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Formulae for Evaluation of capacitances, capacities, energy and power densities 

Areal and Volumetric capacitances with respect to Scan rates
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 ----------- (5)
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Figure S1: (a-c) FESEM morphologies of FeS thin film RT; (d) EDAX spectrum of FeS thin film RT 

(a) (b)

Figure S2: AFM 2D and 3D topographical images of FeS thin films RT and A650. 



(a) (b)

(c)

Figure S3 :( a& b) STM 2D and 3D atomic resolution images; (c) surface profile.



Figure S4: FESEM cross sectional image.
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Figure S5: (a) AFM 2D topographical images of cross section measurement; (b) Thickness profile. 



Figure S6:  Thickness profilometer profile.
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Figure S7:  (a) TEM morphology of FeS RT (inset: SAED); (b) lattice fringes (inset: d-space profile). 



(a) (b)

(c)

Figure S8:  (a) Selected SAED area of TEM image of FeS A650 nano particles; (b) TEM image of 

FeS A650 other selected area; (c) SAED pattern of FeS A650 nano particles.
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Figure S9: (a) Specific areal capacitance & Volumetric capacitance vs sweep rate of FeS thin 

film electrode RT; (b)Specific discharge areal capacitance & volumetric capacitance vs 

current rate of FeS thin film electrode RT.

Figure S10: Electrochemical analysis of full cell (RT) (a) CV profile of FeS thin film 

symmetric device (RT) at scan rate of 10 to 100 mV s-1; (b) GCD profile of FeS thin film 

symmetric device (RT) at varying current density range; (c) CV profile comparison for FeS 

thin film symmetric devices RT and cell-A650 at a scan rate 50 mV s-1.
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Figure S11: (a) CV curve of FeS symmetric device (A650) at low scan rates (0.5 to 10 mVs-1); (b) 

Specific volumetric capacitance and areal capacitance vs scan rate.
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Figure S12: Electrochemical characterization of FeS Symmetric device RT (a) Specific volumetric 

and areal capacitance vs scan rate; (b) Specific volumetric capacitance vs current density.
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Figure S13: Slope (scan rare vs peak current) measurement curve from CV curve of FeS cell A650. 



Figure S14: (a-d) CV curve comparison of contribution of diffusion and capacitive at 0.5, 5, 50 and 

100 mVs-1.
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Figure S15: (a) Areal capacity profile of FeS (cell A650) device with respect to current density 

ranges; (b-i) Areal capacity profiles of 5 cycles at current densities from 1 mA cm-2to 8 mA cm-2.
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Figure S16: EIS comparison of both thin film supercapacitor devices FeS cell RT and Cell A-650. 

Figure S17: (a) LSV comparison of commercial RuO2, FeS RT and FeS A650 acquired at 10 

mV s-1 in an alkaline 1 M KOH medium.



Figure S18: CV curves at various scan rates; (a) Bare NF; (b) FeS RT; (c) Fes A650; (d) FeS 

RT after 1000 cycles; (e) FeS A650 after 1000 cycles.
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Figure S19: (a) LSV of FeS RT and FeS A650 thin film electrode comparison in O2 saturated in 

alkaline 1M KOH medium;(b) LSV curve showing the HER response of bare Ni foam, FeS RT and 

FeS A650 electrodes in alkaline 1M KOH medium.

1.0 1.2 1.4 1.6 1.8 2.0

0

20

40

60

80

j (
m

A
/ c

m
2 )

Potential applied (V)

 FeS A650
 FeS RT

1.8 V1.71 V

(a)

-1.0 -0.8 -0.6 -0.4 -0.2
-700

-600

-500

-400

-300

-200

-100

0

 Ni Foam
 FeS RT
 FeS A650

E/V vs RHE

j (
m

A
/c

m
2 )

(b)



730 725 720 715 710 705
17k

18k

19k

20k

21k

716.62 eV

72
2.

81
 e

V

Fe 2p1/2

C
PS

 / 
a.

u

Binding energy / eV

Fe 2p3/2

sat

71
1.

01
 e

V

Fe 2p

(a)

172 170 168 166 164 162 160
2500

3000

3500

4000

4500

5000

16
7.

