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Physicochemical Analyses: Physicochemical Analyses: The powder X-ray diffraction (PXRD)
of the electrode material was measured in a PANalytical X-ray diffractometer, operating at a scan
rate of 0.01° s, using a Cu K, (A= 0.15408 nm) radiation. The Scherrer equation i.e. D =
KA/BcosB (D = crystallite size in nm; K (spherical shape factor) =0.89; and = full width at half-
maximum height (FWHM) of the maximum intense diffraction peak) was used to estimate the
average crystallite size of the material. The FT-Raman measurement was performed in a He-Cd
laser equipped AIRIX STR 500 confocal Raman spectrometer, operating with an excitation
wavelength and a spectral resolution of 532 nm and 1 cm™2, respectively. The X-ray photoelectron
spectroscopy (XPS) measurements were carried out in a SCIENT OMICRON MULTIPROBE
MXPS spectrometer, equipped with an XM 1000 X-Ray monochromator and a HIS 13 VUV
source for UPS measurements. The XPS spectra were recorded by using Al Ka (1486.6 eV) as the
radiation source with a resolution of 0.8 eV. The field emission scanning electron microscopy
(FESEM) measurements were carried out in a field emission gun equipped FEI-Nova Nano SEM
450 microscope. The electrode material was uniformly spread over a conductive carbon tape

before mounting it inside the instrument for FESEM analyses. The high-resolution transmission
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electron microscopy (HRTEM) measurements were carried out in an FEITecnai G2 20 S-Twin
microscope, operating at an accelerating voltage of 200 kV.

Based on the microstructural physiognomies, the plausible formation mechanism of ribbon-like
NiC0204 is proposed in Scheme S1. Inclusively, the low crystallinity and high polycrystallinity of
NiCo204is ascribed to the controlled-rate precursor formation and restricted crystal growth, which
are collectively due to the slow decomposition rate of disodium tartrate and effective crystallite
capping by NH4F.5%52 Notably, the in situ decomposition of disodium tartrate is a kinetically slow
process under the adopted reaction condition.>® Regarding the plausible formation mechanism, at
first, the Ni?* and Co?* ions react with C,H,0% (decomposed product of disodium tartrate, as
given in reaction set 1) to form the corresponding nascent crystallites of metal-tartrate complex (
NiCo,(C,H,0O,),-nH,0), which then undergo active capping by NH4F, leading to restricted three-
dimensional growth of the crystallites.>* The NH4F also controllably decrease the pH of the
reaction medium, which further slows down the precipitation/complexation process.>*S° The
lowly-crystalline capped-crystallites then undergo regulated Ostwald ripening, coalescence and
lateral arrangement to form rod-like microstructure.® The arranged rod-like crystallites then
undergo Van der Waals force induced multiple layer-by-layer assembling to form ribbon-like
microstructure of NiCo,(C,H,0,),-nH,O. It should be noted that, the classical arrangement of
crystallites followed by the layer-by-layer assembling come off in order to minimize the overall
surface energy of the material.S”-5® Many ribbon-like microstructures, each composed of crystallite
layers then undergo organizational rearrangement to form the overall mesostructure of the
precursor material. The precursor on high temperature thermal treatment undergoes chemical

decomposition to form ribbon-like NiC0,04, with the release of CO,™ and H20.%° The release of
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gas constituents during the thermal decomposition of mesostructured precursor material leads to

generation of additional intrinsic porosity in the ribbon-like NiC0204.51°

Van der Waals

Crystal growth interactions
Sk Ostwald ripening/ Layer-by-layer
[ A4 coalescence assembly
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Scheme S1. Plausible mechanism for the growth of ribbon-like NiC020..
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Figure S1. (A) Energy dispersive X-ray Spectroscopy image of ribbon-like NiCo,04 showing

atomic percentage of Ni, Co and O in the sample
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Figure S2. (A) N2 adsorption-desorption isotherm of ribbon-like NiC0204; and (B) BJH pore size

distribution profile of ribbon-like NiC020a4.
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Figure S3. (A) Linear fitted %1,2 vs. v2 plot; and (B) linear fitted log i vs. log v plot at various

scan rates of 10 to 50 mV s for ribbon-like NiC0,0..
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Table S1. Comparison of BET surface area, pore volume and mean pore size of ribbon-like

NiCo0204 with reported NiCo,04 based materials.

