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Abstract
With the emerging newer energy storage applications, transition metal vanadates are booming up as a better 
catalyst. Among all the transition metal vanadates, nickel vanadate nanoparticles (Ni3V2O8 NPs), are considered 
as a promising material with electrocatalytic and photocatalytic activity. We herein report circular and ovular 
structured Ni3V2O8 NPs by hydrothermal route without using any capping agent. Crystallinity, physical structure 
and morphology of the prepared samples were studied by XRD, TEM, and FT-IR spectroscopy. Photocatalytic 
activity of Ni3V2O8 NPs was studied by decolorizing industrially hazardous dyes such as malachite green 
(MG) and methylene blue (MB) dyes under ultra-violet light conditions for a regular interval of time (15 
min) to 90 min. The experiment shows decolorization efficiencies as 52.43 and 57.66% for MG and MB, 
respectively. The electrochemical behaviour of the prepared compound was studied, and Energy storage 
capacity (specific capacitance) was elucidated as 193.5 Fg-1 with high reversibility property the material. 
These results indicated that Ni3V2O8 is a promising electrode material for supercapacitor and is an excellent 
photocatalyst. Hence, hydrothermally synthesized Ni3V2O8 NPs are expected to offer significant insight into 
their multifunctional applications.

Keywords: Dye Degradation; Malachite Green (MG); Methylene Blue (MB); Nickel Vanadate; Photocatalysis; 
Supercapacitor.
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INTRODUCTION
In recent years, due to the enormous growth 

in the world population, energy has become a 
basic need for everyone and plays a crucial role 
in the country’s economic, industrial, and overall 
development.  The necessity of the energy cannot 
be decreased by time. Present society energy has 
depended on fossil fuels, energy storage becomes 
challenging and not economical, which attracts 
scientists to work on efficient energy utilization [1, 
2]. There are various ways in which energy can be 
stored [3, 5]. Among which supercapacitors are the 
new avenue in energy storage and lied forefront 
of the environmentally healthy electrochemical 
energy storage systems compared to traditional 

batteries, which are linked to pollution [6, 9]. 
Based on working mechanisms, supercapacitors 
are broadly grouped into two classes: electric 
double-layer capacitors (EDLCs) and pseudo 
capacitors. EDLCs electrode material mainly 
contains carbon (C) content, whereas pseudo 
capacitor electrode includes metal oxides and 
metal hydroxide conducting polymers [10, 11]. 
Most common material is Ruthenium oxide due to 
its capacitance properties through fast reversible 
multielectron surface faradic redox reactions. 
Eventually, there has been mounting attention in 
transition metal oxides due to their augmented 
combination, various morphological features 
and crystallinity related electrode resources for 
energy storage and generation devices [12, 14]. 

http://creativecommons.org/licenses/by/4.0/.
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It has led to rising curiosity in ornamental the 
electrochemical effectiveness and purification of 
water by nanostructures of metal oxide to be used 
as a catalyst for both anode and cathode. For many 
areas of human life, their unique size-dependent 
characteristics make these materials essential and 
outstanding. Nickel is the most common transition 
metal in the Earth’s crust and is the cornerstone 
of modern infrastructure. In recent years, in light 
of their essential and technological aspects, metal 
oxides have become the focus of the investigation 
[15, 16]. Nickel-based vanadium oxide is an 
excellent catalyst between different metal oxides, 
and so many fundamental researches on catalytic 
oxidation have all been reported [17, 18]. Among 
these, vanadium generates several oxygen 
compounds; they have various optical, structural, 
and chemical properties. The major properties 
variations between various phases of vanadium 
oxides relay on their arrangement that defines 
certain characteristics. A significant number 
of vanadium oxide nanostructures, including 
nanorods, nanobelts and nanowires, were 
examined for their usage as electrode materials 
[19]. Vanadium nanotubes offer an ability to use 
metal cation Vanadium oxide to increase the 
electrochemical productivity of a nanostructure. 

