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Calculations

The gravimetric capacitances ( ) were calculated from the CV curve at different scan 𝐶𝑆, 𝐹/𝑔

rates by the equation,1

      (1)
𝐶𝑆 =

∫𝐼𝑑𝑉

𝑚𝑣Δ𝑉

Where, ∫IdV denotes the area under the CV curve, m is the mass of active material of the 

working electrode (g), v is the scan rate (V/s), and ∆V is the operating potential range (V). 

The gravimetric capacitance ( ) was evaluated from the CD curve using the following 𝐶𝑆, 𝐹/𝑔

equation, 2

(2)
𝐶𝑆 =

𝐼Δ𝑡
𝑚Δ𝑉

Where, I is the discharge current (A) and Δt is the discharge time (s) after the voltage (IR) drop. 

The areal specific capacitances (  were calculated from the CV curves using the 𝐶𝐴, 𝐹/𝑐𝑚2)

following equation,2

      (3)
𝐶𝐴 =

∫𝐼𝑑𝑉

𝐴𝑣Δ𝑉

Where, A is the entire device area including electrodes and the gap between the electrodes 

(cm2). 
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The volumetric capacitances (  were calculated from the CV curves using the 𝐶𝑉, 𝐹/𝑐𝑚3)

equation, 

(4)
𝐶𝑉 =

𝐶𝐴

𝑑

Where, d is the thickness of coated material on electrodes (cm). 

The energy (  and power density ( ) of the devices were evaluated by 𝐸𝐴, 𝑊ℎ/𝑐𝑚2) 𝑃𝐴, 𝑊/𝑐𝑚2

the following equations, respectively.2

           (5)
𝐸𝐴 =

1
2

× 𝐶𝐴 ×
(∆𝑉)2

3600

                   (6) 
𝑃𝐴 =  

𝐸𝐴

∆𝑡
× 3600 

Where,  is the discharge time (s).∆𝑡
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Element Weight % Atomic %

C K 19.83 47.77
O K 6.99 12.65

Mo L 44.05 13.29
S K 29.13 26.29

Figure S1: EDX spectrum of CF-MoS2 composite.

Figure S2: XRD pattern of CF.
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Figure S3. Raman spectra of (a) CF and (b) CF-MoS2.

Figure S4: XPS survey spectra of CF-MoS2 hybrid.

Figure S5: Gravimetric capacitance as a function of scan rates for CF-MoS2 hybrid and CF.
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Figure S6: Cross-sectional SEM image of (a) CF-MoS2 composite and, (b) CF coated working 

electrodes.

Figure S7: Comparison of volumetric capacitance of CF and CF-MOS2 at a scan rate of 5 
mV/s.
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 Figure S8: CD curves of (a) CF and (b) CF-MoS2 electrode at various current densities.
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Table S1: Gravimetric capacitance comparison of CF-MoS2 with reported nanostructured 

MoS2 and MoS2-based composites.

MoS2 material Method of 
preparation

Electrochemical 
properties

Reference

MoS2/rGO Microwaves 148 F/g at 10 
mV/s

3

MoS2 nanosheets Hydrothermal 129.2 F/g at 1A/g 4

MoS2 nanostructure Hydrothermal 106 F/g at 5mV/s 5

MoS2 microspheres Biopolymer-
assisted 
Hydrothermal

185 F/g at 1 A/g 6

C/MoS2 nanocomposites Hydrothermal 210 F/g at 1 A/g 7

MoS2/RCF composite Hydrothermal 214.8 at 1 A/g 8

MoS2/C composite Hydrothermal 201.4 F/g@ 0.2 
A/g

9

MoS2-titanium plate Hydrothermal 133 F/g@ 1A/g 10

Yolk-shell MoS2 
microsphere

Hydrothermal 161.4 F/g at 1 A/g 11

CF-MoS2 Hydrothermal 270 F/g at 5 mV/s
226 F/g at 1.6 A/g

This work

https://www.sciencedirect.com/topics/physics-and-astronomy/nanocomposites
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Figure S9: CV curves of CF-MoS2 material coated zig-zag electrode based micro-

supercapacitors at high scan rates ranging from 5 to 50 V/s. 

