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Abstract The electrochemical supercapacitor, due to their rapid charge-discharge
rates, good cyclic stability, high energy density, and power density are considered
an ideal candidate for energy storage devices. For the high efficiency, improvement
in performance, and electrochemical properties of supercapacitors; different nanos-
tructured electrode materials have been studied. The efforts have been carried out to
develop state-of-the-art high capacitive electrodematerials for supercapacitorswhich
enable high specific capacitance using rapid Faradaic redox reactions and provide
ultra-high cyclic stability. Recent progress studies demonstrated that the transition
metal chalcogenides especially NiX (X = S, Se, Te) are noteworthy candidates for
highly efficient supercapacitor application because of their promising properties such
as thermal stability, mechanical stability, superior intrinsic conductivity as compared
to transition metal oxides and good cyclability. In the present chapter, we discussed
the NiX (X= S, Se, Te) based materials for electrochemical supercapacitor applica-
tion. Furthermore, we have summarized the supercapacitor performance of NiX (X
= S, Se, Te) based nanomaterials. Lastly, the benefits and challenges of NiX (X =
S, Se, Te) based materials for upcoming energy storage are discussed.
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1 Introduction

The rapidly growing energy demand, energy consumption, and its consequences such
as depletion of fossil fuels, pollution, and globalwarming, etc. attract the use of highly
efficient, clean, energy consumption technologies and renewable energy resources.
In recent years, different energy storage devices for example conventional capacitors,
fuel cells, batteries, and supercapacitors receiving more attention from researchers.
Among these devices, supercapacitors with their promising properties such as low
maintenance costs, fast charging-discharging rate, high power density, high cyclic
stability, and safe operation play a crucial role in electrochemical energy storage
devices [1–3]. Based on charge storage mechanism, supercapacitors are of two types
viz electric double-layer capacitors (EDLCs) and pseudocapacitors. The EDLCs
store charges electrostatically at the electrode and electrolyte interface. Carbon-
based materials are the EDLC type supercapacitors and they are suitable in the
field of electronic equipment. But their relatively lower energy density restricts its
application where high energy storage capability is required. In pseudocapacitors,
reversible redox reactions are responsible for the charging-discharging process [4–6].

Different Metal oxides (MnO2, Co3O4, Fe2O3, RuO2, NiO, CuO), metal chalco-
genides (NiS, MoS2, VS2, NiSe, NiTe, Cu2S, CoS2, and NiCo2S4), metal nitrides
(RuN, VN, TiN,MoN), and conducting polymers have been utilized as pseudocapac-
itive electrodematerials [4, 7]. Themetal chalcogenides exhibit a better electrochem-
ical supercapacitor performance as compared to metal oxides and replacing oxygen
with chalcogenides is responsible for more flexibility for material organization.
Out of these many materials transition metal chalcogenides; especially Sulphides,
Selenides, and Tellurides have received more research interests as potential appli-
cations in supercapacitors. The better electrochemical supercapacitor performance
of these transition metal chalcogenides is because of their unique crystal structures,
tunable stoichiometric compositions, and redox-rich sites. Also, its higher electrical
conductivity in comparison to respective transition metal oxide makes them a suit-
able candidate for supercapacitor application as compared to transition metal oxides
[3, 8, 9].

Recently, the transitionmetals such asNi, Co,Mn, Ti, and Fe and their compounds
(oxides, hydroxides, and sulfides) have been extensively studied for electrochemical
supercapacitor application. Among these transition metal base compounds, transi-
tion metal sulfides especially nickel sulfides resemble suitable candidates for super-
capacitor application because of the slight difference in electronegativity of Ni (ν =
1.91 eV) and S (ν = 2.58 eV), high specific capacitance value, high redox activity,
high electrical conductivity, easy as well as low-cost preparation [10–12]. Selenium
(Se) is the nearest element of sulfur (S) in the VI A group of the periodic table and
exhibits the same oxidation states and valance electrons as sulfur. Hence, the electro-
chemical activities of metal selenides and metal sulfides almost resemble. The lower
electronegativity of Te (ν = 2.1 eV) as compared to S and Se (ν = 2.55 eV) also
attracting attention of researchers for their use in Ni-based metal chalcogenides [3,
13–15]. In the present chapter the NiX (X = S, Se, Te) based electrode materials,
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their characterizations (XRD, FT-IR, Raman, XPS spectra), and their use in superca-
pacitor application are discussed. NiX (X= S, Se, Te) based electrodematerials have
been unveiled as cheap, promising, and eco-friendly materials for the development
of supercapacitors.

