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Synthesis of MOF:

Scheme. S1 Synthesis of Co-MOF

At first, two 100 ml beaker were taken. 4 g (33.87 mmol) of succinic acid and 3.8 g 

(67.74 mmol) of KOH were taken in one of the beakers and added with 15 mL of water. The 

solution was sonicated for 15 min to dissolve the materials to form a completely clear solution. 

The solution was then transferred into a 100 mL round bottom flask. In another beaker, 8.33 g 

(35 mmol) cobalt chloride [CoCl2.6H2O] and 10 mL of water were taken, followed by a 

sonication of 15 min to make a clear salt solution. The solution was then added drop by drop 

into that round bottom flask containing the ligand in a stirring condition. After addition, the 

solution was refluxed at 110ºC for 24 hours to prepare the Co-MOF with a 92% yield.1-3

Reduction and functionalization of GO with PPD:

To synthesize covalently bonded multi-layered p-phenylenediamine (PPD) functionalized 

reduced graphene oxide, graphene oxide was synthesized first from natural graphite flake using 

the modified Hummer’s method.4

 To prepare PPD-rGO,5 GO (60 mg) was dissolved and exfoliated in 120 mL of deionized water 

through ultrasonication. Subsequently, PPD (600 mg) and NH3 solution (360 μL) were added. 

The mixture was refluxed under stirring conditions at 95 °C for 3 h and filtrated with Whatman 
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41 filter paper. The residue was rinsed in ethanol and poured into ultrasonication for 3 minutes. 

To remove the physically absorbed PPD, we repeated it at least five times. Finally, the residue 

was dried in an oven at 80 °C for 24 h.

Scheme. S2 Synthesis of PPD-rGO from graphite flake.

Fig. S1. Comparison of XRD pattern of Co-MOF and 24 hours water treated Co-MOF.
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Fig. S2. (a) TGA curve of Co-MOF. (b) N2 adsorption-desorption isotherm of Co-MOF.

Fig. S3. The FESEM images of (a) GO and (b) PPD-rGO.

Fig. S4. (a) Comparison of the CV curves of bare Ni-foam and Co-MOF on nickel foam. (b) 

The GCD plots bare Ni-foam in a three-electrode system at a current density of 0.05 A/g to 

0.25 A/g 
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Fig. S5. Two electrode CV study of supercapacitor formed by Co-MOF with counter bare Ni-

foam electrode: (a) CV curves at different scan rates at 10 mV/s to 50 mV/s; (b) GCD plot at a 

current density of 2 A g-1 to 10 A g-1; (c) corresponding specific capacitance of the 

supercapacitor at different current density (2 A g-1 to 10 A g-1) in the two-electrode system.

 

Fig. S6. (a) CV curve of PPD-rGO in the potential window of -1.25 V to 0 V. (b) GCD plot 

PPD-rGO in the current density range of 3-8 A/g in a three-electrode system.
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Table S1. Comparison of the specific capacitance value of Co-MOF with other reported 

MOF-based electrodes.

Materials

Potential

window 

(V)

Electrolyte

Specific 

Capacitance 

(F g-1)

Current 

Density 

(A g-1)

Ref.

MOF as electrode material

3D Cd-MOF −0.8 to 

0.4 V

1 M 

NaOH/KOH/LiOH

647 4 [6]

Co-MOF with H2tpa 

and dapz

0–0.5 2 M KOH 384 6 [7]

Zn-MOF 0-0.55 377 1 [8]

3D Co-MOF with 

ATA, bpdb

0-0.4 6 M KOH 325 5 [9]

3D Co-MOF- 

CoMn2O4 

0-0.5 2 M KOH 1240 7 [10]

Co-MOF 0-0.35 6 M KOH 425 2 This Work

MOF@graphene

Mo-MeIm derived 

MoO3/RGO

0 - 0.8 PVA-H2SO4 617 1 [11]

Cu-MOF@rGO −1-0.2 1 M Na2SO4 375 2 [12]

Cu-MOF/rGO (SD) −0.5-0.7 1 M Na2SO4 685.33 1.6 [13]

rGO/HKUST-1 −0.1-1 0.5 M Na2SO4 385 1 [14]

Co-MOF-RGO 0 – 0.6 6 M KOH 430 1 [15]

Mn BTC derived 

Mn3O4/Graphene

-0.1 - 0.9 1 M Na2SO4 456 1 [16]

Co-MOF 0-0.35 6 M KOH 425 2 This Work
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Table S2. Comparison of ED and PD of our ASC with other reports.

Materials Counter 

Materials

ED 

(Whkg-1)

PD 

(kWkg-1)

References

3D Cd-MOF Activated 

carbon (AC)

11.25 0.50 [6]

Co-Ni-MOF AC 20.94 0.75 [17]

Co-MOF with 

H2tpa and dapz

AC 24.13 4.42 [7]

Zn-MOF AC 13.3 7.44 [8]

3D Co-MOF 

with ATA, 

bpdb

AC 50.03 2.31 [9]

Cu-atrz-BDC rGO 9.96 0.00081 [18]

Ni-MOF-

derived nickel 

phosphate

Ni-MOF-

derived nickel 

phosphate

8 0.5 [19]

Ce-MOF/GO Pt-wire 11.96 4.497 [20]

Co(OH)2-

Derived MOF

Co(OH)2-

Derived MOF

13.3 24.00 [21]

3D Co-MOF- 

CoMn2O4 

AC 38.54 3.21 [10]

Co-MOF PPD-rGO 25.8 

(max.)

11.9 

(max.)

This Work
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Fig. S7. CV curve after 2200 GCD cycle performance.

Fig. S8. The SEM images of Co-MOF (a) before and (b) after 2200 GCD cycles. The (c) PXRD 

and (d) FTIR study of Co-MOF before and after the GCD studies.
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