Shusheel Kumar 
  
Aneela Tahira 
  
Mélanie Emo 
  
Brigitte Vigolo 
  
Antonia Infantes-Molin 
  
Amerah M Alotaibi 
  
Shoyebmohamad F Shaikh 
  
Ayman Nafady 
email: anafady@ksu.edu.sa
  
Zafar Hussain 
  
Ibupoto& Ayman Nafady 
  
Grapefruit juice containing rich hydroxyl and oxygenated groups capable of transforming 1D structure of NiCo2 O4 into 0D with excessive surface vacancies for promising energy conversion and storage applications

Keywords: NiCo 2 O 4 nanostructures, grape fruit juice, oxygen evolution reaction, asymmetric supercapacitor, surface vacancies conversion and storage applications

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

Currently, world is facing challenge of global warming effect mainly caused by the combustion of fossil fuels. The continuous use of fossil fuels for transport, domestic and industrial applications is decreasing the reservoirs of fossil fuels in the universe. The greenhouse gases play a major role for bringing the global warming effect and consequently causing wide range of threats to every ecosystem of our environment [1,2]. Therefore, researchers paying intense attention towards the strengthening of renewable energy reservoirs through the production of clean and green fuels in order to maintain and save the ecosystem of our environment [3,4]. The present technologies used for the production of clean energy are solar, hydro, wind, bio mass and geothermal [5][6][7][8]. Beside these methods, water splitting either by photochemical or electrochemical is widely used to produce green fuels of hydrogen and oxygen which can be used either directly or in the development of fuels cells. Theoretical thermodynamic overpotential of 1.23V is required to split water into hydrogen and oxygen gases, indicating the high energy barrier and less likely favorable at any cost. Therefore, the only challenge in the field of water splitting is the need of efficient electrocatalysts to reduce the overpotential of water splitting. Hence, electrochemical water splitting (EWS) is widely used process because of its eco-friendly and economical energy properties for the production of green fuels like hydrogen and oxygen gases.

