S6: Normalized second cycle of charge-discharge (oxidation-reduction) curve at different 

working (charging/discharging) currents by consuming constant charge of ±38 mC 
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7. Mechanical properties of CPF films 

 

Table S1: Tensile strength, Young’s Modulus and % elongation at break of CPF films 

Film Tensile strength 

(MPa) 

Young’s Modulus 

(MPa) 

% Elongation at 

break 

CPF1 9.82 2.32 8.12 

CPF2 8.22 1.99 7.08 

CPF3 6.64 1.85 6.42 

CPF4 5.84 1.56 5.86 

 

 

 

 

8. CV peaks of CPF film at scan rate 25 mV/s  

 

Table S2: Anodic and cathodic peaks of CPF electrodes at the scan rate 25 mV/s 

Film Anodic peaks (V) Cathodic peaks (V) 

 LE to ES  ES to PN PN to ES ES to LE 

CPF1 0.27 0.54 0.43 0.059 

CPF2 0.28 0.54 0.42 0.11 

CPF3 0.28 0.59 0.48 0.19 

CPF4 0.29 0.57 0.45 0.13 

LE- leucoemeraldine, ES- emeraldine salt, PN- pernigraniline 
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9. Comparison of CPF supercapacitor with other PANI- hydrogel-based supercapacitors 

reported in the literature. 

Table S3: Comparison of CPF supercapacitor with other PANI- hydrogel-based supercapacitors 

reported in the literature. 

Type of electrode Areal capacitance 
Separator/ 

electrolyte 

Maximum energy 

density @ Power 

density 

Ref. 

Chitosan/PANI 111 mF cm-2 @ 0.4 

mA cm-2 

222 mF cm-2 @ 

5mV/s 

 

PVA/H2SO4 13.8 µWh cm-2
 

@ 100 µW cm-2 

This 

work 

Graphene / PANI 23 mF cm-2 @ 0.1 

mA cm-2 

PVA/H3PO4 1.5 µWh cm-2 

@ 330 µW cm-2 

[1] 

CNFs/PANI/rGO 5.86 mF cm−2 @ 

4.3 µA cm−2 

PVA/H2SO4  [2] 

CNFs/[PANI–PEDOT: 

PSS] 

4.22 mF cm-2 @ 

4.3 µA cm−2 

PVA/H2SO4  [2] 

PVA /PANI 25.86 mF cm-2 @ 

0.05 mA cm−2 

PVA/H2SO4  [3] 

PANI/PVA/PHEA 98 mF cm-2 @ 0.2 

mA cm−2 

PVA/PHEA/ 

H2SO4 

8.48 µWh cm-2 

@ 78.52 µW cm-2 

[4] 

SWCNT/PANI/ PVA 15.8 mF cm-2 

@0.044 mA cm−2 

PVA/H2SO4  [5] 

rGO/PANI 6.4 mF cm-2 @ 

0.08 mA cm−2 

PVA/H2SO4 7.07 Wh kg-1 

@ 707 W kg-1 

[6] 

Fe3+/ PANI/Cellulose 185 mF cm-2 @ 0.2 

mA cm−2 

H2SO4 ⁓ 6.2 µWh cm-2 

@ ⁓110 µW cm-2 

[7] 

PHE/PANI 131 mF cm-2 @ 0.2 

mA cm−2 

PHE/H3PO4 11.6 µWh cm-2 

@ 79.9 µW cm-2 

[8] 

Graphite/PANI 77.8 mF cm-2 @ 

0.1 mA cm-2 

PVA/H2SO4 0.32 mWh cm-3 

@ 0.054 W cm-3 

[9] 
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NiO/Graphene/ PANI 112   mF cm-2 @ 2 

mV s-1 

cellulose/ 

KOH 

 [10] 

PVA/PANI 11.3 mF cm-2 @ 5 

mVs-1 

PVA/H2SO4  [11] 

rGO/PANI-CH4 45 mF cm-2 @ 0.2 

mA cm−2 

PVA/H2SO4  [12] 

CNT/PANI 38   mF cm-2 @ 

0.01   mA cm−2 

PVA/H2SO4  [13] 

CNF/CNTs/PANI 67.31 mF cm2 @ 

0.5 mA cm−2 

PVA/H3PO4  [14] 

Graphene/sulfonated 

PANI 

3.31 mF cm-2 @ 10 

mV s-1 

PVA/H2SO4 1.51 mWh cm-3 [15] 

Cellulose /PAA/PANI 1.73 mF cm-2 @ 5 

mV s-1 

H2SO4 0.62 µWh cm-2 

@ 7.03 µW cm-2 

[16] 

PANI/PLA(Symmetric) 0.20 mF cm−2 @ 4 

µA cm−2 

PVA/H2SO4 3.60 µWh cm-2 

@ 0.02 µW cm-2 

[17] 

 

[17] 
PANI/PLA(Asymmetric) 23.33 mF cm−2 

@0.05 mAcm−2 

PVA/H2SO4 30.09 μWcm −2 

@ 1.17μWh cm −2 

PANI- foamed PLA 27.73 mF cm-2 @ 

0.05 mA cm−2 

PVA/H2SO4 1.89 µWh cm-2 

@ 35 μWh cm −2 

[18] 

PANI−Stainless Steel 

wire 

~19 mF cm-2 @ 0.1 

mA cm−2 

H2SO4 0.95 µWh cm-2 

@ ⁓100 µW cm-2 

[19] 

CNFs- Cellulose nanofiber; rGO- reduced graphene oxide; PHEA- poly (N-hydroxyethyl acrylamide); SWCNT- single-walled 

carbon nanotube; PHE- polymer hydrogel electrolyte (polyacrylic acid crosslinked with vinyl hybrid silica nanoparticles); CNT- 

carbon nanotube; PAA- polyacrylic acid; PLA- polylactic acid.  
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10.  EIS Fitting data of device 

 

Table S4: The best fitting values of the equivalent circuit elements in Figure 13e for the 

impedance data of CPF device 

Parameters Rs 

(Ω) 

Rct1 

(Ω) 

 

Q1 

(CPE1) 

(S·sα1) 

 

α1 

Rct2 

(Ω) 

 

Q2 

(CPE2) 

(S·sα2) 

 

α2 

Q3 

(CPE3) 

(S·sα2) 

α3 

Before cycling stability test 

Circuit values 13.4 0.50 0.12 1.22 5.3 0.051 

  

0.82 
0.0082 0.56 

After cycling stability test 

Circuit values 14.4 0..26 0.08 1.12 14.0 0.017 
0.90 0.012 

0.51 
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