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Introduction

Zinc oxide (ZnO) nanostructures have drawn significant scientific interest because of its characteristic features and novel application in various fields [1-7]. ZnO is a contender for the next generation devices because of its unique opto-electronic properties that include a large band gap (~3.3eV at room temperature), higher values of breakdown voltages (higher than Carbon nanotubes) [START_REF] Liao | A novel gas sensor based on field ionization from ZnO nanowires: moderate working voltage and high stability[END_REF], sustaining large electric fields, high quantum efficiency, higher exciton energy, hightemperature and high-power operations [9,10]. ZnO seems to have the richest varieties of nanostructures such as wires [START_REF] Huang | Catalytic growth of zinc oxide nanowires by vapor transport[END_REF], tubes [START_REF] Yu | A general low-temperature route for large-scale fabrication of highly oriented ZnO nanorod/nanotube arrays[END_REF], rods [13], belts [14], rings [START_REF] Kong | Single-crystal nanorings formed by epitaxial self-coiling of polar nanobelts[END_REF], springs [START_REF] Kong | Spontaneous polarization-induced nanohelixes, nanosprings, and nanorings of piezoelectric nanobelts[END_REF], combs [START_REF] Wang | Induced growth of asymmetric nanocantilever arrays on polar surfaces[END_REF], flowers [START_REF] Parasharam | ZnO nano-flowers[END_REF], and peanuts shapes [START_REF] Prabhu | Peanut shaped ZnO microstructures: controlled synthesis and nucleation growth toward low-cost dye sensitized solar cells[END_REF]. Numerous methods have been reported for the preparation of nanostructures including precipitative methods (usually aqueous and at low temperature) [START_REF] Chen | ZnO nano-flowers[END_REF][START_REF] Jayakumar | Magnetism in Mn-doped ZnO nanoparticles prepared by a co-precipitation method[END_REF], reactive methods in high boiling point solvents [START_REF] Th | Doping of the nanocrystalline semiconductor zinc oxide with the donor indium[END_REF], hydrothermal and solvothermal methods [START_REF] Ameen | Influence of Sn doping on ZnO nanostructures from nanoparticles to spindle shape and their photoelectrochemical properties for dye sensitized solar cells[END_REF], and vapour phase reactions [START_REF] Xu | Field emission from gallium-doped zinc oxide nanofiber array[END_REF]. Among them co-precipitation (CPM) and hydrothermal (HTM) method have been acknowledged as an effective route for the synthesis of nanostructures for the reason that they are simple, non-hazardous, high yielding and economic. In CPM synthesis a solute that remain dissolved in a solution precipitates out on a carrier that forces it to bind together, rather than remaining dispersed [START_REF] Harvey | Modern Analytical Chemistry[END_REF]. It includes three mechanisms such as inclusion, occlusion, and adsorption. In contrast, hydrothermal synthesis is a precise method for crystallizing substances from high-temperature aqueous solutions at high vapour pressures. A large number of oxide nanoparticles have been synthesized under hydrothermal conditions [START_REF] Rao | The chemistry of Nanomaterials: Synthesis, Properties and Applications[END_REF]. The foremost three mechanisms are hydrolysis, oxidation and thermolysis [START_REF] Rajamathi | Oxide and chalcogenide nanoparticles from hydrothermal/solvothermal reactions[END_REF].

