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ABSTRACT

The green synthesis of metal oxide nanoparticles is an eco-friendly, rapid, and cost-effective development 
of novel technologies. The catalyst of nickel oxide (NiO) nanoparticles has been synthesized by the 
green route’s method using Lantana camara Linn and nickel chloride. It was found that plant-mediated 
synthesis of nickel oxide nanoparticles can greatly enhance the antibacterial and photocatalytic activity 
at very low concentrations. The synthesized plant-mediated NiO nanoparticle was characterized by the 
structural and optical properties, morphology, and composition of NiO nanoparticles (NPs) with the help 
of various techniques such as Ultra Violet (UV) spectroscopy, Fourier Transform Infrared Spectroscopy 
(FTIR), Scanning Electron Microscopy (SEM), X-ray Diffraction (XRD), Particle Size Analyzer (PSA), 
Fluorescence Spectroscopy (FL) and the photocatalytic activity studies were investigated. The 
antimicrobial activity was carried out against Gram-positive and Gram-negative bacteria and NiO NPs 
showed inhibitory activity in both strains of bacteria with excellent selectivity against Gram-positive 
bacteria.  

INTRODUCTION

Nanoparticles (NPs) are a cluster of atoms having at least 
one dimension in the size range of 1-100 nm. Owing to their 
unique optical, magnetic, catalytic, and electrical properties, 
they have potential applications in various fields. The 
physicochemical properties of NPs are different as compared 
to those of their bulk counterparts because the surface area to 
volume ratio increases and quantum effects become dominant 
as the size decreases. The increase in surface area to volume 
ratio alters the mechanical, catalytic, and thermal properties 
of the material (Muhammad et al. 2016). There are several 
methods for creating nanoparticles, including attrition, 
pyrolysis, hydrothermal synthesis, and green synthesis. The 
most common methods are solvothermal, co-precipitation 
method, bottom-up and top-down synthesis, sol-gel synthesis 
method, green synthesis, and chemical synthesis method 
(Joerger et al. 2011). Green synthesis is a cost-effective 
system and eco-friendly system (Morton et al. 2016). Green 
synthesis is used in various for different applications and it 
is used in day-to-day life. Green synthesis of nanoparticles 
is a cost-effective and eco-friendly system with the added 
advantage of stabilizing the formed NPs as plant secondary 
metabolites besides acts as synthetic agents as well as a 
capping agent. Plant-mediated synthesis of nanoparticles is 

a green chemistry approach that connects nanotechnology 
with plants. Plants are nature’s chemical factories (Mariam 
et al. 2014). As the green synthesized nanoparticles are 
smaller in their small size, they can penetrate small capillaries 
and are taken up by the cells, which allow efficient drug 
accumulation at the target (Laokul et al. 2009). Moreover, 
NPs synthesized by using green chemistry have no or low 
cytotoxicity as compared to other chemically synthesized 
NPs which makes them an efficient carrier of drugs for in 
vivo drug delivery applications. Lantana camara Linn (L. 
camara) is a popular ornamental and garden plant that grows 
up to 2-4 meters in height, with several flower colours such 
as yellow, red, pink, and white. It also grows naturally at 
roadsides or riversides up to the elevation of 2,000 meters 
in tropical and subtropical temperature regions. The leaves 
of the plant are used in the treatment of tumours, tetanus, 
rheumatism, malaria, etc., and it is used in the antiseptic and 
carminative properties have also been reported (Ganjewala 
et al. 2009, Raju 2000 & Ghisalberti 2000). In the past 
few decades, metal oxide nanoparticles have been gaining 
momentum among researchers. One of the most extensively 
used transition metal oxides is Nickel oxide (NiO) which 
has a wide bandgap and various applications. They 
encompass catalysis, lithium-ion batteries, smart windows, 
antiferromagnetic film, dye-sensitized photocathodes, 
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photocatalysis, antimicrobial activity, thermal conductivity, 
and field emission studies. Different kinds of researches 
were undertaken in NiO NPs prepared by cost-effective and 
eco-friendly methods that have been used to evaluate their 
antimicrobial activity and for photocatalytic degradation of 
rhodamine B. The antibacterial activity of such nanoparticles 
depends on their stability, size, and concentration added to 
the bacterial growth medium since this provides greater 
retention time for interaction of bacterium nanoparticles 
(Alamelu et al. 2015 & Azam et al. 2012).  

