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 

Abstract: Cucurbita seed like zinc oxide (ZnO) nanoparticle is 

synthesised via chemical reflux method. The phase, size and 

structure of ZnO elucidates by X-ray diffraction method. 

Infrared spectrum is revealed its functional groups which are 

present in the synthesised nanoparticles. The cucurbita seed like 

morphology of prepared zinc oxide nanoparticles were examined 

by SEM analysis. Optical absorption property and bandgap of 

synthesized ZnO nanoparticles are investigated. The 

electrochemical activity of Cucurbita seed like ZnO 

nanoparticles measurement carry out through electrochemical 

impedance analysis,  galvanostatic charge discharge and cyclic 

voltammetry results. 

 

Keywords : ZnO nanoparticle, chemical reflux method, cyclic 

voltammetry, electrochemical analysis. 

I. INTRODUCTION 

The energy production and storage has global research 

interest and concern in modern society, who owing gathering 

gadgets is in increasing demand [1]. It demonstrates a 

significant amount of attention must be provided to enhance 

the present energy storage systems to satisfy future modern 

devices. Various energy storage devices like, supercapacitors 

(Sps) which have the basic character of higher power density 

of high energy density. Lithium-ion batteries are considered 

as an appreciable candidate for increasing energy demand to 

higher energy storage purpose with low cost and eco-friendly 

[2]. This outstanding properties of hybrid energy materials 

generate modern commercial applications, i.e., hybrid 

electric vehicles, energy back-up devices, and other military 

electronic devices [3]. In particular, Sps can exhibit best 
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features to further investigate that others like quick responses 

of charge-discharge, long life. Also, it exhibits either a 

pseudocapacitor or electric double layer capacitor (EDLC), 

but nowadays hybrid capacitors are researched to exhibits 

mixed properties of both. Transition metal oxides (TMO) 

have great attention due to its superior performance and 

reliability in energy storage applications [4]. Various TMOs 

and hydroxides i.e., Ni(OH)2 [5], SnO2 [6], RuO2 [7], NiO  

[8], Co3O4 [9], Fe3O4 [10], MnO2 [11], TiO2 [12], MoO3 [13], 

CuO [14] were studied for the electrode applications in 

energy storage devices. Zinc oxide (ZnO) is the most 

researched TMO for energy applications because of its great 

electrical conductivity σ=230 S/cm., but it has a higher 

hypothetical capacity of ~1000 mAh/g [15-18]. It is used as 

an anode material for supercapacitors to its various 

controlled morphologies  [19-22]. But, in this research work, 

we aimed to get modified morphology by changing the 

synthesis environment from previous; we adopted the 

chemical route synthesis procedure and synthesized ZnO 

Nps. Its structural, spectral, linear optical and 

electrochemical results were measured and published in this 

article. 

II.  MATERIAL SYNTHESIS 

A. ZnO nanoparticles via Chemical reflux route  

Zn(NO3).6H2O (0.02M) is added in 90 ml deionized water 

at the round bottom flask and separately NaOH (0.3g) 

aqueous solution (10ml) in beaker. It is added dropwise into 

Zn(NO3).6H2O solution and stirred about 3 hrs to get 

homogenous reacted solution and ZnO Nps. The complete 

synthesis process is maintained at 120 oC to achieve 

uniform-sized ZnO nanoparticles and it may also depend on 

the reflux time and speed. Binding agent Hexamine (0.01M) 

is included in this solution to avoid removal of embedded 

ZnO nanoparticles. After 3 hrs precipitation of ZnO is 

gathered and washed in distilled water and ethanol to enrich 

the quality of synthesized material and it is dried at 80 oC for 

10 hrs. These prepared ZnO nanoparticles are subjected to 

spectral, surface image and structural characterizations to 

evaluate its chemical and physical identity and electrode 

preparation for CV studies. 

III. RESULTS AND DISCUSSION 

A. Structural characterization 

Diffracted X-ray pattern is 

collected for synthesized 

ZnO nanoparticles by using 
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D8 advanced ECO XRD instrument of SSD160 1D X-ray 

detector with Cu-Kα (1.5406 Å). Powder sample of ZnO is 

scanned from 10° to 80° with a scanning rate of 0.02° per sec. 

