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a b s t r a c t
Nickel oxides nanoparticles (NiO NPs) were synthesized by biosynthesis method with the help of phytoconstituents present in the neem leaf. Further the synthesized NiO NPs were subjected for structural,
optical, morphological and magnetic properties. The XRD patterns clearly infer the presence of polycrystalline nature of samples (0 1 0), (0 1 1) and (0 1 2) with hexagonal crystal phase. Morphological studies
using Transmission Electron Microscope (TEM) reveals that the biosynthesized NiO NPs were in shape of
oblong with 12 nm in size. Elemental analysis (EDAX) confirms the quantity of Ni is present at 51% and
remaining O as 49% as well as the mass magnetization values of 61 emu/g are also recorded for NiO NPs
and its coercivity values in the range of 0.2–0.4 of nanoparticles respectively. Finally the NiO NPs was
studied for bacterial activity against Staphylococcus aureus (MTCC 1430) and followed by Escherichia coli
(MTCC 739) by agar diffusion assay.
Ó 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

Introduction
For the past few years, nanoscience and nanotechnology have
developed tremendously due to its wide application. The ecofriendly synthesis has also grown since there are wide scopes.
The synthesize was categorized into top to bottom and bottomup approaches [1]. Semiconducting oxide nanomaterials possess
antibacterial, antifungal and biological activities [2]. Various
researchers have prepared the nontoxic material by different plant
extractions like Annona squamosa [3–6], Catharanthus roseus [7],
Cocos nucifera [1,8], Beta vulgaris [9], Catunaregam spinosa [10],
Cyphomandra betacea [11], etc., usually plant extracts contains
variety of compounds with different functional groups [11–15]
which are for many chemicals and biological applications. During
the nanoparticles metabolites play a crucial role in converting
metal into metal nano form by reduction mechanism [16]. Specialization of NPs are its porosity, high surface area, very small crystal
size random distribution of semiconducting oxide materials, particularly this stable group of oxide materials are having the huge
⇑ Corresponding authors.
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coercivity applications while matched with powder layered particles [17]. The coercivity magnitude of nanoparticles decreases with
the increase in the size of the particles with relation to magnetic
hysteresis curve. In this manuscript we have stated the biosynthesis of NiO NPs with different annealing temperatures and its magnetic properties. The NiO NPs prepared were of cubic face centered,
the crystalline size of nanoparticles increases with increase in temperature [18]. The NiO NPs have unique property of converting the
anti-paramagnetic to ferromagnetic one in room temperature itself
[19]. So in this manuscript we focused our research toward green
synthesis of NiO NPs using neem leaves and it was augmented
against various toxic pathogens.

Experimental
Materials
Nickel chloride salt (NiCl2) were the starting material for synthesis of NiO NPs were bought from Merck chemical industries,
Mumbai, India. The NaOH were acquired from AVRA Synthesis,
Hyderabad, India. The fresh Neem leaves were collected from in
and around Anna University, BIT campus, Tiruchirappalli. Bacterial
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2211-3797/Ó 2016 The Authors. Published by Elsevier B.V.
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culture was obtained from MTCC, India. Further throughout the
experiments we have utilized milli Q water and double distilled
water without any further purification.
Collection of neem leaf extract
Freshly collected neem leaves were crushed using mortar pestle
until it turns into greeny paste solution. Further crushed solutions
were transferred for centrifugation process to remove debris at
10,000 rpm for 10 min with controlled temperature of 4–5 °C. After
centrifugation the supernatant was taken and by using filter paper
(Whatmann No. 1), further the collected residue were utilized as
phyto precursors for production of NiO NPs.

extract and Nickel chloride salt was 4/100. In this reaction the control experiment consists of Nickel chloride solution.
The NiO NPs were prepared by using the neem leaf extract.
Then the extract was mixed with the nickel chloride. We have
observed immediate color change in the solution which may be
due to the formation of NiO NPs.
Before the synthetic process, various optimizations of the conditions were checked and it was concluded that the volume of
neem extract used as 1 lL, pH maintained at 7 and the time taken
for the reaction is 20 min at constant stirring. By using the above
parameters, we have synthesized the nanoparticles and the solutions were checked in spectrophotometer for the nanoparticle form
[21].
NiO NPs characterization and applications