In principle, water splitting is accompanied by two half-cell reactions including oxygen evolution reaction (OER) and hydrogen evolution reaction (HER). Among them, OER is the highest energy demanding process, as it involves four electrons transfer and has crucial impact on the efficient production of hydrogen gas [9][START_REF] Li | Metallic nanostructures with low dimensionality for electrochemical water splitting[END_REF][START_REF] Ham | Extensive active-site formation in trirutile CoSb2O6 by oxygen vacancy for oxygen evolution reaction in anion exchange membrane water splitting[END_REF][START_REF] Li | Recent advances in noble metal (Pt, Ru, and Ir)-based electrocatalysts for efficient hydrogen evolution reaction[END_REF][START_REF] Reier | Electrocatalytic oxygen evolution reaction (OER) on Ru, Ir, and Pt catalysts: a comparative study of nanoparticles and bulk materials[END_REF][START_REF] Wu | Non-noble-metal-based electrocatalysts toward the oxygen evolution reaction[END_REF]. To date, the efficient OER electrocatalyst belong to noble metal based materials like Ir/Ru/Pt [1,2] which are scarcely found in nature and not compatible in terms of economy for large scale applications, therefore the research endeavors have focused towards the development of low cost, earth abundant and efficient electrocatalyst based on nonprecious materials. For this reason, wide range of earth abundant materials are considered recently [3][4][5] . In particular, transition metal based materials have been widely utilized for the design of OER electrocatalyst owing to their unique d-orbital configuration and significant catalytic activities [6,7]. For instance, nickel and cobalt oxides are actively implemented in OER due to their availability, tunable morphologies and enhanced catalytic performance at nanostructured phase [8,9]. The spinel oxide phase of nickel and cobalt NiCo 2 O 4 has been extensively investigated for catalytic applications [START_REF] Zhu | Nickel cobalt oxide hollow nanosponges as advanced electrocatalysts for the oxygen evolution reaction[END_REF][START_REF] Jiang | Nickel-cobalt layered double hydroxide nanosheets as highperformance electrocatalyst for oxygen evolution reaction[END_REF][START_REF] Eftekhari | Materials today energy[END_REF][START_REF] Noor | Recent advances in electrocatalysis of oxygen evolution reaction using noble-metal, transition-metal, and carbon-based materials[END_REF][START_REF] Moon | Highly Active Cobalt-Based Electrocatalysts with Facile Incorporation of Dopants for the Oxygen Evolution Reaction[END_REF][START_REF] Song | Transition metal oxides as electrocatalysts for the oxygen evolution reaction in alkaline solutions: an application-inspired renaissance[END_REF][START_REF] Di Lena | Transition metal catalysts for controlled radical polymerization[END_REF][START_REF] Kinzel | Transition metal complexes as catalysts for the electroconversion of CO2: an organometallic perspective[END_REF][START_REF] Sun | Self-supported transition-metal-based electrocatalysts for hydrogen and oxygen evolution[END_REF]. Beside energy conversion applications of NiCo 2 O 4 nanostructures, they are currently of great interest for the development of energy storage technologies. Hence, it is highly desired to design an inexpensive, efficient and earth abundant electrode materials based on NiCo 2 O 4 using new synthetic strategies that yield unique nanostructure architectures for applications in supercapacitors (SCs) technology. The challenge of lower energy density of SCs strongly limits their scale up practical and commercial applications [START_REF] Sivanantham | Hierarchical NiCo2S4 nanowire arrays supported on Ni foam: an efficient and durable bifunctional electrocatalyst for oxygen and hydrogen evolution reactions[END_REF][START_REF] Iqbal | High specific capacitance and energy density of synthesized graphene oxide based hierarchical Al2S3 nanorambutan for supercapacitor applications[END_REF][START_REF] Wang | A quasi-solid-state sodium-ion capacitor with high energy density[END_REF][START_REF] Wang | Latest advances in supercapacitors: from new electrode materials to novel device designs[END_REF][START_REF] Chen | Recent advances in earth-abundant first-row transition metal (Fe, Co and Ni)-based electrocatalysts for the oxygen evolution reaction[END_REF][START_REF] Dai | Design of manganese dioxide for supercapacitors and zinc-ion batteries: similarities and differences[END_REF]. The energy density is highly dependent on the specific capacitance (Cs), which is more likely connected to the configuration of electrode materials [START_REF] Li | Nickel based electrocatalysts for oxygen evolution in high current density, alkaline water electrolysers[END_REF][START_REF] Vij | Nickel-based electrocatalysts for energy-related applications: oxygen reduction, oxygen evolution, and hydrogen evolution reactions[END_REF][START_REF] Liu | Ionothermal synthesis of threedimensional hierarchical Ni 3 Se 2 mesoporous nanosheet networks with enhanced performance for asymmetric supercapacitors[END_REF]. For this reason, the controlled preparation and architecture manipulation of electrode materials with favorable structure are very important to exploit the full performance capabilities of OER and SCs. In this context, NiCo 2 O 4 based electrode material is highly desirable to investigate both OER and SCs due to its spinel structure that comprises mixed metal valence states favorable for swift charge transfer during the electrochemical processes as well as enabling high electrical conductivity [START_REF] Zhang | Nanosheet-assembled NiCo-LDH hollow spheres as high-performance electrodes for supercapacitors[END_REF][START_REF] Kong | 3D self-branched zinc-cobalt Oxide@ N-doped carbon hollow nanowall arrays for high-performance asymmetric supercapacitors and oxygen electrocatalysis[END_REF][START_REF] Wang | In situ N-doped carbon-coated mulberry-like cobalt manganese oxide boosting for visible light driving photocatalytic degradation of pharmaceutical pollutants[END_REF]. In view of these structure-activity features, the catalytic behavior of NiCo 2 O 4 towards OER or SCs is mainly governed by the morphology of electrode material, which has taken different shapes like nanoparticles [START_REF] Deshagani | NiMoO4@ NiMnCo2O4 Heterostructure: A Poly (3, 4propylenedioxythiophene) Composite-Based Supercapacitor Powers an Electrochromic Device[END_REF][START_REF] Liu | Self-assembled novel dandelion-like NiCo 2 O 4 microspheres@ nanomeshes with superior electrochemical performance for supercapacitors and lithium-ion batteries[END_REF], microcuboids [START_REF] Fu | Designed formation of NiCo2O4 with different morphologies self-assembled from nanoparticles for asymmetric supercapacitors and electrocatalysts for oxygen evolution reaction[END_REF], hollow spheres [START_REF] Liu | Nickel foam supported Cr-doped NiCo2O4/FeOOH nanoneedle arrays as a highperformance bifunctional electrocatalyst for overall water splitting[END_REF], octahedrons [START_REF] Kumar | Coral-shaped bifunctional NiCo2O4 nanostructure: a material for highly efficient electrochemical charge storage and electrocatalytic oxygen evolution reaction[END_REF], and nanocages [START_REF] Zhu | Spinel NiCo2O4 for use as a high-performance supercapacitor electrode material: understanding of its electrochemical properties[END_REF]. Numerous approaches have been used to enhance the performance of nickel and cobalt based oxides towards OER activity [START_REF] Gao | Hierarchical NiCo2O4 hollow microcuboids as bifunctional electrocatalysts for overall water-splitting[END_REF][START_REF] Mondal | TiO 2-rGO nanocomposite hollow spheres: large scale synthesis and application as an efficient anode material for lithium-ion batteries[END_REF][START_REF] Fang | Crystal-plane engineering of NiCo2O4 electrocatalysts towards efficient overall water splitting[END_REF]. The choice of grapefruit in the present study is highly supported by the presence of a wide range of chemical components in its juice like isoflavones, flavanols, furanocoumarins and anthocyanidin [START_REF] Lv | Hollow mesoporous NiCo 2 O 4 nanocages as efficient electrocatalysts for oxygen evolution reaction[END_REF][START_REF] Penniston | Quantitative assessment of citric acid in lemon juice, lime juice, and commercially-available fruit juice products[END_REF][START_REF] Kejík | Iron complexes of flavonoids-antioxidant capacity and beyond[END_REF][START_REF] Panić | Enabling technologies for the extraction of grape-pomace anthocyanins using natural deep eutectic solvents in up-to-half-litre batches extraction of grape-pomace anthocyanins using NADES[END_REF][START_REF] Ballistreri | Anthocyanins and other polyphenols in citrus genus: Biosynthesis, chemical profile, and biological activity[END_REF][START_REF] Akshaya | Electrocatalytic oxidation of morin on electrodeposited Ir-PEDOT nanograins[END_REF][START_REF] Xue | Recent advances in synthetic methods and applications of Ag 2 S-based heterostructure photocatalysts[END_REF][START_REF] Yu | Recent advances and prospective in rutheniumbased materials for electrochemical water splitting[END_REF][START_REF] Russo | Flavonoids and the structure-antioxidant activity relationship[END_REF][START_REF] Wang | Recent Advances in Electrocarboxylation with CO2[END_REF].