In this work, for the first time, we have synthesized nickel 
oxide nanoparticles using Arabic gum, and nickel chloride 
as the nickel source, and water as solvent by sol-gel process, 
without any surfactant and reducing agent, as a cheap and 
eco-friendly approach to nature. This method has many 
advantages such as nontoxic, versatile, low cost, and could 
be used to synthesize other metal oxides. The influence of 
calcination time on structure, morphology, composition, 
and photoluminescence property of NiO nanoparticles was 
investigated in detail and antimicrobial activity of NiO 
nanoparticles is tested against bacterial species using the 
disc diffusion method.

MATERIALS AND METHODS

The Lantana camara leaves were collected from the Tenkasi 
area which is near to the Western Ghats region. Nickel chlo-
ride (NiCl2.6.H2O) was purchased from Daijung (Darmstadt, 
Korea) and used without further purification.

Synthesis of Leaf Extract

The Lantana camara leaves were dried for one day under 
the shadow and are thoroughly washed with distilled water 
to remove dust particles and sun-dried to remove moisture 
content and these leaves are cut into small pieces. Then the 
leaves are boiled in distilled water in a flask for 6 hours and 
placed in a water bath at a constant temperature for three 
hours at 400°C. The solution was filtered and finally, 100 
mL of leaf extract was obtained and the extract was filtered 
using Whatman filter paper and finally, the leaf extract was 
obtained.

Synthesis of Nickel Oxide Nanoparticles

The NiCl2 (0.5M) was prepared individually and mixed with 
10 mL of plant extract and kept at room temperature. The 
colour of the solution was changed from light green to brown 
colour indicating the formation of NiO nanoparticles and 
the absorbance of nickel oxide nanoparticles in the solution 
was monitored at different time intervals using UV-visible 
spectroscopy.

Photocatalytic Activity 

The photocatalytic activity of NiO NPs was evaluated on the 
degradation of methylene blue (MB) (Merck, India) in an 
aqueous solution under UV light (125W/m2, Osram) illumi-
nation. A known weight of the catalyst, 0.01g was added to a 
known volume of 0.2 L dye that resulted in a suspension. The 
suspension was stirred for uniform exposure of the catalyst 
to light. The distance between the lamp and the base of the 
beaker under UV illumination was 13 cm. Each experiment 
was conducted every 120 min with a 10 mL sample of a 
liquid drawn every 15 min. The degradation of the dye was 
monitored after the removal of photocatalyst by centrifuga-
tion at 2000 rpm for 30 min. The decreased absorbance was 
measured at regular intervals of time from 0 to 120 min by 
using the Shimadzu UV1650 PC spectrometer.

RESULTS AND DISCUSSION

The synthesized NiO nanoparticles are subjected to var-
ious characterization studies for their structural, optical, 
and magnetic properties such as powder XRD, UV-visible 
spectrometer, FTIR spectrometer, particle size analyser, 
fluorescence spectroscopy, and SEM analysis. The results 
obtained are discussed below.

X-ray Diffraction (XRD)

The peaks seem to be appreciably broad that indicates the 
crystallites of the hydroxide can be in the nanosized range. 
The structural information and crystallinity of NiO NPs 
were prepared using Lantana camara plant extract by green 
synthesis method and are further studied by the XRD pattern 
as shown in Fig. 1. The sharp peaks of NiO NPs are highly 
crystalline. The observed peaks appreciably broad indicat-
ing that the synthesized Nickel hydroxide nanoparticles are 
crystalline with the hexagonal phase. The diffraction peaks 
of NiO NPs at 2q = 37.21°, 43.29°, 62.88° associated with 
the crystal planes (111), (200), (222) were observed (Mal-
likarjuna et al. 2017). The obtained result was well-matched 
with JCPDS No. 1313-99-1. The obtained XRD pattern 
reveals the formation of NiO NPs and showed no other 
peaks present in the XRD data. It is observed that peaks are 
sharp with high intensity for higher calcination time which 
means that bigger particle size may be generated by increas-
ing the calcination time (Rajesh et al. 2010 & Shanaj et al. 
2016). However, it can be observed that, by increasing the 
calcination temperature up to 400°C, the peaks have been 
appreciably sharpened which indicates that the growth in the 
crystallite sizes of NiO has occurred. 

It was confirmed that the purity of the NiO phase. The 
crystalline size of NiO NPs was estimated using the Debye 
Scherrer formula.
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	 D = 0.89 l/bcosq   	 ...(1)

Where D is the average crystal size l is a wavelength of 
the X-ray radiation and b is the full-width half maximum. 
The calculated average of crystalline size was formed to be 
21 nm. The reduced crystalline size may be due to the plant 
extract that can act as the capping agent and reducing agent 
with the NiO NPs. Moreover, it will have a remarkable 
impact on biological activity. 