2 Characterizations of NiX (X = S, Se, Te) Based Materials

Some characterizations such as X-ray diffraction (XRD), Fourier transform infrared
spectroscopy (FT-IR), Fourier transforms Raman spectroscopy (FT-Raman), and X-
ray photoelectron spectroscopy (XPS) of NiX (X = S, Se, Te) based materials for
electrochemical supercapacitor application arementioned. Parveen et al. [16] synthe-
sized flower-like NiS nanostructures by solvothermal method. The XRD pattern
(Fig. 1a) of as optimized NiS_10h electrode shows the characteristic peaks at 30.15°,
34.63°, 45.86°, 53.55°, 60.8°, 62.68°, 65.31°, 70.64°, and 73.13° which are corre-
sponding to the planes (100), (101), (102), (110), (103), (200), (201), (004), and (202)
respectively. These all peaks are related to JCPDS card number 10-075-0613 of NiS.
Wu et al. [17] synthesized Ni0.85Se nanoparticles by tuning morphologies by using
different solvents by simple solvothermal method. Figure 1b shows the XRD spectra
of Ni0.85Se different NiSe nanostructures synthesized by using different solvents.
The peaks at 33.3°, 45.0°, 50.7°, 60.3°, 62.5°, and 70.5° are assigned to planes (101),
(102), (110), (103), (201), and (202) of Ni0.85Se JCPDS card number 18-0888. These
results indicated the formation of high crystallinity and purity of Ni0.85Se nanostruc-
tures. Zhou et al. [18] developed NiTe directly deposited on NF for supercapacitor
application for the first time. Figure 1c depicts the XRD spectrum of the NiTe elec-
trode. The peaks at 58.61°, 46.52°, 43.41°, 31.54°, and in the XRD pattern of NiTe
are correspond to the crystalline plane (103), (110), (102), (101) and respectively.
These peaks are corresponding to the JCPDS card number 38–1393 corresponding to
the hexagonal crystalline structure of NiTe. Karthikeyan et al. [19] synthesized NiS
nanoparticles with a precursor hot-injection method. The FT-IR study reveals that
the peaks at 2921/2852, 3400, and 1653 cm−1 are related to the C-H stretching, N-H
stretching, and rocking vibrations respectively. Li et al. [20] prepared a composite
of graphene and NiS2 (graphene/NiS2) by using a simple solvothermal reaction.

