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SYNTHESIS AND CHARACTERIZATION OF NICKEL 
OXIDE NANOPARTICLES AND THEIR 
APPLICATIONS IN ANTIBACTERIAL AND 
ELECTROCHEMICAL ANALYSIS 
 
Abstract 
 

Nickel oxide nano particles have wide 
range of uses in biomedicine, catalysis, 
optoelectronic materials, sensors, pollution 
control, and more. In this article, to prepare 
copper-doped nickel oxide nano particles and the 
leaf aqueous extract was used as a stabilizer and 
reducing agent for nickel oxide synthesis. The 
unique of this synthesis is camellia sinensis 
leaves, because no other publications having 
copper doped nickel oxide assisted with c. 
sinensis leaves extract. UV-Vis, FTIR, and X-ray 
diffraction techniques were used to determine the 
bandgap energy, functional groups, and 
crystalline size of the prepared nickel oxide 
nanoparticles. The band gap values of nickel 
oxide nano particles are 4.1, 3.7 and 3.1 eV. The 
leaves extract mediated sample has lower band 
gap when compared to other samples. The FTIR 
spectrum confirms the metal oxide groups present 
in the prepared sample. From X-ray diffraction, 
the synthesized nano particles are cubic structures 
with good crystallinity. The crystalline size and 
strain values are determined using Scherrer and 
W-H methods. Electrochemical and antibacterial 
analysis applications were carried out for 
prepared nano particles. When compared tobare 
and cu doped nickel oxide, the leaf extract 
assisted nano particles has high specific 
capacitance value at 30 mV/s that is 101F/g. The 
antibacterial testes were examined using different 
bacterial strains and the inhibition response was 
reported. The Pseudomonas aeruginosa, Bacillus 
subtilis bacterial strains has excessive efficacy in 
leaves assisted nano particles. 
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I. INTRODUCTION 
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Recently, the synthesis or fabrication of metallic oxide nanoparticles (NPs) has 
acquired an extremely good quantity of attention from scientists globally. These NPs endure 
specific properties (e.g. biological, mechanical, thermal, electrical, catalytic, and optical 
properties) as compared to bulk substances with similar chemical compositions. Metal oxide 
NPs are regularly used in biomedical sciences, optics, drug delivery, optoelectronic devices, 
bio-sensing, catalysis, antimicrobial activities, and chemical sensors” [1].“NiO nano particles 
(NPs) can be synthesized by distinctive techniques, such as aqueous, microemulsion, 
solvothermal, chemical precipitation, sol-gel, warm decay, and combustion and microwave 
irradiation [2]. In general, materials and reagents used in factories, industry, laboratories, and 
medicinal applications, such as antibacterial ceramics, antibacterial clothing, and 
antibacterial plastics as well as water pollution, and the use of antibacterial materials in 
various aspects of life such as hospitals, air quality control, and air purifier, have posed a 
threat to human health and the environment. As a result, developing low-cost, 
environmentally friendly approaches, such as green chemistry, to reduce and eventually 
eliminate these harmful compounds and pollutants from the environment and groundwater 
has become a significant issue” [3]. Battery electrodes, photo-electron devices, ion storage 
materials, sensors such as gas sensors, magnetic materials, catalysts, electro chromic films, 
anticancer and  cytotoxic activity are just a few of the applications for NiO NPs. NiO NPs are 
also bactericidal against both gram-positive and gram-negative pathogens. Among the 
several chemical and physical methods for creating nanomaterials, the green synthesis 
approach has piqued researchers' curiosity. Because this method of green synthesis is easy, 
inexpensive, uses less temperature, energy, and pressure, and is environmentally benign [4]. 
Researchers are working to develop green synthesis techniques for the manufacture of NiO 
nanoparticles (NiO NPs) using harmless, eco-friendly, and renewable materials such as those 
generated from natural sources such as plants, bacteria, yeast, fungi, and microalgae, as 
environmental concerns grow. In terms of simplicity, better reduction efficiency, easier 
availability, and large content of a wide spectrum of bioactive compounds, plants are seen to 
be the most promising candidate. Phytochemicals with a wide variety of reductive capacities 
in plant extracts, such as polyphenols, terpenoids, flavonoids, alkaloids, sugars, proteins, and 
others, play a critical role in influencing the morphology, size, and yield of nanoparticles 
during synthesis [5]. Furthermore, plant extract-mediated nanoparticles exhibit greater 
stability, bicompatibility, and biosafety than chemically produced nanoparticles. Moringa 
oleifera (leaf) [6], Calotropis gigantea (leaf) [7], Monsonia burkeana (leaf) [8], Euphorbia 
heterophylla (leaf) [9], Tamarix serotina (flower) [10], were used in the green synthesis of 
NiO NPs. In the literature, Hydrangea paniculata (flower) [11], Vernonia amydalina (leaves) 
[12], Callistomon viminalis (floral extract) [13], Areca catechu (leaves) [14], Geranium 
wallichianum (leaves) [15], Populus ciliate (leaves) [16], Calendula officinalis (leaves) [17], 
Okra (leaves) [18], have all been mentioned.  
 