Due to the presence of intrinsic defects such as oxygen vacancies (V), zinc vacancies (VZn) and zinc interstials (Zin) the inherent properties of ZnO do not meet the preferred standard for industrial applications. The ZnO properties can be improved by doping with selected elements. The transition metal doping in semiconductor ZnO facilitates the generation of carrier mediated ferromagnetism [START_REF] Pearton | Wide band gap ferromagnetic semiconductors and oxides[END_REF]. In specific, nickel is considered to be the most capable transition metal dopant due to its high chemical stability and exceptional ability to tune electrical, optical and magnetic behaviour of ZnO nanostructures [START_REF] Ahmed | Effect of Ni substitution on structural, morphological and magnetic properties of Zn1-xNixO nanorods[END_REF]. Electrochemical capacitors, which have recently received great attention due to their higher power density and higher specific energy than conventional batteries and capacitors [START_REF] Bae | Fiber Supercapacitors Made of Nanowire-Fiber Hybrid Structures for Wearable/Flexible Energy Storage[END_REF]. In general, carbon materials, metal oxides and conducting polymers are used as electrodes and among the transition metal oxides ruthenium oxide has the highest efficiency [31] but due to its cost it has not been commercialized. In order to replace the expensive electrodes, nickel oxide, zinc oxide, manganese oxide and cobalt oxide are widely used because of their pseudocapacitive behaviour [START_REF] Selvakumar | Nano ZnO-activated carbon composite electrodes for supercapacitors[END_REF]. Also the dopants such as Ni, Co Mn in ZnO were extensively studied for various applications such as magnetic, antibacterial, sensors etc., synthesized with simple chemical methods [START_REF] Prasankumar | Microwave assisted synthesis of 3D network of Mn/Zn bimetallic oxide-high performance electrodes for supercapacitors[END_REF][START_REF] Kalpana | A novel high power symmetric ZnO/carbon aerogel composite electrode for electrochemical supercapacitor[END_REF][START_REF] Sato | Stabilization of ferromagnetic states by electron doping in Fe-, Co-or Ni-doped ZnO[END_REF][START_REF] Cheng | Hydrothermal synthesis Ni-doped ZnO nanorods with room-temperature ferromagnetism[END_REF] ZnO exhibits superior physical properties as battery active material with higher energy density and high efficiency, a very few work has been reported in supercapacitor applications [START_REF] Prasankumar | Microwave assisted synthesis of 3D network of Mn/Zn bimetallic oxide-high performance electrodes for supercapacitors[END_REF]. The main cause for this problem is the formation of dendrites during consecutive cycles which lead to the decrease in cycle life [START_REF] Kalpana | A novel high power symmetric ZnO/carbon aerogel composite electrode for electrochemical supercapacitor[END_REF]. Because of its good electrochemical and eco-friendly nature the reported work investigates merging the properties of Ni and ZnO by doping. Quite a few methods have been reported for the synthesis of rod shaped Ni doped ZnO [START_REF] Sato | Stabilization of ferromagnetic states by electron doping in Fe-, Co-or Ni-doped ZnO[END_REF][START_REF] Cheng | Hydrothermal synthesis Ni-doped ZnO nanorods with room-temperature ferromagnetism[END_REF].

This work is focused on the preparation of Ni/ZnO nanomaterials by facile co-precipitation and hydrothermal synthesis. The effect of the synthesis routes on the optical, structural, chemical and morphological properties on ZnO is quantified. The electrochemical performance of the synthesized nanorods were examined by the fabricated supercapacitor electrodes using a standard three electrode cell configuration.

Experimental Procedure 2.1 Materials

Zinc acetate dihydrate, sodium hydroxide, nickel (II) nitrate hexahydrate were purchased from Merck with 98%, 97% and 97% purity, respectively. Distilled water was used as the solvent and all the chemicals were used without further refining.

Characterization Techniques

The crystal structure of the ZnO nanocrystals was determined by a Bruker X-ray diffractometer (Model AXS D8 Advance using Cu Wavelength 0.1546 nm). The morphological features were recorded by Hitachi S-4700 FESEM and an elemental composition was obtained using an FEI Philips XL energy-dispersive X-ray spectrometer. The optical absorption and emission spectra of ZnO dispersed in distilled water were recorded using Agilent 8453 UV-Visible spectrophotometer and Agilent spectrofluorometer carry eclipse. The FT-IR spectra of the sample were obtained with a Thermo Nicolet 6700 and Raman scattering measurements were performed using Horiba Jobin Yvon Lab Ram HR800 equipped with a CCD detector. All the electrochemical measurements were carried out using Bio-Logic (SP-50) electrochemical workstation.

Synthesis by Co-Precipitation Method

Initially, 3 g of zinc acetate dihydrate and 5 wt % of nickel (II) nitrate hexahydrate was dissolved in 75 ml of double distilled water and kept stirring for 15 m. Sodium hydroxide solution had been prepared separately by dissolving 2.4 g of NaOH in 75 ml of double distilled water. The prepared NaOH solution was added drop-wise into the initial precursor solution under constant stirring at room temperature. The mixed solution was kept under stirring for 30 m. The gelatinous precipitates was then kept on the hot plate at a temperature of 80ºC for 5 h. After that the solution was washed with distilled water and ethanol for several times using a centrifuge. The final precipitate was collected and dried at 120ºC by means of hot plate for 1 h in atmosphere.