Figure 1d presents the FT-Raman spectrum of as-synthesized graphene/NiS2
composite. The peak at 1580 and 1349 cm−1 corresponds to the G and D band
of rGO respectively. Song et al. [21] developed Nickel selenide nanoparticles on
carbon nanowires (NiSe2/C NWs) by simple hydrothermal method and salinization
strategy. Figure 1e shows the Raman spectra of NiSe2/C electrode. The Raman shift
in Fig. 1e at 1576 and 1349 cm−1 present the G and D band of carbon respectively.
Inset of Fig. 1e shows the Raman spectra with an enlarged scale of NiSe2/C NWs
showing the peaks at 151.86, 169.24, 209.20, and 231.75 cm−1. Kim et al. [22]
prepared Ni3S2/Ni electrode with the help of a two-step electrodeposition method
for supercapacitor application. Figure 1f and g presents the Ni 2p and S 2p spectrum
of Ni3S2/Ni electrode. The two peaks in Ni 2p spectrum at 855.4 eV and 873.2 eV are
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Fig. 1 a XRD pattern of NiS. Adapted with permission from [16], Copyright (2018), Elsevier. b
XRD spectra of Ni0.85Se synthesized by using different solvents. Adapted with permission from
[17], Copyright (2019), Elsevier. c XRD spectrum of NiTe. Adapted with permission from [18],
Copyright (2016), Elsevier. d Raman spectrum of NiS2/rGO. Adapted with permission from [20],
Copyright (2015), Elsevier. e Raman spectrum of NiSe2/C NWs (Inset: enlarged view of Raman
spectra). Adapted with permission from [21], Copyright (2017), Elsevier. f the Ni 2p spectrum
of Ni3S2/Ni 6 min electrode. Adapted with permission from [22], Copyright (2018), American
Chemical Society. g and S 2p spectrum. Adapted with permission from [22], Copyright (2018),
American Chemical Society. h XPS spectra of Se. Adapted with permission from [23], Copyright
(2020), Elsevier. i XPS spectra of Te 3d spectrum. Adapted with permission from [24], Copyright
(2019), Elsevier

related to Ni 2p3/2 and Ni 2p1/2 respectively. The peaks at 162.1 eV and 160.5 eV in
S 2p spectra confirm the presence of Ni3S2. Zhao et al. [23] developed hierarchical
Ni3Se2 nanodendrite arrays by a solvothermal method by a binder-free approach.
Figure 1h shows the Se 3d spectrum of as-synthesized Ni3Se2. The peaks in Se 3d
spectrum at 53.95 and 54.69 eV are related to Se 3d5/2 and Se 3d3/2 respectively
which confirms the existence of Se2−. Ye et al. [24] prepared cobalt-doped NiTe
electrode (NiTe: Co) via the single-step hydrothermal method for electrochemical
supercapacitor application. Figure 1i presents Te 4d spectrum. The characteristic
bands at 583.3 eV as well as 572.8 eV are related to the Te2−, while the peaks at
586.6 eV and 576.2 eV are related to Te4+.
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3 Recent Development in NiX (X = S, Se, Te) Based
Electrode Materials for Supercapacitor Application

3.1 Nickle Sulfides

Zhang et al. [25] developed different β-NiS morphologies by two-step solvothermal
method by varying volume ratios of a solvent such as ethanol, deionized water, and
glycol. Out of different morphologies, flowerlike β-NiS electrode achieved 2425.89
F g−1 specific capacitance at 1 A g−1. The better supercapacitor results of β-NiS
flower-like electrode as compared to other morphologies (coral-like, urchin-like,
and flake-like) raised due to its special pore structures and enlarge surface area as
compared to other morphologies. These observations confirm that the flower-like
β-NiS electrode performs a crucial role in achieving better specific capacitance. The
as-synthesizedβ-NiS//ActivatedCarbon (β-NiS//AC) electrode achieved amaximum
specific capacitance of 32.90 F g−1. Kim et al. [22] developed Ni3S2/Ni electrodes
with a two-step electrodeposition process. Figure 2a presents the synthesis process of
Ni3S2/Ni electrode by electrodeposition method. The optimized Ni3S2/Ni electrode
shows flaky morphology. The prepared electrode exhibited 786.5 C g−1 specific
capacitance at 10 mA cm−2 as well as good capacity retention of 88.6% over 1000
cycles. Also, they have prepared (Asymmetric supercapacitor device) ASC device
(Ni3S2/Ni 6min//AC)which achieved a specific capacitance of 103.2 F g−1 at 1A g−1

and cyclic stability of 93.9% after 6000 cycles. Darsara et al. [26] developed Ni3S4–
NiS and Ni3S4–NiS@rGO hybrid by one-step hydrothermal method. SEM study of
Ni3S4–NiS reveal the formation of starfish-likemorphology with various dimensions
(Fig. 2b). In the case of Ni3S4–NiS@rGOhybrid, starfish-likemorphology of Ni3S4–
NiS observed to be anchored on graphene surface plate. The Ni3S4–NiS and Ni3S4–
NiS@rGO samples showed a BET surface area of 220 and 270 m2 g−1 respectively.
The prepared Ni3S4–NiS and Ni3S4–NiS@rGO electrodes achieved 1005 and 1578
F g−1 specific capacitance at 0.5 A g−1.

