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Metal nitrides as efficient electrode material for supercapacitors: A review

Electrochemical supercapacitors as energy storage devices are trademarks in current electronic and industrial applications, as they are the source of top-notch power output. Supercapacitors supply fast power output, which is suitable to cover the energy demand of future electronic devices. Electrode materials of supercapacitors play an essential role in the electrochemical process of charge storage and determine the final device's cost and capacitive performance. Consequently, much attention has been paid to developing supercapacitor electrode materials to enhance energy storage performance and fulfill the high demand of current electronic devices. Electrode materials based on metal compounds such as metal oxides, metal nitrides, and metal carbides have been considered ideal for highly efficient electrochemical supercapacitors. Recently, many efforts have been devoted to metal nitride-based electrodes and their diverse compositions as they possess higher electrical conductivity, better corrosion resistance, electrochemical stability, and chemical reactivity. Electrode material, as well as the synthesis process of the electrode and assembling design of the final device, significantly impact the capacitive performance of the contrived electrochemical supercapacitor. This review gives a brief overview of supercapacitor configuration with methods for electrode synthesis and focuses mainly on the stable metal nitride components and their application as electrode materials for supercapacitors. Each element of the periodic table group has unique properties for electrochemical reactions, and stable metal nitrides can be synthesized with only a few elements of the periodic table. The electrochemical properties of metal nitride electrodes for supercapacitors depend upon the selected group of parent metals. In the conclusion of this review, we highlighted the recent trends and future aspects of metal nitride-based electrodes in energy storage devices.

Introduction

In the modern age, all the appliances for regular use require an energy system. In this advanced era, technology reached almost everywhere in the world, and this storm of technical development increases the demand for energy production and storage [START_REF] Ellabban | Renewable energy resources: current status, future prospects and their enabling technology[END_REF][START_REF] Omer | environment and sustainable development[END_REF]. At present, fossil fuels are the major source of energy production, which is at the extinct level. Also, the use of fossil fuels produces various pollutants harmful to the environment. Researchers propose a new green energy solution to ensure the environment's safety and overcome the extinct fossil fuel problem. Green energy production uses natural resources, such as sunlight, wind, or water, without emission of any hazardous pollutants into the environment [START_REF] Ndambakuwa | Nanostructured nickel-cobalt oxide and sulfide for applications in supercapacitors and green energy production using waste water[END_REF]. The green energy solution attracted enormous attention of researchers worldwide, who are working on developing green energy and the effective ways to store that energy. There are several ways to store energy, out of which a good number of research groups are working on supercapacitors, as they are environmentallyfriendly and more effective than others with the possibilities of improvement. As the energy storage market has grown rapidly, supercapacitors are used in everyday appliances such as emergency doors of aircraft, memory backup systems, portable electronic devices such as cellular phones, uninterruptible power supplies (UPS), medical devices, and various micro-devices, especially electric vehicles (EVs) [START_REF] Ould Amrouche | Overview of energy storage in renewable energy systems[END_REF][START_REF] Pomerantseva | Two-dimensional heterostructures for energy storage[END_REF][START_REF] Anasori | 2D metal carbides and nitrides (MXenes) for energy storage[END_REF]. The EV is capable of being titled as a zero-emission transportation mode, which is expected to contribute significantly to solving the problems of global warming and environmental pollution [START_REF] Wang | Electrode materials for aqueous asymmetric supercapacitors[END_REF][START_REF] Adalati | Metal nitride composite based nanostructured sheet-electrodes alternately stacked in asymmetric configuration towards robust flexible supercapacitor[END_REF][START_REF] Sharma | Single-step fabrication of dititanium nitride thin-film flexible and biocompatible supercapacitor[END_REF]. A Ragone plot is presented in Fig. 1(a) to illustrate the energy density and power density Note: Low-resolution images were used to create this PDF. The original images will be used in the final composition. Supercapacitors are categorized into two classes based on their charge storage mechanism: electric double-layer capacitors (EDLC) and pseudocapacitors. Fig. 1(b) summarizes the classification of supercapacitors on the basis of charge-storage mechanism and design/configuration. In EDLC, the charge is stored in the double layer capacitance, forming an electric double layer at the electrode electrolyte interface [START_REF] Wang | Electrochemical capacitors: mechanism, materials, systems, characterization and applications[END_REF][START_REF] Muzaffar | A review on recent advances in hybrid supercapacitors: design, fabrication and applications[END_REF][START_REF] Libich | Supercapacitors: properties and applications[END_REF][START_REF] Gogotsi | Energy storage in nanomaterials -capacitive, pseudocapacitive, or battery-like?[END_REF][START_REF] Sharma | Elevated performance of binder-free Co3O4electrode for the supercapacitor applications[END_REF]. Commonly, carbon-based electrode materials are used as electrode materials in EDLC as they possess greater surface area, good electronic conductivity, and enhanced stability. These outcomes of carbon materials are the main characteristics of EDLC [START_REF] Zhang | Research progress in MnO2carbon based supercapacitor electrode materials[END_REF][START_REF] Sharma | Single step fabrication of nanostructured Cr2O3-MoO2 composite flexible electrode for top-notch asymmetric supercapacitor[END_REF][START_REF] Venkateshalu | Ti3C2Tx MXene and vanadium nitride/Porous carbon as electrodes for asymmetric supercapacitors[END_REF][START_REF] Fan | Asymmetric supercapacitor based on graphene oxide/polypyrrole composite and activated carbon electrodes[END_REF][START_REF] Zhu | Core@shell β-FeOOH@polypyrolle derived N, S-codoped Fe3O4 @N-doped porous carbon nanococoons for high performance supercapacitors[END_REF]. In pseudocapacitors, the charge is stored in the chain of redox reactions that are fast and reversible [START_REF] Chopra | Recent studies on metal oxide and nitride based electrode material for supercapacitors application -a review, compliance[END_REF][START_REF] Ghosh | A review on metal nitrides/oxynitrides as an emerging supercapacitor electrode beyond oxide[END_REF][START_REF] Balogun | Recent advances in metal nitrides as high-performance electrode materials for energy storage devices[END_REF]. There are three types of reactions for charge storage in pseudocapacitors, (i) underpotential deposition, in which the charge is stored by ion deposition on metal/electrolyte interface negative to their redox potential, (ii) surface redox reactions, which store charge by chemical reaction across interface layer of electrode/electrolyte, and (iii) intercalation/deintercalation of ions in the electrode [START_REF] Idrees | Transition metal nitride electrodes as future energy storage devices: a review[END_REF][START_REF] Liu | Addressing the Achilles' heel of pseudocapacitive materials: longterm stability[END_REF][START_REF] Mahadik | Syntheses and electronic structure engineering of transition metal nitrides for supercapacitor applications[END_REF]. Metal compounds (metal sulfides, metal oxides, and metal nitrides) or conducting polymers are electrode materials commonly used for the pseudocapacitive storage mechanism. In the future, these metal compound materials/conducting polymers will be able to store electricity of tens to hundreds of times greater than carbon-based double-layer capacitors [START_REF] Bu | Recent developments of advanced micro-supercapacitors: design, fabrication and applications[END_REF].

Commonly, supercapacitors suffer from low energy density compared to conventional batteries and fuel-cells. However, there are several designs/configurations for assembling supercapacitor devices (Fig. 1(b)) to overcome the problem of low energy density and limited operating voltage range. The appropriate designs/configurations to enhance the performance of supercapacitors are asymmetric, symmetric and hybrid supercapacitors. The latest type of supercapacitor uses electrodes based on different charge storage mechanisms, known as hybrid or asymmetric supercapacitors. These supercapacitors generated enormous attention from the research community due to their outstanding performances. An asymmetric supercapacitor (ASC) is one type of hybrid supercapacitors, which is a potential alternative to improve the energy density problem of the supercapacitor. Energy density (E) is dependent on the square of applied voltage (V) and capacitance (C) of the supercapacitor, as per the Eq. ( 1) [START_REF] Zhu | All metal nitrides solid-state asymmetric supercapacitors[END_REF][START_REF] Sevilla | Direct synthesis of highly porous interconnected carbon nanosheets and their application as high-performance supercapacitors[END_REF][START_REF] Jin | Enhanced capacitive properties of all-metal-oxidenanoparticlebased asymmetric supercapacitors[END_REF][START_REF] Sharma | Composite assembling of oxide-based optically transparent electrodes for high-performance asymmetric supercapacitors[END_REF]:

(1)

Thus, E is directly affected by the broadening of the working voltage window and capacitance. This broadening of operating voltage windows can be achieved by merging nanostructured-based active electrodes, having voltage windows adjacent to each other with opposite signs (negative and positive) in the identical electrolyte. So for the asymmetric supercapacitor, one acts as a positive electrode while the other as a negative electrode. Electrode materials like transition metal compounds with suitable electrolytes can help in enhancing the capacitance value. The supercapacitor device contrived in any configuration comprises three essential components: a positive electrode, a negative electrode, and an electrolyte, as shown in Fig. 1(c). All of these parts of the supercapacitor have their importance and effect on electrochemical performance. The impacts of electrolyte and electrode material on the electrochemical performance of the supercapacitor are discussed below:

Electrolytes for supercapacitors can be categorized into aqueous and nonaqueous. Due to the broader electrochemical range, organic electrolytes nowadays are the solid choice. Even though organic electrolytes can operate at voltages of up to 3 V, they suffer from being flammable and hazardous [START_REF] Xiao | Coaxial electrospun freestanding and mechanical stable hierarchical porous carbon nanofiber membrane for flexible supercapacitors[END_REF][START_REF] Xiao | Facile and scalable fabrication of nitrogendoped porous carbon nanosheets for capacitive energy storage with ultrahigh energy density[END_REF]. The practical energy density of an organic electrolyte-based supercapacitor is not high and is mostly lower than 5 Wh kg-1. Due to the large size of organic molecules, capacitance is not large enough.

