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Calculation (S2): Calculation of supercapacitor of 1D NiCo,04nanorods and its 0D nanoparticles

The calculations of Specific Capacitance Cs and energy density was done according to the

published work [1] using the following mathematical relations:
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I X At
ST m x AV
Specific capacitance is Cs, I as current, At discharge time, AVpotential range, m mass of deposited
material onto GCE
Whereas energy density was calculated as:
C, x (AV?)
bz
Eq4 as energy density, speiifc caapciatnec as Cs, AV? change in potential

Power density was measured as follows [1]:

E

T At
P4 represents the power density; E is the energy and At discharge time.
Asymmetric supercapacitor was fabricated using two electrodes set up involving positive electrode
NiCo,0,4 nanostructures prepared with 2 mL of lemon juice and negative electrode of activated
carbon (AC) in 3.0M KOH electrolytic solution. Commercial activated carbon was used for the
development of negative electrode during two electrode configuration for the asymmetric device
system. The slurry of activated carbon was prepared by dispersing 17 mg of Ac into 3:1 volume
of ethanol and the deionized water. In this mixture 100uL of 5% Nafion was also added. The well
dispersed slurry was achieved by sonication for 10 min. The anode of NiCo,0, and cathode of AC
was developed onto GCE respectively. The asymmetric supercapacitor was described by following
configuration of NiCo,04 sample 2//AC ASC. The balancing of voltammetric charges for the
prepared NiCo,0O4 sample 2 and AC was done with calculation of masses of two electrode by
following relationship as previously reported Q+ = Q— equation [2].
m+ m— = Cq— AV— C+AV+.
Here: m=+, Cs+, and AV+ describes the mass, specific capacitance C,, and potential range of
NiCo0,04 sample 2 ( + ) and AC (— ) electrodes, respectively. The estimated total mass of m+/m—
was about 0.17 mg in NiCo0,0, sample 2//AC ASC. For the calculation of Cs, and energy density

and power density the total mass was calculated as per the reported work [3].
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C, represents specific capacitance, I current, discharge time AL, potential change AV, loaded mass
as M.
Energy density was calculated as:
C, x (AV?)
Ej= ————
7.2

. . . . .. 2
Eq is energy, C; as specific capacitance, potential variation AV

The power density was determined by [2]:

C, X 3600

Pa= At

Here Py is the power density, Cy is the specific capacitance and the discharge time is At



The scientific details of citrus lemons as tracheophyta (phylum),
magnoliopsida (class), sapindales (order), rutaceae (family), and citrus

7 limon/limonum (species)
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Scheme (S1): Chemical compounds in the lemon juice.
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Figure S1: XRD diffraction patterns of sample 1 prepared with 0.5 mL of citrus lemon juice
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Figure S2: SAED patterns of pure NiCo,0,4 and lemon assisted NiCo,0,4 nanostructures

Figure S3: TEM micrographs of pure (top) and lemon-assisted (bottom) NiCo,04
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Figure S4: HRTEM micrographs of pure (top) and lemon-assisted (bottom) NiCo0,04 with

corresponding intensity profiles taken in blue squared area of HRTEM images
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Figure S5: Various CV curves of activated carbon (AC) at various scan rates in 3.0M KOH, (b)
GCD curves at different current density for AC, (¢) specific capacitance of AC, (d) energy density

and power density calculated values of AC
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Figure S6: Various CV curves of NiCo,04 (sample 2) at different scan rates in 3.0M KOH, (b)
GCD curves at different current density for NiCo,04 (sample 2), (c) Cycling stability of NiC0,04
(sample 2), (d) specific capacitance of NiCo,0O4 (sample 2) from GCD curves, (¢) Energy density
of NiCo,04 (sample 2), (f) Columbic efficiency of NiCo,04 (sample 2) during cycling stability.
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Figure S7: Different CV curves at variosu scan rates in 1.0M KOH for (a) pristine NiCo,04
nanostructure, (b) NiCo,0,4 (sample 2), (¢) NiCo,04 (sample 3), (d) caluclated ECSA from non-
Faradic region of estimated CV curevs for pristine NiCo,04 nanostructure, NiCo,O4 (sample 2),