At the current time, advanced specific 
capacitance values were shown by binary 
metal oxides pseudo capacitors due to the fact 
that binary metal oxides multiple oxide states, 
excellent electrical conduction and outstanding 
electrochemical behaviour described previous 
Zn3V2O8, CoMoO4 and ZnFe2O4. Vanadium oxide 
(VOx) based electrode materials as both cathode 
and anode for Li-ion batteries got attention 
in the field due to their good crystallinity and 
varied morphologies. Different electrochemical 
behaviours have been displayed by the vanadium 
oxide due to its multivalent nature [20, 21]. 

Present work reports the preparation of 
Ni3V2O8 nanostructures by simple hydrothermal 
route. The photocatalytic activity (PCA) of the 
nanostructures was performed on MG and 
MB dyes under UV light irradiation at a regular 
interval of time. The prepared Ni3V2O8 were 
characterised for crystallinity, phase, structural 
and morphological properties. Detailed study of 
the super capacitive property of the electrode 
material has been performed in 0.1M HCl using CV 
and EIS techniques. This work depicts the intention 
to utilize mixed ferrites based photocatalytic and 

electrochemical studies for a broad spectrum 
of energy and water treatment applications to 
promote sustainable, eco-friendly and cleaner 
technologies for the better tomorrow.

EXPERIMENT
Materials 

Materials used for the preparation of Ni3V2O8 
were of analytical reagent (AR) grade purchased 
from Sigma Aldrich, Germany they are Nickel (II) 
nitrate hexahydrate (Ni(NO3)2·6H2O), Ammonium 
metavanadate (NH4VO3, ≥ 99.0%), N-methyl-2-
pyrrolidone (C5H9NO), urea (CH4N2O), Graphene 
oxide (GO), ethanol (C2H5OH) and double distilled 
water (H2O, lab made). Malachite green (MG) 
and methylene blue (MB) dye powders for 
photocatalytic activity. 

Preparation of catalyst
Modified Hummers method was incorporated 

in order to synthesis Graphene Oxide (GO) powder. 
Preparation of Nickel vanadate (Ni3V2O8) catalyst 
was via simple hydrothermal technique. In brief, 
firstly, 1.323 grams of NH4VO3white powder was 
added in to 87.5 mL of N-Methyl-2-Pyrrolidone 
while constant uniform magnetic stirring about 1 
hour. 8.45 grams of urea was added to the above 
solution, and the stirring was continued. Aqueous 
Nickel nitrate solution was prepared by dissolving 
5.036 grams of Ni(NO3)2·6H2O in 240mL of double 
distilled water and added slowly to the above 
solution with continuous and constant stirring. To 
this mixture, 8mg of GO (prepared by modified 
Hummers method) stored in DMF was added. All 
the contents were transferred into a Teflon lined 
autoclave (500ml capacity), and the volume was 
adjusted to 350ml with distilled water. Sealed 
autoclaves were maintained at 180 °C for 10 hours 
in a muffle furnace for thermal digestion under 
elevated pressures. After conventional furnace 
cooling to room temperature, the final product 
was collected by centrifugation, a thorough wash 
with double distilled water, ethanol and dried at 
80 oC. The dried samples were calcinated at 450 oC 
for 3 hours with a heating rate of 2 oC per min-1 to 
get highly crystalline nanostructures. The calcined 
sample was taken for further characterization. 

Characterization
A Schimadzu x-ray diffractometer (PXRD-

7000) with CuKα radiation (λ=1.541 Å) was used 
to study the crystalline features of the sample 
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in the 2θ range from 20–80°. Fourier transform-
infrared (FTIR) spectroscopy was performed 
using a Perkin Elmer FTIR Spectrophotometer 
(Spectrum-1000) with KBr pellets. Uv-Visible 
(UV-vis) studies were conducted using an Elico 
SL-150 spectrophotometer in the range from 
200–800 nm using barium sulphate (BaSO4) as a 
reference material. The cyclic voltammetry (CV) 
and electrochemical impedance spectroscopy 
(EIS) measurements were carried out using an 
electrochemical analyser (CHI608E potentiostat) 
in a tri-electrode system, comprising a carbon 
paste electrode (working), platinum wire (counter) 
and Ag/AgCl (reference electrode) in 0.1M HCl 
as the electrolyte. Electrochemical impedance 
spectroscopy measurements in the frequency 
range from 1Hz to 1MHz were performed at 5mV 
AC amplitude [22].

