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Figure S1 Comparative studies of (a) nitrogen adsorption-desorption isotherms, (b) NLDFT 

pore size distributions of commercially available activated carbon and our ZIF-derived carbon 

samples.

Table S1. Summary of surface areas for activated carbon and ZIF-derived nanoporous carbon.

Activated carbon ZIF-derived nanoporous carbon
Surface area: 2,370 m2∙g-1

Micropore surface area: 1,743 m2∙g-1

Relative micropore ratio: 73.5%

Surface area: 1,610 m2∙g-1

Micropore surface area: 960 m2∙g-1

Relative micropore ratio: 59.6%

Figure S2 (a) SEM and (b) TEM images of bare PANI sample after 6 h reaction time.
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Figure S3 The low magnified SEM images of nanoporous carbon and carbon-PANI 

composites (S1, S2, S3, S4 and S5), showing uniform coating of PANI and dispersion on the 

nanoporous carbon surface.
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Figure S4 High-angle annular dark field-scanning TEM (HAADF-STEM) images and 

elemental mapping of carbon and nitrogen for carbon sample and different carbon-PANI 

composites (samples S1, S3). The scale bars are 300 nm.
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Figure S5 CV curves and variation of specific capacitance with different scan rates for each 

sample using the three-electrode system: (a) carbon, (b) PANI, (c) S1, (d) S2, (e) S3, (f) S4, 

and (g) S5. 
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Figure S6 Two-electrode data for carbon sample. (a) CVs at various scan rates, (b) charge-

discharge (CD) study at various applied current densities, and (c) variation of specific 

capacitance with specific current.
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Figure S7 Two-electrode data for PANI sample. (a) CVs at various scan rates, (b) CD study at 

various applied current densities, and (c) variation of specific capacitance with specific current.
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Note for Figures S6 and S7

In order to evaluate the SSC performance of carbon//carbon and PANI//PANI, cyclic 

voltammetry (CV) and charge-discharge (CD) studies were carried out. Figure S6a shows CVs 

for carbon//carbon SSC at various scan rates from 5-500 mV∙s-1. The CVs are mirror symmetric 

and rectangular in shape. The CV shape is retained very well even at the higher scan rates. The 

CD studies were carried out at various applied specific currents from 1-10 A∙g-1. The respective 

discharge curves are as shown in Figure S6b. The discharge capacitance shows good retention 

of 85%, even when the applied specific current values increased to 10 A∙g-1 (Figure S6c). Thus, 

the nanoporous carbon sample shows good retention capability at the high scan rates. In the 

case of the PANI sample, the CV shape is quasi-rectangular at lower scan rates (5-100 mV∙s-

1). With increasing scan rate (100-500 mV∙s-1), however, the shapes are distorted (Figure S7a). 

The distorted shape represents instability of the sample at the higher scan rates. Furthermore, 

the CD studies also show an IR drop from 0.8 to 0.6 V (Figure S7b). The variation of 

capacitance with specific current is shown in Figure S7c. The capacitance retention is found 

to be 53 %, which is much lower compared to the carbon-based SSC.
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Figure S8. Variation of discharge times with relatively higher current densities at 30, 20, and 

16 A.g-1. 
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Table S2. Comparison of our specific capacitance value with various literature reports for 

carbon-PANI composites using the three-electrode system.

Method Electrode Electrolyte
Specific 

capacitance 
(F∙g-1)

Scan rate 
(mV∙s-1)

Specific 
current 
(A∙g-1)

Voltage 
window

(V)

Weight 
loading

(mg∙cm-2)
Ref.