The most common chemical components that could act as reducing and surface modifying agents for the nanostructured material are found in the relative portion as citric acid (809.70 mg /100 mL), Naringin (160.79 mg /100 mL), Neohesperidin (9.69 mg /100 mL) and ascorbic acid (16.76 mg /100 mL) ascorbic acid [START_REF] Chen | An overview of the grapefruit market in the US: FE1095/FE1095, 05/2021[END_REF][START_REF] Brouzgou | Nitrogen-doped 3D hierarchical ordered mesoporous carbon supported palladium electrocatalyst for the simultaneous detection of ascorbic acid, dopamine, and glucose[END_REF]. The presence of essential chemical components with high density of hydroxyl groups are shown in Supplementary Scheme 1. These phytochemicals have the proorties like reducing, capping and stabilizing agents, hence they can be highly useful to control the size and shape during the synthesis of nanostructured material. The scenario of rich edge sites of hydroxyl groups could carry open functional sites for the surface modification and alteration of morphology of NiCo 2 O 4 nanostructures. Additionally, the presence of these natural compounds can decrease the pH of growth solution, which would possibly change the morphology of NiCo 2 O 4 nanostructures from 1D to 0D structure and modified the surface with favorable electrochemical activity.

These chemical constituents of grapefruit juice can have ability to tune the morphology, electronic structure, create defects, and enhance the catalytic sites of NiCo 2 O 4 which together will further accelerate the OER kinetics at low energy barrier and boost up the specific capacitance [START_REF] Klimek-Szczykutowicz | Citrus limon (Lemon) phenomenon-a review of the chemistry, pharmacological properties, applications in the modern pharmaceutical, food, and cosmetics industries, and biotechnological studies[END_REF][START_REF] Uckoo | Grapefruit (Citrus paradisi Macfad) phytochemicals composition is modulated by household processing techniques[END_REF]. To the best of our knowledge, there is no report on the use of grapefruit juice for tuning the catalytic features of NiCo 2 O 4 nanostructures towards OER and SCs applications.

In this study, we utilized the grapefruit juice with different amounts to tailor the catalytic properties of NiCo 2 O 4 for OER application. Interestingly, we have noted that the grapefruit juice has changed the morphology of NiCo 2 O 4 from 1D nanorods to short range 0D nanoparticles, created defects in the structure of material, and enhanced the charge transport during electrochemical performance, consequently a significant improvement in the OER activity was achieved via using NiCo 2 O 4 material.

Experimental section

2.1.Hydrothermal synthesis of nickel cobalt oxide NiCo 2 O 4 nanostructures using grape fruit juice

Chemicals used for the synthesis of nickel cobalt oxide NiCo 2 O 4 nanostructures were nickel chloride hexahydrate, cobalt chloride hexahydrate, potassium hydroxide and urea. They were used without further purification. The desired solutions were prepared in the deionized water.

The ruthenium oxide was used as reference material during the performance evaluation of as prepared nanostructured materials. The synthesis process was completed in two steps.

Nanomaterial was grown through hydrothermal method. In first step, the solution of 0.1M of cobalt chloride hexahydrate, 0.0151M nickel chloride hexahydrate and 0.1M urea was prepared in 100mL of deionized water. Then, fresh grapefruit juice was collected by electric machine juicer. Afterwards, 1mL and 2mL of grapefruit juice was added separately in the nickel-cobalt precursors and both beakers were labeled as sample-1 and sample-2. The pH of growth solution with the use of grapefruit juice 1mL and 2mL was about 6.7 and 5.9 respectively. A third beaker was also prepared with nickel-cobalt precursor without the use of grapefruit juice and it was labeled pure sample and its pH was about 9.5. The uniformity of growth solution was achieved by mechanical stirring. The beakers were sealed with aluminum sheet very tightly and left into the electric oven at 95 0 C for 5h. After the completion of growth process, the precipitates of nanostructured material were collected on ordinary filter paper and washed several times with the deionized water. The collected amount of material was left for 10h. At the end, the calcination in air was performed at 500 0 C for 5h and black powder of NiCo 2 O 4 was obtained. A brief synthesis process is represented by Supplementary scheme 2.

The morphology, crystal arrays, chemical composition and surface characterizations of NiCo 2 O 4 nanostructures were done by different analytical techniques including scanning electron microscope (SEM) at an accelerating voltage of 15kV, X-ray diffraction (XRD) technique with Cu K α radiation (Cu λ Kα = 1.5406 Å), high resolution transmission electron microscopy (HRTEM) at 200kV, Tecnai G2 F20, FEI, energy dispersive spectroscopy (EDS), and X-ray photoelectron spectroscopy (XPS) with an Al K α X-ray resource at 30eV. The binding energy was compared the standard C1s peak at 284.6eV.