RESULTS AND DISCUSSION
Fig. 1. Shows XRD patterns of hydrothermally 

synthesized crystalline Ni3V2O8 nanostructures, 
which assigns clearly all the planes (131), (221), 
(151), (244) as mentioned in JCPDS card no. 70-
1394 space group-Cmca without any impurity with 
a=5.931 °A, b=11.374 °A, c=8.235 °A, Density: ρ = 
4.85 Mg·m−3. Orthorhombic (space group-Cmca) 
lattices result from stretching a cubic lattice along 
2 of its orthogonal pairs by 2 different factors a/b 
(0.52) and b/c or c/a = 1.38 resulting in a rectangular 
prism with different lattice parameters (a, b and c) 
as shown in Table 1 [23]. Using Scherrer’s relation 
the average crystallite size was found and it is 
9.03nm for the place (511) peak at 2θ=44o.

( )  1kD
cos
λ

β θ
=

�
(1)

Where, k – diffraction constant (0.9), λ – X-ray 
wavelength used (1.54 x 10-10 m), D - crystallite 
size, β - full-width half-maximum (FWHM), θ - 
diffraction angle on X-ray incidence. [24].

FTIR spectra were acquired for the prepared 
Ni3V2O8 nanostructures. The peaks observed 
between the range 500 to 1000cm-1 are attributed 
to V-O and V=O stretching and bending bonds, 
respectively. The significant patterns in Fig. 2 are 
in the range of 1460–1650 cm-1 and 2850–2930 
cm-1, representing C–H bending and stretching 
vibrations, respectively. [25]

Fig. 3 depicts energy gap spectra, and the onset 
figure shows diffusion reflection spectra of Ni3V2O8 
nanostructures. Kubelka–Munk (SKM) equation 
(Eqn. 2&3) was used to calculate the energy band 
gap value and was found to be 2.49eV.

( ) ( ) ( )
21

             2
2

R
F R

R
−

=
�

(2)

( ) ( ) ( )                3nF R hv A hv Eg= −  �
(3)

Where F(R) is the function absolute reflection 
(R) also called as Kubelka–Munk function, A and 
hv are constant and an energy of the photon for 
n= 2, direct allowed transition and n = ½, indirectly 
allowed transition. [26, 27]

Fig. 4(a) and 4(b) are Transmission electron 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Fig. 1. XRD patterns of Ni3V2O8. 
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Fig. 1. XRD patterns of Ni3V2O8.
 

Fig. 2. FTIR spectra of Ni3V2O8 to observe the V-O and V=O functional bonds. 
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Fig. 2. FTIR spectra of Ni3V2O8 to observe the V-O and V=O 
functional bonds.
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Fig. 3. DRS spectra and Kubelka-Munk function Vs Energy gap of Ni3V2O8 showing 

Eg=2.49eV. 
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Fig. 3. DRS spectra and Kubelka-Munk function Vs Energy gap of Ni3V2O8 showing Eg=2.49eV.

 

Fig. 4. TEM images (a) micrographs at range 10 nm (b) at range 2 nm (c) High resolution (HR)-

TEM picture showing different planes and (d) Selected area emission diffraction (SAED) pattern 

of Ni3V2O8 material. 

   

Fig. 4. TEM images (a) micrographs at range 10 nm (b) at range 2 nm (c) High resolution (HR)-TEM picture showing different planes 
and (d) Selected area emission diffraction (SAED) pattern of Ni3V2O8 material.
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microscopic pictures shows circular and ovular 
structures of the material and the size slightly 
varies in the range between 10 nm to 20 nm. Fig. 
4(c) shows different crystal planes justifying the 
formation of the crystalline structure. Fig. 4(d) 
shows the Selected Area Emission Diffraction 
(SAED) pattern which confirms the polycrystallinity 
of the material; all the bright rings correspond to 
different planes in the prepared Ni3V2O8 material. 