Ionic liquids possess aqueous and organic electrolyte characteristics, such as high ionic conductivity and a wide operating potential range up to 35 V. Ionic liquids-based electrochemical energy storage systems offer good conductivity, nonflammability, and high thermal stability with a wide voltage window. The relatively high cost compared to conventional organic solvents and electrolyte salts, and complex synthesis process hamper the widespread use of ionic liquids in supercapacitors [START_REF] Jamil | Ionic liquid gel polymer electrolytes for flexible supercapacitors: challenges and prospects[END_REF][START_REF] Zhang | Preparation, application and development of poly(ionic liquid) microspheres[END_REF]. Aqueous electrolytes feature several advantages over organic electrolytes including low cost, easy assembling process, and inflammability. In addition, aqueous electrolytes exhibit high ionic conductivity (two orders of magnitude greater than that of organic electrolytes), confirming high rate-capability and, therefore, greater capacitance and power density [START_REF] Liang | Phosphine plasma activation of α-Fe2O3 for high energy asymmetric supercapacitors[END_REF][START_REF] Liu | High-performance flexible asymmetric supercapacitors based on a new graphene foam/carbon nanotube hybrid film[END_REF][START_REF] Hao | Boosting zinc electrode reversibility in aqueous electrolytes by using low-cost antisolvents[END_REF][START_REF] Huang | Wide voltage aqueous asymmetric supercapacitors: advances, strategies, and challenges[END_REF]. As the electrode directly makes contact with the electrolyte without a surface layer, at the electrolyteelectrode interface, the charge transfer occurs without interference from the surface layer. Water is considered as an excellent solvent for electrolytes, because water decomposition into hydrogen and oxygen products (water electrolysis) do not pollute the electrolyte. Water can also make supercapacitors resistant to overcharging by generating oxygen (OER) and hydrogen (HER) at the positive and negative electrodes, respectively. Hydrated ions are much smaller in size than their organic counterparts, but their capacitance is comparatively high. Therefore, with a low operating voltage window of the aqueous electrolyte, top-notched energy and power density can still be achieved.

Furthermore, constructing top-notch-performing electrode material is critical for improving energy density without sacrificing power density or cycle lifespan. Nanostructured-based electrode materials are an excellent choice for supercapacitors, as they possess remarkable properties for efficient capacitive performance. Currently, different types of metal compounds are reported for supercapacitor electrodes. These metal compound-based electrodes received massive attention, because of their unique physico-chemical properties. Metal compounds-based electrodes are promising and active electrode materials for improving the performance of supercapacitors. Several metal compounds such as metal carbides, metal sulfides, metal oxides, and metal nitrides have been investigated in the scientific literature [START_REF] Wang | Electrode materials for aqueous asymmetric supercapacitors[END_REF][START_REF] Sharma | Composite assembling of oxide-based optically transparent electrodes for high-performance asymmetric supercapacitors[END_REF][START_REF] Cao | Recent advances in perovskite oxides as electrode materials for supercapacitors[END_REF][START_REF] Zhang | Advances and perspectives for the application of perovskite oxides in supercapacitors[END_REF][START_REF] Dongil | Recent progress on transition metal nitrides nanoparticles as heterogeneous catalysts[END_REF][42][START_REF] Tomy | Emergence of novel 2D materials for high-performance supercapacitor electrode applications: a brief review[END_REF][START_REF] Sajjad | Recent trends in transition metal diselenides (XSe2: X = ni, mn, Co) and their composites for high energy faradic supercapacitors[END_REF][START_REF] Kumar | Catalyst free MnO2 nanoflakes for electrochemical capacitor[END_REF][START_REF] Adalati | Transition metal nitride nanoflake thin film grown by DC-magnetron sputtering for high-performance supercapacitor applications[END_REF]. These different types of electrodes have some benefits as well as drawbacks [START_REF] Lu | Stabilized TiN nanowire arrays for high-performance and flexible supercapacitors[END_REF][START_REF] Liu | Honeycomb-like interconnected network of nickel phosphide heteronanoparticles with superior electrochemical performance for supercapacitors[END_REF]. For example, metal oxide-based electrodes feature a high capacitance value, but their relatively poor electrical conductivity obstructs their electrochemicalcapacitive performance. The stability and electrical conductivity of metal oxides are poor, despite continuous progress in supercapacitor performance [START_REF] Yeager | Highly efficient K0.15MnO 2 birnessite nanosheets for stable pseudocapacitive cathodes[END_REF][START_REF] Zhao | Molecular-scale hybridization of clay monolayers and conducting polymer for thin-film supercapacitors[END_REF]. In contrast, metal nitrides bestow performance over the other compounds; for example, the electrical conductivity of TiN is 4.5 × 106 S m-1, while the that of TiO2 is 10-8 S m-1 [START_REF] Base | Materials science of carbides, nitrides and borides[END_REF]. The drastic difference in the value of the electrical conductivity has switched the attention of researchers towards metal nitrides as promising materials for supercapacitor application. Nonoxide materials, like metal carbide and metal sulfide-based electrodes, have high electrical conductivity and superior hydrophilic nature. For instance, 1 T MoS2 and Ti3C2 recorded a high volumetric capacitance value of 650 F cm-3 and 900 F cm-3, respectively. However, they are restricted to the highest sweep rate of 1 V s-1 [START_REF] Acerce | Metallic 1T phase MoS2 nanosheets as supercapacitor electrode materials[END_REF][START_REF] Jacob | Broadband Purcell effect: radiative decay engineering with metamaterials[END_REF]. Hence, there is an urge to look for alternative electrode materials for pseudocapacitors. Because of this, metal nitrides have become a promising substitute for oxides. The electrical conductivity and pseudocapacitance of metal oxides deficient in oxygen have improved supercapacitor performance. On the other hand, the incorporation of electron donor features in metal oxides or the conversion of an oxide to a nitride can enhance capacitance and increase hydrogen and oxygen evolution overpotentials. Therefore, nitrogen substitution by replacing oxides or hydroxides entirely affects the electrochemical properties. When transition metal nitrides are formed, the d-band of the parent metal is altered. The dband alteration causes an increase in the density of states (DOS) near the Fermi level [START_REF] Brush | Comments on "on the distortion of the history of science in science education[END_REF][START_REF] Nørskov | Density functional theory in surface chemistry and catalysis[END_REF]. Transition metal nitrides with these DOS changes exhibit catalytic activities similar to noble metals, unlike their parent metals [START_REF] Costales | Chemical bonding in group III nitrides[END_REF][START_REF] Jansen | Surface chemistry of transition metal carbides: a theoretical analysis[END_REF]. Metal nitrides display improved electronic, catalytic, and magnetic properties compared to parent metals, due to the presence of electron-rich metalnitrogen bonds [START_REF] Giordano | Synthesis of crystalline metal nitride and metal carbide nanostructures by sol-gel chemistry[END_REF]. In general, when metal nitrides are involved in the electrochemical/catalysis process, two major effects can be bought into consideration [START_REF] Dongil | Recent progress on transition metal nitrides nanoparticles as heterogeneous catalysts[END_REF][START_REF] Chen | Recent developments in transition metal carbides and nitrides as hydrogen evolution electrocatalysts[END_REF][START_REF] Alexander | Alternative catalytic materials: carbides, nitrides, phosphides and amorphous boron alloys[END_REF].

(i) Ligand effect: Metal nitrides have a dissimilar electronic structure compared to the parent metal. In metal nitrides, the non-metal acquires charge from the metal, and the metal d-states with non-metal sp-states tend to hybridization and metal-metal lattice spacing expansion. The electronic structure alteration enhances the chemical reactivity of the parent metal, allowing reactants and products to be adsorbed with similar strength to noble metals, improving the selectivity of the reactions. (ii) Ensemble effect: The surface nitrogen can significantly lower the available number of sites on the metal surface. By varying the metal to nitrogen ratio, this effect can be changed. In metalnitrogen bonding, the d-band structure of the parent metal changes/shrinks, that basically changes the activity of the catalytic site and allows transition metal nitrides to achieve noble metal-like electrocatalytic activity. Depending on their bonding, the nitrides can be classified as follows: (i) The alkali and alkaline earth group metal nitrides form an ionic bond.

Due to the ionic bonding of Li and N2, Li3N exhibits exceptional ionic conductivity [START_REF] Alpen | Ionic conductivity in Li3N single crystals[END_REF]. (ii) The icosagens and crystallogens group metal nitrides form a covalent bond. They are semi-conductive or nonconductive, and exhibit good hardness and higher melting point [START_REF] Ashraf | A comprehensive review on the synthesis and energy applications of Nano-structured metal nitrides[END_REF]. (iii) Transition metal nitrides display versatile physical and chemical properties due to the formation of ionic, covalent, and metallic bonding [START_REF] Didziulis | Small cluster models of the surface electronic structure and bonding properties of titanium carbide, vanadium carbide, and titanium nitride[END_REF][START_REF] Hugosson | Surface energies and work functions of the transition metal carbides[END_REF].

These distinct bonding and structures incite exceptional physicochemical properties of the final metal nitride compounds such as multiple crystal structures and valence states, superb electrical conductivity which is comparable to the metals and higher than their oxides while providing rich redox chemistry for improved electrochemical activities. All of these properties are essential for better performing electrode material [START_REF] Zhou | A review on transition metal nitrides as electrode materials for supercapacitors[END_REF][START_REF] Gage | Synthetic advancements and catalytic applications of nickel nitride, catal[END_REF][START_REF] Balogun | Facile synthesis of titanium nitride nanowires on carbon fabric for flexible and high-rate lithium ion batteries[END_REF].