Prepared NiCo 2 O 4 nanostructures towards oxygen evolution reaction

Electrochemical measurements of various NiCo 2 O 4 nanostructures towards the OER characterization were performed in 1.0 M KOH electrolytic solution using a three electrode cell set up. The use of 5mg of NiCo 2 O 4 nanostructures in 2.5mL of deionized water and 50µL of 5% Nafion solution was mixed and sonicated in the ultrasonic bath for 20 min, and then homogenous catalyst slurry was obtained. Three electrodes were consisted on Hg/HgO electrode as the reference electrode, graphite rod as counter electrode, and glassy carbon electrode (GCE) as working electrode. The cleaning of GCE was performed with 3µm alumina paste and silicon paper followed by washing with deionized water. The diameter of GCE was 3mm and it was modified with 5µL (0.2mg mass) of each prepared material. The electrochemical measurements were performed with linear sweep voltammetry (LSV) at 2mV/s. Electrochemical impedance spectroscopy was used to evaluate charge transport using frequency range of 100kHz to 1Hz at amplitude of 5mV and OER onset potential. Electrochemical active surface area (ECSA) was estimated from cyclic voltammetry curves at various scan rates using non-faradic region. The durability test was done with chronopotentiometry at 20 m.Acm -2 . All the experimental potentials recorded against Hg/HgO electrode as the reference electrode are converted to reversible hydrogen electrode (RHE) using Nernst equation. Tafel equation was used to study OER kinetics through estimation of Tafel slopes for the different NiCo 2 O 4 nanostructures. All the measurements were performed at standard conditions.

Supercapacitor Applications

Supercapacitor application of as prepared NiCo 2 O 4 nanostructures was investigated by three electrode and two electrode configurations in 3M KOH aqueous solution. The same type of reference and counter electrodes were used during supercapacitor characterization. The chronopotentiomerty was used for the recording of galvanostatic charge-discharge (GCD) curves and they were used to calculate the specific capacitance Cs (Fg -1 ). The supercapacitor calculations were done with respect to specific capacitance, energy density and power density using three electrode configurations through reported work [START_REF] Jokar | Synthesis and characterization of NiCo2O4 nanorods for preparation of supercapacitor electrodes[END_REF]. Following mathematical equations were used for this purpose: ), energy density (E, Wh.kg -1 ), and power density (P, W.kg -1 ) was followed.

The calculations in terms of specific capacitance, energy density and powder density using two electrode systems were done according to the published work [START_REF] Young | High energy density supercapacitors composed of nickel cobalt oxide nanosheets on nanoporous carbon nanoarchitectures[END_REF].

(

) 5 
Where in Cs specific capacitance, I current, discharge time , potential window ΔV, loading mass 'm'.

Energy density was calculated give below [START_REF] Young | High energy density supercapacitors composed of nickel cobalt oxide nanosheets on nanoporous carbon nanoarchitectures[END_REF]:

E d is energy density, specific capacitance C s , potential change Moreover the power density of two electrodes was calculated by [START_REF] Young | High energy density supercapacitors composed of nickel cobalt oxide nanosheets on nanoporous carbon nanoarchitectures[END_REF].

P d power density, specific capacitance C s , discharge time

Results and discussion

Structural and crystalline characterization of NiCo 2 O 4 nanostructures prepared with grapefruit juice

The SEM was used to observe the morphological aspects of the as-prepared NiCo XPS analysis was carried out to find the surface information in terms of chemical states and composition on the surface. Figure 4 shows the corresponding Ni 2p showing the surface defects and the impurities as shown in Figure 4. The peaks 531.1eV is mainly associated to oxygen vacancies and that at 532.7eV is connected to the chemisorbed oxygen [START_REF] Zhang | A combination-decomposition method to synthesize two-dimensional metal sulfide-amine hybrid nanosheets: a highly efficient Fe-based water oxidation electrocatalyst[END_REF]. The O Surf /O Lat ratio changed from 0.52 to 0.79 from pure to grapefruit juice derived nanostructure, i.e. the later contains a greater proportion of surface vacancies.

Half-cell OER characterization on various nanostructured NiCo 2 O 4 samples

The performance evaluation of various NiCo 

3.2.Supercapacitor Investigations

Three electrode systems were used to evaluate the supercapacitor potential of various samples of NiCo 2 O 4 nanostructures using CV and galvanostatic charge-discharge measurements as shown in Co 2+ /Co 3+ , Ni 2+ /Ni 3+ , and Co 3+ / Co 4+ through the reported mechanism [START_REF] Noor | Recent advances in electrocatalysis of oxygen evolution reaction using noble-metal, transition-metal, and carbon-based materials[END_REF]:

NiCo 2 O 4 + OH -+ H 2 O ↔ NiOOH + 2CoOOH + e - (8) 
CoOOH + OH -↔ CoO 2 + H 2 O + e - (9) 
On the applied higher scan rate, the cathodic peaks shifted slightly to lower potentials whereas the anodic peaks shifted to the opposite direction and it could be attributed to deficient incorporation of OH-into the center of nanostructured NiCo 2 O 4 samples. The centered area of NiCo 2 O 4 nanostructures (sample-2) is higher than (sample-1) and pure NiCo 2 O 4 nanostructures at a scan rate 40mVs -1 , indicating the specific capacitance of sample-2 relatively higher than the sample-1 and pure NiCo 2 O 4 nanostructures. For the potential range of 0 to 0.5V (vs. Hg/HgO), GCD curves Figure 6(d-f) were measured at various current densities of 0.8 to 0.94Ag -1 and their GCD curves were with certain difference from the conventional triangular shapes with significant outlook of well-defined plateaus of charge and discharge curves. From the GCD curves, it's obvious that the sample-2 of NiCo 2 O 4 nanostructures has higher Faradic features as confirmed from the CV curves of sample-2 when the current density was about 0.8Ag -1 .

Furthermore, the GCD curves of NiCo M KOH electrolyte. As prepared AC exhibited a rectangular shape with the absence of redox peak and a significant specific capacitance of 50 Fg -1 at 0.8Ag -1 as shown supplementary (S3).