Synthesis by Hydrothermal Method

In this method, 3 g of zinc acetate dihydrate was dissolved in 75 ml of double distilled water with 5wt % of Ni (NO3)2.6H2O. The buffer solution was prepared by taking 2.4 g of NaOH in 75 ml of distilled water. This solution was added drop by drop to the Ni doped Zn solution under stirring. The initial solution containing milky coloured precipitate was kept for stirred for 30 m. The resulting solution was kept in an autoclave and placed inside a muffle furnace at a temperature of 160ºC for 5 h. The obtained precipitate was then washed with distilled water and ethanol 3 times respectively and dried at 120ºC for 1 h using hot plate.

Fabrication of electrode

The working electrode was prepared by mixing of 80 wt% of Ni/ZnO as active material, 15 wt% of acetylene black as conducting agent and 5 wt% of PVDF (polyvinylidene fluoride) as binder with few drops of n-methylpyrrolidone (NMP) as solvent. The prepared slurry was pasted onto a pre cleaned carbon felt. The substrate was dried at 100°C for 12 hrs which was then employed as working electrode.

Electrochemical Tests

Supercapacitor behaviour of the Ni/ZnO nanoparticles was studied using CV and GCD measurements. The electrochemical properties of the samples were carried out using three electrode cell configurations with Ni/ZnO electrode as the working electrode, Ag/AgCl as the reference electrode while a platinum wire as the counter electrode. 1 M KOH aqueous solution was used as the electrolyte. -----------------------(

Result and Discussion

XRD

1)

Where, D is the diameter of the crystallite, λ is the wavelength of Cu Kα line (1.5406 Å), β is the full width at half maximum (FWHM) in radians and θ is the Bragg angle. The larger size (47 nm) was observed for the Ni doped ZnO nanoparticles synthesized by HTM. Table 2 shows the particle size and strain of pure and Ni doped ZnO. Compared to the coprecipitation method, the hydrothermally synthesized samples exhibited the highest grain size values. The similar ionic radii 0.74 for Zn 2+ and 0.69Å for Ni 2+ [39-41],the substitution of Ni 2+ for Zn 2+ doesn't result in noticeable lattice distortion and there was no shift observed in the diffraction peaks except for the intensity changes in doped samples. ) by HTM shows the respective morphologies as nanoplates and nanorods. These morphologies are similar to those produced through CPM. The nanoplates produced by HTM have smoother edges than those from CPM, and have fewer small platelets attached to their faces. HTM nanorods tend to be thicker than those produced by CPM. Some free nanoplates are present in both the nanorod images (B and D). However, the platelets are distributed differently. Comparing with HTM, samples produced by CPM show densely packed with agglomerated particles, distributed throughout the structure. In HTM samples, the nanoplates tend to be more aligned, their faces being parallel, and are affixed to the flat faces of the nanorods. Noting the shape of the nanoplates between the Ni-doped ZnO and the undoped ZnO, the HTM nanoplates affixed to the nanorods appear to be more hexagonal than the undoped variety. It is clear that Ni influence the formation of nanorods with narrow tipped prismatic hexagonal surfaces. It is interesting to note the horizontal streaks, and steps, perpendicular to the axis of the nanorods. This feature is more apparent in the HTM-nanorods than the CPM-nanorods, which may only be an artefact of image quality. These lamellar lines supports the claim that the nanorods are indeed stacks of nanoplates, and have been influenced to align around an axis. The diameter of the nanorods slightly but gradually decreases towards the end of the tip. It is reasonable to assume that the incorporation of external impurity into the lattice of ZnO without altering the overall structure may cause the formation of rods and agglomeration. Experimental conditions in both the methods affect the morphology and size of growing crystal. The pattern shows strong Zn and O peaks without any impurity confirming the purity of the samples. The presence of Ni confirms that Ni ions were doped into ZnO nanostructures. Also notable is the difference in oxygen content, between the CPM and HTM samples: The CPM sample contains more oxygen. EDAX also measures more Ni content in the CPM sample, at 5.41 wt%, than the HTM sample, which is measured to have 4.89 wt% Ni, which corresponds to heavier doping of the CPM sample.