1. SYNTHESIS WORK 

 Leaf Extract Preparation: Fresh Camellia Sinensis leaves were harvested in the 
Ooty rural district of Tamilnadu. The leaves were gathered, cleaned with distilled 
water, and dried for three days at room temperature. A mechanical grinder is then 
used to smash the dry leaves into a fine powder. 1g Camellia sinensis powder was 
dissolved in 100ml distilled water and 70% of ethanol stirred at 80°C for 2 hours. A 
tea brown colored solution was generated during the process. The obtained extract 
was then allowed to cool to room temperature before being filtered and used for 
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synthesis. 
 

 Synthesis of Cu Doped NiO nanopowders: Nickel nitrate was dissolved in 100 ml 
distilled water with stirring for a few minutes, after that certain amount of copper 
sulfate was added into the above solution. Then 20 ml of leaf extract is added to the 
solution with continuous stirring for one hour, and then NaOH was added dropwise to 
the solution with continuous stirring for 4hrs. The precipitate was collected and kept 
at 100°C. The prepared sample was washed with ethanol and distilled water several 
times. Then the precipitate was collected and kept at 500°C for 3hrs. Finally, Black 
color Camellia Sinensis assisted with Cu-doped NiO nanopowder was obtained. The 
synthesis procedure was portrayed in Figure1. 
 

2. Result and Discussion  
 X-ray diffraction study: The structural statistics and crystallinity of NiO 

nanoparticles is studied by XRD sample. X-ray diffraction pattern of synthesised 
samples is shown in Figure.2. Five sturdy Bragg peaks with their maxima centered at 
2θ = 37.15°, 43.35°, 62.96°, 75.40° and 79.1° are observed. The determined 
diffraction peaks which correspond to the (111), (200), (220), (311), (222) planes are 
nicely assigned to the cubic shape of NiO. The absence of impurity peaks shows the 
excessive purity of synthesized samples. The excessive purity of NiO is usually 
accredited by loss of detecting any more peaks for the duration of the XRD Pattern. 
The observed peaks are well matched with standard JCPDS card (04-0835). 

 
           The average crystalline size was calculated by using Debye Scherrer formula 

𝐷 =  
𝑘𝜆

𝛽 𝑐𝑜𝑠𝜃
 

Where β is full width at half maximum intensity (FWHM), λ (0.154nm) is x-ray 
wavelength and θ is the Bragg’s angle. 
Lattice constant was calculated by using the given formula 

𝑎 = d ඥℎଶ + 𝑙ଶ + 𝑙ଶ 
The dislocation density was estimated to using the below formula 

𝛿 =
1

𝐷ଶ
 

The strain values of the prepared samples were evaluated using Williamson-
Hall (W-H) plot analysis, as illustrated in Figure 3. A W-H plot (also known as a 
uniform deformation model) is a graph that combines 4sinθon the x-axis with 
βcosθon the y-axis. A W-H plot can be linearly fitted to provide values for the slope 
and intercept, which are later used to calculate the sample's strain (ε) and average 
crystallite size (D), respectively. The crystalline size of NiO nanoparticles estimated 
using the Debye-Scherer formula and W-H plot [19], [20]. The calculated values are 
presented in Table 1. In this study it is seen that as the crystalline size of the 
nanopowder decrease when adding the leaf extract of camellia sinensis. 
 
 

 Fourier Transform Infrared spectroscopy analysis: FTIR was used to recognize 
functional groups of phytomolecules applied for synthesizing Cu-doped NiO-NPs. 
The FTIR spectral findings of prepared samples are shown in Figure 4. The FT-IR 
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spectrum of NiO-NPs several peaks that were detected within the range of 400–4000 
cm-1.The observed peak at 3439 cm-1 is related to the O–H stretching vibrations of 
H2O molecules. In addition, the showed vibration, in the range of 2928 cm-1 is 
correspondent to the C-H Stretching vibration. Another peak of 1638 cm-1 can be 
attributed to the stretching vibrations of C=C, whereas the sharp band at 1127 cm-1 
refers to C–N vibration. Finally, the band at 400–450 cm-1 is associated with the 
Metal oxide stretching vibration [18]. 
 