Fourier Transform Infra-Red Spectroscopy (FT-IR)

Fig. 2 shows the FT-IR spectra of the prepared sample of 
Ni(OH)2 and NiO nanoparticles after calcination at different 
periods. In Fig. 2, a sharp peak at 3637 cm-1 is the charac-
teristic of Ni(OH)2 (Rajesh et al. 2010, Shanaj et al. 2016, 
Motlagh 2011 & Abolanle 2011). The broad absorption band 
centred at 3403 cm-1 is assigned to O-H stretching vibrations 
and the weak band at 1633 cm-1 is attributed to H-O-H 
bending vibration because of absorption of water molecules 
from the air as the sample was synthesized.  Fig. 2 shows 
the FTIR spectra of prepared NiO NPs. The FTIR bands due 
to metal-oxygen occur in the region of 400-4000 cm-1. The 
FTIR shows the peaks at 3480 cm-1, 1650 cm-1, 473 cm-1. 
The intense and wide peak centred at 3480 cm-1 assigned 
to O-H stretching and the peak at 1650 cm-1 corresponds to 
the H-O-H bending mode. The band at around 473 cm-1 is 
attributed to Ni-O bending vibration. These results agree with 
other researches (Wang et al. 2009).  The dislocation density, 
which is a crystallographic defect within a crystal structure 
affects the properties of materials. The bands at 3368 cm-1 
are assigned to O-H stretching vibration and 1585 cm-1 are 
due to O-H-O bending vibration mode because the calcined 
powder tends to absorb water. The bands due to carbonate 
groups and C-O stretching bonds are observed at 1424 cm-

1, 872 cm-1, and 1036 cm-1 respectively. The appearance of 
new bands was observed at 557 cm-1, 405 cm-1 which are 

assigned to Ni-O stretching vibration mode (Rajesh 2010, 
Shanaj 2016 & Motlagh 2011). The broadness of the band 
indicates the nanocrystalline nature of the samples.

Scanning Electron Microscopy

The surface morphological features of synthesized nanopar-
ticles were studied by scanning electron microscope. The 
images were recorded with magnification of 500 and 10000 
as shown in Fig. 3. The results indicate that NiO nanopar-
ticles are hexagonal. We can observe that the particles are 
highly agglomerated. (Mallikarjuna et al. 2019). Further, the 
particles are aggregated with irregular particle morphology 
having a diameter of 1 µm and they are essentially a cluster 
of nanoparticles.

The presence of some larger nanoparticles may be attrib-
uted to the fact that NiO nanoparticles tend to agglomerate 
due to their high surface energy and high surface tension of 
the ultrafine nanoparticles (Muhammad et al. 2016)  

 
Fig. 1: XRD image of NiO Nanoparticle. 
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Ultra Violet Visible Spectroscopy

The UV spectral studies are taken for the NiO nanoparticles 
in regions ranging between 200 and 1200 nm. The absorption 
spectra of plant extract mediated synthesis of NiO nanopar-
ticles in terms of wavelength are shown in Fig. 4. 

The UV spectra show that the absorption peak wave-
length for plant extract mediated synthesis of NiO nano-
particles is around 245 nm. From the absorption spectra, it 
is confirmed that the peak is due to the Nickel oxide nano-
particle present here. The plots of variation of wavelength 
versus absorption for the plant extract mediated synthesis 
NiO nanoparticles are presented (Mallikarjuna et al. 2017 & 
Haque et al. 2009). The UV-visible absorption spectrum of 
the NiO particles obtained at plant extract mediated synthesis. 
A slight shift towards a higher wavenumber is seen for the 
absorption edges by increasing the processing temperature. 
This shift indicates a decrease in the bandgap, which can 
be attributed to an increase in particle size. The increasing 
trends of the bandgap energy upon the decreasing particle 
size is likely due to the defects or vacancies present in the 
intergranular regions generating new energy levels to reduce 
the bandgap energy.

Fluorescence Spectroscopy

The fluorescence spectra of Nickel oxide nanoparticles, 
which are essential in comparing the fluorescence properties. 
Fig. 5 shows the fluorescence spectrum of Nickel oxide na-
noparticles where the peaks are observed at 645 nm, where 
645 nm luminescence peak is based on the near-and-edge 
emission of Nickel oxide nanoparticles (Linsebigler et al. 
1995). 

The fluorescence of the plant-mediated synthesis of 
Nickel oxide nanoparticle exhibited emission peaks at 645 
nm as shown in Fig. 5. The fluorescence spectra were not 

quenched and showed good fluorescence (Helan et al. 2016 
& Dutta et al. 2011). The emission peaks were red-shifted on 
the change of the excitation from 645 nm and the intensity of 
fluorescing spectra was reduced by increasing the excitation 
wavelength (Haque et al. 2009).