The obtained pattern of X-ray diffraction is shown in the 

Fig.1  

 

 
Fig. 1. XRD patterns of of ZnO nanoparticles 

A very sharp peak dictates the synthesised sample is 

crystalline nature and exact matching of its (hkl) planes with 

JCPDS card [79-2205] data confirms it is hexagonal 

structured ZnO material [23] (Fig.1) and no additional peaks 

dictate its purity. The crystallite size was estimated 

theoretically by using from Debye–Scherrer formula, 

 

D = kλ/βcosθ……….(1) 

 

Where θ – angle of diffraction, β is the Full-Width and 

Half Maximum (FWHM) and k is the constant. The 

calculated average crystallite size is measured as 28.3 nm. 

B. FTIR analysis 

 
Fig. 2. FTIR spectrum of ZnO nanoparticle 

The present functional groups, intra, inter-molecular 

vibrations and molecular interactions of prepared ZnO are 

examined through FT-IR spectra (Fig.2). It provides that, 

evidence to declare as ZnO. Shimadzu IR Trace-100 

spectrometer instrument is utilized to record the FTIR 

spectra by the KBr pellet technique. The 400-4000cm-1 range 

is recorded as shown in Fig.2. A broad vibrational band 

occurs at 3374 cm-1, caused due to stretching of O-H bond. 

The vibrations wavenumbers at  1404cm-1 and 1619 cm-1 are 

interpreted due to C=O and O-H symmetrical vibrations 

respectively [24]. The characteristic peaks of Zn-O molecule 

stretching band found at 537cm-1. These characteristic peaks 

confirm that the prepared sample via chemical route 

synthesis is ZnO nanoparticles. 

 

C. UV absorption property and Bandgap energy 

 

The character of light absorption and important bandgap 

energy is calculated by using ultraviolet spectra, and it is 

recorded for the prepared ZnO nanoparticles. The ZnO 

nanoparticles are dispersed in 100ml de-ionized water and 

then sonicated about 10 minutes for the well-mixed solution 

of the study and it is used for the UV measurement at room 

temperature. Shimadzu 1800 model instrument was used for 

the experiment and spectra record in the range of 

200nm-1100 nm as shown in the (Fig.3). 

 

 
Fig. 3. UV- Vis spectrum of ZnO nanoparticle 

The strong light absorption peak at 381nm was found in 

near semiconductor bandgap region.  The optical energy 

band gap was calculated by using,  

 

Energy gap (Eg) = h (c/ λ)…………. (2) 

 

Where, h = 6.626×10-34 J/ sec, c = 2.99×108 m/sec, and λ 

= Absorption peak value and also 1eV = 1.6×10-19 J. The 

calculated band-gap of prepared ZnO nanoparticles via 

chemical route was 3.2eV, which is slightly lesser than bulk 

ZnO material (3.31eV). It may attributed to creation of 

oxygen vacancies at surface of ZnO nanoparticles [25]. 

D. Surface and Elemental analysis 

The surface morphology of ZnO nano particle is shown in 

the Fig. 4(a). The SEM images closely matched with the 

pumpkin (Cucurbita) seed like structure. The surface 

morphology is shown in different magnifications 100nm, 

200nm and 1μm. The electrochemical performance was 

depending on the structure of pumpkin seed like ZnO 

nanoparticle. It can be clearly seen that there were no 

agglomerations during growth process. In lower 

magnification the uniform formation of nanoparticles were 

found. From the figure 5 (a) EDS spectrum were shown. The 

atomic and weight percentage of prepared nanoparticles were 

obtained and elemental composition were determined. The 

presence of zinc and oxygen 

in desired composition were 

confirmed through EDS 

spectrum as shown in fig. 5. 
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Fig. 4. Surface morphology of cucurbita seed like ZnO 

nanoparticles with different magnifications 

 

 
Fig. 5. Elemental conformations of ZnO nanoparticles 

E. Electrochemical analysis 

1) Cyclic voltammetry 

The electrochemical reactions of prepared Zinc oxide 

nanoparticles via chemical synthesis route are examined in 

KOH (1M) electrolyte in three electrode electrochemical 

workstation (CHI6008 model). Nickel foil (1cm2) is used as 

an electrode base to coat 0.01 mm thick cucurbita seed like 

ZnO nanoparticles sample. The surface of the foil was 

scoured via sandpaper and kept at sonication for cleaning 

and washed by (CH3)2CO. The calculated amount of 80wt% 

ZnO nanoparticles, 10wt% of activated carbon (AC) and 

10wt% Polyvinylidene fluoride (PVDF) are mixed together 

and pounded well to mixing homogenously. Additionally, 

N-methyl-2-pyrrolidone (NMP) is mixed dropwise to the 

mixture to make it like glue and it is pasted on nickel foil as a 

thin film. Then, it is dried at 80oC about 12hr. This, the 

working electrode is kept at 1M KOH electrolyte in 

CHI6008E model workstation, in which Platinum (Pt) act as 

auxiliary electrode and Ag/AgCl act the reference electrode. 