The Ni3S4–NiS@rGO electrode exhibited 9% more stability as compared to
Ni3S4–NiS electrode. TheNi3S4–NiS@rGOelectrode exhibitedmore specific capac-
itance and stability as compared to Ni3S4–NiS electrode because the rGO in Ni3S4–
NiS@rGO provides more surface area for electrolyte interaction and higher conduc-
tivity. Guan et al. [27] synthesized NiS-MoS2 on carbon cloth having morphology
hetero-nanosheet arrays (HNSAs) as shown in (Fig. 2c). The maximum specific
capacity calculated for NiS-MoS2 HNSAs//CC electrode was 271.7 mAh g−1 at
2.5 mA cm−2. Also, it showed better cyclic stability of 78% over 3000 GCD cycles.
Xu et al. [28] developed carbon nanofibers (CNFs) wrapped with NiS nanoparticles
via electrospinning, calcination, and in situ sulfurizationmethod. As shown in Fig. 2d
CNFs-NiS show a netlike structure. This netlike structure is observed to be made up
of many pores spread on a rough surface. It exhibited the highest 177.1 mAh g−1

specific capacity at 1 A g−1 with 88.7% cyclic stability after 5000 cycles.
Tan et al. [29] developed cabbage-like α-NiS using facile solvothermal method

then annealing treatment. TheCVs of α-NiS electrode at 5 to 50mV s−1 scan rates are
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Fig. 2 a Schematic presentation of preparation of Ni3S2/Ni electrode. Adapted with permission
from [22], Copyright (2018), American Chemical Society. b SEM image of Ni3S4–NiS. Adapted
with permission from [26], Copyright (2021), Elsevier. c SEM image of NiS-MoS2. Adapted with
permission from [27], Copyright (2019), American Chemical Society. d SEM image of CNFs-NiS.
Adapted with permission from [28], Copyright (2018), Elsevier. e CV curves of α-NiS electrode
at various scan rates (5–50 mV s−1). Adapted with permission from [29], Copyright (2019), Else-
vier. f GCD curves of NiS/rGO composites at various current densities (0.5–5 A g−1). Adapted
with permission from [30], Copyright (2014), Elsevier. g LED indicator lighted up by two CNFs-
NiS//CNFsAsymmetric Supercapacitor device cells. Adaptedwith permission from [28], Copyright
(2018), Elsevier
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depicted in Fig. 2e. The electrode achieved a specific capacity of 235.88 mAh g−1 at
1 A g−1 and cyclic stability of 87.1% over 2000 cycles. Yang et al. [30] synthesized
NiS/rGO composite in which NiS nanorods anchored on rGO via hydrothermal
method. Figure 2f displays the GCD curves of NiS/rGO composite at 0.5–5 A g−1

current densities. The NiS/rGO electrode achieved 905.30 F g−1 specific capacitance
at 0.5A g−1 and exhibited cyclic stability of 90.9%over 1000 cycles. Figure 2g shows
the LED indicator lighted up by two CNFs-NiS//CNFs Asymmetric Supercapacitor
device cells synthesized by Xu et al. [28]. It showed an energy density of 13.32 mWh
cm−3 and about 89.5% of cyclic stability after 5000 cycles. The NiS based electrode
materials are a promising candidate in the field of electrochemical supercapacitor
application.