Particle Size Analyzer

The Particle Size Distribution (PSA) of plant-mediated 
synthesized Nickel oxide nanoparticles was analysed by 
PSA as shown in Fig. 6. PSA result showed the particle size 
distribution of plant-mediated synthesized by Nickel oxide 
nanoparticles at 10-50 nm. This size proved that the synthe-
sized Nickel oxide nanoparticle using Lantana camara leaf 
extract was in nanoparticle form. Fig. 6 shows the PSA graph 
of plant-mediated synthesis of nickel oxide nanoparticles.

The synthesized plant-mediated Nickel oxide nanopar-
ticle exhibits a mean particle size of 21 nm under dynamic 
light scattering. The crystalline size was calculated from 
PSA is further counter-verified by Powder X-Ray Diffraction 
(PXRD).

 

Fig. 4: UV-visible spectroscopy synthesized peak for NiO nanoparticles. 
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Fig. 6: DLS peaks of Nickel oxide nanoparticles. 

The synthesized plant-mediated Nickel oxide nanoparticle exhibits a mean particle size of 21 nm under dynamic light 

scattering. The crystalline size was calculated from PSA is further counter-verified by Powder X-Ray Diffraction 
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Photocatalytic activity 
Fig. 7 shows the photocatalytic degradation of methylene blue dye molecule using plant-mediated synthesis. Nickel 

oxide nanoparticles are performed at room temperature under UV light at a wavelength of 664 nm. The least peak was 

noticed at 650 nm indicates the decreased level of methylene blue (MB) dye molecule with increasing UV exposure 

time that denotes the degradation of dye molecule at UV-irradiation.  

Fig. 6: DLS peaks of Nickel oxide nanoparticles.
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Photocatalytic Activity

Fig. 7 shows the photocatalytic degradation of methylene 
blue dye molecule using plant-mediated synthesis. Nickel 
oxide nanoparticles are performed at room temperature 
under UV light at a wavelength of 664 nm. The least peak 
was noticed at 650 nm indicates the decreased level of 
methylene blue (MB) dye molecule with increasing UV 
exposure time that denotes the degradation of dye molecule 
at UV-irradiation. 

This shows 85% of the degradation rate of dye molecule 
using biologically synthesized nickel oxide nanoparticles 
within 120 min is due to excitation of semiconductor by 
UV-light to produce free radicals in the degradation of dye 
in which the excited electrons move from the valence band to 
the conduction band and generates high energy electron-hole 
pairs which transfer to adsorbed species on semiconductor 
results heterogeneous photocatalysis (Wu et al. 2015 & 
Linsebigler et al. 1995). The photocatalytic activity was done 
within 2 hrs and the methylene blue dye (0.2 L) was degraded 
successfully. Moreover, we have observed NiO NPs as an 
efficient photocatalytic adaptive nanoparticle.

Antibacterial Studies

The antibacterial activities of plant-mediated synthesis of 
nickel oxide nanoparticles are generally known to be a 
function of the surface area which is in contact with the 
microorganisms. Reactions take place at the surface of a 
plant-mediated synthesis of nickel oxide nanoparticles (Dola 
et al. 2017 & Miessya et al. 2019). The antibacterial activity 
of NiO NPs can generate oxidative stress to damage the 
structure, protein, and bacterial cells. Further, it prevents the 
formation of biofilms and assists in wound healing (Srihasam 
et al. 2020). Hence, the smaller size and the higher surface 
to volume ratio, i.e. larger surface area, enhanced interaction 

with the microbes is seen. Fig. 8 shows the antibacterial activ-
ity of plant-mediated synthesis of Nickel oxide nanoparticle 
from the microorganism such as Escherichia coli, Bacillus 
subtilis, and Enterobacter.