For ASC device, the mass ratio of negative and positive electrode was estimated about 0.17mg.

The loaded mass of negative electrode was about 5 mg. The NiCo 2 O 4 nanostructures (sample 2)

and AC CV curves were described in the Figure 8a and it was predicted to have potential range to the exiting electrocatalysts, hence it can be capitalized as an alternative material for the energy conversion applications. Generally, energy storage mechanism in alkaline conditions has been described as:

The physicochemical properties of NiCo 2 O 4 are highly tuned by the presence of nickel atom due to its similar size to that of cobalt atom, hence obviously crystal structure is changed which further causes the defects. These defects may play unexpected role towards electrochemical activity of NiCo 2 O 4 as shown in several reported works [START_REF] Liu | Hierarchical NiCo2O4@ NiCo2O4 core/shell nanoflake arrays as high-performance supercapacitor materials[END_REF][START_REF] Chen | High-performance supercapacitor and lithiumion battery based on 3D hierarchical NH 4 F-induced nickel cobaltate nanosheet-nanowire cluster arrays as self-supported electrodes[END_REF]. The NiCo 2 O 4 exhibits potential window in the range of 0 to 0.55 V in alkaline electrolyte conditions and its pseudo capacitance properties could be described through equation 8 and 9. The energy storage mechanism is presented in the Supplementary Scheme 3. It has been shown during the charging-discharging experiment onto the surface of NiCo 2 O 4 electrode material, there is variation of oxidation states of Co 3+ /Co 4+ along with the Ni 2+ /Ni 3+ , hereby the swift reversible Faradic processes take place [START_REF] Haenen | Characterization of NiCo2O4 electrodes for O2 evolution: Part I. Electrochemical characterization of freshly prepared NiCo2O4 electrodes[END_REF][START_REF] Rasiyah | A Mechanistic Study of Oxygen Evolution on NiCo2 O 4: I. Formation of Higher Oxides[END_REF]. It has been found that the electrochemical redox potentials of Ni 2+ /Ni 3+ and Co 3+ /Co 4+ transition are very much close, consequently the redox peaks found to be closely merged [START_REF] Haenen | Characterization of NiCo2O4 electrodes for O2 evolution: Part I. Electrochemical characterization of freshly prepared NiCo2O4 electrodes[END_REF][START_REF] Rasiyah | A Mechanistic Study of Oxygen Evolution on NiCo2 O 4: I. Formation of Higher Oxides[END_REF]. 

Conclusions

In summary, a green approach was used to synthesize short range nanoparticles of NiCo cost and earth abundant material. The enhanced OER activity was strongly supported by the charge transfer at the interface and involvement of high active surface area during the process.

Based on these results, we conclude that the grapefruit is a powerful natural source playing as reducing and surface modifying agents for tailoring the surface-based reactions at swift kinetics.

Thus, it can be used as an alternative raw material for the development of new generation of electrocatalysts for energy conversion and storage systems.

( 1 )

 1 Here Cs is specific capacitance, I current, discharge time, potential window, m is loading mass of electrode materialFor the calculation of energy density under given equation was used[START_REF] Jokar | Synthesis and characterization of NiCo2O4 nanorods for preparation of supercapacitor electrodes[END_REF]:(2)E d energy density, C s specific capacitance, change in potential The power density was estimated by following equation [60]: (3) P d power density, E energy and discharge time Asymmetric supercapacitor device was further designed using two electrode configuration consisting NiCo 2 O 4 nanostructures (sample-2) as positive electrode and activated carbon (AC) was negative electrode in 3M KOH electrolytic solution. For the development of negative electrode, 20mg of AC was dissolved into 3mL of absolute ethanol and 1mL of deionized water with ratio of (3:1) using 150µL of 5% Nafion solution. Then, a homogenous mixture was obtained with sonication for 30min and it was drop casted onto the cleaned GCE and dried in vacuum. The NiCo 2 O 4 nanostructures (sample-2) ink was used on other GCE electrode and dried in vacuum and used as positive electrode and the asymmetric supercapacitor was represented by NiCo 2 O 4 NP//AC ASC. For the balancing of voltammetric charges (Q) of NiCo 2 O 4 NP (Sample 2) and AC, the loaded mass of each electrode system was achieved on the basis of Q+ = Qthrough equation [60-62]: m+ m-= Cs-ΔV-Cs+ΔV+ (4) Here: m±, Cs±, and ΔV± shows the mass, specific capacitance, and potential range of NiCo 2 O 4 NP (Sample 2) (+) and AC (-) electrodes, respectively. The estimated mass for m+/mwas around 0.17mg in NiCo 2 O 4 NP//AC ASC. The use of total mass (M) for the calculation of specific capacitance (Cs, Fg -1
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 24 as shown in Figure1. The pure NiCo 2 O 4 nanostructures exhibit the nanorods like morphology with interconnected network. The dimension of pure NiCo 2 O 4 nanostructures would be around 200 to 300 nm with a length of few microns as shown in Figure 1a. The use of grapefruit juice has completely transformed the morphology of NiCo 2 O 4 nanostructures from nanorods to short range nanoparticles as shown in Figures1b and 1c. The use of 1mL and 2mL of grape juice has shown almost same effect on the morphology and the associated morphology is like a short range nanoparticles with a size of 50-100 nm. The SEM observations suggest that the presence of wide range of functional hydroxyl and oxygenated groups from different chemical components of grape juice have played a dominant role to transform the catalyst morphology. These phytochemicals have tendency of reducing, capping and stabilizing agent, therefore they played a vital role to control the size and shape of NiCo 2 O 4 material. Additionally, the grapefruit juice addition to growth solution results the change in the pH of solution towards acidic nature and consequently etching effect was expected which turned the 1D nanorod like morphology into compact 0D nanoparticles and modified the surface of as prepared NiCo 2 O 4 nanostructures. Not only the morphology transformation is caused by the use of grapefruit juice, but it has also added defects to the structure and modified the surface of NiCo 2 O 4 nanostructures, consequently such favorable environment would be useful for the surface reason like OER. The crystal arrays were also studied by the XRD and the measured diffraction patterns are enclosed in Figure 1d. The preferred orientation of crystal growth can be seen along the (400) crystal planes followed by the (620) planes and the intensity of these planes is increasing with the increase in the amount of grapefruit. This scenario has significantly introduced the exposure of different crystal facets which could play useful role towards the water catalysis. However, the pure NiCo 2 O 4 nanostructures have preferred crystal growth orientation among the (311) which could not be effective for efficient OER process; hence a limited catalytic activity was shown. The XRD results highlights that the crystal growth direction is also very essential parameter to evaluate the catalytic activity of newly developed electro catalyst for OER process. The other reflections for pure sample were 111, 220, 222, 422, 511, 531, 442, 533, and 622, however in case of grapefruit assisted NiCo 2 O 4 nanostructures, some of the patterns were disappeared indicating that the reducing agents have either inhibited the crystal orientation or limited the growth along those crystal planes for the samples-1 and sample-2. Moreover, all the diffraction patterns of NiCo 2 O 4 nanostructures well matched with the reference (card no: 01-080-1542). The XRD study has verified that the NiCo 2 O 4 nanostructures prepared with grapefruit juice are only characterized by a spinel phase without any impurity.