 UV-Visible spectrometer analysis: The optical absorption spectrum of the pure 
NiO, Copper doped NiO and Cu doped NiO with Camellia sinensis plant extract 
nanoparticles samples was carried out using UV-Visible spectrometer and the 
spectrum is unveiled in Figure 5. These spectra show the absorbances of the samples 
after dispersing them in Distilled water. The absorption peaks of the prepared samples 
detected in the range of 200-400nm. The energy bandgap was for the prepared 
samples is calculated by using the given formula 

                                                                                𝐸 =  
ℎ𝑐

𝜆
 

Eg is Energy gap, h is the Plancks constant, c is the velocity of light and λ is 
wavelength [21]. The band gap value of leaf extract assisted copper doped nickel 
oxide sample has lower than that of pure nickel oxide and Copper doped nickel oxide 
samples. The calculated bandgap values are 4.32, 3.78 and 3.11 eV corresponding to 
NiO, copper doped NiO and leaf extract assisted copper doped NiO samples.Expected 
results are seen in UV-Visible spectroscopy for leaf extract meadiated sample. 

 
 Antibacterial analysis: Synthesized nickel oxide nanoparticles were evaluated for tis 

antibacterial effect against Klebsiella pneumoniae, Pseudomonas aeruginosa, Bacillus 
subtilis and Staphylococcus aureus by using well diffusion method. 50µl of the 
nanoparticle was poured in the well. The plates were incubated in sterilization 
chamber itself for 30 min to allow the extract to diffuse into the medium. All plates 
were incubated overnight for 24 hours at 37°C. After 24 hours of incubation, the 
inhibition zone of each plate were measured and recorded in millimetre (mm). 
 

Table 2 depicts the zone of inhibition of pure nickel oxide, copper doped 
nickel oxide and copper doped nickel oxide nanoparticles from Camellia sinensis 
extracts against four pathogens. The bacterium organisms employed in this 
investigation were “Gram-negative (Klebsiella pneumoniae, Pseudomonas 
aeruginosa) and Gram-positive (Bacillus subtilis, Staphylococcus aureus). These are 
human pathogens that can cause a variety of diseases such as skin infections, 
pneumonia, toxic shock syndrome, urinary tract infections, vomiting, diarrhea, 
anaemia, kidney infections, and lung infections”, as well as wound infections. The 
surfaces of the nickel oxide nanoparticles may have reacted directly with the bacterial 
outer membrane, causing the membrane to break and the organism to be killed [22]. 

 
 
Pure nickel oxide, copper doped nickel oxide, and leaf extract assisted copper 

doped nickel oxide nanoparticles were tested for antibacterial efficacy against gram 
positive Klebsiella pneumoniae, Pseudomonas aeruginosa, and gram negative 
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Bacillus subtilis and Staphylococcus aureus bacterial strains”. Figure 6 and Figure 7 
represents the antibacterial effect of pure nickel oxide, copper doped nickel oxide and 
leaf assisted copper doped nickel oxide nanoparticles. The nanoparticles were 
effective against all bacterial strains. In comparison to the pure and copper doped 
nickel oxide nanoparticles, leaf extract assisted copper doped nickel oxide shows a 
high efficacy for both gram negative and gram positive bacterial strains. 

 
The phytochemicals present in complex form are great candidates for 

reduction and stabilising potential in fabrication of nanoparticles. These biomolecules 
found in plants provide defense against microorganisms without the necessity for 
external sources. Thus, it contains naturally occurring antioxidant and antibacterial 
capabilities. So, when these biological entities mix with metallic sources, they 
increase the antibacterial activity of biologically synthesised nanoparticles. The 
significant bactericidal activity of nickel oxide nanoparticles could be attributed to 
biomolecules adsorbed on the nanoparticles surface. As reported by several 
researches, the bactericidal potential of nanoparticles is caused by ROS generation. 
Furthermore, nanoparticles affect membranes (membrane proteins) and cause 
bacterial cell death. Similarly, surface imperfections in the symmetry of nanoparticles 
cause bacterial inhibition and cell damage [23], [24].  
 