Photocatalytic studies:
Both the hazardous and non-eco-friendly 

carcinogenic dyes (Malachite green (MG) and 
Methylene blue/methylthionine chloride (MB)) 
were commonly used in bio and textile industries 
as given in Table 2. Previous studies on the adverse 
effects on the human body and environment, such 
as cyanide poisoning, urinary bladder, and tract 
infections, made them highly not recommend 
commercial usage. MB pollution’s most general 

associated side effects consist of mild and 
severe headaches, vomiting, nausea, breathing 
difficulties, and blood pressure (BP), leading to 
artery disturbance causing heart problems. Some 
more negative side effects contain syndrome like 
serotonin, RBC (red blood cell) breakdown and 
allergies both skin and thought. Often usage of 
such contaminations leads to saviour indications 
showing major difficulties in the human body 
misbehaviour such as change in stool, sweat and 
urine from blue to green colour. Pregnant may 
suffer a lot during the delivery and baby conditions 
if they consume these pollutants in any means 
[28]. 

Similarly, the other dye, malachite green 
(MG), taken as another organic dye, is among 
the commonly used hazardous candidates in the 
industries such as silk, leather and paper industry 
and controversially in the field antimicrobial 
in aquaculture. Due to its intense colour, solid 

Table. 1. Lattice parameters of Ni3V2O8 Nano structure. 
 
 
 
 

 
 
 
 
 
 
 

 
   
   

Lattice parameters   
a 
(θ) 

b 
(θ) 

c 
(θ)  α=β=γ  a/b  b/c  c/a  V

(θ3) 
D (nm) 

For plane (151) 
5.931  11.374  8.235  90o  0.52  1.38  1.38  555.52  9.03 

Space group:  Cmca 
Structure:  orthorhombic  

 

Table. 1. Lattice parameters of Ni3V2O8 Nano structure.

Table. 2. PCA used Dye information with structure and chemical formula. 
 
 

Name of Dye  Molecular formula Structure

Malachite green (MG)  C23H25N2 

 

Methylene blue (MB)  C16H18ClN3S 

 

 

Table. 2. PCA used Dye information with structure and chemical formula.
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samples appear almost greenish-black.
The industrial dyes namely Malachite green 

(MG) and Methylene blue (MB) degradation 
studies of simple hydrothermal synthesized 
Ni3V2O8 photocatalyst were studied under the 
irradiation of ultraviolet light at regular intervals 
of time (15 min) up to 90 min. MG and MB were 
selected as representative industrial dyes to 
evaluate the photo degradation, MG and MB shows 
absorption peak at 592 and 660nm respectively. 
First degradation performance was seen in dark 
condition by considering 20ppm dye solutions 
separately. It was noted that the dye solution did 
not undergo noticeable change. Next, degradation 
studies were conducted under the UV light for 
some time as an initial confirmation test, and it 
was observed that noticeable degradation of dye 
solution. At last, dye degradations studies were 
performed by considering time as a parameter 
under UV light irradiation by taking Ni3V2O8 as a 
catalyst for the two dyes separately under room 
temperature. 

Fig. 5(a) and 6(a) depicts the UV absorbance 
spectrum of MG and MB dye solutions from initial 
0min to final 90 min. Percentage degradation 
plots are given in the respective inset figures. For 
MG dye the %D values are 0, 15.90, 19.00, 27.57, 

31.92, 36.37 and 52.43% for 0, 15, 30, 45, 60, 75 
and 90 min respectively and the plot of ln (C/Co) 
Vs time (Fig. 5(b)) portrays the same. For MB dye 
the %D values are 0, 10.01, 23.56, 38.62, 51.31, 
53.54 and 57.66 % for 0, 15, 30, 45, 60, 75 and 90 
min respectively and the plot of ln (C/Co) Vs time 
(Fig. 6(b)) portrays the same. Fig. 5(c) and Fig. 6(c) 
show dye degradation half-life in which 50% in the 
time span of 88 min and 58.47 min for MG and MB, 
respectively.  Fig. 5(d) and 6(d) shows percentage 
removal of total organic carbon (%TOC) which is 
found at the last trail i.e., 90 min are 49% and 55% 
for MG and MB dye solution.