3.2 Nickel Selenide

Zhao et al. [31] developed NiSe@Ni3Se2/NF nanostructure by hydrothermal method
followed by electrodeposition method. The schematic presentation of synthesis of
NiSe@Ni3Se2/NF nanostructure is shown in Fig. 3a. The NiSe@Ni3Se2/NF nanos-
tructure is made up of NiSe nanowire arrays core and thin Ni3Se2 nanosheets shell.
Figure 3b shows the NiSe nanowire arrays and such morphology favorable for
better electric conductivity and indirectly better theoretical specific capacitance. The
prepared NiSe@Ni3Se2/NF electrode achieved 1260 F g−1 specific capacitance at 10
A g−1 and capacity retention of 92.5% after 4000 cycles. The ASC device exhibited
an energy density of 45.5Whkg−1 (at power density 1.600 kWkg−1). Also, it showed
capacity retention of 96.1%over 12,000 cycles. Zhao et al. [23] developed binder-less
Ni3Se2 nanodendrite arrays grown on NF with a one-step solvothermal approach for
advanced positive electrodes for supercapacitors. Figure 3c shows the morphology
and dendrite-shaped features of Ni3Se2 electrodes. Such morphology of Ni3Se2
makes it highly electronically conductive, able to provide a more surface area and
large number of electrochemical active sites. The as synthesized electrode achieved
1234 F g−1 specific capacitance at 1 A g−1. Arul et al. [32] prepared NiSe2/Ni(OH)2
nanocomposites with hydrothermal method followed by ultrasonication method.
Figure 3d depicts the FESEM image of hexapod-like NiSe2 microstructure. Such
Hexapod-like microstructures are made up of less than ~10 nm nanoparticles.

The prepared electrode exhibited 2212 F g−1 specific capacitance at 2 mA cm−2

with cyclic stability of 95% for 5000 cycles. Tian et al. [33] prepared NiSe nanorod
arrays on a NF current collector with a one-pot hydrothermal method. Figure 3e
depicts the GCD curves of NiSe NRA/NF electrode at 5–50 mA cm−2 current densi-
ties. The NiSe electrode achieved 6.81 F cm−2 specific capacitance at 5 mA cm−2.
The assembled ASC device (NiSe NRA/NF//RGO) retained 90.09% initial capaci-
tance over 3000 cycles. Wang et al. [34] developed truncated cube-like crystals of
NiSe2 via a simple hydrothermalmethod. Figure 3f presents estimated specific capac-
itance from the galvanostatic charge-discharge curve versus applied current density
of the NiSe2 electrode. The cube-like NiSe2 electrode shows a maximum 1044 F
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�Fig. 3 a Schematic presentation of synthesis of NiSe nanowire arrays (NWAs) @ Ni3Se2
nanosheets (NSs) composites by hydrothermal method followed by electrodeposition method.
Adapted with permission from [31], Copyright (2021), Elsevier. b SEM image of NiSe NWAs.
Adapted with permission from [31], Copyright (2021), Elsevier. c SEM image of Ni3Se2 elec-
trode. Adapted with permission from [23], Copyright (2020), Elsevier. d FESEM image of NiSe2
electrode. Adapted with permission from [32], Copyright (2019), Elsevier. e GCD curves of NiSe
NRA/NF electrode at various current densities (5–50 mA cm−2). Adapted with permission from
[33], Copyright (2017), Elsevier. f Graph of specific capacitance vs current density of NiSe2 elec-
trode. Adapted with permission from [34], Copyright (2017), Elsevier. g cyclic stability test of
for NiSe2//AC, N-rGO/NiSe2-5//AC, N-rGO/NiSe2-10//AC and N-rGO/NiSe2-15//AC asymmetric
supercapacitors at a current density of 5 A g−1. Adapted with permission from [35], Copyright
(2019), Elsevier