Research done so far directly implies the bestow performance of metal nitrides over other compounds. A periodic table is depicted in Fig. 2(a) for the selection of metal from any group (I, II, III, IV and transition metals) to synthesize metal nitride electrodes. Fig. 2(b) presents the approved methods to synthesize metal nitride electrodes. Several methods have been conveyed for the developing of metal nitride-based electrodes, which can be classified into three categories [START_REF] Balogun | Recent advances in metal nitrides as high-performance electrode materials for energy storage devices[END_REF]: (i) chemical route synthesis (hydrothermal, sol-gel, template method or temperature controlled reaction/reduction procedures) of metal oxide powder, followed by nitration or annealing in an ammonia atmosphere; electrode preparation was achieved by casting a layer of binder and metal nitride powder slurry over the substrate, (ii) electrochemical reaction in the presence of catalyst and precursor, to deposit metal oxide layer on the substrate followed by nitridation to acquire metal nitride electrodes, and (iii) physical/chemical vapour deposition in the Ar2 + N2 or N2 atmosphere of metal nitride film on the substrate in absence of any binder or catalyst using pulsed laser deposition (PLD), magnetron sputtering, chemical vapour deposition (CVD), thermal vapour deposition (TVD) and spray coating [START_REF] Lu | Stabilized TiN nanowire arrays for high-performance and flexible supercapacitors[END_REF][START_REF] Ashraf | A comprehensive review on the synthesis and energy applications of Nano-structured metal nitrides[END_REF][START_REF] Gillan | Synthesis of refractory ceramics via rapid metathesis reactions between solid-state precursors[END_REF][START_REF] Malik | Nanostructured RF sputtered hexagonal ZnO nano-pebbles based electrode material for energy efficient devices[END_REF][START_REF] Kumar | Tuning the wettability of highly transparent Nb2O5 nano-sliced coatings to enhance anticorrosion property[END_REF][START_REF] Xue | Electrochemical reactions of lithium with transition metal stannides[END_REF][START_REF] Ramanathan | New catalysts for hydroprocessing: transition metal carbides and nitrides[END_REF][START_REF] Leinenweber | Synthesis and structure refinement of the spinel, γ-Ge3N4[END_REF][START_REF] Serghiou | Synthesis of a cubic Ge3N4 phase at high pressures and temperatures[END_REF][START_REF] Mazumder | Synthesis and applications of nanocrystalline nitride materials[END_REF][START_REF] Zhong | Transition metal carbides and nitrides in energy storage and conversion[END_REF][START_REF] Tian | Transition metal nitride coated with atomic layers of pt as a low-cost, highly stable electrocatalyst for the oxygen reduction reaction[END_REF][START_REF] Gillan | Rapid solid-state synthesis of refractory nitrides[END_REF]. Some of the recentlyreported electrodes are summarized in Table 1 to compare all the metal nitride-based electrodes for supercapacitor devices and their performance. This report briefly reviews stable metal nitride electrodes and discusses current challenges and future strategies for energy storage devices.

Transition metal nitrides (TMNs)

Transition metal nitrides (TMNs) are interstitial metallic compounds wherein the nitrogen atom is integrated into the parent metal's interstitial sites, endowing them with covalent and ionic properties. A unique electronic structure, an outstanding mechanical robustness, an enhanced chemical stability, and fascinating electrocatalytic activity distinguish these materials. TMNs have drawn remarkable research attention in several applications, mostly for energy storage and conversion [START_REF] Bi | Metallic mesocrystal nanosheets of vanadium nitride for high-performance all-solid-state pseudocapacitors[END_REF][START_REF] Wang | Transition metal nitrides for electrochemical energy applications[END_REF][START_REF] Gao | Recent progress in nanostructured transition metal nitrides for advanced electrochemical energy storage[END_REF]. As a general rule, TMNs own metallic, ionic, and covalent bonding simultaneously, where the M-N bonding causes the parent metal's lattice to expand and its d-bands to constrict [START_REF] Didziulis | Small cluster models of the surface electronic structure and bonding properties of titanium carbide, vanadium carbide, and titanium nitride[END_REF][START_REF] Dong | Nanostructured transition metal nitrides for energy storage and fuel cells[END_REF][START_REF] Owens | Electronic properties[END_REF][START_REF] Calais | Band structure of transition metal compounds[END_REF]. Because of the shortage of the d-band and the higher density of states (DOS) near the Fermi level of TMNs, they can exhibit noble metal-like behavior in electrocatalysis process and facilitate better adsorption of reactants/ions onto their surfaces, making them attractive candidates for electrochemical energy storage and conversion [START_REF] Xie | Transition metal nitrides for electrocatalytic energy conversion: opportunities and challenges[END_REF][START_REF] Gao | Recent progress in nanostructured transition metal nitrides for advanced electrochemical energy storage[END_REF]. In addition, they can be used in a wide pH range due to their chemical inertness. Though TMNs exhibit top-notch electrochemical activity, they have limited electrochemically active sites in their bulk form, meaning that TMNs are not as efficient for catalysis as well as for energy storage. Nano-engineering of TMNs with morphologies that facilitate ion mass transfer, reduce electrolyte diffusion distance, and improve their capacitive performance is of great importance for enlarging their specific surface area and enriching them with active sites. So far, plentiful TMNs composed of transition metal group have been successfully explored as electrode materials for electrochemical supercapacitors, Shah et al., 2014 reported the large surface area of MoxN-based materials with high porosity and capacitance up to 275 F g-1 when the electrode is cycled in aqueous H2SO4 or K2SO4 electrolytes. This electrode also shows high stability over long cycles [START_REF] Shah | Redox supercapacitor performance of nanocrystalline molybdenum nitrides obtained by ammonolysis of chloride-and amide-derived precursors[END_REF]. [START_REF] Achour | Titanium nitride films for micro-supercapacitors: effect of surface chemistry and film morphology on the capacitance[END_REF] reported the microsupercapacitor electrode of TiN with controlled porosity, a superior volumetric capacitance of 146.4 F cm-3, and outstanding cycling stability over 20,000 cycles in the neutral electrolyte of potassium sulfate [START_REF] Achour | Titanium nitride films for micro-supercapacitors: effect of surface chemistry and film morphology on the capacitance[END_REF]. A research group [START_REF] Eustache | Asymmetric electrochemical capacitor microdevice designed with vanadium nitride and nickel oxide thin film electrodes[END_REF] reported the superior specific capacitance of 850 F g-1 and stability of vanadium nitride (VN) electrode in 1 M KOH electrolyte [START_REF] Eustache | Asymmetric electrochemical capacitor microdevice designed with vanadium nitride and nickel oxide thin film electrodes[END_REF]. Another research group (Choi et al., 2015) reported the pseudo-capacitive behavior of VN in 1 M KOH electrolyte with optimum energy (0.7 μW h cm-2) and maximum power densities (28 mW cm-2) [START_REF] Choi | Chemically synthesized nanostructured VN for pseudocapacitor application[END_REF]. However, according to Balogun et al. ( 2016), Ni3N nanosheet-based electrode grown on a 3D carbon cloth shows a high capacitance of 593 mA h g-1 with excellent stability [START_REF] Balogun | Threedimensional nickel nitride (Ni3N) nanosheets: free standing and flexible electrodes for lithium ion batteries and supercapacitors[END_REF]. In addition, Wei et al. have prepared TiN and VN as the supercapacitor electrode materials, both of which showed boosting capacity and excellent stability [START_REF] Wei | TiVN composite hollow mesospheres for high-performance supercapacitors[END_REF]. Moreover, Sridhar and coworkers (2019) reported that manganese nitride decorated reduced graphene oxide (MnN@rGO) as an electrode in supercapacitors and EMI-protecting applications [START_REF] Sridhar | Manganese nitride stabilized on reduced graphene oxide substrate for high performance sodium ion batteries, super-capacitors and EMI shielding[END_REF]. This electrode shows a high capacitance value of 639.2 Fg-1 at scan rates of 10 mVs-1 in 1 M Na2SO4 aqueous electrolyte with superior stability when employed as an electrode in supercapacitors. Recently, Cui and coworkers (2015) reported a 3D Nb4N5 nano-channels/Nb foils electrode with a higher capacitance of 225.8 mF cm-2 and excellent stability after 2000 cycles due to high porosity and conductivity [START_REF] Cui | Niobium nitride Nb4N5 as a new high-performance electrode material for supercapacitors[END_REF]. Transition metal nitrides such as Ti [START_REF] Liang | Copperon-nitride enhances the stable electrosynthesis of multi-carbon products from CO2[END_REF] are the stable metal nitride electrodes for supercapacitors applications because of their low cost, excellent electronic conductivity, high stability at higher temperatures, and good chemical resistance.

Vanadium nitride (VN)

For supercapacitors, the most well-studied transition metal nitride is vanadium nitride (VN) due not only to its greater capacitance, but also to its better electrical conductivity (about 1.6 × 106 S m-1). In addition to its several oxidation states (II-V), great electrical conductivity, high melting point (2300K), enhanced thermal stability, and wide operating voltage in the negative region, VN is a good candidate as an electrode material. Due to a superb theoretical capacitance value of 1340 F g-1, VN-based supercapacitors have drawn considerable attention. However, the experimentally-determined capacitance of this material is far lower than its theoretical value. Therefore, a huge amount of work was devoted to increase the practical capacitance value of the VN electrode [108].

Lu et al. contrived an asymmetric quasi-solid-state supercapacitor using

VOx and VN nanowires coated porous carbon cloth electrode that exhibited great energy density. Fig. 3(a) presents the digital images of VOx and VN nanowires coated porous carbon-cloth electrodes. Fig. 3(b) displays the surface SEM micrograph of VN, confirming the uniform growth of the electrode material via hydrothermal method. VN preserved nanowire-like structure even after nitridation process (postannealing of VOx in ammonia at 600 °C for 1 h). Fig. 3(c) depicts the CV curves and Fig. 3(d) presents the specific-capacitance value of VN nanowire electrode calculated at several scan rates in the presence of LiCl/PVA gel-type electrolyte. VN nanowire featured a combined contribution of EDLC and pseudocapacitance, as Faradaic reactions occurs at the surface of the VN electrode, which is corroborated by the asymmetric shape of the CV curves. SEM micrographs of VN nanowires embedded in LiCl/PVA post 10,000 charging cycles, shown in Fig. 3(e), confirms the better electrochemical performance and preservation of the nanostructure of VN. The use of LiCl/PVA gel-type electrolyte significantly improved the electrochemical stability of VN nanowires. This VN electrode attained an outstanding capacitance value of 298.5 F g-1 at the scan rate of 10 mV s-1 and offered 95.3 % capacitance retention after 10,000 charging cycles [START_REF] Lu | High energy density asymmetric quasi-solid-state supercapacitor based on porous vanadium nitride nanowire anode[END_REF].

