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Abstract 

A simple hydrothermal approach was used to successfully produce nanostructured Zinc vanadate 
(Zn3V2O8), which was calcined at 450 ℃. The structural, optical and surface morphological features of 
calcined Zn3V2O8 nanoparticles were investigated using a variety of analytical techniques. The produced 
Zn3V2O8 nanoparticles had an orthorhombic crystalline structure, with an average crystallite size of 35.14 
nm, according to the X-ray diffraction pattern (XRD). Transmission electron microscopy (TEM) analysis 
evaluated the spherical shaped Zn3V2O8 nanoparticles. The calcined catalyst was characterized by Fourier 
Transform-Infrared spectroscopy (FT-IR) analysis to analyse bonding interactions between the metal 
fragments within the composites. The nanoparticles obtained from hydrothermal synthesis were of size 
37.2 nm, and the zeta-potential of nanoparticles was found to be −25.4 mV, indicating excellent 
dispersion and stability. The spectrophotometer was used to analyse the UV-Vis diffuse reflectance 
spectra (DRS). Cyclic voltammetry and electrochemical impedance spectroscopy were used to study the 
electrochemical behavior of Zn3V2O8 nanostructures. The specific capacitance value of the synthesized 
nanoparticles was 248.5 Fg−1. The active composite material was exploited as an electrode for the 
Supercapacitor application, and it revealed that synthesized Zn3V2O8 nanoparticles might lead to a 
possible application for future energy storage technologies. 
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Introduction 

Supercapacitors, unlike batteries, store energy as a charge on the electrode surface or subsurface 
layer rather than in the bulk material [1]. Because of these distinguishing characteristics, the 
supercapacitor is one of the most promising energy storage devices [2]. Because of their better 
performance, energy storage methods based on electrochemical reactions have gained popularity [3]. 
Supercapacitors are an electrochemical energy storage device that significantly impacts the efficiency of 
power devices and is the most practical alternative for automobiles [4]. Supercapacitors have a greater 
power density than conventional capacitors and batteries, good cycle stability, higher rate capacity and 
longer life [5,6]. Electric double layer capacitors (EDLCs), hybrid capacitors, and pseudocapacitors are 
the 3 types of energy storage mechanisms that are influenced by the charges stored at the electrode and 
electrolyte interface [7]. Second, pseudocapacitors, powered by charge transfer between 
electrode/electrolyte interfaces, resulting in a quicker redox process [8]. The use of redox reactions of 
electrolyte ions in electrode materials is at the heart of a supercapacitors demand for high power density 
[9]. Electrochemical devices, particularly supercapacitors, employ transition metal oxides (ZnO, RuO2, 
NiO, MnO2, Co3O4, CuO and Fe2O3), carbon-based materials (graphene, carbon spheres and carbon 
nanotubes), and conducting polymers as electrode materials [10,11]. 

On the other hand, mixed transition metal oxides would be a step forward for quick charge-
discharge rates and longer usage lifetime since they entail faster Faradic reactions and give higher specific 
capacitance values [12,13]. Transition metal oxides have a 3-fold higher theoretical specific capacity than 
commercially available graphite [14]. In this perspective, vanadium pentoxide (V2O5), with its various 
oxidation states, has attracted a lot of scientific attention [15,17].  In recent years, many research groups 
have used metal vanadates (Mn, Zn, Cu, Ni, Co, Fe, etc.) as electrodes, and considerable effort has been 
made to synthesize various kinds of nanocomposite capacitive materials as mixed metal oxides [18-20]. 
V2O5 layered structure allows for more interlayer locations for various guest species to intercalate [21]. 
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Furthermore, during the electrochemical process of forming amorphous VOx matrixes, aggregation of 
various metal species is significantly reduced [22]. Because of their low cost, high specific capacity, 
environmental suitability, and ease of availability, zinc vanadium oxides have attracted particular interest 
among the different mixed tri-metal vanadate [23,24].  

