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2.1.  Synthesis of activated porous carbon from coconut fiber. The synthesis of biomass-derived
porous carbon from coconut fibers is a two-step process. In the first step, the 2 g of coconut fibers were
treated hydrothermally by dispersing in 50 ml of 1 M H,SO, solution. The solution is transferred to a 60
ml hydrothermal Teflon container for pretreatment at 200 °C for 24 hrs. After pretreatment, the fibers
were cooled to room temperature naturally followed by filtration and washing several times with DI
water. The fibers were dried at 70 “C overnight. In the second step, the pretreated coconut fibers were
chemically activated using KOH (1:1 ratio of coconut fibers and KOH). And heated at 900 °C for 3 h in
a nitrogen atmosphere. After cooling to room temperature, the product was washed with DI water.
Finally, the product was dried in an oven at 70 °C for 12 hr.

Synthesis of MnFe,O4 hollow sphere. The MnFe,O, hollow spheres are synthesized by the
hydrothermal technique.! The salts of MnCl, 4H,0 and FeCl;-6H,0 (molar ratio 1:2) were dissolved in
ethylene glycol followed by the addition of sodium acetate (NaAc) and poly(ethylene glycol) (PEG)
(weight ratio 1:3.6) The mixture was stirred vigorously for 30 min until the dissolution of NaAc and PEG
occurred completely. Then the reaction mixture was poured into a Teflon-lined stainless-steel autoclave
for heating at 200 “C for 22 h. Then the precipitate was collected from the reaction mixture by the external
magnet, followed by thorough washing with distilled water, ethanol, and acetone. The precipitate was
dried at 60 °C for overnight.

Synthesis of Needle-shaped NiS. Needle-shaped NiS was synthesized by a two-step synthesis
methodology.? Firstly, the green-colored Ni(OH), precursor was synthesized by dissolving 0.872 g of
Ni(NO;),6H,0 and 0.364 g of urea in 40 mL of deionized water under vigorous stirring to obtain a pale
green solution. Then, 0.012 g tri-sodium citrate was added to the resulting dispersion. After stirring for
30 min, the resulting solution was transferred into a 50 mL Teflon-lined stainless autoclave and kept at

150 °C for 24 h. The green precipitates were collected followed by washing with deionized water and
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absolute ethanol several times by centrifugation. The collected precipitate was dried at 60 °C for 8 h. In
the second step, the 0.106 g of the obtained green precursor was dispersed into 40 mL of absolute ethanol
followed by the addition of 0.228 g of thiourea. After thorough stirring for 5 min, the mixed solution was
transferred into a 50 mL Teflon lined stainless autoclave and heated at 120 °C for 24 h. The black
precipitates were collected by centrifugation, washed with deionized water and absolute ethanol several
times, and dried under 60 °C for 8 h.

Chemicals required. Sodium nitrate (NaNO3), hydrazine hydrated (N,H,.H,O), polyvinylpyrrolidone
(PVP), sodium hydroxide (NaOH), polyvinyl alcohol (PVA), acetone, Ethanol, sodium acetate (NaAc),
nickel(IT) chloride hexahydrate (NiCl,.6H,0), and sulphuric acid (H,SO,), were procured from Fischer
Scientific. Ethylene glycol was purchased from Merck, India. Manganese chloride tetrahydrate
(MnCl,.4H,0), iron chloride hexahydrate (FeCl;.6H,0), potassium hydroxide, and polyethylene glycol
(PEG) were purchased from Molychem. N-methyl-2-pyrrolidinone (NMP) was purchased from Sigma
Aldrich.

2.2.  Characterization. The in-depth characterization of the synthesized nanocomposite, room
temperature powder X-ray diffraction (XRD) patterns of the synthesized materials were recorded using
a powder X-ray diffractometer (Mini Flex II, Rigaku, Japan) with Cu Ka (A = 0.15405 nm) radiation at
a scanning speed of 3° min'!. Raman spectra were recorded on a Horiba via Raman microscope with a
633 nm laser excitation, the surface area of the porous carbon was calculated by Bruner-Emmett-Teller
(BET) N, adsorption-desorption isotherms, Field emission scanning electron microscopy (FESEM)
images of samples were obtained using Quanta 250 FEG (FEI), and Energy-dispersive X-ray spectra
(EDS) of the synthesized material was recorded using an EDAX ELEMENT electron microscope, X-ray

photoelectron spectra (XPS) of the synthesized materials were recorded using PHI 5000 Versa Probe I1I,
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Physical Electronics. IVIUMSTAT (10V/5A/8MHz) workstation was used to perform the
electrochemical studies.