NiCo0,04 (sample 3).
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Figure S8: Bar graph view (a) overpotential at 10 and 50 mAcm™ for RuO,, pure NiCo,0,
nanostructure, NiCo,04 (sample 2), NiCo,04 (sample 3), (b) Tafel slope for RuO,, pristine
NiCo,04 nanostructure, NiCo,0O4 (sample 2), NiCo,O, (sample 3), (c) Energy density of
supercapacitor for pristine NiCo,0, nanostructure, NiCo,04 (sample 2), NiCo,O, (sample 3),
(d) specific capacitance (Cs) for pristine NiCo,0,4 nanostructure, NiCo,0O,4 (sample 2) and (sample
2).
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Table S1: Calculated average crystallite size of pure NiCo,0O4 and sample 1, sample 2 and sample

3.

Crystalline size
Sample ID Height FWHM
(nm)

Pure NiCo0,0, 44 .61 0.26 14
Sample 1 36.84 0.28 16
Sample 2 45.03 0.25 14
Sample 3 44.06 0.12 18
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Table (S2): Detailed XPS peak attributions for pure NiCo,0O4 and sample 2

Pure (NiCo,0,)

Ni 2p3/2
Band Pos PosSep B_FWHM FWHM Height %Gauss Area %Area
1 854.03 o 1.8 1.8 2730 90 5480 28.34
2 855.75 1.73 1.86 1.86 2442 100 4830 24,98
3 857.02 3 2.08 2.08 644 90 1492 7.72
4 861.11 7.08 4.68 4.68 1379 80 7532 38.96
Co 2p3/2
Band Pos PosSep B_FWHM FWHM Height %Gauss Area %Area
1 779.54 o 2.2 2.2 6105 80 15681 54.97
2 781.39 1.85 2.24 2.24 2627 80 6855 24.03
3 784.21 4.67 4.55 4,55 780 100 3781 13.25
4 788.93 9.39 4 4 495 90 2212 7.76
01ls
Band Pos PosSep B_FWHM FWHM Height %Gauss Area %Area
1 529.43 0 1.11 1.11 9630 80 12480 61.02
2 531.13 1.7 1.54 1.54 3977 100 6509 31.82
3 532.69 3.26 1.6 1.6 820 90 1464 7.16
. Sampe2 |
Ni 2p3/2
Band Pos PosSep B_FWHM FWHM Height %Gauss Area %Area
1 853.95 0 1.8 1.8 2230 100 4273 29.14
2 855.67 173 1.8 1.8 1889 100 3619 24.69
3 856.9 2.95 1.7 1.7 521 100 944 6.44
4 860.85 6.9 5.5 5.5 978 96 5825 39.73
Co 2p3/2
Band Pos PosSep B_FWHM FWHM Height %Gauss Area %Area
1 779.29 0 2.02 2.02 3274 100 7045 53.88
2 781.09 1.8 2.3 2.3 1722 80 4617 35.31
3 784.07 4.79 4.5 4.5 192 100 918 7.02
4 788.81 9.52 4.58 4.58 101 100 494 3.78
O1ls
Band Pos PosSep B_FWHM FWHM Height %Gauss Area %Area
1 529.25 0 1.2 1.2 6083 90 8139 47.59
2 531.08 1.83 1.82 1.82 3078 90 6234 36.45
3 532.53 3.27 1.5 1.5 1562 80 2731 15.96
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Table S3: The calculated various supercapacitor indicators pure NiCo,0O4 nanostructure (sample

2), NiCo,04 (sample 3)