The activity was found to be highest in the case of 
Gram-negative bacteria and Gram-positive bacteria. 
Plant-mediated synthesis of Nickel oxide nanoparticle 
samples showed activity for Gram-positive and Gram-neg-
ative bacteria such as Escherichia coli, Bacillus subtilis, 
and Enterobacter. The concentration of Plant-mediated 
synthesis of Nickel oxide nanoparticles such as 20 µL, 
40 µL, 60 µL, 80 µL and then the zone of inhibition of 
the nickel oxide nanoparticle against Gram-positive and 
Gram-negative bacteria. The mechanism depends not only 
on the concentration of NiO NPs; it also depends on the 
sensitivity of bacterial species. The increased antibacterial 
effect may be due to reactive radicals Ni2+ ions (Rajesh et al. 
2010 & Krishnamoorthy et al. 2012), released continuously 
in the solution (Wang et al. 2007), may be attached to the 
negatively charged bacterial cell wall due to electrostatic 
force. The strong adhesion of Ni2+ ions to the bacterial 
cells causes the distraction of cell membranes (Morones 
et al. 2005. Wang et al. 2007, Makhluf et al. 2005, Sawai 
et al. 2003 & Jadhav et al. 2011), and hence antimicrobial 
efficacy at higher NPs concentration (Rajesh et al. 2010 
& Fu et al. 2005). The antibacterial results also revealed 
that Gram-positive bacteria are more susceptible to NiO 
nanoparticles as compared to Gram-negative bacteria 
due to the difference in the cell wall structure. The cell 
wall of Gram-positive bacteria is made of a thick layer of 

 

Fig.7: Photocatalytic image of NiO nanoparticles. 
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Fig. 8: Antibacterial activity of the plant-mediated synthesis of NiO nanoparticles. 
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are more susceptible to NiO nanoparticles as compared to Gram-negative bacteria due to the difference in the cell wall 

structure. The cell wall of Gram-positive bacteria is made of a thick layer of peptidoglycan, which is attached to 

teichoic acids that are unique to Gram-positive bacteria and can be damaged more easily (Rajesh et al. 2010 & Motlagh 

et al. 2011). But in Gram-negative bacteria, the cell wall contains a thin peptidoglycan layer and an outer membrane, 

constructed from tightly packed lipopolysaccharide (LPS) molecules (Rajesh et al. 2010), which is selectively 

permeable and regulates the transport through the plasma membrane. This renders Gram-negative bacteria less 

susceptible to NiO NPs (Mani et al. 2013, Tortora et al. 2016). 
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plant extract. Although all these green protocols for NiO nanoparticle synthesis have their advantages and limitations 

Fig. 8: Antibacterial activity of the plant-mediated synthesis of  
NiO nanoparticles.
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peptidoglycan, which is attached to teichoic acids that are 
unique to Gram-positive bacteria and can be damaged more 
easily (Rajesh et al. 2010 & Motlagh et al. 2011). But in 
Gram-negative bacteria, the cell wall contains a thin pep-
tidoglycan layer and an outer membrane, constructed from 
tightly packed lipopolysaccharide (LPS) molecules (Rajesh 
et al. 2010), which is selectively permeable and regulates 
the transport through the plasma membrane. This renders 
Gram-negative bacteria less susceptible to NiO NPs (Mani 
et al. 2013, Tortora et al. 2016).

CONCLUSION

In conclusion, this paper provides an overview of the 
plant-mediated synthesis of nickel oxide nanoparticles 
by using plant extract. Although all these green protocols 
for NiO nanoparticle synthesis have their advantages and 
limitations use of plant extract as a reductant is more bene-
ficial as compared to microbial extract because of the rapid 
rate of production of nanoparticles with a former green 
reductant. Synthesis of NiO nanoparticles was carried out 
by the green synthesis method using Lantana camara leaf 
extract. XRD and FT-IR confirm the formation of pure and 
crystalline NiO nanoparticles and various functional groups 
present in these particles to synthesize with high purity 
and crystallinity, reduced particle size, and more surface 
defects, which are the advantageous factors to be used for 
various environmental and applications. The UV-visible 
spectra showed that the wavelength is around 245 nm. FTIR 
studies were carried out for the functional group from the 
crystalline sample and the vibrational bands are assigned. 
From SEM images, it is observed that the nanoparticles 
are arranged as regular beads in shape. The fluorescence 
spectrum of nickel oxide nanoparticles where the peaks 
are observed at 645 nm, where 645 nm luminescence peak 
is based on the near-band-edge emission of nickel oxide 
nanoparticles. It is also concluded that the antimicrobial 
property of NiO nanoparticles increased with an increase 
in surface area to volume ratio due to a decrease in par-
ticle size. Hence, smaller-sized NiO nanoparticles can be 
used as an antimicrobial agent more effectively. Based on 
the results, it is concluded that particle size and optical 
properties are controlled by calculations time. Hence, NiO 
nanoparticles can also be used in optoelectronic devices. 
The morphology and chemical composition were elucidated 
by SEM. The photocatalytic degradation of methylene blue 
dye molecule using the plant-mediated was successfully 
synthesized. The least peak is noticed at 650 nm indicates 
the decreased level of MB dye molecule with the increasing 
UV exposure time denotes the degradation of dye molecule 
at UV-irradiation.
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