 Cyclic voltammetry analysis: Electrochemical analysis was carried out via cyclic 
voltammetry method. In this cyclic voltammetry using their electrode pattern namely 
calomel platinum, glassic carbon and synthesised nanoparticles. The electrolytic 
solution is tetra butyl amino ferric chloride for this entire analysis.The following 
equation can be utilized to calculate the specific capacitance C (F/g), which is one of 
the most important parameters for assessing the electrochemical performance of 
supercapacitors. 

𝐶௦ =  
1

2  ×  Δv ×  ∆m × ν
න 𝐼 𝑑𝑣 

 
Where Cs is a specific capacitance of NiO electrode (Fg-1),∫I dV represents the 

area under CV curve, ∆v represents the potential window, ∆m is the mass of active 
NiO (g)ν is the scanrate (mVs-1). The value of specific capacitance is decrease with 
increase the scan rate from 30 to 150 (mVs-1). The decrease in specific capacitance 
with scan rate is due the electrolyte ions do not find sufficient time to avail all active 
sites of the electrode. At a low scan rate, the ions from the electrolyte can utilize all 
the available sites in the active electrode material. From Figure 8, Figure 9, Figure 10 
represents the cyclic voltammetry graphs for nickel oxide, copper doped nickel oxide 
and camellia sinensis assisted nickel oxide nanoparticles. 

 
The specific capacitances of prepared sample values are calculated at different 

scant rates (30 to 150mV/s). Figure 11 shows the specific capacitance vs scan rate 
plot of prepared samples. The pure nickel oxide has 70, 56, 39 and 29 F/g copper 
doped nickel oxide nanoparticles specific capacitance is 80, 72, 43 and 33 F/g and 
leaf extract mediated nickel oxide nanoparticles specific capacitance at different scan 
rates (30 to 150mV/s) and found to be 101, 88, 49 and 40 F/g respectively.  “The 
results confirm that the specific capacitances of leaf extract assisted nanoparticles is 
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1.44 times higher than that of pure nickel oxide and 1.26 times higher than that of 
copper doped nickel oxide nanoparticles, thus suitable for application in 
supercapacitor or electrochemical devices” [25], [26]. 
 

 Electrochemical Impedance analysis: Mixed Kinetic and Diffusion Control 
Electrochemical reactions taking place on the electrode and the electrolyte influence 
the total electrode impedance. Figure 12 depicts the Nyquist plot for the generated 
samples, where the semicircle represents the charge-transfer resistance functioning in 
parallel with the double-layer capacitance at high frequencies. A straight line with a 
45° slope can be seen at intermediate frequencies, suggesting semi-infinite diffusion. 
At low frequency, this near-vertical line is correlated to the well-known redox 
capacitance characteristic of nickel oxide nanoparticles [27], [28]. 
 

The Warburg impedance is utilized in the equivalent circuit model in 
exceptional circumstances where kinetic and diffusion control of semi-infinite linear 
diffusion have an impact on an electrochemical system. The resistor (R1) is connected 
in series with the resistor (R2), W is warburgimpedence and in parallel with the 
surface deposited double layer capacitor (C1). Typical impedance that reflects mass 
transfer resistance is diffusion control. The impedance is affected by the potential 
fluctuations frequency. The Warburg-impedance rises as a result of the reactants 
requirement for low frequency dispersion. It is not able to construct a Randles Cell 
fake cell because no single component can precisely mimic Warburg impedance. This 
circuit shows a cell in which polarisation is generated by a combination of kinetic and 
diffusion mechanisms [29], [30]. 
 

II.  CONCLUSION 
 

This study reports on the production of copper doped nickel oxide nanoparticles 
utilizing copper as a dopant and camellia sinensis leaves extract as a reducing agent. The 
XRD pattern indicated that the nanoparticle had a cubic shape. The materials possess the 
appropriate functional groups. From the FT-IR, the Ni-O stretching vibration was recorded at 
428, 434, and 447 cm-1 for pure nickel oxide, copper doped nickel oxide and leaf assisted 
copper doped nickel respectively.The UV- Vis absorption spectra revealed the reduction of 
bandgap values in leaf assisted copper doped nickel oxide nanoparticles. Electrochemical 
tests on nickel oxide electrodes, such as cyclic voltammetry, showed enhanced properties for 
Camellia sinensis assisted copper doped nickel oxide nanoparticles and have excellent 
capacitance value. In comparison to pure and copper doped nickel oxide, leaf extract assisted 
copper doped nickel oxide shows a high efficiency for both gram negative and gram positive 
bacterial strains. We propose that Camellia sinensis-assisted copper doped nickel oxide 
nanoparticles be utilised to medicinal applications.  
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Figure 1:.Synthesis procedure of nickel oxide nanoparticles