Many vanadium oxide nanostructures, such as nanorods, nanobelts and nanowires, have been 
explored for use as electrode materials [25]. Vanadium nanoparticles enable the use of vanadium oxide as 
a metal cation to boost electrochemical productivity. They also offer numerous advantages, such as being 
environmentally friendly, having high operational stability, having a simple preparation procedure, and 
being inexpensive [26]. They have a reduced internal resistance, which is helped by more excellent ionic 
conductivity and protons' rapid mobility, making them a desirable alternative [27]. The produced 
Zn3V2O8 yielded findings that were equivalent to those obtained before. The electrochemical behaviour of 
a nickel-based metal oxide compound was investigated by hydrothermal method, and the material's 
energy storage capacity (specific capacitance) was determined to be 193.5 Fg−1 with a high reversibility 
[28]. Furthermore, zinc vanadate nanoparticles with a specific capacitance of 312 Fg−1 were produced 
using a simple co-precipitation process and calcined at 600 ℃ [29]. Surprisingly, increasing the operating 
voltage of electrolytes can enhance the supercapacitor's total functioning potential. Currently, ternary 
metal oxides pseudo capacitors showed advanced specific capacitance values because of ternary metal 
oxide's triple oxide states, outstanding electrical conduction, and exemplary electrochemical behaviour.  

The present work reports the preparation of Zn3V2O8 nanostructures by the simple hydrothermal route. 
The prepared Zn3V2O8 were characterized for crystallinity, phase, structural and morphological properties 
using advanced analytical tools. A detailed study of the super capacitive property of the electrode material 
has been performed in 0.1 M HCl using CV and EIS techniques. This work depicts the intention to utilize 
Zn3V2O8 based electrochemical studies for a broad spectrum of energy to promote environmentally 
friendly, sustainable, and cleaner technology for a brighter world. 
 
Experimental section 

 Materials 
 Materials used for the preparation of Zn3V2O8 were of analytical reagent (A.R.) grade purchased 
from Sigma Aldrich, Germany they are Zinc acetate dihydrate Zn(CH₃CO₂)₂·2H₂O, Ammonium 
metavanadate (NH4VO3, ≥ 99.0 %), N-methyl-2-pyrrolidone (C5H9NO), urea (CH4N2O), ethanol 
(C2H5OH) and double distilled water (H2O, lab-made). 
 
 Synthesis of zinc vanadate nanoparticles 

A simple hydrothermal process was used to make Zn3V2O8 nanomaterial, in a typical synthesis, 87.5 
mL of N-Methyl-2-Pyrrolidone was added to a solution containing 1.323 g of NH4VO3 (ammonium 
metavanadate) with steady magnetic stirring of 300 rpm for 1 h (Solution A). 8.450 g of urea was added 
to solution A with steady stirring. In 250 mL of water, 3.76 g of zinc acetate were added (solution B). 
Then, with constant stirring of 340 rpm, solution B was gently combined with solution A. Finally, the 
blended solution was diluted to 350 mL, transferred to a Teflon-lined autoclave, and heat-treated for 36 h 
at 160 ℃. After cooling to ambient temperature, the powder in the autoclave was centrifuged, rinsed with 
deionized water, washed again with 100 % ethanol, and dried at 80 ℃ for 12 h. To obtain highly 
crystalline powders, the dry material was calcined in air for 3 h at 450 ℃ with a heating rate of 2 ℃/min. 
The calcined sample is used for further characterization. 

 
Sample characterization 
A diffractometer (CoK, PANalytical, X'Pert, data converted to CuK) was used to record X-ray 

powder diffraction (XRD) patterns. A JEOL2010 transmission electron microscopy was used to take the 
images. To analyse the characteristics of synthesized nanoparticles, U.V - Visible absorption spectra were 
recorded using a UV 1,800 spectrophotometer. A spectrometer was used to examine functional groups of 
the prepared sample using a Fourier transform infrared spectrometer (FT-IR) within the range of 4,000 to 
400 cm−1 using the KBr pellet technique. 
 