Fig. 7. Shows the mechanism of photocatalytic 
activity under UV irradiation for the proposed 
dye and catalyst Ni3V2O8. When UV light incidents 
on the Ni3V2O8 electrons absorbs UV energy 
and excites from the valence band (VB) to the 
conduction band (CB) creating same number of 
charge carriers namely electrons and holes. The 
electrons generated in the CB are transferred to 
the Ni3V2O8 catalyst and initiate reaction with 
the atmospheric O2 to form superoxide radicals. 
Meanwhile, the holes in the VB will react with the 
H2O and grows hydroxyl radicals. The superoxide 
radicals that were produced during dye activation 
phenomena will boost the degradation of the dye 

 

Fig. 5. (a) Absorbance spectra of MG (20 ppm) dye solution with Ni3V2O8 catalyst, inset:  % 
degradation of MG dye solution under UV irradiation. (b) ln (C/Co) Vs time plot (c) Half-life 
plot - ln (C/Co) Vs time plot (c) Plot of 1-C/Co and C/Co Vs time under UV irradiation. (d) % 

TOC removal plot. 
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molecule. These radicals produced will react with 
the dye and lastly, break the molecules of the dyes 
and undergo discoloration (eqn 4-8).

DYE* + Ni3V2O8 à DYE+. Ni3V2O8 + electron       �        (4)

Electron + O2 à .
2O − 	�      (5)

DYE* + O2 / .
2O −  à Degraded product         �     (6)

Ni3 - (VO) 2 (electron)à Ni3 - (VO) 2 + Ni3 (electron)           (7)

Ni3 - (VO) 2 (electron) or V (electron) à reduction 
reaction        �         (8)

Electrochemical impedance spectroscopic (ESI) 
studies were done employing cyclic voltammetry 
(CV) and AC impedance using a 3-electrode cell 
in 0.1 M (molar) HCl (hydrochloric acid) at room 
temperature (RT). The Cyclic Voltammogram 
graphs show the efficiency of charge and 
electrode reaction reversibility. Ni3V2O8 active 
carbon paste electrode shows (Fig. 8) CV plots 

 

Fig. 6. (a) Absorbance spectra of MB (20 ppm) dye solution with Ni3V2O8 catalyst, inset:  % 

degradation of MB dye solution under UV irradiation. (b) Half-life plot - ln (C/Co) Vs time plot, 

plot of 1-C/Co and C/Co Vs time under UV irradiation. (d) % TOC removal plot. 
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Fig. 7. Mechanism of photocatalytic activity. 
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at a scan rate that varies from 0.010 to 0.050 
V/s in 0.1M HCl, respectively. There is a variation 
in the CV properties due to the scan rates which 
can be clearly observed in the 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. 
The CV shows pair of reversible redox maxima as 
an influence of faradaic reactions of the material 
(electrode) with ions of the electrolyte (Fig. 9) [29]. 
The CV results of the electrode are demonstrated 
a pseudo capacitive property, in determining the 
capacitance of an electrode ionic conductivity of 

 

Fig. 8. Cyclic voltammogram of Ni3V2O8. 
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Fig. 9. Nyquist plot with equivalent circuit (Inset) of Ni3V2O8 electrode versus Ag/AgCl in 

0.1M HCl. 

   

Fig. 9. Nyquist plot with equivalent circuit (Inset) of Ni3V2O8 electrode versus Ag/AgCl in 0.1M HCl.

the electrolyte plays a major role and these ions 
have ionic size equal or less than pore size of the 
used working electrode in order to get the high-
power density and large values of capacitance. 
[30-34]. Due to this hydrated ions dimensions gets 
majorly affected in ionic conductivity along with 
the specific capacitance of the electrode. Later 
this was calculated using a relation (9) [35]. 