Preparation of NiO NPs by method of bio-synthesis
The NaOH (1 mM, Reagent A) were prepared individually and
mixed with 1 lL of neem leaf extract which was prepared in
30 lL of milli Q water (Reagent B). Both the reagents were mixed
thoroughly by heating it in 200 °C for 20 min. Further it was then
filtered and the residue was collected separately (Reagent C) [20].
This reagent C was mixed well the aqueous solution of Nickel
chloride with varying the pH. The volumetric ratio mixture of

Further bio-synthesized NiO NPs were subjected for its structural, optical, morphological studies with the help of various analytical techniques like XRD, FTIR, SEM/EDAX and TEM. Once the
analytical process has done, further bio-synthesized NiO NPs were
subjected for magnetic and bacterial properties which were briefly
discussed in results and discussion part.
Results and discussion
XRD of biosynthesized NiO NPs
The XRD pattern of NiO NPs were annealed under (350 and
450 °C) which are shown in Fig. 1. Resulted diffraction peaks are
indexed within Face Centered Cubic (FCC) structure of NiO phase
with respective agreement with JCPDS card No. 451027 (Hexagonal). Broad peaks indicate the formation of NiO nanocrystalline
phase. The crystalline size (D), density of dislocation (d), strain
(e), lattice parameter (a), are calculated by formulae denoted here.

0:9k
bcosh

D¼

ð1Þ

where wavelength is k, b is FWHM in radian and angle of Braggs
denoted by h, the dislocation parameter is derived using following
formulae;

d¼

1

ð2Þ

D2

The strain is then determined by the following relation,
Fig. 1. XRD analysis of NiO and its two different annealing temperatures.

e¼



Dd
dexp  dhkl
¼
do
dhkl

ð3Þ

Table 1
Structural analysis of NiO Nanoparticles annealed at 350 °C and at 450 °C.
Sample

Lattice constant calculated (Å)

0:94k
(nm)
Crystal size size D = bCosh

Strain

NiO
350 °C
450 °C

a = 2.701 c = 4.412
a = 2.698 c = 4.439
a = 2.711 c = 4.440

29.823
32.14
33.24

1.269
1.331
1.401

Dd
do

¼



dexp dhkl
dhkl



 103 lines/m2

Band gap (eV)
3.22
3.12
3.01

Table 2
EDAX analysis of NiO nanoparticles as prepared sample.
Element

Net counts

ZAF

Weight %

Atom

Formula

Ni
O
Ni
O
Ni
Total

0
3220
1116
17,263
37,509

8.633
7.599
2.699
1.604
1.185

0.00
34.25
1.32
13.49
50.94
100.00

0.00
68.64
1.74
15.40
14.23
100.00

Ni
O
Ni
O
Ni
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Fig. 2. (a) TEM, (b) SAED pattern analysis of NiO nanoparticles as prepared sample.

Fig. 3. Absorbance Curve (Band gap) of NiO (a) as prepared (b) 350 °C and (c) 450 °C samples.

a¼

Dd
do

ð4Þ

dexp and dhkl represent the experimental and for standard values of
inter planar distance respectively which are reported in (Table 1).
Which is further noticed the value of increasing crystalline size in
the range of 29.82, 32.14 and 33.24 nm, due to grain growth.
According to formula (2), the smaller value of the crystallite size,
the larger the value of the dislocation density (inversely proportional), which indicates a better crystalline quality. It can be seen
that the dislocations density varies slightly with annealing temperature; it reduces about 30% when temperature increases up to
450 °C. In addition, when annealing temperature increases,
the strain value increases, which is may be associated with the

formation of oxygen vacancies [22]. Due to increase in annealing
temperature, the oxygen ions are desorbed from the surface of
the nanoparticles (low surface energy) and hence the concentration
of oxygen vacancies increases, as evidenced from the EDAX analysis
(Table 2).