Figure 1 :

 1 Figure 1: Typical SEM images of (a) pure NiCo 2 O 4 nanostructures, (b,c) NiCo 2 O 4 nanostructures with the use of 1 mL (sample-1) and 2mL (sample-2) of grapefruit juice, (d) XRD diffraction patterns of NiCo 2 O 4 nanostructures prepared with and without grapefruit juice.

Figure 2 :

 2 Figure 2: STEM Bright Field (BF) (a) and HRTEM (b) micrographs with corresponding Fast Fourier Transform (FFT) (insert of b) of pure NiCo 2 O 4 , SAED pattern of pure NiCo 2 O 4 (c), and corresponding X-maps of cobalt (d), nickel (e) and oxygen (f).

Figure 3 :

 3 Figure 3: STEM Bright Field (BF) micrograph of NiCo 2 O 4 grown with grapefruit (a), HRTEM micrograph of NiCo 2 O 4 grown with grapefruit with corresponding Fast Fourier Transform (FFT) of one nanoparticle (yellow dashed square) (insert of b), SAED pattern of NiCo 2 O 4 grown with grapefruit (c), and corresponding X-maps of cobalt (d), nickel (e) and oxygen (f).

Figure 4 :

 4 Figure 4: Ni 2p 3/2, Co 2p 3/2 and O 1s spectra of pure NiCo 2 O 4 and grapefruit juice assisted NiCo 2 O 4 nanostructures (2mL of grapefruit juice, 2G).

2 O 4

 24 Figure 5d. The stability of sample-2 is well maintained after 40h of continuous operation revealing that a negligible overpotential loss. The presented approach of using grapefruit juice to enhance the durability of NiCo 2 O 4 sample based electrocatalyst could be connected to the stabilization of surface features by wide range of unique chemical compounds present in the grapefruit juice. We do also believe that future studies are needed to understand the role of each component of grapefruit juice to drive the OER activity at low overpotential and it can further help us to develop new generation of electrocatalysts in the near future, however in the proposed study we wanted to propose an alternative green and natural source of raw material to improve the catalytic properties of NiCo 2 O 4 sample. Based on above highly enhanced and stable OER characterizaton of NiCo 2 O 4 sample-2, Therefore, the presented study offers an alternative approach for the scale up synthesis of NiCo 2 O 4 nanostructures for efficient OER activity and large scale applications.

Figure 5 :

 5 Figure 5: (a) LSV polarization curves at 2mV/s for pristine NiCo 2 O 4 nanostructure, sample-1 sample-2 and RuO 2 in 1.0M KOH aqueous electrolytic solution, (b) Corresponding Tafel analysis, (c) stability of sample-2, (d) durability for 40 hours at 20mAcm -2 , (e) EIS Nyquist plots of pristine NiCo 2 O 4 nanostructure, sample-1 sample-2 for frequency range of 100000 kHz to 0.1Hz at an amplitude of 10mV and onset potential of OER, inset shows the fitted equivalent circuit (f) Corresponded Bode Plots from same EIS.

Figure 6 .