43
 e

V

16
1.

84
 e

V

S 2p1/2C
PS

 / 
a.

u

Binding energy / eV

S 2p3/2

16
0.

05
 e

V

S 2p(b)

296 295 294 293 292 291 290 289

5.0k

10.0k

15.0k

20.0k

25.0k

30.0k

29
4.

27
 e

V

29
3.

78
 e

V 29
1.

43
 e

V

K 2p1/2

C
PS

 / 
a.

u

Binding energy / eV

K 2p3/2

29
0.

87
 e

V

(c)

0.0
0.2
0.4
0.6
0.8

1200 1000 800 600 400 200 0
0
3
6
9

12
15
18

K2p
S 2p

S 2p

C1s

Fe 2p

C
P

S
 x

 1
06

 / 
a.

u

(d)
After-stability

A-650

C1s
O1s

O1s
Fe 2p

Binding energy / eV

(e) (f)

(g) (h)

(j) (k) (l) (m)

nm

-50

-40

-30

-20

-10

0

10

20

30

40

50

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
nm

0.821 nm 0.916 nm0.095 nm

(i)

Figure S20: Post study analysis(Ex-situ) of FeS (A650) thin film (a) XPS deconvoluted 

spectra of Fe 2p; (b)XPS deconvoluted spectra of S 2p; (c) K 2p; (d) Survey spectrum 

comparision of pristine and after stability; (e& f) FESEM morphologies of FeS thin film after 

stability at 5 KX and 175 KX; (g& h) TEM morphologies (inset: FFT image); (i) d- spacing 

(inset: d-spacing  profile spectrum); (j-l)HRTEM-EDS mapping for F,S and K.



Figure S21: EDAX spectrum of FeS (cell A650) electrode after stability analysis. 

Table S1: The electrochemical stability of the volumetric capacitance 
comparison study of symmetric supercapacitor based reported literature

Material & 
Configuration

Method Electrolyte 
&
Voltage 
window

Volumetric
capacitance

Specific 
Energy 
density

Specific
Power 
density

Stability 
&
Retention

Ref

SWNT)/nitroge
n-doped rGO
Symmetric

Hydro-
thermal
synthesis

PVA/H3PO4

1.0V
300  F cm-3 6.3  mWh 

cm-3
1,085  
mW   cm-3

10,000
93%

20

Co(OH)2/rGO
Symmetric

Hydro-
thermal
synthesis

PVA/KOH
0–1.4 V

39 F cm-3 20
mWh cm-3

56 mW 
cm-3

2000
99.35%

21

Co3O4

Symmetric
E-beam 
evaporation

LiPON
2 V,

37 (±2) F 
cm-3

8 (±2) 
mWh cm-3

16 (±2) W 
cm-3

30000 22

RGO/Ag/Fe2O3

FSS 
Symmetric

SILAR PVA-LiCl
1.2V

18.2 F cm-3 3.65 mWh 
cm-3

290.3 
mW cm-3

10000
100%

23

MnO2/Au NSP
Symmetric

Anodization PVA/H3PO4

1.0V
20.35 F cm-3 1.75  mWh 

cm-3
13.46 W 
cm-3

5000
87.5%

24

rGO-TiO2

Symmetric
Vacuum 
filtration

PVA/KOH
0.8V

237  F cm-3 16 mWh 
cm-3

1.8 W cm-

3
4000 25

MnO2 spheres
Symmetric

Hydro-
thermal
synthesis

PVA-
BMIMCl-
Li2SO4

1.5V

81 F cm-3 6.6 mWh 
cm-3

549  mW 
cm-3

6000
91.5%

26

FeS
Symmetry

PLD PVA-KOH
1.6 V

841 F cm-3
14.95 
mWh cm3

6.4
W cm-3

14000
90%

This 
work



Table S2: The electrochemical stability of the areal capacitance comparison 
study of symmetric supercapacitor based reported literature

Materials&
Configuration

Method Voltage 
window & 
Electrolyte

Specific 
capacitance 

(Areal)