Csp =  
S

mk∆V
     −−−−−−−                  (9) 

 

𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠 =  
𝑖𝑖𝑖𝑖 ∆𝑡𝑡𝑡𝑡
𝑚𝑚𝑚𝑚∆𝑣𝑣𝑣𝑣

− − − −−−−  (10) 

�
(9)

In the above relation S, m, k and ΔV indicates 
area under the CV curve, weight of the active 
material used in the electrode, voltage window 
or the change in the voltage and rate of scanning, 
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respectively. Specific capacitance is directly related 
to the area under the CV curve for any electrode, 
which gives overall charge (Q) stored. From this 
it can be said that large area in the electrode is 
directly proportional to the production of large 
capacitance at the known mass of electrode 
material loaded and potential window. Using Eq. 
(1), the specific capacitance value for the electrode 
were calculated as 193.5 Fg -1 in 0.1 M HCl.

The charge-transfer (CT) properties of the 
Ni3V2O8 electrode were studied by conducting 
EI spectra in the electrolyte (0.1 N HCl) in the 
frequency range between 1 Hz to 1 MHz at 5 mV 
amplitude (Fig. 8). The intermediate (interface) 
of the prepared carbon paste active working 
electrode and electrolyte was determined from 
the semicircles of Nyquist plots. The EI spectrum 
of an electrode showed a lowered arc with a 
smaller radius in the higher frequency range, 
revealing the low charge transfer resistance (Rct) 
and high capacitance (C) of the prepared active 
electrode [36-40]. The above observations are 
further justified and supported via values of CT 
resistance (Rct) and capacitance (C) obtained from 
the equivalent circuit fitting for Nyquist plots (Fig. 
8 and Table 1).

Figs. 10 (a, b) show the GCD profile of Ni3V2O8 
NPs at 5 A/g current density in 0.1M HCl solution. 
The GCD profile illustrates symmetric charging and 
discharging curves. Owing to the resistance factor 
between the interface of electrode and electrolyte, 
a small IR drop at the point of conversion from 
charging to discharging can be noticed [41]. 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 
Ni3V2O8 NPs from the GCD curves can be estimated 
using the following expression [42]:

Csp =  
S

mk∆V
     −−−−−−−                  (9) 

 

𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠 =  
𝑖𝑖𝑖𝑖 ∆𝑡𝑡𝑡𝑡
𝑚𝑚𝑚𝑚∆𝑣𝑣𝑣𝑣

− − − −−−−  (10) 
�

(10)

 Where, i, m, ∆t and ∆V are the applied current, 
mass of the active material loaded onto the 
substrate, ∆t the discharging time and potential 
(voltage) window. The GCD curve of Ni3V2O8 NPs 
shows appreciable coulomb efficiency after many 
periodic cycles with retention in a pattern of the 
curves even after 100 cycles (Fig. 10b).

CONCLUSIONS
Ni3V2O8 nano structures were prepared via 

cost-effective simple hydrothermal method 
followed by studies on comprehensive structural 
properties. Studies were extended for the 
photocatalytic and electrochemical properties. It 
was concluded that the prepared nanostructures 
exhibiting the enhanced photocatalytic activity in 
the degradation of MB and MG under irradiation 
of UV light. The cyclic voltammograms revealed 
that the prepared carbon paste electrode content 
showed uppermost specific capacitance 193.5 
Fg-1 in 0.1 M HCl at 10 mV/s scan rate. From these 
evidences, we can say this nanostructure shows 
better electrochemical activity and photocatalytic 
activity for applications in Supercapacitor, energy 
storage devices and in the removal of organic dyes 

 

Fig. 10. Galvanostatic charge–discharge curves of Ni3V2O8 electrode: (a) 1st ten cycles and (b) 

last ten cycles of 100 cycles. 
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Fig. 10. Galvanostatic charge–discharge curves of Ni3V2O8 electrode: (a) 1st ten cycles and (b) last ten cycles of 100 cycles.
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from the wastewater/water treatment.
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