Electrode Material

NiC0,04/NiO/C0304
nanoflowers

NiCo0,04/NiO structure
sphere

NiC0,04
SUperStrUCtU re

hierarchical

Hierarchical NiC0,04/Ni,P

Chain-like NiC0,04
nanowires

NiCo0,04 nanorods

NiC0204
nanosheets@HfC
nanowires

Ni@NiCo,0, core/shell
composite

CC/NiCo204,-N@NiO

Mesoporous NiC0,0.
coated nickel wire

Ribbon-like NiC0,0.4

BET Surface Area

(m? g™)

30.84
34.2
36.7

38.22
42.03

65.73
78
81.2

81.3
87.4

89

Pore Volume

(cm® g)

0.06

0.116

0.2

0.4

0.37
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Mean pore
size/diameter (nm)

7.28

24

3.2
10.4

4.33

2.73

21

Reference No.
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Table S2. Comparison of specific capacity, Ret and EIS values (derived from electrochemical

measurements in 3-electrode setup) for ribbon-like NiCo204 with reported NiCo0204 based

electrode materials.

Electrode Material

ZnWO;4 nanoflakes
decorated NiC0,04
nanoneedle arrays

Ni@NiCo.0, core/shell
composite

Urchin Shaped NiCo0,04

Urchin and sheaf-like
NiCo0204 nanostructures

NiCo0,04 hierarchical
superstructure

NiC0204 thin film

NiCo,04-graphene

NiCo,0,@PANI nanorod
arrays

NiCo0,04 nanosheets

Carbon nano-fiberic
coated with ambutan-like
NiC0204

Chain-like NiC0,04
nanowires

Specific Capacitance @
Current Density
(voltage window)

593F '@ 05 A gt
(0.45 V)

597Fg'@1Ag!

(0.5 V)
615Fgl@2Ag?!
(0.8 V)
636Fgl@05Ag?
(0.45 V)
697.8Fgl@1Ag"
(0.5 V)

752 F gt @5mAcm>
(0.5 V)
845Fgt@1Agt
(0.5 V)
901Fg'@0.25Ag!
(0.8 V)
11375Fgl@5Ag?
(0.4 V)

1152 Fg*@ 1 mAcm?
(0.5 V)

1284Fgl@2Agt
(0.43 V)

Specific Capacity @
Current Density
(voltage window)

2965Cgl@05Ag?
(0.45 V)

2985Cgt@1Ag?

(0.5 V)
492Cgt@2Agt
(0.8 V)

2862 Cgl@05Ag?
(0.45 V)
3489Cgl@1Agt
(0.5 V)

376 Cg' @ 5mA cm
(0.5 V)
4225Cglt@1Agt
(0.5 V)
7208Cgl@0.25A gt
(0.8 V)
55212Cgl@5AQ?
0.4 V)

576 Cgt@ 1 mAcm?
(0.5 V)

55212Cgl@2Ag?
(0.43 V)
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Charge Transfer
Resistance
(Rer)/Equivalent
Series Resistance
(ESR)

0.19Q/1.9Q

0.33 Q/1.48Q

12.38 Q3 /-

0.46 Q/1.08 Q

09Q/-

Reference

No.
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14

15
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17

18

19

Scoparia-like
Nio.3C02.704
Nanostructures

Hexagonal NiC0,04

Hierarchical
NiO@NiCo,04 core-shell
nanosheet arrays

rGO/ Nio.3C02.704
NiCo0,04 nanowires
NiCo,04@polyaniline

nanotubes

Carnations-like
Mnz0,@NiCo,0,@NiO

Ribbon-like NiC0,04

Figure S4. CV plots for NiCo204|[N-rGO supercapattery device at different working potential

windows.
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Table S3. Comparison of power density, energy density and cyclic stability (derived from

electrochemical measurements in 2-electrode setup) of NiCo0,04N-rGO hybrid asymmetric

supercapattery device with reported NiCo204 based symmetric/asymmetric devices.