Stability Ref

CrN
Symmetric

DC 
magnetron 
sputtering

0.5 M H2SO4
0.8V

12.8
mF cm-2

20 000
92.1%

27

V2O5
Symmetric

Thermal 
Evaporation

PVA-KOH
1.0V

9.7
mF cm-2

30000
95%

28

VN
Symmetric

Chemical 
Solution 
Deposition 
(CSD)

1 M KOH
0.8 V

60
mF cm-2

15,000
91.2%

29

Ni(OH)2
Symmetric

Electro-
deposition

6 M KOH
0.4V

235
mF cm-2

20,000
-----

30

KF@PPy/f-CNT
Symmetric

Synthesis PVA/H2SO4
- 0.2 to +0.8 V

258
mF cm-2

2500
97.4%

31

FeOOH@MnO2
Symmetric

Hydro-
thermal
Synthesis

PVA-LiClO4
1.0V

252 
mF cm-2

2000
99.5%

32

MoO3/GO/MWC
NTs

Symmetric

Electro-
deposition

PVA/H3PO4
2.5 V

103
mF cm-2

2000
86.8%

33

PPy:PSS
Symmetric

Co-
precipitation
method

1 M KOH
0 to 1.0 V

175.3
mF cm-2

5000
86.3%

34

V2O5
Symmetric

sol-gel BMIMBF4 -
LiClO4

2.0 to þ2.0 V

310
mF cm-2

2000
65%

35

MnO2/CNT
Symmetric

Spinning 
method

CMC-LiClO4
1.2V

135
mF cm-2

10,000
86%

36

Fe2O3
Symmetric

Synthesis PVA/PAAS/KO
H

1.2 V

3.3
mF cm-2

5000
85.6%

37

FeS
Symmetric

PLD PVA-KOH
1.6V

420.6
mF cm-2

14000
90%

This work



Table S3: State of art of the thin film based electro catalytic materials and their 
OER performance characteristics with other reported literature

Catalyst 
 

Synthesis 
Method 

Medium Overpotential 
@ 10mA cm-2 

Tafel 
(mV/dec) 

Substrate 
 

Ref. 
 

A-MnS 
 

Hydrothermal 
and Anion 
Exchange  

1 M KOH 
 

292 mV 
 

70 
 

Stainless 
Steel 
 

38 
 

NiSe2@MoS2 
 

Electrodeposition 
and 
Hydrothermal 

1 M KOH 
 

267 mV 
 

85 
 

Carbon 
Fiber Paper 
 

39 
 

MoS2 
 

Atomic layer 
Deposition 

1 M KOH 
 

273mV 
 

61 
 

Carbon 
Fiber Paper 

40 
 

Ni0.88Co1.22Se4 
 

Two step reflux 
method 

1 M KOH 
 

320mV 
 

78 
 

FTO 41 
 

 NiS 
  
 

Hot Injection 
Method 
 

1 M KOH 
 

300mV 
 

--- Ni Foam 
 

42 
 

NiS@Ni 
Foam 
 

Aerosol assisted 
Chemical Vapor 
Deposition 

1 M KOH 
 

300mV 
 

81.3 
 

Ni Foam 
 

43 
 

Co9S8 
Holoow 
Sphere 

Solvothermal 
 

1 M KOH 
 

285mV 
 

58 
 

Glassy 
Carbon 

44 
 

NixCo3-xS4 
 

Hot Injection 
Method 

1 M KOH 
 

327mV 89 
 

Ni Foam 45 
 

NiFeCo-S/C 
 

Wet chemical 
and Annealing 

1 M KOH 
 

271mV 
 

45.4 
 

Rotating 
Disk Glassy 
carbon 

46 

Metallic 
Ni2S3 film 
 

Atomic Layer 
Deposition 

1 M KOH 
 

400mV 
 

51 
 

Au on 
Si/SiO2 

47 
 

CoFe/(OH)x 
 

SILAR 
 

1 M KOH 
 

275mV 
 

34 
 

Copper 48 
 

CoS 
 

Hydrothermal 
 

1 M KOH 
 

383mV 
 

38 
 

Glassy 
Carbon 
 

49 
 

 
FeS 
 

 
PLD 
 

 
1M KOH 
 

 
263mV 

 

 
48 

 

 
Ni Foam 
 

This 

Work 
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