Parameters

UV-Visible Spectral Analysis

The UV-visible absorption spectra of the as-prepared co-precipitation and hydrothermally synthesized pure ZnO and Ni/ZnO with different morphology was examined and shown in Figure 4 (A) and (B). As displayed all the samples exhibit an optical absorption below 400 nm due to the surface state of ZnO [START_REF] Cui | Study on photoelectric gas-sensing property and photogenerated carrier behavior of Ag-ZnO at the room temperature[END_REF]. The absorption peak appeared at about 372 nm and 377 nm for CPM and HTM ZnO samples, respectively (Table 3). On incorporation of nickel, the absorption peak shifted towards higher wavelength, which resulted in the decrease of bandgap energy. The peak was very broad with a red shift and this can be attributed to the defect states between valence band and conduction band (O2p  Zn3d) [43] and higher scattering at the surfaces of nanorods 3. Shows the absorption edge and bandgap of pure and Ni/ZnO samples by CPM and HTM

Photoluminescence

Figure 5 shows the room temperature PL spectra of the pure and Ni/ZnO nanoparticles assynthesized by CPM (A) and HTM (B). The PL measurements were performed at an excitation wavelength of 325 nm. Excitonic emissions were observed from the photoluminescence spectra of ZnO nanomaterials. All the samples were optically similar with the emission peaks centered at 392 nm, 403 nm, 419 nm (violet emission), 444 nm (blue emission), 460 nm, 486 nm (blue green emission), 496 nm and 520 nm (green emission) irrespective of the method of preparation. The asymmetric spectra were due to the native defect states of ZnO [START_REF] Mishra | Efficient UV photosensitive and photoluminescence properties of sol-gel derived Sn doped ZnO nanostructures[END_REF]. The strong emission peak at 392 nm may be attributed to near band edge emission [START_REF] Ahmad | Conductivity enhancement by slight indium doping in ZnO nanowires for optoelectronic applicationsJ[END_REF] and the peak at 403 nm was originated due to defect states Infrared spectroscopy was used to detect the presence of functional groups adsorbed on the surface of synthesized nanoparticle. FTIR spectra of pure ZnO and Ni/ZnO synthesized by CPM and HTM methods are shown in Figure 6 (A &B). In the co-precipitation method the broad absorption band at 3385 cm -1 corresponds to the O-H stretching vibration of water present in ZnO [55] and the absorption peak at 2358 cm -1 is because of an existence of CO2 molecule present in the atmosphere [START_REF] Arshad | Effect of Co substitution on the structural and optical properties of ZnO nanoparticles synthesized by sol-gel route[END_REF]. In the hydrothermal method some slight changes are observed compared to co-precipitation method. The band at 1643 cm -1 (CPM) and the band at 1637 cm -1 (HTM) can be associated with the H-OH stretching [57]. In the CPM method the transmission band at ~1361 cm -1 the sample was due to the asymmetric stretching of acetate species from precursor [58] and this band was not observed in hydrothermally synthesized samples. The band appearing at 877 cm -1 in both the methods was due to the formation of tetrahedral co-ordination of Zn [START_REF] Ravichandrika | Synthesis,characterization and antibacterial activity of ZnO nanoparticles[END_REF]. The peaks appearing between 400 cm -1 to 570 cm -1 were assigned to the Metal-Oxygen (M-O) stretching mode [START_REF] Ozgür | A comprehensive review of ZnO materials and devices[END_REF]. But in the case of Ni 2+ more changes in peak intensity were observed. The vibration modes at 720 cm -1 & 1086 cm -1 in CPM and 1430 cm -1 in HTM were associated with Ni 2+ occupation at Zn 2+ sites [START_REF] Saravanan | Synthesis and characterization of ZnO and Ni doped ZnO nanorods by thermal decomposition method for spintronics application[END_REF]. Because of ionic radii mismatch between Ni 2+ intrinsic host lattice defects are activated. This type of activated impurity causes a shift in the vibration mode [62].

Raman Spectroscopy

The vibrational modes of ZnO might be changed by dopants, so Raman spectra of pure ZnO by CPM (A), Ni/ZnO by CPM (B), Pure ZnO by HTM (C) and Ni/ZnO by HTM (D) were measured and shown in Figure 7. It is observed that the peak at 331cm -1 and an intense peak at 438 cm -1 were consistent with A1(TO) and E2(high) vibration modes. For Ni/ZnO, an peak at 372 cm -1 (CPM) and 379 cm -1 (HTM) was observed and assigned to E2(high)-E2(low) modes [START_REF] Yang | Low-temperature synthesis and Raman scattering of Mn-doped ZnO nanopowders[END_REF]. It can be seen that there was a blue shift with additional peaks located for the Ni/ZnO by CPM due to the lattice-host intrinsic defect. The breakdown of translational crystal symmetry in the samples produced by co precipitation method was because of the incorporated defects and impurities. This indicates that that the ZnO was damaged, but still retains its wurtzite lattice structure. 