Chen et al. contrived novel mesoporous VN composite array coupled to poly (3, 4-ethylene dioxythiophene), also known as PEDOT, as a flexible electrode for solid-state SC. The hydrothermal-nitridation method was utilized for the preparation of mesoporous VN nanosheets with cross-linked nanoparticles of 10-50 nm in size. A PEDOT shell was electrodeposited over the VN to form efficient VN/PEDOT flexible-arrays with improved electrochemical stability. These designed VN/PEDOT flexible arrays provided a remarkable cycle shelf-life with 91.5 % capacitance-retention even after 5000 charging-cycles at 10 A g-1. By combining organic and inorganic electrodes, advanced hybrid electrodes for flexible energy storage could be created, which exhibited high intrinsic chemical reactivity and superior structural stability [START_REF] Chen | Coupling PEDOT on mesoporous vanadium nitride arrays for advanced flexible all-solid-state supercapacitors[END_REF]. The PEDOT shell acts as a protective layer to retain the VN electrode's architecture stable and limit the side reactions on its surface. Apart from having greater surface area, enhanced structural stability and large number of reaction sites, the flexible VN/PEDOT arrays possessed enhanced energy (48.36 Wh kg-1 at 2 A g-1) and power densities (4 kW kg-1 at 5 A g-1).

Lucio-Porto et al. [111] prepared different thicknesses of VN thin films by reactive magnetron sputtering. The VN crystalline films grew in the direction of the plane (111). They also investigated the outcome of varying thicknesses of the electrode material on the electrochemical performance of the as synthesized VN films. It was found that KOH electrolyte offered fast and reversible redox reactions that tend to pseudocapacitive behavior, while NEt4BF4 in acetonitrile enabled only electric double layer capacitance (EDLC). Fast electron transport was facilitated by the inner core of the VN, in the case of KOH electrolyte. The reaction in Eq. ( 2) was proposed to elucidate the chemical process.

(2)

VNxOy||OH-signifies the EDLC process occurrence, and VNxOyOH is associated with the compound's reduction of pre-existed vanadium cations. Fig. 4(a) presents the CV curves of VN in different electrolytes (0.5 M KOH, 1 M KOH, and 1 M NEt4BF4). The CVs 7 across the electroactive surface, or most of the film thickness was affected by oxidation during the electrochemical cycling, implying the absence of a current collector that limits the amount of electron transfer. This stipulates that samples with a thickness of >25 nm could work as active electrode material as well as conducting medium for electron transfer from the electrode/electrolyte interface. This research implies that the critical thickness of VN thin film was 60 nm, and below this, the performance of VN thin film was not suitable enough to be used for energy storage. In order to prepare a symmetric device, a cutting tool was used to remove a 0.1 cm thin straight line of VN across the glass-coated thin film surface. This gives two VN electrodes on the same glass substrate, marked as Sdevice. A flat S-device with an area of 0.45 cm2 was selected, and the thin cavity was filled with 1 M KOH electrolyte. Alternatively, an F-device was formed by placing two electrodes face-to-face separated by PVA/KOH solid polymer-electrolyte. Fig. 4(c) shows a drawing of the two kinds of devices. S-and F-devices were assembled to develop a symmetric supercapacitor; both configurations exhibited the same volumetric energy density and capacitance. Sdevice configuration could be used to design micro-devices, as it offers the same capacitive performance as the conventional symmetric supercapacitor design.

Wu et al. reported a new facile multiphase polymeric method for fabricating hybrid VN/carbon composite (VN/C) material for supercapacitor electrodes, consisting of uniformly distributed nanoparticles of VN inside the 3D network of hierarchical porous-carbon. The VN/C electrode demonstrated a greater specific capacitance value of 392 F g-1 at a current density 0.5 A g-1 and outstanding rate capability with 50 % capacitance retention even at a very high current density of 30 A g-1. TEM image confirmed the presence of small VN quantum dots evenly embedded in the porous carbon. As a result, the carbon matrix acts both as an active material for charge storage and prevents VN aggregation. The electrochemical results revealed that VN/C (vanadyl acetylacetonate/multi-phase polymeric membranes) could be a promising electrode material for energy storage application [START_REF] Wu | A novel hierarchical porous 3D structured vanadium Nitride/Carbon membranes for high-performance supercapacitor negative electrodes[END_REF].

Li et al. prepared 0D-in-2D pillared-lamellar hybrid covering VN nanodots intercalated in carbon nanosheets (VNNDs/CNSs) via spatially confined strategy through nitridation of organic-inorganic hybrid PANI/V2O5 nanosheets. The inserted PANI converted into 2D CNSs via confining carbonization and sandwiched layers of V2O5 transformed into 3-5 nm diameter's 0D VNNDs, resulting in a 0D-in-2D pillared lamellar structure. VNNDs/CNSs electrode recorded a high volumetric capacitance of 1203.60 F cm-3 at 1.10 A cm-3 and better capacitive stability, superior to electrode based on carbon, transition metal oxides or nitrides. Moreover, this VNNDs/CNSs electrode featured a long cyclic life and capacitance retention of 90 % even after 10,000 electrochemical cycles. These VNNDs (diameter of 3-5 nm) offered plentiful electroactive sites for electrochemical reactions, while the 2D CNSs acted as an encapsulant that prevented aggregation of the VNNDs and mitigated the dissolution of VN during charging cycles, providing higher capacity and longer cycle life. This approach demonstrated how high volumetric capacitance electrode materials could be designed in a compact, robust, long-lasting and highly conductive manner [START_REF] Hugosson | Surface energies and work functions of the transition metal carbides[END_REF].

Govindarajan et al. investigated Cr-enriched VN thin films as electrode materials for supercapacitors. The pristine VN films as well as VN doped with different Cr concentrations were fabricated using reactive magnetron cosputtering. Electrodes prepared with these films were investigated directly without any additional binders. The VN doped with 5.7 at.% of Cr exhibited an astonishing capacitive performance with an areal capacitance of 190 mF cm-2 at a scan rate of 10 mV s-1, which is higher compared to the pristine VN (27 mF cm-2). Incorporating metals like Cr into metal nitrides could improve their conductivity, especially in supercapacitors [START_REF] Durai | Influence of chromium content on microstructural and electrochemical supercapacitive properties of vanadium nitride thin films developed by reactive magnetron co-sputtering process[END_REF].

Adalati et al. synthesized VN electrodes using reactive DC magnetron sputtering on 304 stainless steel current collector. Electrodes based on VN thin films had superhydrophilic properties and offered outstanding capacitive performance as well as high capacitance values. Fig. 5(a) depicts the SEM top surface and cross-sectional views of VN thin-film, which revealed 519 nm thick film with triangular nanoflakes. Fig. 5(b) shows the contact angles of the active VN electrode using deionized water (DW) and desired electrolyte, i.e. Na2SO4. The values of contact angle for water and Na2SO4 on VN electrode were 68° and 26°, respectively. This confirms the hydrophilic nature of VN electrodes for the DW and superior hydrophilic behavior for Na2SO4 electrolyte. These VN active electrodes, operated in the -0.7-0 V potential range, offered an exceptionally greater specific capacitance 229 F g-1 at 0.50 mA cm-1 [START_REF] Adalati | A high-performing asymmetric supercapacitor of molybdenum nitride and vanadium nitride thin films as binderfree electrode grown through reactive sputtering[END_REF].

Chromium nitride (CrN)

As an electrode material for supercapacitors, chromium nitride (CrN) has been extensively studied. The wide band gap and better mechanical and chemical stability of the CrN electrode make it an attractive candidate for supercapacitors.

Adalati et al. designed a flexible electrode by incorporating Pt into Cr2N thin film via reactive DC magnetron sputtering. Due to its geometric effect, Pt enhanced electron and ion conductivity as well as the surface area; thus, it delivers greater capacitance and rate capability. The electrochemical measurements of the pure Cr2N and Pt-Cr2N were acquired in a 1 M Na2SO4 electrolyte, in a potential range from 0 V to +1.1 V. Pt-Cr2N offered a high specific capacitance value of 557.0 F g-1 at 1.0 mA cm-2, two-fold higher than the value obtained for pure Cr2N (207 F g-1 at 1.0 mA cm-1). Fig. 6(a,b) depicts the CV (at 50 mV s-1) and GCD (at 2.0 mA cm-1) curves of Cr2N and Pt-Cr2N electrodes to visualize the enhanced integrated area of the peak current, ultimately pointing towards enhanced capacitance value [START_REF] Adalati | Pt enhanced capacitive performance of Cr2N electrode toward flexible asymmetric supercapacitor[END_REF].

Zhang et al. prepared a hollow Cr2O3/CrN nanoshell in ammonium atmosphere. Cr2O3 powder in alumina boat, heated up to 750 °C at a ramp rate of 10 °C min-1 under continuous flow of NH3 gas, gradually turned into CrN and, after some time of ammoniation, unreacted NH3 was removed and Cr2O3/CrN nanoshell remained as the final product. In Cr2O3/CrN composites, the electrochemical performance of Cr2O3 was improved by inserting crystalline and high conductive CrN. Cr2O3/CrN composites displayed higher specific capacitance of 333.2 F g-1 at a scan rate of 10 mV s-1, and preserved about 84.7 % of the initial capacitance value even after 5000 electrochemical cycles, owing to the maximum specific surface area and stable crystal structure of the electrode [START_REF] Zhang | Improving electrochemical performance of hollow Cr2O3/CrN nanoshells as electrode materials for supercapacitors[END_REF].

Nanostructured CrN porous films were deposited by oblique angle sputtering by Qi et al. to assemble a symmetric supercapacitor. The CrN demonstrated better areal capacitance value of 17.7 mF cm-2 at 1.0 mA cm-2. Furthermore, the nanostructured porous CrN thin filmbased symmetric supercapacitor exhibited good electrochemical performance and delivered high volumetric energy density and power density of 7.4 mWh cm-3 and 18.2 mW cm-3, respectively at 2.0 mA cm-2 [START_REF] Qi | Nanostructured porous CrN thin films by oblique angle magnetron sputtering for symmetric supercapacitors[END_REF].