Carbon nanotube-PANI/carbon fiber-PANI composites

Electrochemical polymerization
SWCNT-

PANI
H2SO4 (1 M) 485 - 5 mA∙cm-2 0.0-0.7 - [S1]

Vapor deposition polymerization CNF-PANI H2SO4 (1 M) 264 5 - 0.0-0.8 - [S2]

In-situ polymerization
MWCNT-

PANI
H2SO4 (0.1 M) 560 1 - 0.0-1.0 - [S3]

Oxidative polymerization CNT-PANI KOH (6 M) 780 1 - (-0.7)-0.3 4 [S4]

Oxidative polymerization CNF-PANI H2SO4 (1 M) 638 - 2 0.0-0.8 0.35 [S5]

Graphene-PANI/graphene oxide-PANI/reduced graphene oxide-PANI composites

Oxidative polymerization rGO-PANI H2SO4 (1 M) 286 5 - (-0.1)-0.9 0.5 [S6]

Oxidative polymerization
Graphene-

PANI
H2SO4 (1 M) 250 10 (-0.2)-1.0 - [S7]

Oxidative polymerization
Graphene-

PANI
H2SO4 (1 M) 257 - 0.1 (-0.2)-0.8 0.01 [S8]

Electropolymerization
Graphene-

PANI
H2SO4 (1 M) 233 2 - (-0.2)-0.8

0.58 g cm-3 
(volume 
density)

[S9]

In-situ polymerization
Graphene-

PANI
H2SO4 (1 M) 1126 1 - (-0.2)-0.6 - [S10]

In-situ polymerization
GNS-PANI 

NF
KOH (6 M) 1046 1 - (-0.7)-0.3 5 [S11]

Rapid mixture polymerization
Graphene-

PANI
H2SO4 (1 M) 475 - 0.4 0.0-0.8 0.75 [S12]

In-situ polymerization
Graphene-

PANI
H2SO4 (2 M) 480 - 0.1 (-0.2)-0.8 - [S13]

Porous carbon-PANI composites

Electrochemical polymerization
Porous 

carbon-PANI
H2SO4 (1 M) 180 - 1 mA 0.0-0.6 2.9 [S14]

In-situ polymerization OMC-PANI
KOH 

(30 wt.%)
747 - 0.1 0.0-0.9 1 [S15]

Oxidative polymerization
MC-PANI

SS
H2SO4 (1 M) 940 - 0.5 (-0.2)-0.7 2.5 [S16]

Electrochemical polymerization
Macroporous 
carbon-PANI

H2SO4 (1M) 1198 - 1 (-0.2)-0.8 - [S17]

Oxidative polymerization
Nanoporous 
carbon PANI

H2SO4 (1M) 1100 5 - 0.0-0.8 0.5
Present 
work

PANI- Polyaniline; SWCNT- single walled carbon nanotube; MWCNT- multi walled carbon nanotube; rGO- reduced graphene oxide; 
GNS- Graphene nanosheets; OMC- ordered mesoporous carbon; NF-nickel foam; SS- stainless-steel grid. 
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Table S3. Comparison of specific capacitance values with literature reports for various carbon-

PANI composites using the two-electrode system.

Method Electrode Electrolyte
Specific 

capacitance
(F∙g-1)

Scan 
rate

(mV∙s-1)

Specific 
current
(A∙g-1)

Voltage 
window

(V)

Weight 
loading

(mg∙cm-2)
Ref.

Dilute polymerization r-GO-PANI H2SO4 (1 M) 385 - 0.5 0.0-1.0 0.25 [S18]

Interfacial polymerization Graphene-PANI H2SO4 (1 M) 210 - 0.3 0.0-0.8
0.76 g∙cm-3 

(Volume 
density)

[S19]

Dilute polymerization
Graphene oxide-

PANI
H2SO4 (1 M) 555 - 0.2 0.0-0.8 - [S20]

Dilute polymerization-atomic 
layer deposition

CC/PANI-RuO2 H2SO4 (1 M) 710 5 - 0.0-0.7 ~1 [S21]

Oxidative
polymerization

Nanoporous carbon-
PANI

H2SO4 (1 M) 236 - 1.0 0.0-0.8 0.5
Present 
work

CC- carbon cloth; RuO2- ruthenium oxide
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