Electrochemical Characterizations

Galvanostatic Charge Discharge of Ni/ZnO Electrodes

The charge-discharge measurements for bare and Ni/ZnO electrodes by CPM (A, B) and HTM (C, D) were carried out using chronopotentiometry at different current densities in the potential window of -0.4V to 0.5V and the corresponding results were shown in Figure 9. The charge-discharge properties of ZnO electrodes in 1 M KOH were investigated with different current densities of 0.5, 1 and 2 A g -1 . The charge and discharge curves exhibit excellent reversibility for forward and backward reaction processes. A pseudo-capacitance behaviour of ZnO was observed for pure and Ni/ZnO by CPM. Meanwhile, it should be noted that the curves for pure ZnO by HTM shows a nearly linear relationship, which is an ideal capacitive behaviour. The voltage decreases linearly with the increase of discharge time. A nonlinear double-layered discharge curve was obtained for Ni/ZnO by HTM with increased capacitance. This may be due to defect rich nickel and zinc oxide and electrochemical adsorption-desorption or redox reaction at the electrode and electrolyte interface. The average specific capacitance of the electrodes can be calculated using the formula (equation 3):

Cm = It/ΔVm ---------- (3) 
where, Cm, I, t and ΔV are the specific capacitance of electrodes (F g -1 ), the charge-discharge current (A), the discharge time (s) and the mass of electrode, respectively. Due to the incorporation of Ni as extrinsic impurity into the zinc oxide matrix, enormous oxygen vacancies were generated which leads empty oxygen sites. Thus the interstitial occurrence of zinc and Ni ions will promotes the ionic conductivity. This may leads to have either shallow or deep level donors in the bandgap of ZnO . In the present investigation the results show that the preparation condition of the composite electrodes by the hydrothermal method helps in getting high defect content of zinc oxide with nickel, in increasing charge carriers, and enhancing double layer capacitance.

Conclusions

This study compares two different types of synthesis of Ni/ZnO using the co-precipitation and hydrothermal methods. CPM provides an inexpensive route to the synthesis of many nanoparticle materials, but it lacks the reaction control needed for high quality crystallinity and purity of the materials. These challenges were overcome with the use of the hydrothermal method. In the UV optical analysis the HTM samples were slightly shifted towards the visible region when compared to CPM samples, which is due to the generation of more absorption states or defect energy bands. In the emission, both the samples have similar defect peaks with only change in intensity. In FTIR analysis it is observed that the transmission band for the carbonyl group of the carboxylate ions was absent in HTM samples, which shows that the precursor peaks were removed by the hydrothermal condition. Raman analysis also showed that the HTM samples have defect free crystallinity. The CV curve suggests that the electrochemical capacitance performances of the Ni/ZnO by HTM are good with highest current density than by CPM. The discharge curves are linear in the total range of potential with constant slopes, showing perfect capacitive behaviour for Ni doped sample prepared by hydrothermal synthesis. In conclusion, the electrodes fabricated using HTM shows good efficiency when compared to the samples prepared with the co-precipitation method. These preliminary findings open up new opportunities for Ni/ZnO nanoparticles in applications of electrochemical supercapacitors as well as other energy storage devices. Ni/ZnO nanoparticles synthesized by this method with further optimization have the potential to lead to a high-efficiency supercapacitors.

Figure 1

 1 Figure 1 Powder diffraction pattern of pure and Ni/ZnO nanoparticles synthesized by CPM (A) and HTM (B) (*indicates the presence of Ni).

Figure 1 (

 1 Figure 1 (A) and (B) depicts the XRD pattern of pure and Ni doped ZnO nanoparticles prepared by co-precipitation and hydrothermal method in the range from 25º to 70º. The peaks observed in the XRD pattern confirm the polycrystalline nature of the nanoparticle, with (100), (002), (101), (102), (110), (103), (112) and (201) reflections of pure ZnO phase with the hexagonal wurtzite structure (JCPDS card No. 89-0510). Altogether the reflections were highly oriented along the most stable phase (101) of ZnO and it is used for further calculations. In Figure 1 (A) an additional peak at 43.29 º was observed and it can be indexed for the (200) reflection of nickel oxide (NiO). It shows that the Ni/ ZnO was formed along with the NiO phase and its noteworthy this secondary phase was exhibited only by the nickel doped ZnO prepared by CPM. El-hilo et al., have reported that 4.3% of Ni doped ZnO nano-particles exhibited NiO phases [37]. The additional peaks observed in the Ni/ZnO by CPM were attributed to the presence of zinc hydroxide (JCPDS card No. 01-0360). Diffraction peaks corresponding to NiO or impurities were not observed in the XRD patterns of