Results and discussion 

 Morphological and structural analysis of Zn3V2O8 nanomaterials 
XRD pattern of hydrothermally produced crystalline Zn3V2O8 nanomaterial (Figure 1). The 

quantitative investigation was carried out with the software bundle, version 3.0, High Score Plus. The 
peaks locations at 2θ are 15.1, 23.2, 26.5, 29.4, 31.1, 34.9, 36.07, 43.27, 57.9 and 62.9 can be readily 



Trends Sci. 2022; 19(17): 5763      3 of 10 

indexed as (020), (021), (022), (131), (040), (122), (023), (240), (025) and (442), correspondingly, 
complies with the standard pattern as mentioned in JCPDS card no. 34-0378 [28]. The high-intensity 
peaks suggest that the synthesized nanoparticles were strongly crystalline in nature, and all of the peaks 
closely matched JCPDS number 34-0378. Space group-Cmca without any impurity with a = 6.088 Å,      
b = 11.489 Å, c = 8.280 Å Density: ρ = 4.88 g·cm−3. Orthorhombic (space group-Cmca) lattices are 
created by extending a cubic lattice along 2 orthogonal pairs by 2 distinct factors, a/b (0.529), b/c= 1.387 
and c/a = 1.36, resulting in a rectangular prism with variable lattice parameters (a, b and c), as shown in 
Table 1. 
 
 
Table 1 Lattice parameters of Zn3V2O8 nano structure. 

Lattice parameters 

a  (Å) b  (Å) c  (Å) α = β = γ a/b b/c c/a V (Å3) D (nm) 
For plane (122) 

6.088 11.489 8.280 90o 0.52 1.38 1.38 555.52 11.8 

Space group: Cmca 
Structure:  Orthorhombic 

 
 

 
Figure 1 XRD pattern of Zn3V2O8 nanoparticles. 

 
 
Using Scherrer’s Eq. (1) [30], 
 

D   = kλ
βcosθ

                                                                                                                                                                     (1) 
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The mean crystallite size of synthesized nanoparticles was deducted to be ~ 35.14 nm. D is the 
average crystallite size, for orthorhombic structure K is the shape factor or Scherrer constant, which has a 
constant value of 0.89, θ is the Bragg's diffraction angle, λ (1.540 Å) is the wavelength of X-ray source, 
and β is full width at half maximum (FWHM).  

HR-TEM investigations with different magnifications were used to study morphology of the surface 
and the structure of synthesized Zn3V2O8 nanoparticles, as shown in Figure 2. The TEM images of 
Zn3V2O8 nanoparticles in Figure 2 (a - f) indicate that the produced nanoparticles had a spherical 
morphology and varied nanostructured sizes. An assembly of interlinked platelets developing in all 
directions could be responsible for the growth of a spherical-shaped structure. With a uniform 
distribution, the size ranges significantly between 5 and 50 nm. Furthermore, the nanoparticles of 
Zn3V2O8 appear to agglomerate together, indicating a high surface charge and activity. 

 
 

 
Figure 2 TEM micrographs of Zn3V2O8 nanoparticles at different magnifications (a - f) 200, 100, 20, 10, 
5 and 2 nm, respectively. 

 

 FT-IR 
 Figure 3(a) depicts the characteristic FTIR spectrum of Zn3V2O8 nanoparticles. The spectra exhibit 
a broad absorption peak in the 3,600 - 3,000 cm−1 wavenumber band, to which the hydroxyl groups and 
water molecules can be attributed. Peak appearances at 467 and 930 cm−1 were assigned to the V-O-Zn 
band and VO4

3- vibrations, respectively. Bands having wavenumbers between 925 and 935 cm−1 are 
ascribed to vanadate stretching modes (V-O). V-O-V stretching was ascribed to bands between 650 and 
780 cm−1 because of metal group V-O-V stretching in tetrahedral vibration of VO4. Because of the bonds 
shared by corner atoms of the tetrahedral structure (VO4), the vibration band in the range of 770 - 650 
cm−1 is attributed to V = O [31]. This band, part of the extended mode of Zn-O, Zn -O-V, and Zn -O-Zn 
type bonds, has been examined in the FTIR band around 467 cm−1. The absence of extra peaks in the 
FTIR spectrum demonstrated that the processed material was highly pure. However, the presence of 
peaks in the visible spectrum suggested that the compound contained only metal oxide vanadate, which 
was perfectly according to XRD.  