Free-standing 3D CrN@nitrogen-doped carbon nanosheet arrays were prepared by sputtering technique on carbon paper (CrN@NCs@CP) and assessed as an electrode material for a supercapacitor, proposed by Xu et al. Fig. 7(a,b) depicts the SEM view micrographs of the CrN@NCs@CP electrode surface. SEM image reveal that the CrN@NCs uniformly coat and inclined above the carbon paper surface. The average thickness of the CrN@NCs was roughly 360 nm, and the copious space between neighboring CrN@NCs stimulated electrolyte diffusion. The CrN@NCs@CP electrode exhibited enhanced capacitive performance, and acquired a high areal capacitance of 132.1 mF cm-2 at 1.0 mA cm-2 along with a long cyclability and a capacitance retention of 95.9 % after 20,000 electrochemical cycles. The capacitive performances of different types of NCs@CP, CrN@CP, and CrN@NCs@CP electrode materials were assessed and their comparison revealed that CrN@NCs@CP was the most performing electrode for supercapacitor; the electrochemical characteristics of the electrodes are presented in Fig. 7(c,d). The CrN@NCs@CP electrode showed higher areal capacitance compared to CrN@CP electrode (4.1 mF cm-2 at 1.0 mA cm-2). The GCD curves of CrN@NCs@CP and bare CrN@CP electrodes displayed a symmetric triangular shape, which implies that the charge storage mechanism was governed by both double-layer capacitance and pseudocapacitance, as summarized in the Eq. (3) below.

(

) 3 
where CrN-H+ and CrN||H+ stand respectively for the double layer capacitance and pseudo-capacitance charge storage [START_REF] Xu | Construction of 3D CrN@nitrogen-doped carbon nanosheet arrays by reactive magnetron sputtering for the free-standing electrode of supercapacitor[END_REF].

Cobalt nitride (CoN)

Cobalt nitride displays exceptional physical properties just like an interstitial metallic compound and a stable binary nitride of a 3d metal system. Cobalt-based framework has metal-like properties, as nitrogen atoms incorporated on interstitial sites form covalent bonding with cobalt atoms. These metal like properties are expected to confer cobalt nitride with better electrochemical properties [START_REF] Chen | Cobalt nitrides as a class of metallic electrocatalysts for the oxygen evolution reaction[END_REF].

In order to produce highly efficient supercapacitors, Zhang et al. developed a free-standing binder-free Co3N thin film using reactive magnetron sputtering at varying deposition times: T1 (10 min), T2 (20 min), T3 (30 min), and T4 (40 min). These samples were optimized to achieve higher porosity level as a function of deposition time. Fig. 8 (a-d) depicts the SEM micrographs of the electrodes T1-T4, allowing to visualize the porosity of the thin film surface. A granular structure dispersed throughout the substrate surface was obvious for all the samples. Out of all the samples, T3 had larger grain size and offered better electrochemical performance. Electrochemical analysis of T1-T4 electrodes is presented in Fig. 9(a-c). Among the thin film electrodes, T3 electrode reached a maximum charge capacity of 47.5 mC cm-2 at 1.0 mA cm-2 and a capacitance retention of 78.1 % post 10,000 electrochemical cycles [START_REF] Zhang | Freestanding Co3N thin film for high performance supercapacitors[END_REF].

Liu et al. designed nickel-cobalt alloys and their nitrides (Ni-doped Co-Co2N) with controlled nanostructure features for high performing electrode material. This Ni-doped Co-Co2N was synthesized by simple thermal annealing of metal-organic framework (MOF)-derived NiCo2O4 in ammonium atmosphere at 350 °C. The final product retained the MOF-derived twodimensional (2D) nanoflake arrays and consisted of metal-metal nitride heterostructure. Metal nitride incorporated with metal nanoparticles provided improved electrical conductivity along with controlled nanocrystallinity and uniform distribution. Ni-doped Co-Co2N electrode delivered a specific capacity of 361.93C g-1 at 2 mA cm-2 and good rate capability; it retained 57.37 % of the capacitance when the current density was raised from 2 to 50 mA cm-2 [START_REF] Liu | Ni-doped cobalt-cobalt nitride heterostructure arrays for high-power supercapacitors[END_REF].

Adalati et al. prepared crystalline and catalyst-free CoN electrodes using a single step method on a flexible SS-304 (stainless steel) current collector for high-efficiency supercapacitors. In 1 M Na2SO4 aqueous electrolyte, CoN electrode exhibited high capacitive performance and excellent cyclic life due to its high mechanical strength, electrochemical stability, and tremendous electrical conductivity (low resistivity of approximately 10-3 to 10-4Ω cm at RT). CoN electrode operated in a volt- 

Tungsten nitride (WN)

Tungsten nitride (WN) is one of the least studied transition metal nitrides as an electrode material, despite its greater electrical conductivity. Though, some of the research available on WN-based electrodes revealed excellent electrochemical performance to contrive supercapacitor devices.

In addition to its application in the plating of diffusion barriers, high-K dielectric materials, supercapacitor electrodes, Li-ion battery electrodes, and nucleation layers, atomic layer deposition (ALD) is a promising method for the synthesis of WN [START_REF] Zhou | A review on transition metal nitrides as electrode materials for supercapacitors[END_REF]. Nandi et al. [START_REF] Nandi | Atomic layer deposited tungsten nitride thin films as a new lithium-ion battery anode[END_REF] reported the synthesis of h-W2N by ALD with 0.35 Å per ALD cycle growth rate within a narrow temperature window of 180-195 °C, using tungsten hexacarbonyl and ammonia as precursors [START_REF] Ponrouch | Rosa Palacín, Non-aqueous electrolytes for sodium-ion batteries[END_REF].

To combine the interesting capacitance value and greater electric Ouendi et al. [START_REF] Ouendi | Sputtered tungsten nitride films as pseudocapacitive electrode for on chip microsupercapacitors[END_REF] deposited tungsten nitride (W2N) thin films on Si3N4 coated silicon (Si) substrate by using sputtering technique. Comparing the performance of the films synthesized at different temperatures, the sample produced at room temperature acquired the best electrochemical results. This sputtered W2N film (7.9 μm thick) revealed exceptional electrochemical properties and offered high areal (550 mF cm-2) and capacitances (>700 F cm-3) at a scan rate of 5 mV s-1 in 1 M KOH electrolyte.

Prakash et al. [START_REF] Prakash | Binder free and high performance of sputtered tungsten nitride thin film electrode for supercapacitor device[END_REF] developed W2N binder-free electrodes on stainlesssteel substrates using sputtering method for effective supercapacitors. In their experiments, they found that the fabricated W2N thin films recorded a good specific capacitance value of 163 F g-1 at 0.5 mA cm-2 and proved to be a good choice for long life span device with a 90.46 % capacity retention after 10,000 electrochemical cycles.

Salman et al. produced WN-rGOF and WO3-rGOF hybrid fiber electrodes for high-performing flexible supercapacitors. Integration of WN in rGOF (graphene oxide fibers) enhanced the conductivity and electrochemical property of WN-rGOF, which possessed 7.5-and 1.75-times higher capacitance compared to rGOF and WO3-rGOF electrodes, respectively, and offered a capacitance of 16.29 F cm-3 and an energy density of 1.448 mW h cm-3 at 0.05 A cm-2. Fig. 10(a) illustrates the SEM cross-section image WN-rGOF, revealing the formation of fibers. WN insertion in rGOF enhanced the conductivity of the final composite (WN-rGOF), which was higher compared to that of WO3-rGOF, presented in Fig. 10(b). CV and GCD curves acquired for WN-rGOF, WO3rGOF and rGOF are depicted in Fig. 10(c &d), and clearly evidenced the higher capacitive performance of WN-rGOF compared to WO3-rGOF and rGOF [START_REF] Salman | Tungsten nitride-coated graphene fibers for high-performance wearable supercapacitors[END_REF].

Manganese nitride (Mn N)

Mn N binary system exits in four stable intermediate phases, the facecentered cubic structure of Mn4N, hexagonal structure of Mn2N, and tetragonal structure of Mn3N2 and MnN. These Mn N phases possess metallic behavior, which functions as a conductive layer between the surface of the catalyst and electrode, offering faster charge transfer, favorable for exceptional electrochemical applications [START_REF] Walter | A molecular approach to manganese nitride acting as a high performance electrocatalyst in the oxygen evolution reaction[END_REF][START_REF] Yu | The stability, electronic structure, elastic and metallic properties of manganese nitrides[END_REF].

Durai et al. [START_REF] Durai | Supercapacitive properties of manganese nitride thin film electrodes prepared by reactive magnetron sputtering: effect of different electrolytes[END_REF] reported binder-free manganese nitride (Mn3N2) electrode prepared by the sputtering technique. FE-SEM analysis in Fig. 11(a) revealed that Mn3N2 particles were in the nanoscale range with a pyramidal shape and uniformly covering the full surface of the substrate. In this study, the effect of different electrolytes (1 M KOH, 1 M KCl and 1 M Na2SO4) was investigated. The highest areal capacitance of Mn3N2 electrode was recorded in KOH (118 mF cm-2 at 10 mV s-1), while for KCl and Na2SO4, capacitance values of 68 and 27 mF-cm-2 were achieved, respectively at a scan rate 10 mV s-1. Fig. 11(b) depicts the rate capability of the electrode in the different electrolytes. Mn3N2 electrodes demonstrated marvellous cyclability with a capacitance retention of 98.5 % in 1 M KOH, 89 % in 1 M KCl, and 83 % in 1 M Na2SO4, after 4000 electrochemical cycles.

Sridhar et.al [START_REF] Sridhar | Manganese nitride stabilized on reduced graphene oxide substrate for high performance sodium ion batteries, super-capacitors and EMI shielding[END_REF] synthesized manganese nitride decorated on reduced graphene oxide substrate (MnN@rGO) by using microwave nitridation technique for high performance sodium ion batteries, supercapacitors and EMI shielding applications. When utilized as a sodium anode ion battery, the synthesized nanostructure showed excellent performance with significant sodium storage capacity of 716 mAhg-1 even after 180 cycles demonstrating the powerful interaction between reduced graphene and nanoparticles of MnN with the substrate. Further, MnN@rGO nanocomposites exhibited good supercapacitive performance with high capacitance of 639.2 F g-1 in 1 M aqueous electrolyte of Na2SO4 at a scan rate of 10 mV s-1. The efficiency of the shielding about 30 dB was measured in the 2-18 GHz of X-band area. Zhang et.al, [START_REF] Zhang | Capacitive intermetallic manganese nitride with high volumetric energy densities[END_REF] synthesized intermetallic MnN by nitriding MnO2 in an environment of NH3 at 800 °C. The MnN electrode exhibited a maximum volumetric capacitance of 1044.3 F cm-3 at a current density of 1 A g-1 in 1 M Na2SO4 (aq), and <1 % of the capacitance was lost after 5000 ladder cycles. At a current density of 10 Ag-1, 89.3 % of the initial volumetric capacitance was still retained. Long cycle life was provided by a reversible electrode process controlled by diffusion and a high electrical conductivity during chargingdischarging. For particle applications, MnN/Na2SO4/MnN symmetrical capacitor was assembled and displayed exhibits a high volumetric energy density of 112.2 W h L-1.