Figure 2

 2 Figure 2 Morphology of pure ZnO by CPM (A), Ni/ZnO by CPM (B), pure ZnO by HTM (C) and Ni/ZnO by HTM (D)The morphology of the pure and Ni/ZnO synthesized by CPM (A, B) and HTM (C, D) are shown in Figure2. The pure ZnO's were observed as nanoplates, which were influenced by Ni to form as nanorods, with the absence of any porosity. Both CPM and HTM nanorods were randomly arranged and aligned in small stacks. The pure ZnO and Ni/ZnO (C & D) by HTM shows the respective morphologies as nanoplates and nanorods. These morphologies are similar to those produced through CPM. The nanoplates produced by HTM have smoother edges than those from CPM, and have fewer small platelets attached to their faces. HTM nanorods tend to be thicker than those produced by CPM. Some free nanoplates are present in both the nanorod images (B and D). However, the platelets are distributed differently. Comparing with HTM, samples produced by CPM show densely packed with agglomerated particles, distributed throughout the structure. In HTM samples, the nanoplates tend to be more aligned, their faces being parallel, and are affixed to the flat faces of the nanorods. Noting the shape of the nanoplates between the Ni-doped ZnO and the undoped ZnO, the HTM nanoplates affixed to the nanorods appear to be more hexagonal than the undoped variety. It is clear that Ni influence the formation of nanorods with narrow tipped prismatic hexagonal surfaces. It is interesting to note the horizontal streaks, and steps, perpendicular to the axis of the nanorods. This feature is more apparent in the HTM-nanorods than the CPM-nanorods, which may only be an artefact of image quality. These lamellar lines supports the claim that the nanorods are indeed stacks of nanoplates, and have been influenced to align around an axis. The diameter of the nanorods slightly but gradually decreases towards the end of the tip. It is reasonable to assume that the incorporation of external impurity into the lattice of ZnO without altering the overall structure may cause the formation of rods and agglomeration. Experimental conditions in both the methods affect the morphology and size of growing crystal.

Figure 3 (

 3 Figure 3 (A & B) shows a representative EDAX pattern and the details of the relevant elemental analysis for Ni/ZnO by CPM (A) and HTM (B).

Figure 3

 3 Figure 3 Elemental composition of Ni/ZnO by CPM (A), Ni/ZnO by HTM (B)

Figure 4

 4 Figure 4 UV spectra of pure and Ni/ZnO synthesized by CPM (A) and HTM (B)

  [44]. The Ni doping in ZnO causes the slight tapering of bandgap for both the cases. ZnO is a directband gap semiconductor, and therefore its absorption coefficient is related to the excitation energy αhυ = C (hυ-Eg) 1/2 (2) where α is the absorption coefficient hυ is the incident photon energy C is the constant and Eg is the direct band gap in eV {(Eexc= hν) by (αhν) 2 = C (hν -Eg)}. To obtain the absorption onset, (αhν) 2 was plotted versus energy hν. Extrapolation of the linear part until its intersection with the hν axis gives the values of Eg. By knowing the value of absorbance and wavelength from the data, the optical band gap of ZnO was estimated by Tauc's plot [45] and it is shown in