Figure 3(b) depicts the energy gap spectrum, and Figure 3(b) showing the diffused reflectance 
spectrum of Zn3V2O8 nanostructures. Kubelka-Munk's (K.M.) equation (Eqs. (2) - (3)) was used to 
calculate the energy bandgap value and was found to be 5.475 eV. Diffuse reflectance was established to 
enable materials analysis such as powders and papers in their well-ordered state. The mutual 
distinguishing of these constituents is their internal inhomogeneities. The propagation of light through 
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such inhomogeneous media changes meaningfully from the propagation of light in a homogeneous 
material since the light scatters off points in its path. Thus, the key to the theoretical description of diffuse 
reflection lies in describing the propagation of light through inhomogeneous materials. However, only 
approximate descriptions exist. The most widely used model for diffuse reflection is the one put forward 
by Kubelka and Munk. 
 
𝐹(𝑅) = (1−𝑅)2

2𝑅
                                                                                                                              (2) 

 
𝐹(𝑅)ℎ𝑣 = 𝐴(ℎ𝑣 − 𝐸𝑔)𝑛                                                                                                                                 (3) 
 
 F(R) is the absolute function reflection (R), also called Kubelka-Munk function, A and ℎ𝑣 are 
constant, and energy of the photon for n = ½, indirectly allowed transition and n = 2, directly allowed 
transition [32,33].  

As shown in Figure 4(a), the particle size distribution of Zn3V2O8 was further confirmed by DLS. 
According to the DLS analysis, the range of Zn3V2O8 was observed to be 14.5 - 300 nm in size, indicating 
a broad size distribution of particles with an average particle size of 37.2 nm. Zn3V2O8 nanoparticles have 
a polydispersity index (P.I.) of 3.492. 

 
 

 
Figure 3 (a) FTIR spectroscopy of Zn3V2O8, (b) UV-Visible diffuse reflectance spectra, (c) DRS spectra 
and Kubelka-Munk function vs energy gap of Zn3V2O8. 
 
 

Dynamic light scattering analysis was used to evaluate the zeta potential value of produced 
nanoparticles. The zeta potential of the calcined nanomaterial Zn3V2O8 is an essential component in 
determining its durability. In this work, the Zeta potential of Zn3V2O8 was discovered to be −25.4 mV, as 
shown in Figure 4(b). Due to negative-negative repulsion, a high negative zeta potential suggests that 
Zn3V2O8 is long-term stable without agglomeration and supports strong colloidal nature and excellent 
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dispersion of produced Zn3V2O8. Nanomaterials must have a high level of stability in order to be used in 
an energy storage device. 

 
 

 
Figure 4 (a) Analysis of average particle size, particle size distribution and polydispersity index of 
Zn3V2O8, (b) Zeta potential of Zn3V2O8 nanoparticles. 
 
 

Electrochemical measurements 
Electrochemical impedance spectroscopic (ESI) studies were done using cyclic voltammetry (CV) 

and A.C. impedance using a 3-electrode cell in 0.1 M (molar) HCl (hydrochloric acid) at room 
temperature (R.T.). The Cyclic Voltammogram graphs show the efficiency of charge and electrode 
reaction reversibility. Zn3V2O8 active carbon paste electrode shows (Figure 5) CV plots at scan rates vary 
from 0.010 to 0.050 V/s in 0.1 M HCl, respectively. There is a variation in the CV properties due to the 
scan rates, which can be observed in plots. As the scan rate increases, there is a noticeable increase in the 
peak current (IP) responsible for both oxidation and reduction, which says there is a quick movement of 
the electrons in the working electrode interface and mainly at the electrolyte. Electrochemical Impedance 
studies were performed on an Electrochemical Analyzer (CH Instruments model-608E) having a 3-
electrode system. 