g−1 specific capacitance at 3 A g−1. The prepared NiSe2//AC ASC device shows
87.4% capacity retention over 20,000 cycles. Gu et al. [35] prepared N-rGO/NiSe2
composite with the help of a two-step method. In actual experimental firstly Ni(OH)2
synthesized by simple hydrothermal method and then N-rGO/NiSe2 nanocompos-
ites with different content of N-rGO by solvothermal method. The amount of GO
used in the synthesis of composites were 0, 5, 10, and 15 mg. Accordingly, the
obtained composites were named NiSe2, N-rGO/NiSe2-5, N-rGO/NiSe2-10, and N-
rGO/NiSe2-15 which exhibited higher specific capacitance of 720.8, 1270.4, 2451.4,
and 616.0 F g−1 at 1 A g−1. Also, they prepared an ASC device with prepared
composites and AC. Out of different ASC devices, the N-rGO/NiSe2-10//AC device
shows maximum specific capacitance of 113.8 F g−1 at a current density of 1 A
g−1. Figure 3g shows the cyclic stability test for NiSe2//AC, N-rGO/NiSe2-5//AC,
N-rGO/NiSe2-10//AC, and N-rGO/NiSe2-15//AC ASC device at a current density
of 5 A g−1. The N-rGO/NiSe2-10//AC ASC device showed better capacity retention
of 85.1% after 10,000 cycles. The study reveals that the NiSe based electrodes are
promising materials for supercapacitor application.

3.3 Nickel Telluride

Deshagani et al. [36] synthesized selenide dopped nickel telluride (NiTe: Se)
flakes by facile hydrothermal method. The experimental procedure of synthesis of
NiTe:Se@NF, synthesis of AC from dried coconut shell, and synthesis of poly(N-
methyl pyrrole) (PMP) is depicted in Fig. 4a. The SEM study shows the composi-
tional transformation i.e. doping of NiTe with Se produces NiTe:Se, and morphology
changes from fiber-like to flakelike morphology. The as-prepared electrode achieved
a 634 F g−1 specific capacitance at 1A g−1. The prepared PMP@AC//PMP@NiTe:Se
supercapacitor exhibited a capacity of 404Cg−1. Zhou et al. [18] developedNiTe rods
on NF by simple hydrothermal method. Figure 4b shows the FESEM image of the
NiTe electrode shows amaximum specific capacitance of 804 F g−1 (at 1 A g−1). The
fabricated ASC device with NiTe as anode and AC as a cathode (NiTe//AC) achieved
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Fig. 4 a Schematic diagram of the synthesis of PMP@AC//PMP@ NiTe:Se device. Adapted with
permission from [36], Copyright (2020), Elsevier. b FESEM images of NiTe rods. Adapted with
permission from [18], Copyright (2016), Elsevier. c FESEM images of Se doped NiTe with 9:100
doping ratio of Se:Te. Adapted with permission from [37], Copyright (2018), Elsevier. d Cycling
performances of NiTe and Se doped NiTe electrodes at a current density of 2 A g−1. Adapted with
permission from [37], Copyright (2018), Elsevier. e GCD curve of NiTe:Co electrode at current
densities (1–10 A g−1). Adapted with permission from [24], Copyright (2019), Elsevier

a maximum energy density of 33.6 Wh kg−1 and power density of 807.9 W kg−1.
It exhibited cyclic stability of about 81% over 3000 cycles. Ye et al. [37] prepared
Se doped NiTe electrode materials by using a hydrothermal method on Ni-foam.
Figure 4c shows the FESEM image of Se doped NiTe with a 9:100 doping ratio of
Se:Te. Such electrode showed 603.6 F g−1 specific capacitance at a current density
of 1 A g−1. Figure 4d shows the cyclic stability of Se doped NiTe and pristine NiSe
electrodes.