Positive Electrode
Material

NiCo,04 nanorods

Co3Ss nanoneedles
on NiC0,04
nanosheets
NiCOzO4
nanosheets@hollow
microrod arrays

MoS; nanowires/
NiC020.4 nanosheets
Mesoporous
NiP@NiCo0,04
composite

NiC0204
nanoneedle arrays
NiCOzO4
nanosphere

Nickel cobalt

oxide-reduced
graphite oxide

NiCo20,4 electrode

Hexagonal NiC0,04

Crumpled graphene
microspheres
anchored with
NiC0,04
nanoparticles

Carbon cloth/carbon
fibers/NiCo0,04
composite

N iC0204@

CNT/CNT
multilayer electrode

Negative
Electrode
Material

N iC0204
nanorods

Activated
carbon (AC)

Activated
carbon (AC)

Active carbon

Activated
carbon (AC)

Activated
carbon (WSs-2)

Activated
carbon (AC)

Activated
carbon (AC)

Activated
carbon (AC)

Activated
carbon (AC)

Nitrogen-doped
Crumpled
graphene
microspheres
(N-CGM)

Carbon
cloth/carbon
fibers/NiCo0,04

Treated carbon

cloth (TCC)

Asymmetric/Symmetric

Device Name

NiCOzO4||N iCOzO4

NC-9||AC

NSs@HMRAS||AC

MS/NCO||Active carbon

Ni-P@NiC0,04||AC

NiC0204||WSs-2

NiC0,04]|AC

NiC0,04-rGO||AC

NCO-9||AC

NCO||AC

NiC0,04/CGM |N-CGM

CCICFs/NiC0204|

CC/CFs/NiC0,04

NiC0,0:@CNT/CNT]|

TCC
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Maximum
Power Density
(Wkg™)

4003

7800

4500

5700

4254

12990

4860

1385

7800

2860

Maximum
Energy Density

@ (power
density)

12.6 W h kg

14 W h kg
(400 W kg™?)

15.4 W h kgt

18.4W h kg
(1200 W kg9

21 W hkg?
(350 W kg1)

21 W hkg!
(424 W kgt

21.5W h kgt
(750 W kg%

23.3W h kg
(324 W kg™

23.6 W h kgt
(585.5 W kg )

24.5W h kgt
(175 W kg )

24.7W h kg
(799.6 W kgt

27.2W hkg?
(1460 W kg?)

27.6 W hkg!
(550 W kgt

Cyclic
Stability
(Cycle No.)

94 %
(2000)

84.7%
(3000)

106 %
(2500)

98.2 %
(8000)

78.3 %
(8000)

99.3 %
(5000)

87.8 %
(2000)

83 %
(2500)

77 %
(8000)
90 %
(2000)
85 %
(50000)

81% after
3000 Cycles

95 %
(5000)

Reference
No.

s16

536

s37

s38

s39

s40

s41

s42

543

s30

s44

s45

546



14

15

16

17

18

19

20

21

3D NiC0204@ NiC0,0:@ZnWO4|| - 28.46 W h kg™ 97.5 %
NiC02,0:@ZnWOs  ZnWO, core- NiC0,04@ZnWO4 (790 W kg™ (5000)
core-shell shell
NiCo0,04 nanosheets ~ Activated NiCo0,04||AC 5346 30.75W h kg™ 90.3%
carbon (AC) (900 W kg™?) (5000)
Urchin-like Nitrogen-doped NiC02,0,@3DNF||NPC 3433.33 32.08 W hkg™ 100 %
NiC020:@3DNF porous carbon (700.43 W kg ?) (8000)
framework (NPC)
Hierarchical Activated NiCo204/NizP||AC 8000 40.7W hkg? 92 %
NiCo,04/Ni,P carbon (AC) (800 W kg™ (5000)
Polypyrrole- Nitrogen doped PPyNiCo20:@CFP|| 3746.77 40.81 W hkg? 88 %
decorated NiCo,04  reduced N-rGO (738.27 W kg?) (5000)
nanoneedles/carbon  graphene oxide
fiber papers (N-rGO)
Nickel cobalt Reduced NCO/rGO|| rGO 8000 4522 W h kg™ 81.7 %
oxide-reduced graphene oxide (400 W kg™?) (10000)
graphene oxide (rGO)
composites
Urchin-shaped Activated NiCoOJ|AC 6000 34.2 W hkg™ 90.0 %
NiC0,04 Carbon (AC) (800 W kg?) (1000)
Ribbon-like Nitrogen doped NiC0204||N-rGO 13003 30.55 W h kg™ 94.3 %
NiC0,04 reduced (5418 W kg ™) (10000)
graphene oxide
(N-rGO)
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