Figure 2: X-ray diffraction pattern of prepared nanoparticles
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Figure 3: Williamson
 

Figure 4: 
 

Figure 5
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Williamson-Hall plot of synthesized nanoparticles

 
 

Figure 4: FTIR spectrum of synthesized nanoparticles 

 
Figure 5: UV- visible absorption spectrum 
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Figure 6: Antibacterial activity of prepared NiO, Cu doped NiO Camellia sinensis assisted 
with Cu doped NiO NPs against Gram negative (Klebsiella pneumoniae, Pseudomonas 
aeruginosa) bacterial pathogens
 

 
Figure 7: Antibacterial activity of prepared NiO, Cu doped NiO Camellia sinensis assisted 
with Cu doped NiO NPs against gram positive  (Bacillus subtilis, Staphylococcus aureus) 
bacterial pathogens 
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Antibacterial activity of prepared NiO, Cu doped NiO Camellia sinensis assisted 
with Cu doped NiO NPs against Gram negative (Klebsiella pneumoniae, Pseudomonas 
aeruginosa) bacterial pathogens 

Antibacterial activity of prepared NiO, Cu doped NiO Camellia sinensis assisted 
with Cu doped NiO NPs against gram positive  (Bacillus subtilis, Staphylococcus aureus) 
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Figure 8: Pure nickel oxide nanoparticles cyclic voltamettry curv

Figure 9: Copper doped nickel oxide nanoparticles cyclic voltamettry curves at
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Pure nickel oxide nanoparticles cyclic voltamettry curves at different

Copper doped nickel oxide nanoparticles cyclic voltamettry curves at
differentscanrates 

Futuristic Trends in Physical Sciences 
ISBN: 978-93-5747-725-3 

IIP Series, Volume 3, Book 5, Part 5, Chapter 2 
SYNTHESIS AND CHARACTERIZATION OF NICKEL OXIDE NANOPARTICLES AND THEIR 

ELECTROCHEMICAL ANALYSIS 

Copyright © 2024 Authors                                                                                                                       Page | 24 

 
es at different Scanrates 

 
Copper doped nickel oxide nanoparticles cyclic voltamettry curves at 



SYNTHESIS AND CHARACTERIZATION OF NICKEL OXIDE NANOPARTICLES AND THEIR
APPLICATIONS IN ANTIBACTERIAL AND

 

Copyright © 2024 Authors                                                                                                     

Figure 10: Leaf extract assisted copper doped nickel oxide nanopartilces cyclic

Figure 11
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Leaf extract assisted copper doped nickel oxide nanopartilces cyclic
voltamettry curves at different scanrates 

Figure 11: Specific capacitance Vs Scan rates 
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Figure 12: Nquist plot of prepared nanoparticles and Equivalent circuit
 
Table1: Average crystallites size and lattice strain estimated from Debye Scherrerand 

Sample 

NiO 

Copper doped 
NiO 
Camellia sinensis 
assisted with 
copper doped NiO 

 
Table 2: Inhibition 

Sample name 
Klebsiella 
pneumoniae

NiO 1 

Copper doped 
NiO 

8 

Camellia 
sinensis 
assisted with 
copper doped 
NiO 

14 

 
 

Futuristic Trends in Physical Sciences
e-ISBN:

IIP Series, Volume 3, Book 
SYNTHESIS AND CHARACTERIZATION OF NICKEL OXIDE NANOPARTICLES AND THEIR

APPLICATIONS IN ANTIBACTERIAL AND ELECTROCHEMICAL ANALYSIS

Copyright © 2024 Authors                                                                                                     

Nquist plot of prepared nanoparticles and Equivalent circuit

Average crystallites size and lattice strain estimated from Debye Scherrerand 
Williamson-Hall method 

 

Scherrer method Lattice 
constant 

a (Å) 

W-H plot method

D (nm) 
δ×1015 
(m-2) 

D (nm) 

21.1 2.51 4.183 20.5 

23.2 3.19 4.186 21.0 

17.1 5.41 4.179 17.0 

Inhibition values of different bacterial strains
 

Klebsiella 
pneumoniae 

Pseudomonas 
aeruginosa 

Staphylococcus 
aureus 

13 7 

12 5 

20 12 
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Nquist plot of prepared nanoparticles and Equivalent circuit 

Average crystallites size and lattice strain estimated from Debye Scherrerand 

H plot method 

 ε×10-3 

0.531 

0.839 

1.20 

values of different bacterial strains 

Staphylococcus Bacillus 
subtilis 

8 

12 

18 