Current Specific Energy Power Columbic | Capacitance
Samples Density Capacitance Density Density | Efficiency | Retention
(Ag") (Fg" (Whkg") | (Wkg?) (“o) (“o)
0.8 358 8 160
0.85 284 6 167
Sample 2 70% 100-94%
0.882 126 3 176
0.94 118 3 188
0.8 163 4 159
0.85 154 3 169
Sample 3 64% 108-83%
0.882 149 3 175
0.94 60 1 183
0.8 117 2 156
0.85 113 2 166
Pure (NiCo0,04) 43% 90-61%
0.882 112 2 171
0.94 109 2 183
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Table S4: Supercapacitor performance evaluation of as synthesized NiCo,0,4 nanostructure with

lemon juice (sample 2) with reported supercapacitor based on NiCo0,04

Specific Current Energy Power
Potential
Material Capacitance | Density Density Density | Reference
Window
(Fg") (Fg) (Whkg™) | (W kg
-0.5 to
NCO@MWCNT 374 F/g 2 Alg 95 3964 4
22V
-0.5 to
MWCNTs 84 F/g 0.6 Alg 21 6237 4
2.2V
-0.5 to
NCO/MWCNT 157 F/g 0.6 A/g 40 2816 4
2.2V
-0.5 to
NCO@MWCNT/MWCNT 242 F/g 0.6 Alg 5oy 61 2837 4
NiCoF 50.0 1 Alg OtolV - - 5
NiCuF 44 1 Alg OtolV - - 5
NCé6 1294.25 10 A/g 0.4 - - 6
NC10 687.20 10 A/g 0.4 - - 6
Ni—Co—-0O-1 568 20Ag |0to0.5V 19.72 5000 7
Ni—Co—-0-2 532 20 Ag - - - 7
NiCo0,04 (Lemon juice) 358 0.8A/g |0to04V 7.96 160 This Work
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Table SS: Measured indicators for asymmetric supercapacitor using two electrode configuration

of NiCo,0, (sample 2) for practical applications

Current Specific Energy Power Columbic | Capacitance
Samples Density | capacitance | density Density Efficiency Retention
(Ag™h (Fg™") (Whkg') | (Wkg™) (%) (“e)
0.8 1519 33 634
0.85 1490 33 694 64-52%
Sample 2 100-84%
0.882 1471 32 737 (900 Cycles)
0.94 1459 31 787

Table S6: Fitting values of EIS for charge transfer and double layer capacitance for pristine

NiCo,04 nanostructure, NiCo,04 (sample 2), NiCo,04 (sample 3)

Charge Transform Resistance Double Layer Capacitor
Samples
(Ret in Q) (Cdl in Farad)
Pristine NiCo,0,4 968 0.32
Sample 2 165 2.28
Sample 3 547 0.74
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Table S7: The summary of OER activity performance of lemon juice assisted NiCo,04

nanostructures with recently reported electrocatalysts in 1.0 M KOH.

Over potential
Catalyst (mV) @ 10 Electrolyte References
mA/cm?

NiCo,04@Graphene Nano sheets 383 1.0 M KOH 8
NiOx/NiC0,04/C0304 315 1.0 M KOH 9

NiCo0,04/CoO/graphite 323 1.0 M KOH 10
MOF derived-NiCo,04/NiO 430 1.0 M KOH 11
P-doped NiCo,0,4 on Ni-Foam 300 1.0 M KOH 12
CogFeSg/CoS@CNT 278 1.0 M KOH 13
CoSx/MoS, 347 1.0 M KOH 14
NiCo0,04/NiO 360 1.0 M KOH 15
CoxNi; S, (CNS)/RGO 290 1.0 M KOH 16

3D core—shell NiCo,04@CoS/NF 290 1.0 M KOH 17

CoFe/CogFeSg/CNT 290 1.0 M KOH 18
NiCo0,04/NiO hexagonal rods 285 1.0 M KOH 19
Ni3;S,/MoS, (NiMoS) 260 1.0 M KOH 20
NizN-NiMoN 277 1.0 M KOH 21
Co;04@CMC 290 1.0 M KOH 22
Lemon juice assisted NiCo0,0, Present
material 250 1O M KOH Work
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