Titanium nitride (Ti N)

Titanium nitride (TiN) thin films have been widely used as protective coatings in machinery and contacts in microelectronics due to their exceptional hardness, mechanical stability, biostability, and high elec-cycling life or power density. This study suggests that using low deposition temperature (<100 °C) for synthesizing TiN electrodes for microsupercapacitor without CNT templates will reduce processing costs and facilitate easy electrode integration due to the simple device structure.

The same group [START_REF] Achour | Titanium vanadium nitride electrode for micro-supercapacitors[END_REF] prepared titanium vanadium (TiVN) based binary transition metal nitride thin film electrodes. DC co-sputtering of vanadium (V) and titanium (Ti) targets was used to deposit this binary transition metal nitride. The capacitive performance of TiVN film was studied for different Ti/V atomic ratios to optimize the betterperforming electrode. In the electrochemical study, it was observed that the electrode with larger V content exhibited higher areal capacitance but restricts to limited cyclic life. On the other hand, adding a high amount of Ti leads to better cyclic stability but reduces the areal capacitance of the electrode. This study concludes that a 1.1 Ti/V atomic ratio in electrode promises a higher areal capacitance up to 15 mF cm-2 with optimum cyclic stability in 1 M KOH electrolyte solution.

Kao et al. [START_REF] Kao | ALD titanium nitride coated carbon nanotube electrodes for electrochemical supercapacitors[END_REF] reported titanium nitride (TiN) coated carbon nanotube (CNT) forest electrodes by using an atomic layer deposition (ALD) technique for supercapacitors and tested their electrochemical behavior in 0.5 M H2SO4 aqueous solution. ALD provides conformal coatings with angstrom level precision and offers more flexibility in the choice and architecture of the device. Capacitive performance increased by >500 % for TiN-CNT devices compared to bare CNTs, due to increased oxygen vacancies on the TiN surfaces. TiN-CNTs, as compared with bare CNTs and planar TiN, exhibit areal capacitance values of 81 mF cm-2, 14 mF cm-2, and 0.2 mF cm-2, respectively, at a scan rate of 10 mV s-1.

Ansari et al. [START_REF] Ansari | Electrochemical synthesis of titanium nitride nanoparticles onto titanium foil for electrochemical supercapacitors with ultrafast charge/ discharge[END_REF] prepared TiN nanoparticles with an average size of 30 nm on the Ti foil by potentiostat electrolysis in KCl solution. This TiN/Ti electrode was tested electrochemically in an acetonitrile solution of 1.0 M LiClO4. TiN/Ti electrode exhibited a high capacitance of 53.66 mF cm-2 at a scan rate of 6.66 mA cm-2 with only 3 % capacitance loss even after 10,000 cycles.

Molybdenum nitride (MoN)

The rocksalt type γ-MoNx, (x is typically comprised between 0.39 and 0.54) is the most studied form of molybdenum nitride, with this other forms also attract attention, such as hexagonal phases δ1-MoN, δ2MoN, and δ3-MoN with close to stoichiometry and disordered nitrogen vacancies [START_REF] Kanoun | Structure and mechanical stability of molybdenum nitrides: a first-principles study[END_REF][START_REF] Ganin | Synthesis and characterisation of hexagonal molybdenum nitrides[END_REF][START_REF] Bull | Determination of the crystal structure of δ-MoN by neutron diffraction[END_REF]. The a-phase occurs with small amounts of dissolved nitrogen in molybdenum metal, whereas β-Mo2N is tetragonal with ordered stacking faults distorted rocksalt-type and necessitates special synthesis conditions [START_REF] Cairns | The influence of precursor source and thermal parameters upon the formation of beta-phase molybdenum nitride[END_REF][START_REF] Mckay | The influence of phase and morphology of molybdenum nitrides on ammonia synthesis activity and reduction characteristics[END_REF]. On the other hand, Mo5N6 was obtained by Mo2S ammonolysis. Molybdenum nitrides received huge attention because of their extraordinary properties, such as catalytic activity for ammonia synthesis, alkane hydrogenolysis and dehydrogenation, hydrodesulfurization, and hydrodenitrogenation [START_REF] Neylon | Catalytic properties of early transition metal nitrides and carbides: n-butane hydrogenolysis, dehydrogenation and isomerization[END_REF][START_REF] He | Molybdenum nitride for the direct decomposition of NO[END_REF]. These properties of MoN have been used in corrosion resistance, superconductivity, wear resistance, electrocatalytic activity in the hydrogen evolution reaction, and diffusion resistance [START_REF] Nagae | Microstructure of a molybdenum nitride layer formed by nitriding molybdenum metal[END_REF]. With these outstanding properties, MoN has been used as electrode material for supercapacitors, owing to its charge storage capability and high electrochemical activity. Shah et al. [START_REF] Shah | Redox supercapacitor performance of nanocrystalline molybdenum nitrides obtained by ammonolysis of chloride-and amide-derived precursors[END_REF] conducted the reactions of MoCl5 or Mo(NMe2)4 with ammonia to synthesize cubic γ-Mo2N or hexagonal δ1-MoN depending on reaction temperature and time. Relatively high surface areas are observed in the porous particles of the chloride (MoCl5) derived materials and offered high capacitances of 275 F g-1 (and 202 F g-1) at 2 mV s-1 when electrodes tested in aqueous 0.5 M K2SO4 (and 0.5 M H2SO4) electrolytes. Despite very low surface areas, imide-derived (Mo(NMe2)4) samples offer significant amounts of capacitance 161 F g-1 (and 148 F g-1) in an aqueous 0.5 M K2SO4 (and 0.5 M H2SO4) electrolytes. The samples heated at 600 °C exhibit high specific capacitance, presumably due to the complete decomposition of all amide and organic groups (0 % H). The electrochemical study suggested that MoCl5derived materials exhibit a double layer charging mechanism while those obtained from Mo(NMe2)4 exhibit strong redox features.

Lv et al. [START_REF] Lv | Wearable helical molybdenum nitride supercapacitors for self-powered healthcare smartsensors[END_REF] prepared a flexible helical structure of MoN modified on nitrogen-doped carbon cloth (CC@CN@MoN) via a simple electrodeposition process for health care application. This electrode was electrochemically tested in 1 M LiOH electrolyte and offered a high areal capacitance of 467.6 mF cm-2 at a current density of 5 mA cm-2 with long cycle stability of 10,000 cycles.

Kumar et al. [START_REF] Kumar | Ammonolysis synthesis of nickel molybdenum nitride nanostructures for high-performance asymmetric supercapacitors[END_REF] synthesized binary metal nitride nanorods of nickelmolybdenum nitride (Ni2Mo3N) via a one-pot hydrothermal method and calcination at 400C followed by ammonolysis at 800C. Ni2Mo3N nanorods are tested as an electrode material for supercapacitors in 6 M KOH and attained a high capacitance value of 264C g-1 at a current density of 0.5 A g-1 with 81 % capacitance retention for 1000 charging-discharging cycles.

Yen-Jui et al. [START_REF] Bernie) Ting | Fabrication of Titanium Nitride and Molybdenum Nitride for Supercapacitor Electrode Application[END_REF] developed MoN by facile thermal nitridation of electrodeposited molybdenum oxide and assessed its performance as electrode material in 0.5 M H2SO4 electrolyte for supercapacitor application. The molybdenum oxide electrode showed a normalized capacitance of 0.67 mF cm-2, while after nitridation, procured MoN offered enhanced capacitance around 16 mF cm-2 at a scan rate of 50 mV-s-1.