 

 
Fig. 6. Cyclic voltammetry curve of ZnO working 

electrode 

Fig.6 shows that, ZnO Nps cyclic voltammetry curves in 0 

to 0.6V potential range. The specific capacitance of the 

cucurbita seed like ZnO electrode is determined from the 

equation (3) 

Csp =  IVdv/ mvΔV………. (3) 

Where, IVdv is the area of working electrode, ‘m’ is the 

mass of active material, ‘v’ is the scan rate and ‘ΔV’ is the 

potential window applied to the electrodes. CV is carried out 

for different scan rates (100 mVs-1 to 10 mVs-1) to understand 

electrochemical property of this ZnO nanoparticles via its 

oxidation-reduction peaks. When the scanning rates were 

increased, the shape and area of the CV curves are increases 

with higher current but remains its actual position. The 

oxidation peak is occured between 0.3V and 0.4V of the 

applied voltage and the reduction peak is found at 0.55 V. 

The specific capacitance values are calculated as 61.6 F/g, 

52.5 F/g, 45.7 F/g, 41 F/g and 37 F/g at different scan rates 

100 mVs-1 to 10 mVs-1  respectively and it is depicted in 

Fig.7. 

2) Galvanostatic charge and discharge 

The galvanostatic charge and discharge characters were 

observed in the CV of three-electrode system between 0 to 

0.55V at various current densities. The specific capacitance 

is calculated from following formula, 

Csp = It/ m ∆V……….. (4) 

 

Where ‘I’ is the scanning current at the charge-discharge 

process,‘t’ is the electrode discharge time per second, ‘m’ is 

the mass of electrode material and ‘∆V’ is the operating 

potential window.  

Fig.8 displays, the charge and discharge arcs at a various 

current densities of ZnO electrode. The charge-discharge 

curve exhibits that, pseudocapacitance behaviour of ZnO 

electrode. The curves at higher current densities show the 

small internal resistance and drop occurs at 5 mA almost for 

all the curves. 
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Fig. 7. Specific capacitances Vs Scan rate of cucurbita 

seed like ZnO nanoparticles 

 
Fig. 8. Galvanostatic charge-discharge curve of 

cucurbita seed like ZnO nanoparticles coated electrode 

The specific capacitance from the charge-discharge curves 

are 24 F/g, 21 F/g, 20 F/g, 18 F/g and 17 F/g for the different 

current densities of 1mAs-1 to 5mAs-1 respectively and it is 

depicted in Fig.9. 

 

 

Fig. 9. Specific capacitance Vs Current density of ZnO 

electrode 

3) Electrochemical impedance measurement 

The Electrochemical Impedance Spectra (EIS) 

measurements remained taken in the frequency range of 

0.01Hz to 1MHz.  Nyquist plot of the ZnO electrode is shown 

in Fig.7. The impedance plot has three regions that are 

internal resistance, ohmic region and high frequency. The 

high-frequency region shows the electrode and electrolyte 

interface. The mid-frequency region provides evidence about 

electron transfer resistance. The low-frequency region is an 

almost straight line and is relating to particle dispersion in 

electrode material during the electrochemical process. 

 
Fig. 10. Nyquist plot of ZnO electrode 

The energy density vs power density is known as the 

Ragone plot and it is depicted in Fig.9. The  ZnO 

nanoparticles are exhibited maximum deliverable of energy 

density (1Wh/kg) and power density (1386W/Kg) from 1M 

KOH electrolyte. 

 
Fig. 11. Power density Vs Energy density Ragone plot of 

ZnO electrode. 

IV.  CONCLUSION 

Zinc oxide nanoparticles were successfully synthesized via 

chemical synthesis route. The hexagonal structure of crystal 

is confirmed by JCPDS card [79-2205]. Infrared spectrum, 

too confirmed its composition with vibrational energies as 

expected.  The optical absorption is found at 385 nm and 

bandgap was estimated as 3.2 eV.  The specific capacitance 

value is calculated by using CV curves as 61.6 F/g at 10 

mVs-1 scan rate. Electrochemical impedance spectra of the 

Nyquist plot of the ZnO electrode were analysed. The 

maximum deliverable of energy density (1Wh/kg) and power 

density (1386W/Kg) in 1M KOH electrolyte was found to the 

prepared ZnO nanoparticles made electrode, which is 

significant for the supercapacitor applications. 
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