Figure S10: Areal specific capacitance calculated from CV curves at different scan rates 

ranging from 5 to 100 mV/s.
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Figure S11: Cross-sectional SEM image of (c) CF-MoS2 composite coated zig-zag electrodes, 

(d) CF-MoS2 composite coated interdigitated electrodes.

Figure S12: Volumetric capacitance calculated from CV curves at different scan rates ranging 

from 5 to 100 mV/s.

 

0.0 0.2 0.4 0.6 0.8 1.0
-0.04
-0.03
-0.02
-0.01
0.00
0.01
0.02
0.03
0.04
0.05

C
ur

re
nt

 d
en

si
ty

(m
A

/c
m

2 )

Voltage (V)

  Zig-zag edge
  Planar edge

5 mV/s CF
0

2

4

6

8

10

12

A
re

al
 c

ap
ac

ita
nc

e 
(m

F/
cm

2 )

Planar edge

Zig-zag edge

Figure S13: (a) CV responses and (b) comparison of areal specific capacitance with zig-zag 

edge and planar edge electrodes using CF as electrode material at a scan rate of 5 mV/s.
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Figure S14: Schematics of different type of Fractal electrode geometry ((a)-(c): adapted from 

previous reference12 and (d)-(f): adapted from previous reference13).

Figure S15: Charge-discharge curves of zig-zag edge electrode based micro-supercapacitors at 

different applied current densities.
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Figure S16: Charge-discharge curves of planar edge electrode based micro-supercapacitors at 

different applied current densities. 

Figure S17: (a) The voltage drop (IR drop) associated with zig-zag micro-supercapacitor versus 

different current densities. (b) The voltage drop (IR drop) is associated with planar edge micro-

supercapacitor versus different current densities.
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Figure S18: Bode plot of zig-zag edge and planar edge micro-supercapacitors.

Figure S19: Ragone plot of the zig-zag edge and planar edge micro-supercapacitors calculated 

from CV curve, considering total area of the device and area of the electrodes (excluding gap 

between the fingers) at a scan rate of 5 mV/s.
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Table S2: Capacitance retention comparison of zig-zag edge micro-supercapacitor with 

reported micro-supercapacitors.

Micro-supercapacitor structure Electrolyte Retention Reference

MoS2 film aqueous electrolytes 92%(1000) 14

MoS2/RGO 1 M HClO4 92% (1000) 3

MoS2/polypyrrole(PPy) 1 M KCl 85% (4000) 15

3D PEDOT:PSS/graphene PVA/H2SO4 88.6%(5000) 16

GP/PANI-G/GP PVA/H2SO4 80.9%(5000) 17

PEDOT PVA/LiCl 96.6%(5000) 18

MoS2-rGO hybrid PVA/H2SO4 88.6% (5000) 19

Inkjet printed MoS2 PVA/ H2SO4 85.6%10000) 20

MXene/graphene aerogels 6 M KOH 90% (10000) 21

MXene PVA/Na2SO4 91.4%(10000) 22

MnOx/Au 1 M Li2SO4 74.1%(15000) 23

MoS2/nanoporous graphene film PVA/H3PO4 82.2%(20000) 24

CF-MoS2 PVA/H2SO4 96.2%(5000) This work

Table S3: A comparison of the perimeter to surface area ratio for different electrode designs.

Electrode 
geometry

Change in perimeter-to-
surface area ratio 
compared to IDE (%)

Reference

Fractal Moore 30.46 12

Fractal Peano 26 12

Fractal Hilbert 39.5 12

Zig-Zag edge 50 This work
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Figure S20: (a) CV curves in dark and under illumination using wavelengths of 600 nm, 525 

nm, and 475 nm at a scan rate of 5 mV/s. (b) Areal capacitance comparison in dark and under 

illumination (600 nm, 525 nm, and 475 nm) obtained from CV. (c) Capacitance enhancement 

under illumination using 600 nm, 525 nm, and 475 nm in comparison with the dark condition.

 

                                             
Figure S21: Schematic of CF-MOS2/FTO device in photo-recharged condition.
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