Alkali metals and alkali earth metals: lithium nitride

In the group of alkali metals and alkali earth metals, lithium nitride Li3N is the only alkali stable binary nitride. The bonding of nitrogen with alkali metals and alkali earth metals is depicted in Fig. 12(a). Formation energy for other nitrides from group 1 element is less favorable, as calculated lattice energy suggests, and other binary nitrides like Na3N and K3N require specific conditions to become stable. Li N is formed at ambient temperature upon exposure of Li to dry nitrogen, as Li N has high negative Gibbs-free energy of formation, ∆Gf = -128.64 kJ mol-1. Out of all three existing forms of Li3N, αpolymorph is stable at ambient pressure and temperature. α-Form at adequate conditions (4.2 kbar at 300 K) gives rise to β-Li3N, while the γLi3N arises from β-Li3N between 35 and 45 GPa and remains stable up to 200 GPa. The α-Li3N phase occurs in a hexagonal structure, as nitrogen sits at the center of ab-plane in the edge-sharing layers of planar lithium-hexagons (Fig. 12(b)). α-Li3N with excellent Li+ ion mobility is an indirect band-gap semiconductor (2.1 eV) and is known for its exceptionally high Li+ ion conduction [146]. However, it was initially proposed that nitrides might be used in lithium secondary batteries because of their low decomposition potential (0.5 V) [START_REF] Gregory | Lithium nitrides as sustainable energy materials[END_REF]. Chen et al. [START_REF] Chen | Flower-shaped lithium nitride as a protective layer via facile plasma activation for stable lithium metal anodes[END_REF] used N2 plasma activation of Li metal to design a multifunctional protective flower shaped and highly [001] oriented Li3N layer on the Li metal surface by using plasma activation for <5 min. Li3N layer possessed good ionic conductivity (5.02 × 10-1 mS cm-1) and high Young's modulus of 48 GPa. Prior to use, MTI corporation's Li chips (450 m thick) were cleaned with sharp blades until they were shiny. A properly sealed vessel was used to place the Li chips from the Ar glove box to the quartz tube, as shown in Fig. 13(a). While observing surface morphology through SEM at higher magnification, the surface of bare Li was relatively smooth. At higher magnification, some pits and defects were observed, as demonstrated in Fig. 13(b). These pits act as nuclei causing uneven deposition of Li and lead to the formation of dendrites during the plating of Li [START_REF] Ryou | Mechanical surface modification of lithium metal: towards improved li metal anode performance by directed li plating[END_REF]. This causes the formation of Li3N flower shaped cluster on Li metal after the plasma treatment. Fig. 13(c,e) depicts the SEM micrographs of the samples prepared for different plasma activation times (1, 2 and 3 min). The time of N2 plasma exposure affects the growth of the Li3N layer. As exposure time increased, a dense flower shape layer evolved on the top of the Li metal surface. According to the island-growth mechanism, Li3N first grows at the defect spots to form the nucleus and then expands into two dimensions and produces a dense Li3N layer. This process could be used to fabricate nanostructured Li3N layer for excellent electrochemical energy storage. Copper substitution in Li3N showed notable effect on ionic conductivity. Limited replacement of Li by Cu in Li N materials reduced the Li vacancies (charge carriers) within the nitride, as recommended by early research works on Li N [START_REF] Sachsze | Über mischkristalle der zusammensetzung (Li, Co)3N, (Li, NI)3N und (LI, CU)JN[END_REF]. A number of electrochemical studies demonstrated that copper, nickel, and iron ternary nitrides performed extremely well as electrodes over multiple charge-discharge cycles for electrochemical reactions [START_REF] Nishijima | Electrochemical studies of a new anode material, Li3-xMxN (M=Co, ni, Cu)[END_REF]. Tapia-Ruiz et al. reported that one of the few stable binary compounds, formed by an alkali metal and nitrogen, Li N, is an ideal material for energy storage applications and involves the transportation of lithium ions for energy applications. By relying on structural analogies between boron nitride and hexagonal graphene, they showed that alkali group elements and nitrogen can also be used to form such low dimensional structures. One and twodimensional Li3N nanostructures, despite the lack of an equivalent van der Waals gap, could be grown. In nanostructured form, Li ion diffusion was enhanced compared to the bulk compound, promising materials with remarkable ionic mobility Xie et al. stated that by burning a mixture of graphene and LiNO3, composites of graphene and LiNO3 (GLs) can be fabricated. GLs were tested electrochemically as supercapacitor electrode materials and revealed exceptional capacitive performance and acquired greater specific capacitance value of 3339.7 F g-1 at 1 mV s-1 and 80.07 F g-1 at 20 A g-1 and outstanding stability. Fig. 14(a) displays the CV curves of GLs acquired at several scan rates. The CV of the GLs exhibited obvious redox peaks, that might be attributed to the redox of Li+ complexed on the surface of graphene, and which could result in the redox capacitance during measurement. Upon increasing the scan rate, the GLs electrode showed better capabilities and excellent capacity retention, as presented in Fig. 14(b). GLs electrode displayed high cyclic stability, retained % capacitance even after 7000 electrochemical cycles at 20 A g-1 [START_REF] Xie | Burning the mixture of graphene and lithium nitride for high-performance supercapacitor electrodes[END_REF]. Using N, N-dimethylformamide (DMF) to homogenize electrode slurry, Liu et prepared a Li3N-containing electrode for the first time using a commercially viable route. The soft package lithium-ion capacitor was formed by mixing only 12 wt% Li3N in activated carbon electrode (AC-Li3N) and demonstrated outstanding rate capability, cyclic stability and superb capacity. AC-Li3N (370 mhA g-1) recorded 2.3 times-higher capacity than Li3N-free AC (90 mhA g-1) at 14 mA g-1. AC-Li3N retained 90 % of its capacitance after 10,000 cycles [START_REF] Liu | DMF stabilized Li3N slurry for manufacturing self-prelithiatable lithium-ion capacitors[END_REF].

Icosagens: boron nitride (BN)

Recently, 2D materials like graphene have been extensively used to advance research on supercapacitor electrodes. However, graphene sheets restacking property reduces its active surface area, making it unsuitable for capacitor applications [START_REF] Jeong | Effect of thermally decomposable spacers on graphene microsphere structure and restacking of graphene sheets during electrode fabrication[END_REF]. Therefore, the fabrication of electrode materials for supercapacitors is focused on graphene analogs such as boron nitride (BN). BN belongs to the class of 2D materials exhibiting unique properties [START_REF] Saha | Investigation of band structure and electrochemical properties of h-BN/rGO composites for asymmetric supercapacitor applications[END_REF]. BN has outstanding thermal conductivity, high mechanical strength, excellent dielectric properties, and exhibits atomically smooth surfaces. Since pure BN electrodes are insulating (electronic bandgap of 4-6 eV), they cannot be used in energy storage. For this reason, doping or heterostructure processes involving other materials are necessary to make BN a potential candidate. Doping processes introduce free electrons, which enhance charge carrier mobility, leading to higher intrinsic electrochemical activity [START_REF] Saha | In-situ hydrothermal synthesis of MnO2/NiO@Ni hetero structure electrode for hydrogen evolution reaction and high energy asymmetric supercapacitor applications[END_REF]. As a result of the slight difference between B and C atoms' electro-negativities, polar covalent bonds (Bx-C) are formed in the h-BN-graphene composite as validated by Kumar et al., enhancing the BN electrode's electrochemical performance for energy storage [START_REF] Kumar | BN-graphene composites generated by covalent cross-linking with organic linkers[END_REF]. The occurrence of two different chemical species (B & N) in the sub-lattices of h-BN and inversion symmetry of the graphene help in developing electrochemically-active h-BN/graphene composites [START_REF] Zhang | Functional graphene film macroscopic assemblies for flexible supercapacitor application[END_REF].

Maity et al. demonstrated that composite materials of functionalized BNs and CNTs, as well as polyaniline (PANI), are useful materials for supercapacitor electrodes. Functionalization of BN was successfully achieved using KMnO4 (mK-BN) and hydrogen peroxide (mH-BN), and investigated for their potential to enhance electrochemical activity and serve as electrodes for supercapacitors. Fig. 15(a,b) depicts CV and GCD plots of composite materials consisting of functionalized BN electrodes (mK-BN/CNT/PANI, mh-BN/CNT/PANI, and mK-BN/CNT). In the working potential window of 0 to 0.8 V and using 1 M KCl as electrolyte, mK-BN/CNT/PANI possessed enhanced surface area and showed the highest specific capacitance 515 F g-1 compared to mhBN/CNT/PANI (417 F g-1) at 1 A g-1 [START_REF] Maity | Facile functionalization of boron nitride (BN) for the development of high-performance asymmetric supercapacitors[END_REF].

A facile and straightforward hydrothermal method was reported by Saha et al. for the preparation of h-BN/rGO hybrid nanostructures. Fig. 16(a-d) presents the FE-SEM images of the prepared samples for various rGO concentrations named as BN0 (pure BN), BNG1 (0.1 g rGO), BNG2 (0.15 g rGO), and BNG3 (0.2 g rGO). Increased rGO content in the composite successfully reduced the band gap of the insulator h-BN. RGO decreased the solution resistance as well as the charge transfer resistance of h-BN, increasing its electrical conductivity and enabling better ion exchange. In 6 M KOH aqueous electrolyte, the electrochemical performance was evaluated for all prepared samples with varying levels of rGO concentrations, as depicted in Fig. 16(e,f) [START_REF] Saha | Band gap engineering of boron nitride by graphene and its application as positive electrode material in asymmetric supercapacitor device[END_REF]. When the rGO content (atomic concentration) was carefully controlled in the h-BN, the composite (BNG2) provided a specific capacitance of 824 F g-1 at 4 A g-1, while BNG0, BNG1, and BNG3 offered lower specific capacitances of 182.2, 384 and 720 F g-1, respectively, at the same current density.

Crystallogens: carbon nitride

Carbon materials have been extensively applied as electrodes for EDLCs due to their good electrical conductivity, large specific surface area, and electrochemical stability. Carbon materials such as porous carbon and graphene are potential candidates for supercapacitor elec- trodes [START_REF] Xu | Highly mesoporous and high surface area carbon: a high capacitance electrode material for EDLCs with various electrolytes[END_REF][START_REF] Xu | Mesoporous activated carbon fiber as electrode material for high-performance electrochemical double layer capacitors with ionic liquid electrolyte[END_REF][START_REF] Li | Electrochemical properties of an ordered mesoporous carbon prepared by direct tri-constituent co-assembly[END_REF][START_REF] Fuertes | Templated mesoporous carbons for supercapacitor application[END_REF][START_REF] Xia | Hierarchical porous carbons with controlled micropores and mesopores for supercapacitor electrode materials[END_REF][START_REF] Wang | 3D aperiodic hierarchical porous graphitic carbon material for high-rate electrochemical capacitive energy storage[END_REF]. Recently another form of carbon, graphitic carbon nitride (g-C3N4), attracted attention of researchers with the aim to combine the excellent properties of carbon and nitrogen for electrochemical energy storage applications. The unique electronic properties of g-C3N4 and its convenient preparation have encouraged its application as an electrode material for supercapacitors [START_REF] Mishra | Graphitic carbon nitride (g-C3N4)-based metal-free photocatalysts for water splitting: a review[END_REF][START_REF] Akhundi | Graphitic carbon nitride nanosheets decorated with CuCr2O4 nanoparticles: novel photocatalysts with high performances in visible light degradation of water pollutants[END_REF][START_REF] Alaghmandfard | A comprehensive review of graphitic carbon nitride (g-C3N4)-Metal oxide-based nanocomposites: potential for photocatalysis and sensing[END_REF][START_REF] Ong | 2D/2D graphitic carbon nitride (g-C3N4) heterojunction nanocomposites for photocatalysis: why does face-to-face interface matter?[END_REF][START_REF] Wang | Recent advances of graphitic carbon nitride-based structures and applications in catalyst, sensing, imaging, and leds[END_REF]. High content of nitrogen in g-C3N4 could offer plentiful of active-sites for redox reactions. Furthermore, g-C3N4 has a large theoretical surface area, stable structure, and composition similar to that of graphene [START_REF] Yang | Preparation of gC3N4 with high specific surface area and photocatalytic stability[END_REF][START_REF] Dong | A fantastic graphitic carbon nitride (g-C3N4) material: electronic structure, photocatalytic and photoelectronic properties[END_REF]. However, due to serious stacking of g-C3N4 sheets, research is mainly focused on its composites with other capacitive materials [START_REF] Wu | Progress in photocatalysis of g-C3N4 and its modified compounds[END_REF].