2.3.  Electrochemical Measurements. In the present study, the electrochemical properties of the
synthesized materials were investigated by assembling the three-electrode cell. Here, to fabricate the
working electrodes, pure PC, MnFe,O,4, MnFe,04-PC, and MnFe,04-NiS-PC nanocomposites were used
as active materials. First, a viscous paste was prepared by mixing 80 wt% of active material, 10 wt%
polyvinylidene difluoride in N-methyl-2-pyrrolidinone, and 10 wt% acetylene black. The working
electrode was fabricated by loading ~ 2 mg of this paste on Ni foam with the dimension of (1.5 cm x 1.5
cm % 0.2 mm) and then dried at 80 °C for 12 h under vacuum. In the three-electrode system, a Hg/HgO
electrode and a Pt wire were used as the reference electrode and the counter electrode, respectively.
Electrochemical measurements were conducted using two electrolytes (i) 3 M KOH aqueous solution,
and (i1) an aqueous mixture of 3 M KOH and 0.1 M K4[Fe(CN)].

2.3.1. Design of Asymmetric Device. The voltammetric charges (Q) were calculated based on the

following equations:

Q = Csingle x AV xm (Sl)

where m is the mass of the electrode (g), AV is the potential window (V), and Cgjngie s the specific
capacitance (F g!) of each electrode measured in a three-electrode setup (calculated from cyclic

voltammograms at a scan rate of 10 mV s).

Balancing of charge is carried out by substituting the above equation for both anode and cathode

considering their charge/mass ratio as:

L (S2)
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Equations:

Three-electrode Setup

The values of C,, energy density (E), and power density (P) for a three-electrode setup was determined

by using the following equations:

iAt
Cs x (AV)?
E = — (S4)
E
P = i (S5)

where C; is the specific capacitance based on the mass of the electroactive material (F g'!), i (A) represents
the charge or discharge current, At (s) is the discharge time, m (g) represents the mass of supercapacitive
material and AV is the applied potential window, E is the average energy density (Wh kg'!), P is the
power density (W kg!), and At is the discharge time (s).

Two-electrode Asymmetric Cell

The values of Cs, energy density (E), and power density (P) for two-electrode asymmetric setup was

determined by using the following equations:

iAt
Cs = av (S6)
Cs X (AV)?
E= — (S7)
E
P = Y (S8)
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where Cj is the specific capacitance based on the mass of the electroactive material (F g'), i (A) represents
the charge or discharge current, At (s) is the discharge time, m (g) represents the mass of supercapacitive
material and AV is the applied potential window, E is the average energy density (Wh kg'), P is the

power density (W kg!), and At is the discharge time (s).

Coulombic Efficiency

. . Ntd
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Figure S1. EDS spectra of synthesized MnFe,04-NiS-PC nanocomposite.
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Figure S2. FESEM micrograph of needle-shaped NiS.




Figure S3. (a) FESEM micrograph of MnFe,O,4 hollow spheres, (b) STEM detector-captured images of

MnFe,O,4 hollow microsphere.
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Figure S5. XRD pattern of pure MnFe,O,.

Figure S6. XRD pattern of pure NiS.

Figure S7. GCD curves of pure MnFe,04
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Figure S8. (a) CV profile at a scan rate of 10-100 mV s!. (b) GCD curves at current density varying
from 1-10 A g! of MnFe,04-PC electrode in 3 M KOH in three-electrode setup.
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Figure S9. (a) CV curves, (b) GCD curves of MnFe,04-NiS-PC in 3 M KOH in three-electrode setup.
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Figure S10. Nyquist plots of pure MnFe,0,4, PC, MnFe,04-PC and MnFe,04-NiS-PC and inset shows
the high frequency region of the impedance spectra and equivalent circuit used for fitting the Nyquist

plots. All measurements are taken in three-electrode setup.

Table S1. Fitting results of the EIS data of synthesized nanocomposites in three-electrode setup.