 6 Figure 6. Interestingly, CV curves of three NiCo 2 O 4 samples at various scan rates ranging from 10 to 60mVs -1 , indicating typical pair of redox peaks for the potential range from 0 to 0.5V (vs. Hg/HgO) as shown in Figure 6(a-c). However, in case of pure NiCo 2 O 4 nanostructures the redox behavior is limited and verifying the poor charge storage capacity with the material. But for the NiCo 2 O 4 nanostructures (sample-1 and sample-2) prepared with grapefruit juice are well characterized by the typical redox peaks suggesting an excellent charge storage phenomenon within these two nanostructured samples of NiCo 2 O 4 due to the dynamic aspects of Faradic mechanisms and they have distinctive battery type material properties. The redox process of

  2 O 4 nanostructures (sample-1, sample-2 and pure NiCo 2 O 4nanostructures revealed that the specific capacitance of sample-2 is larger than the sample-1 and pure NiCo 2 O 4 nanostructures as shown in Figure6(d-f). The using mathematical equation from[START_REF] Klimek-Szczykutowicz | Citrus limon (Lemon) phenomenon-a review of the chemistry, pharmacological properties, applications in the modern pharmaceutical, food, and cosmetics industries, and biotechnological studies[END_REF], the calculated specific capacitance for the NiCo 2 O 4 nanostructures (sample-1, 2 and pure NiCo 2 O 4 nanostructures were in the order to 178.00, 367.59 and 124.28Fg -1 at a current density of 0.8Ag -1 as shown in Figure7a, at a current density of 0.94Ag -1 , the specific capacitance were found to be 30.21, 31.74 and 43.50Fg -1 for NiCo 2 O 4 nanostructures (sample-1, 2 and pure NiCo 2 O 4 nanostructures respectively, confirming that 91.4.36% specific capacitance was retained compare to 8.6% at a current density of 0.94Ag -1 . The retention of specific capacitance by sample-2 is higher than the pure NiCo 2 O 4 nanostructures and (sample-1). The cycling stability was also evaluated by 900 GCD cycles for the NiCo 2 O 4 nanostructures (sample-1, 2 and pure NiCo 2 O 4 nanostructures as shown in Figure-7b, again sample-2 has shown an excellent cycling durability and high retention of specific capacitance after 900 cycles of GCD at 0.8Ag -1 , and it further strengthened the claims of using grape juice for improving the electrochemical properties of NiCo 2 O 4 nanostructures due to the presence of wide range of phytochemical chemicals. Because of the activation of three NiCo 2 O 4 nanostructures (sample-1, 2 and pure) during the stability test the cations from NiCo 2 O 4 lattice planes slowly penetrate out and the electrolyte significantly diffuse inside the crystal arrays of NiCo 2 O 4 nanostructures [72]. The high retention of % specific capacitance of sample-2 is verified as shown in Figure 7b. Beside the cycling stability was used to calculate the columbic efficiency of 47%, 73% and 45% for sample-1, sample-2 and pure sample of NiCo 2 O 4 as shown in Figure 7c. The corresponding energy density of sample-1 of 8.13Wh/kg, sample-2 of 9.64Wh/kg, and pure sample of NiCo 2 O 4 of 3.79Wh/Kg at current density of 0.8Ag -1 are shown in Figure 7(d-f) respectively. The sample-2 has demonstrated enhanced energy density at very low applied current density, confirming its potential aspect for the development of practical energy storage device. From CV, GCD and EIS together by the swift charge transfer of electron and fast diffusion of ions kinetically were assigned to the enhanced he supercapacitor performance. For the better presentation the calculated values of specific capacitance (Cs), energy density, power density, % retention of specific capacitance, and columbic efficiency are given in Table-1.

Figure 6 :

 6 Figure 6: (a-c) CV curves at different scan rates for pristine NiCo 2 O 4 nanostructure, sample-1 sample-2 in 3.0M KOH aqueous electrolytic solution, (d-f) Corresponding GCD curves at different current densities measured in 3.0M KOH solution.

Figure 7 :

 7 Figure 7: (a) specific capacitance of pristine NiCo 2 O 4 nanostructure, sample 1(G1), sample 2(G2) from GCD curves, (b) percentage retention specific capacitance of pristine NiCo 2 O 4 nanostructure, sample-1 (G1), sample-2 (G2) from 900 GCD repeatable cycles in 3.0M KOH for the illustration of cycling stability, (c) columbic efficiency of pristine NiCo 2 O 4 nanostructure, sample-1 (G1) , sample-2 (G2) from 900 cycles stability of GCD curves in 3.0M KOH, (d-f) corresponding energy density of pristine NiCo 2 O 4 nanostructure, sample-1 (G1), sample-2 (G2).

to 1 .

 1 5V. The NiCo 2 O 4 NP//AC ASC was characterized by CV curves and the overall capacitance was estimated from the double layer capacitance and battery type functionality of electrode. The CV curves with negligible shape alteration suggested the rapid charge-discharge properties of NiCo 2 O 4 NP//AC ASC. The GCD curves of as developed asymmetric supercapacitor are enclosed in Figure8bat different current densities from 0.8Ag -1 to 0.94Ag -1 , whereas related supercapacitor calculations are show in Figure8d. The specific capacitance of ASC device as found to be 1928.59Fg -1 , energy density of 41.77Wh.kg -1 and power density of 631.84W/Kg at 0.8Ag -1 as shown in Figure8(d,e). The columbic efficiency of 42% and 100% capacitance retention was noticed during the 900 cycling durability test as shown in Figure8e. The 100% retention of capacitance for 900 cycles confirms a significant rate stability of electrode material for long term energy storage applications as shown in Figure8c. The measured asymmetric supercapacitor performance indicators are given in

Figure 8 :

 8 Figure 8: CV curves of sample-2 (G2) at different scan rates in 3.0M KOH, (b) GCD curves at different current density for sample-2 (G2), (c) Cycling stability of sample-2 (G2) during 900 GCD repeatable cycles in 3.0M KOH , (d) specific capacitance of sample-2 (G2) from GCD curves, (e) Energy density of sample-2 (G2), (f) Columbic efficiency during 900 repeatable GCD cycles in 3.0M KOH