Figure 5

 5 Figure 5 Emission spectra of pure and Ni/ZnO synthesized by CPM (A) and HTM (B)

3. 5 FTIRFigure 6

 56 Figure 6 FTIR spectra of pure and Ni/ZnO synthesized by CPM (A) and HTM (B)

Figure 7

 7 Figure 7 Raman spectra of pure ZnO by CPM (A), Ni/ZnO by CPM (B), Pure ZnO by HTM (C) and Ni/ZnO by HTM (D) Typically there are two polar branches, one non polar branch and eight sets of optical phonon modes in wurtzite ZnO crystal. The polar branches A1 and E1 split into longitudinal (LO) and transverse (TO) optical components with different frequencies. The non polar branch E2 contains low and high frequency phonons (E2L and E2H) [63]. In which E2L is associated to the heavy zinc sublattice and E2H associated only with oxygen atoms [64]. The phonon modes near the center of the Brillion zone (G point) may be written as: Г=A1+2B1+E1+2E2. Among these modes, A1, E1 and 2E2 are Raman active and 2B1 is Raman inactive or forbidden mode for ZnO [65]. It is observed that the peak at 331cm -1 and an intense peak at 438 cm -1 were consistent with A1(TO) and E2(high) vibration modes. For Ni/ZnO, an peak at 372 cm -1 (CPM) and 379 cm -1 (HTM) was observed and assigned to E2(high)-E2(low) modes [66]. It can be seen that there was a blue shift with additional peaks located for the Ni/ZnO by CPM due to the lattice-host intrinsic defect. The breakdown of translational crystal

Figure 8 .

 8 Figure 8.Cyclic Voltammograms of pure ZnO by CPM (A), Ni/ZnO by CPM (B), Pure ZnO by HTM (C) and Ni/ZnO by HTM (D) at scan rates 5, 10, 20 and 50 mV/s.

Figure 8

 8 Figure8shows the cyclic voltammograms of bare and Ni/ZnO electrodes by CPM (A, B) and HTM (C, D) in 1 M recorded at the scan rates of 5, 10, 20, and 50 mV/s. The cyclic voltammetry of the electrode materials were performed between the potential windows of -0.4V to 0.5V. All the samples exhibit quasi-rectangular like shape, reversible and capacitive behaviour. By changing the scan rate, the power properties of the electrodes were evaluated and the results are shown in Figure8. It can be seen from the CV curves that the scan rate and the current response were directly proportional. For the pure and Ni/ZnO by CPM and HTM it was observed that the Ni/ZnO has better capacitive current. The Ni/ZnO electrode by HTM shows a pair of Faradaic redox peaks with high capacitive current (~12 mA) comparing all other electrodes. These redox peaks were formed due to the intercalation and de-intercalation of K + ions from the electrolyte into ZnO. The energy storage in these electrodes is due the accumulation of ionic charge in the double layer at the electrode/electrolyte interface. This implies that, of all the samples Ni/ZnO (HTM) electrode has good capacitive performance which may be due to pseudo-capacitance of the electrochemically active ZnO nanorods, fast reversible redox reaction and effective electrical and ionic conductivity of Ni 2+ and Zn 2+ .

Figure 9

 9 Figure 9 Galvanostatic charge-discharge curves of pure ZnO by CPM (A), Ni/ZnO by CPM (B), Pure ZnO by HTM (C) and Ni/ZnO by HTM (D) hybrid electrode at different current densities.

  . Recently, ZnO with composites such as ZnS, Ni [New ref 1] and some transition metals Al, Co [New ref 2], Fe [New ref 3], Mn [New ref 4] have attained high specific capacity, cycle durability, stable reversible capacity and high lithium storage capacities [New ref 4]. Although

  A. Chandrasekaran, T. Prasankumar, Sujin P Jose, K. Anitha, C. Ekstrum, J. M. Pearce, J. Mayandi. "Synthetic method dependent physicochemical properties and electrochemical performance of Ni doped ZnO", Chemistry Select 2(28), 2017, pp. 9014-9023. doi: https://doi.org/10.1002/slct.201701584 5 HTM, confirming the high purity of synthesized product[START_REF] Xu | Hydrothermal synthesis and magneto-optical properties of Ni-doped ZnO hexagonal columns[END_REF]. Table1shows the average crystallite sizes of the samples calculated by Debye Scherrer's equation (equation 1)

	D = (0.9λ)/ (β cos θ)

Table 1 .

 1 XRD parameters of the pure and Ni/ZnO samples by CPM and HTM

	ZnO		Ni /ZnO
	CPM	HTM	CPM	HTM

Table 2 .

 2 Particle size and strain of the pure and Ni/ZnO samples by CPM and HTM

3.2 FE-SEM Analysis Sample Name Particle size (nm)

  

					Strain
		CPM	HTM	CPM	HTM
	Pure ZnO	43	110	0.00109	0.00155
	Ni/ZnO	67	112	0.00154	0.00112

table 3 :

 3 

	Sample Name	Absorption edge	Band gap
		(nm)		(eV)	
		CPM	HTM	CPM	HTM
	Pure ZnO	372	377	3.34	3.29
	Ni/ ZnO	378	390	3.29	3.19
	Table				
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