Xu et al. reported a composite of g-C3N4 and α-Fe2O3 prepared via ionic liquid-assisted method; the composite featured a specific capacitance of 167 F g-1 at 1 A g-1 in 2.5 M Li2SO4 electrolyte [START_REF] Xu | Reactable ionic liquid assisted solvothermal synthesis of graphite-like C3N4 hybridized α-Fe2O3 hollow microspheres with enhanced supercapacitive performance[END_REF]. Chen's group functionalized graphene with g-C3N4; the resulting composite recorded a good specific capacitance of 264 F g-1 at a current density 1 A g-1 in 0.4 M LiClO4 electrolyte [START_REF] Chen | Three-dimensional graphitic carbon nitride functionalized graphene-based high-performance supercapacitors[END_REF].

Li et al. synthesized a pseudo-capacitive g-C3N4/NiCo2S4 composite with outstanding electrochemical stability and a high capacitance value of 1557 F g-1 at 1 A g-1. g-C3N4 has the characteristics of N-doped materials with enhanced electron transport rate and increased surface wettability [START_REF] Luo | Graphitic carbon nitride based materials for electrochemical energy storage[END_REF].

Sun et al. [START_REF] Sun | Synthesis and enhanced supercapacitor performance of carbon self-doping graphitic carbon nitride/NiS electrode material[END_REF] obtained TC-g-C3N4 by oxidation exfoliation of BCg-C3N4, which delivered the prerequisite for the NiS particles to fully settle inside and on the surface of the carbon nitride. During this process of insertion of NiS in TC-g-C3N4 and BC-g-C3N4, NiS particles were uniformly formed on g-C3N4 layers, Fig. 17(a). In comparison with the performance of pristine g-C3N4 and NiS, TCg-C3N4/NiS active electrode material retained high pseudo-capacitance over 8000 cycles (1162 F g-1 at a current density of 1 A g-1) and exhibited cycle stability (capacitance retention of 82 % after 8000 electrochemical cycles). The electrochemical performance of the as-prepared electrodes were assessed by GCD at a current density of 1 A g-1 and CV at the 10 mV s-1 scan rate, Fig. 17(b &c). Pristine g-C3N4 electrode discharged in only about 10 s (GCD curve) and had a small integral area of CV curves, which indicates its negligible electrochemical properties compared to all other composites (TC-g-C3N4 and BC-g-C3N4), suggesting that the modification of g-C3N4 is essential to achieve better electrochemical performance.

Guan et al. discussed the morphology effect of NiCo2O4 nanostructures loaded onto C3N4 sheets on the capacitive performance. Nickel and cobalt chlorides were used as precursors in thiourea pyrolysis for 3 h at 550 °C to synthesize the NiCo2O4 and C3N4 composites. Tahir et al. [START_REF] Tahir | Tubular graphitic-C3N4: a prospective material for energy storage and green photocatalysis[END_REF] fabricated tubular structures of C3N4 using melamine as a precursor with capacitance values of 233.0 and 204.0 F g-1 at 0.20 and 0.5 A g-1, respectively. The tubular nanostructured C3N4 exhibited good capacitance retention (90.9 % and 89.2 % at respectively at 0.2 and 0.50 A g-1) after 1000 electrochemical cycles. The results were also compared with those of bulk C3N4 developed under similar settings, which revealed poor performance compared to the nanostructured form.

Gonçalves et al. discussed the electrochemical behavior of C3N4 electrodes, produced by urea pyrolysis route (casting), to understand the essential characteristics of bare C3N4 for supercapacitor electrode. The C3N4 electrode acquired a specific capacitance of 113.70 F g-1 at a current density of 0.20 A g-1 with a capacitance retention of 89.20 % after 5000 electrochemical cycles. Fig. 19(a &b) depicts the CV and GCD curves before and after 5000 cycles of charging-discharging [START_REF] Gonçalves | Pristine carbon nitride as active material for high-performance metal-free supercapacitors: simple, easy and cheap[END_REF]. The CV curve retained the same shape even after 5000 electrochemical cycles with a slight decline in peak current. In the GCD profiles, the first and last GCD cycles took 20.6 s and 16.5 s for discharging, respectively; the small change in discharging time led to a slight decrease in the capacitance.

Conclusion and future outlooks

Electrochemical energy storage is widely explored using metal nitrides with inherent novel properties. A comprehensive review of the current stateof-the-art in metal nitride research is presented in this article, including electronic structure manipulation, morphological structure design, and electrochemical energy storage applications. This review is focused on recent progress on stable binary metal nitrides. These metal nitrides are suitable and represent potential candidates for supercapacitor electrodes as they possess exceptional properties such as to current electrochemical The unique electronic properties of g-C3N4 and its convenient preparation have encouraged its application as an electrode material for supercapacitors. (iv) Choosing proper electrolytes. The electrolytes that are employed, as well as the intrinsic features of the electrode materials, affect the potential range of supercapacitors. Due to the evolution of hydrogen and oxygen, the potential window in an aqueous electrolyte is restricted; in contrast, an ionic liquid medium can enable the possibility of a larger output voltage. The advantages of safety and leak-tightness make anhydrous polymer gel electrolytes the preferred choice for building solid-state energy storage systems. The electrode and electrolyte must be appropriately combined as part of its ideal operating environment to maximize the electrochemical performance.

These outcomes of metal nitride-based electrodes confirm that metal nitrides represent an interesting topic for researchers and can be selected as a possible candidate for supercapacitor electrodes. This review offers insight for the researchers to select an element from the periodic table to develop a metal nitride electrode and deliberate all aspects of the electrochemical supercapacitor to improve the electrochemical performance. Declaration of
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 1 Fig. 1. (a) Ragone plot for efficiency comparison of various energy storage devices, (b) classification of electrochemical supercapacitors, and (c) schematic view of a supercapacitor structure.

  N [95], Zr N [96], V N [97], Nb N [98], Ta N [99], Cr N [100], Mo N [101], W2-N3 [102], Mn N [103], Fe N [104], Co N [105], Ni N [106], and Cu N
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 2 Fig. 2. (a) Periodic table for the selection of the metal to develop stable nitride-based electrodes, and (b) generally adopted synthesis methods for metal nitride electrodes.
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 5 Fig. 5. (a) Top view FE-SEM and cross-section view (inset) of VN electrode, and (b) wetting property (contact angle) of VN electrode surface measured in DI water and Na2SO4 aqueous solution. Reprinted with permission of Adalati et al.
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 6 Fig. 6. Electrochemical property of sputtered grown Cr2N and Pt-Cr2N composite electrodes to visualize the enhanced performance upon Pt insertion: (a) CV curves at the scan rate of 50 mV s-1, and (b) GCD curves at 2 mA cm-2. Reprinted with permission of Adalati et al.
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 9 Fig. 9. Electrochemical properties of T1-T4 CoN thin film electrodes: (a) CV curves at 100 mV s-1 scan rate, (b) GCD curves, and (c) comparison of the specific capacity at 1.0 mA cm-2. Reprinted with permission of Zhang et al. broad voltage range (2 V) and offered good capacitance value of 75.4 F g-1 along with high energy density 42 Wh kg-1 (optimum power density of 3.123 kW kg-1) at 0.5 mA cm-2 [122].
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 12 Fig. 12. (a) Stable binary nitrides from periodic groups 1 and 2 and their bonding character. (b) Crystal structure of α-Li3N. Reprinted with permission of Gregory et al.
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 13 Fig. 13. (a) Experimental setup for the synthesis of Li3N film electrode and SEM micrographs with the corresponding photos (in inset) of Li3N films at varying times of N2 plasma exposure. (b) Bare Li, (c) 1-min, (d) 2-min, and (e) 3-min plasma activation processing. Reprinted with permission of Chen et al.
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 14 Fig. 14. Electrochemical properties of GLs electrode (graphene-LiNO3 composite): (a) CV curves at various scan rates, and (b) capacity retention after 8000 electrochemical cycles at 20 A g-1. Reprinted with permission of Xie et al.

Fig. 15 .

 15 Fig. 15. Electrochemical performance of the mK-BN/CNT/PANI, mH-BN/CNT/PANI, mK-BN/CNT, and mH-BN/CNT composite electrodes: (a) CV curves recorded at a scan rate of 2 mV s-1, and (b) GCD plots acquired at 1 A g-1. Reprinted with permission of Maity et al.

  Fig. 18(a) displays the SEM micrographs of different NiCo2O4-g-C3N4 composites: NNC-I (nanosheets) and NNC-II (nanoneedles). Using two different methods, NNC-I was prepared with oil bath, and NNC-II was synthesized hydrothermally. Electrochemical results suggested that NNC-II had high capacitance of 274.8 F g-1 at 1 Ag-1 and a retention rate of 101 % post 1000 electrochemical-cycles at a current density of 4 A g-1, see Fig. 18(b), while NNC-I recorded a specific capacitance of only 182.2 F g-1 at the same current density [180]. Shan et al. reported electrochemical study of Na or K single atomsdoped C3N4. The electrochemical results revealed that the Na-and Kdoped C3N4 achieved high values of capacitance (374.0 and 295.0 F g-1, respectively at a current density of 0.2 A g-1) compared to the non-doped one (96.0 F g-1 at a density of 0.2 A g-1). Capacitance retentions were 59.10 % for the nondoped, 93.70 % for the Nadoped and 95.2 % for the K-doped material, after 1000 electrochemical cycles at a current density of 1 A g-1 [181].

Fig. 19 .

 19 Fig. 19. Cyclic stability test of C3N4 electrode for 5000 electrochemical cycles: (a) CV at 80 mA s-1, and (b) GCD at a current density of 3.0 A g-1. Reprinted with permission of Gonçalves et al.
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