The estimated capacitance of the NiTe with Se doped electrode after 1000 cycling
is almost constant. The pristine NiTewithout Se doping also exhibited better capacity
retention of 93.2% over 1000 cycles. The fabricated ASC device achieved a 119.9 F
g−1 specific capacitance at 1Ag−1 and excellent cyclic stability of 76.4%after 10,000
cycles.Ye et al. [24] also synthesizedCo-dopedNiTeonNFbyone-step hydrothermal
method. The doping of Co ions in NiTe changes the original microstructure of NiTe
as well as improves the electrochemical properties. Figure 4e shows the GCD curve
of NiTe: Co electrode at different current densities (1–10 A g−1). The estimated
maximum specific capacitance of NiTe: Co electrode is 1445.6 F g−1 at 1 A g−1.
The as fabricated NiTe: Co//AC device provided an energy density of 36.8 Wh kg−1

than the NiTe//AC device (24.4 Wh kg−1).
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4 Concluding Remark

This chapter describes a brief overview ofNiX (X= S, Se, Te) electrodematerials for
their electrochemical supercapacitor application. Such electrode materials have been
unveiled as cost-effective, promising, and environmentally friendly materials for the
fabrication of scalable and flexible supercapacitors. In the beginning, we discussed
some characterizations of NiX based electrodes. We have summarized the electro-
chemical supercapacitor performance of NiX based electrodes and their composites.
The approaches towards modifying the physical and chemical parameters of NiX
based electrodes for cheap, highly efficient, and renewable energy devices are still
in demand. The NiX based electrodes are still far from commercialization even
though they show better results. To complete this target, continued and dedicated
research efforts should be needed for the improvement of its mechanisms, electro-
chemical performance, and electrochemical reactions for commercial applications.
Despite all the challenges, ongoing research should be more focused to develop
highly conductive binder-less NiX based electrodes and their composites.

Table 1 Literature review on nanostructured NiX (X = S, Se, Te) based electrodes

Sr.
No

Electrode
material

Morphology KOH
Electrolyte

Specific capacitance Stability Ref

1 α-NiS Cabbage-like 6 M 235.88 mAh g−1 at
1 A g−1

87.1%
after
2000
cycles

[29]

2 NiS Flower-like 6 M 603.97 F g−1 at 1 A
g−1

88.57%
after
5000
cycle

[16]

3 NiS Nanowires 3 M 2187.5 F g−1 at
3 mV s−1

78.7%
after
8000
cycles

[38]

4 β-NiS Flower-like 6 M 2425.89 F g−1 at 1
A g−1

~100%
after
5000
cycles

[25]

5 NiS Nanoparticles 2 M 177.1 mAh g−1 at 1
A g−1

88.7%
after
5000
cycles

[28]

6 NiS Forest-like 1 M 342.1 mA h g−1 at 4
mA cm−2

89.4%
after
3000
cycles

[39]

(continued)
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Table 1 (continued)

Sr.
No

Electrode
material

Morphology KOH
Electrolyte

Specific capacitance Stability Ref

7 Ni3S2 Flacky 1 M 786.5 C g−1 at 10
mA cm−2

88.6%
after
1000
cycles

[22]

8 NiS/NiO Nanoparticles 2 M 1260 F g−1 at 0.5 A
g−1

– [40]

9 NiS-MoS2 Hetero-nanosheet
arrays

6 M 271.7 mAh g−1 at
2.5 mA cm−2

78%
after
3000
cycles

[27]

10 Ni3S4–NiS@rGO Starfish like 2 M 1073 F g−1 at 0.5 A
g−1

91%
after
5000
cycles

[26]

11 NiS/rGO Porous microstructures 6 M 305 F g−1 at 1.1 A
g−1

91%
after
3000
cycles

[41]

12 Gaphene@NiS Graphene wrapped
nanoprisms

2 M 1000 F g−1 at 5 A
g−1

71%
after
2000
cycles

[42]

13 NiS/rGO Nanorods anchored on
rGO

2 M 905.30 F g−1 at 0.5
A g−1

90.9%
after
1000
cycles

[30]

14 NiS/rGO Nanorods anchored on
graphene

2 M 744 C g−1 at 1 A
g−1

89%
after
20,000
cycles

[43]