  

  

  

  

  

  

  

  

  3/2, Co 2p 3/2 and O 1s signals at the core level of pure and grapefruit assisted NiCo 2 O 4 structures. The Co 2p 3/2 photoemission signal of pristine NiCo 2 O 4 was decomposed in four contributions at 779.5, 781.4, 784.2 and788.93eV and the obtained results are in good agreement with our previous studies[START_REF] Ibupoto | NiCo2O4 nanostructures loaded onto pencil graphite rod: An advanced composite material for oxygen evolution reaction[END_REF][START_REF] Bhatti | Nanostructured Co3O4 electrocatalyst for OER: the role of organic polyelectrolytes as soft templates[END_REF][START_REF] Aftab | The chemically reduced CuO-Co 3 O 4 composite as a highly efficient electrocatalyst for oxygen evolution reaction in alkaline media[END_REF] due to Co 3+ , Co 2+ , and two shake-up satellites, respectively. The Ni 2p 3/2 signal, after decomposition, showed four contributions at 854.0, 855.7, 857.0 and 861.1eV due to Ni 2+ , Ni 3+ , Ni(OH) 2 and a satellite, respectively, according to literature data[START_REF] Wei | Honeycombed-like nanosheet array composite NiCo2O4/rGO for efficient methanol electrooxidation and supercapacitors[END_REF]. NiCo 2 O 4 sample prepared with grapefruit juice showed a similar spectrum with the same contribution. No major changes in the BE were noticed. The main difference between both samples was the Co 2+ /Co 3+ ratios. The pristine NiCo 2 O 4 sample showed a Ni 2+ /Ni 3+ ratio of 1.13 and a Co 2+ /Co 3+ ratio of 0.44. These ratios were 1.15 and 0.66, respectively, for grapefruit derived sample, suggesting high amount of Ni2+ and Co 2+ on the surface of NiCo 2 O 4. XPS characterization has shown that the pristine and grapefruit NiCo 2 O 4 samples showed mixed oxidation states, suggesting the typical spinel structure features of nickel-cobalt bimetallic oxides in good agreement with a previous study[START_REF] Laghari | MgO as promoter for electrocatalytic activities of Co3O4-MgO composite via abundant oxygen vacancies and Co2+ ions towards oxygen evolution reaction[END_REF]. Moreover, the O1s core level signal showed three main peaks located at 529.4eV (O Lat ), 531.1eV (O Surf ) and 532.7eV (O Chem ). In both samples the peak at 529.4eV is distinctive of metal-oxygen chemical bonds. The peaks at around 531.1eV and 532.7eV in both materials are

Table 1 :

 1 The calculated various supercapacitor indicators for pristine NiCo 2 O 4 nanostructure,

	sample-1 (G1) and sample-2 (G2).

Table -

 - Furthermore, the OER performance of as prepared NiCo 2 O 4 nanostructures (sample-2) was compared with recently reported electrocatalyst as given Supplementary Table-S3. It is obvious under the similar conditions of alkaline electrolyte, the energy demand for OER was found lower for the NiCo 2 O 4 nanostructures (sample-2) compared

	2 for better understanding and
	visualization. Overall electrochemical performance of various samples like RuO 2 , NiCo 2 O 4
	nanostructures (sample-1, 2 and pure) in terms of overpotential, Tafel slope values, specific
	capacitance and energy density are further clearly represented through bar graphs view as shown
	in supplementary (S4).
	The performance evaluation was prepared NiCo 2 O 4 NP//AC ASC device was compared with
	several recently reported works as given in Table-S2. It obvious that the presented ASC device
	has either superior or comparable performance in terms of specific capacitance, energy density,
	power density and columbic efficiency. Based on the overall an excellent performance of
	NiCo 2 O 4 nanostructures (sample-2) towards OER and SC applications which could contributed
	from large surface area owing to short range nanoparticles, high electrical conductivity, fast
	electron transfer, strong contact of nanoparticles with electrode to bioactive mimic effect,
	favorable interface chemistry, small packets of nanoparticles allowed the frequent electrode to

electrolyte communication, the bioactive mimic effect minimized the volume changes, hence a realization of mechanical durability, and high structure integrity of the electrode material during the cycling measurements.

Table 2 :

 2 Measured indicators for asymmetric supercapacitor using two electrode configurations for practical applications.

  2 O 4 with high surface vacancies, rich surface with Ni 2+ and Co 2+ , large active sites and fast charge transport for the OER half-cell reaction. The grapefruit juice has a wide range of functional molecules, which can act as either reducing agents or surface modifying agents. Importantly, the 1D NiCo 2 O 4 structure was successfully changed into 0D structure. The chemical components of the grapefruit juice have proved to be potential candidates to tune the electrochemical performance of NiCo 2 O 4 nanostructures. The OER was evident to occur at markedly low overpotential of 260 mV at 10 mA.cm -2 which is significantly improved performance from a low

		Current	Specific	Energy	Power	Columbic	Capacitance
	Samples	Density	Capacitance	Density	Density	Efficiency	Retention
		(Ag -1 )	(Fg -1 )	(Wh kg -1 )	(W/Kg)	%	%
		0.8	1928.59	41.77	631.84		
	G-2	0.85 0.882	1896.55 1883.27	40.97 40.48	670.48 693.96	100-81%	100-93% ( 900 Cycles)
		0.94	1870.79	39.09	729.25		
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