S.No. Material Equivalent Charge W1 C,=CpL C, =Cpg
Series Resistance | Transfer | (Warburg) F) F)
(R;=Rg) Q@ Resistance Q
(R2=Re)
Q
1. PC (3 M KOH) 2.39 2.56 2.95E-03 1.94E-03 1.00E-01
2. MnFe, 04, (3 M 2.12 10.13 1.04E-02 6.43E-05 2.09E-02
KOH)
3. MnFe,04-PC (3 1.86 2.07 3.51E-02 1.19E-03 5.67E-02
M KOH)
4, MnFe,04-NiS- 1.51 1.82 4.83E-03 1.48E-03 2.36E-02
PC (3 M KOH)
5. MnFe,04-NiS- 1.12 1.33 2.95E-03 1.94E-03 1.00E-01
PC (3 M KOH
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Figure S11. (a) CV curve, (b) GCD curves of porous carbon.
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Figure S12. Variation of specific capacitance and Coulombic efficiency with changing current density.
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Figure S13. (a) XRD pattern and (b) FESEM micrograph of the MnFe,04-NiS-PC//PC device electrode

after charge-discharge cycles

Figure S14. Nyquist plot of MnFe,04-NiS-PC//PC device and inset shows the high-frequency region of
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the impedance spectra and equivalent circuit used for fitting the Nyquist plots.

Table S2. Fitting results of the EIS data of all-solid-state flexible asymmetric MnFe,04-NiS-PC//PC

device supercapacitor device

Equivalent Series | Charge Transfer Wl Cl=CpL C2 = Cpg
Resistance Resistance (Warburg) (F) (F)
(Rl = Rs) Q (R2 = Rct) Q Q

0.39 1.1 5.81E-02 2.08E-04 1.76E-01

Two-electrode Asymmetric Cell
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The values of Cs, energy density (E), and power density (P) for two-electrode asymmetric setup was

determined by using the following equations:

iAt

Cs =V (S10)
Cs x (AV)?
E=—7p7— (S11)
E
P=o (512)

where C; is the specific capacitance based on the mass of the electroactive material (F g '), i (A) represents
the charge or discharge current, At (s) is the discharge time, m (g) represents the mass of supercapacitive
material and AV is the applied potential window, E is the average energy density (Wh kg'!), P is the

power density (W kg!), and At is the discharge time (s).

Table S3. Comparison of electrochemical performance of some two-electrode asymmetric

supercapacitor devices.

S.No. | Material Electrolyte | Working Power Energy Retention | Reference

Potential | Density Density
V) (Wkg") | (Whkg')

1) ZnFe,0Qy// 1 M KOH -1t0 0 3000 6.7 84.4% 3
NRG composite (1000cycles)
2) MnFe,0y4// 1 M NaSO, | 0to1.8 900 25.9 90% 4

S-14



Graphene (4000 cycles)
3) Ni-Co 1 M KOH -1t0 0 270 8.9 85% 5
oxide//AC (2000 cycles)
4) CuO//AC 3 M KOH O0to 1.4 700 19.7 96% 6
(3000 cycles)
5) NiO//carbon 6 M KOH 0to1.3 - 10 74% 7
(1000 cycles)
0) Carbon 0.1 M 0to?2 100 22.1 99% 8
spheres/ Na,SO,4 (1000 cycles)
MnO,//
carbon spheres
7) NiCo0,04- 6 M KOH 0to 1.5 187.5 55.1 89.4% 9
MnO,/GF// (2000 cycles)
CNT/GF
8) Co;04@ 1 M KOH 0to 1.6 852 36 89.5% 10
NiCo,04 //AC (10000
cycles)
9) ZnS 5M KOH 0to 1.5 700.16 68.85 91.79% 11
Ni;S¢/Ni(OH,/ (10000)
/NSGNs
10) CoS//AC 3.5 M KOH 0tol.8 1800 53 92% 12
(5000 cycles)
11) NiS,/CoS,/ 3 M KOH 0tol.6 800 53.93 85.71% 13
NC-500//AC (20000
cycles)
12) Co;04@CoNi - 0to 1.6 400 46.95 95.6% 14
S//INOPC (20000
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13) Co0304 NSs- 2 M KOH 0to 1.45 2166 13.4 89% 15
rGO//AC (1000 cycles)
14) | NiS//AC 3 M KOH 0to 1.8 900 31 100% 16
(1000 cycles)
15) ZnS/Ni3Sy// 3 M KOH 0to 1.7 849.4 51.2 71% 17
AC (6000 cycles)
16) | NiS//CNFs 2 M KOH 0to 1.55 387.5 34.9 90.2% 18
(3000 cycles)
17) | NiFe,Ses//AC 3MKOH |[0tol.6 800 45.6 101.4% 19
(10000
cycles)
18) 80MnFe,04- 3MKOH+ | 0Otol.5 750 27.7 95% 2
20rGO/rGO 0.1 M (4000 cycles)
K4[Fe(CN)s
]
19) MnFe,04-NiS- | 3BMKOH+ | 0to 1.5 1500 113 98% This
PC// 0.1 M (10000 work
PC K4[Fe(CN)g cycles)
]
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