The electrode's CV measurements show a pseudocapacitive feature to attain high power density and 
large capacitance values. As a result of faradaic interactions of the substance (electrode) with ions of the 
electrolyte, the CV reveals a pair of reversible redox maxima (Figure 5) [34]. The electrolyte's ionic 
conductivity is essential in determining an electrode's capacitance, and these ions have an ionic size equal 
to or less than the pore size of the user working electrode. As a result, hydrated ions diameters have a 
significant impact on ionic conductivity and electrode-specific capacitance.  

Later this was calculated using relation (4) [35,36].  
 
Csp = S

mk∆V
                                                                                                                                                                 (4) 

 
where, S, m, k, and ΔV indicate the area under the CV curve, weight of active material used in the 
electrode, voltage window, or the change in the voltage and rate of scanning, respectively. The area under 
the CV curve for any electrode, which gives the overall charge (Q) stored, is directly related to specific 
capacitance. From this, it can be said that a large area in the electrode is directly proportional to the 
generation of a large capacitance at a particular mass of loaded electrode material (substance) and a 
known potential window. The electrode's specific capacitance value in 0.1 M HCl was estimated using 
Eq. (1) as 248.5 Fg −1. 
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Figure 5 Cyclic Voltammogram of Zn3V2O8 at different scan rates. 
 
 

 
Figure 6 Nyquist plot of Zn3V2O8 electrode (Inset-equivalent circuit). 
 
 

The charge transfer characteristics of the Zn3V2O8 electrode were studied by performing 
electrochemical impedance spectra (EIS) in 0.1 N HCl electrolyte in the frequency range 1 Hz−1 MHz at 5 
mV amplitude (Figure 6). The resistance at the interface of the active electrode and electrolyte was 
determined from the semicircles of Nyquist plots. The impedance spectrum of an electrode displayed a 
lowered arc with a smaller diameter in the region of high frequency, revealing the low charge transfer 
resistance (Rct) and high capacitance (C) of the electrode.  
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Figure 7 Galvanostatic charge-discharge curves of Zn3V2O8 electrode: (a) 1st 10 cycles and (b) last 5 
cycles of 100 cycles. 
 
 

Figures 7(a) and 7(b) shows the GCD profile of Zn3V2O8 NPs at 5 A/g current density in 0.1 M HCl 
solution. The GCD profile illustrates symmetric charging and discharging curves. Owing to the resistance 
factor between the electrode and electrolyte interface a small IR drop at the point of conversion from 
charging to discharging can be noticed. The pseudo capacitance nature of the electrode is responsible for 
the coulomb efficiency and high reversibility of faradic ion kinetics, which is clear from the symmetric 
GCD profile of the charging and discharging studies. The specific capacitance Zn3V2O8 NPs from the 
GCD curves can be estimated using the following expression: 

 
𝐶𝑠 =  𝑖 ∆𝑡

𝑚∆𝑣
                                                                                                                                            (5) 

 
where, i is the applied current, ∆t is the discharging time, m is the mass of the active material loaded onto 
the substrate, and ∆ν is the potential window. The GCD curve of Zn3V2O8 NPs exhibits outstanding 
coulomb efficiency after long cycles with retention in the pattern of the curves even after 100 cycles 
(Figure 7(b)). 
 
Conclusions 

A simple hydrothermal technique was used to synthesize unique zinc Metavanadate nanoparticles 
successfully. To improve the prepared sample's crystallinity, it was calcined at 450 ℃. XRD and FTIR 
techniques examined the pure orthorhombic structure, cell properties, and functional group of Zn3V2O8 
nanoparticles. HR-TEM images revealed the shape of Zn3V2O8 nanoparticles and proved the lattice 
resolution, which matched the XRD results. The produced Zn3V2O8 has a bandgap of 5.475 eV, according 
to the study. The formation and stability of nanoparticles are confirmed by particle size and Zeta 
potential. Furthermore, the faradaic pseudo capacitive character of Zn3V2O8 nanoparticles demonstrates 
exemplary electrochemical behaviour. The maximum significant specific capacitance value was 248.5 
Fg−1. The agglomerated nanostructure with outstanding electrochemical performance was perfect for 
Supercapacitor application due to its unusual redox activity. 
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