15 NixSy/rGO Nanoflakes 2 M 2074 F g−1 at 1 A
g−1

80%
after
5000
cycles

[44]

16 Ni3Se2 Nanodendrite arrays 2 M 1234 F g−1 at 1 A
g−1

Good
cyclic
stability

[23]

17 Ni3Se2 Nanowires 2 M 2.6 C cm−2 at
5 mA cm−2

93.1%
after
2000
cycles

[45]

18 Ni3Se2 Nanosheets 3 M 854 F g−1 at 1 A g−1 87.23%
after
2000
cycles

[46]

(continued)
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Table 1 (continued)

Sr.
No

Electrode
material

Morphology KOH
Electrolyte

Specific capacitance Stability Ref

19 Ni0.85Se Honeycomb like
nanosheets

3 M 3105 F g−1 at 1 A
g−1

90.1%
after
5000
cycles

[47]

20 NiSe2 Spheres 2 M 1144.1 F g−1 at 0.5
A g−1

Good
cyclic
stability

[48]

21 NiSe2 Hollow spheres 2 M 341 F g−1 at 1 A g−1 Good
cyclic
stability

[49]

22 NiSe2 2D nanosheets 1 M 466 F g−1 at
5 mV s−1

81.3%
after
1000
cycles

[50]

23 NiSe Nanorod arrays 6 M 6.81 F cm−2 at
5 mA cm−2

78.9%
after
2000
cycles

[33]

24 NiSe2 Truncated cube-like 4 M 1044 F g−1 at 3 A
g−1

67%
after
2000
cycles

[34]

25 NiSe2 Pyramid-like 3 M 240.83 mAh g−1 at
1 A g−1

52.7%
after
1000
cycles

[51]

26 NiSe-Ni0.85Se Irregular nanoparticle 2 M 669 C g−1

at 1 A g−1
– [52]

27 NiSe@Ni3Se2 Nanosheet nanowire
arrays

3 M 1260 F g−1 at 10 A
g−1

92.5%
after
4000
cycles

[31]

28 NiSe2/Ni(OH)2 Hexapod-like 3 M 2212 F g−1 at
2 mA cm−2

95%
after
5000
cycles

[32]

29 NiSe Microspheres 2 M 492 F g−1 at 0.5 A
g−1

84.6%
after
200
cycles

[53]

30 N-rGO/NiSe2 GO decorated with
nanoparticle

3 M 2451.4 F g−1 at 1 A
g−1

– [35]

31 Ni0.85Se@C/rGO Nanosheets on the
surface of rGO

2 M 1160 F g−1 at 1 A
g−1

88.8%
after
1000
cycles

[54]

(continued)
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Table 1 (continued)

Sr.
No

Electrode
material

Morphology KOH
Electrolyte

Specific capacitance Stability Ref

32 NiSe2/rGO Nanoparticles
supported on GO

2 M 137.7 mAh g−1 at 1
A g−1

82%
after
2500
cycles)

[55]

33 NiTe Rod like 3 M 804 F g−1 at
1 A g−1

91.3%
after
1000
cycles

[18]

34 NiTe Fiber-like 6 M 634 F g−1 at
1 A g−1

– [36]

35 NiTe: Se Flake-like 6 M 943 F g−1 at
1 A g−1

– [36]

36 NiTe Nanorods 3.5 M 618 F g−1 at 1 A g−1 75%
after
5000
cycles

[56]

37 NiTe: Co Nanoparticles 3 M 1645.6 F g−1 at 1 A
g−1

90%
after
1000
cycles

[24]

38 NiTe Flake shaped 3 M 872.7 F g−1 1 A g−1 85%
after
1000
cycles

[24]

39 Se-doped NiTe Flake-like 3 M 998.2 F g−1 at 1 A
g−1

Good
cyclic
stability
over
1000
cycles

[37]

40 NiTe – 3 M 603.6 F g−1 at 1 A
g−1

93.2%
after
1000
cycles

[37]
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