" 2
#
2
2
4 h þ hk þ k
l
þ 2
Hexagonal 2 ¼
2
3
a
c
d
1

Volume V ¼

pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ!
3a2 C
2

Strain ¼ b cos h=4

ð5Þ

ð6Þ
ð7Þ
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The structure was said to be hexagonal in shape and the unit
cell contains nearly 60 atoms and the lattice parameter was shown
in (Table 1). This NiO structure resulted in series of oxygen network with various structural vacancies of oxygen. It means that
the atom of oxygen present in structure should be recognised as
interstrial atom molecule. Remaining unutilized oxygen were present in (0 1 1) unit cell directions. By comparing these diffractogram with the JCPDS data the phases present are the same for
all the powdered particles.
Transmission Electron Microscope
The morphological studies of NiO were confirmed using microscopical technique From the Transmission Electron Microscope it
was found that the average particle size to be 10 ± 2 nm
(Fig. 2a, b). SAED pattern confirmed the crystalline diffraction
planes and further it was well matched with XRD of NiO NPs
diffraction patterns.
Band gap
The transmittance were found to be higher than 80% in the visible region, which slightly increases with further annealing, which
is may be due to the better crystalline quality and larger grain size
as evidenced for the XRD analysis and SEM observations. The optical band gap (Eg) of the NPs is estimated using by plot derived by

Tauc’s which were illustrated in (Fig. 3a, b), using the following
relation:
n=2

ðahmÞ ¼ Aðhm  EgÞ

ð8Þ

whereas a is denoted to be A coefficient of absorption which is said
to be constant. The estimated (Eg) band gap optical is identified
between 3.21 and 3.01 eV (Table 1). The band gap of optical property increases as the annealing temperature increases, which may
be associated with desorption of oxygen from the surface of the
powder as the concentration of carrier increases. The obtained band
gap values are in agreement and within the range of the values
reported in the literature [23].
The sample possesses an absorption edge around (370–390)
nm. The absorption spectrum of NiO at 380 nm is due to chargetransfer from band of conduction to band of valance cations.
Anatase shift in the absorption band toward shorter wavelength
indicates decrease in particle size. At a primary step in the formation
of the Oxide material is suggested to make a bond with the
functional groups to induce metal nucleation. In this study oxide
possesses a direct band gap system and the band gap energies of
the oxide material were derived by Tauc’s plot Eg = (ahc)2/(hc)
method which is depicted in Fig. 3c.
EDAX
Concentration of elements Ni and O varies periodically along
the atoms size being accompanied with maxima of Ni along 51%
and O along 49% of distributions (Table 2), there is no evidence
of impurity in the composition. Fine particles tend to form aggloromates and fine spherical shape of powdered particles are frequently seen on the surface of coarser powders. From the SEM
analysis the surface concentration of oxygen looks like coarse
islands the height is also to be considered. The Ni atoms in the oxidized state are concentrated in the oxide form in the metallic state
shown in (Fig. 4a,b) [24,25].
FT-IR analysis
The characteristic absorption peaks of oxide groups belong to
1116 cm -1, 1388 cm1 and 1454 cm1 respectiveley. 2388 cm1
indicates the presence of OH group. H2O mode of bending at
1625 cm1, in the range of 3000–3700 cm1 stretching mode is
present one among another by OAH vibration mode of NiO at
2358 cm1. Strong absorption band at 1116 cm1, 3686 cm1 and

Fig. 4. (a) SEM analysis NiO NPs, (b) EDAX analysis NiO NPs.

Fig. 5. FTIR analysis of NiO (i) as-prepared (ii) 350 °C and (iii) 450 °C samples.
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Fig. 6. Magnetization and coercivity values of (a) as prepared (b) 350 °C and 450 °C.

Table 3
Magnetic calculated parameters of NiO nanoparticles annealed at 350 °C and 450 °C.

Coercivity (Hci) (G)
Magnetization (M) (emu/g)
Mass (mg)
Retentivity (Mr) (103 emu/g)

NiO

350 °C

450 °C

23.866
52.505
1.0000
46.173

25.169
54.826
1.0000
47.236

27.160
61.369
1.0000
48.325

2358 cm1 belongs to (NiAO) stretching frequencies respectively
[26–28] (see Fig. 5).

be observed for all samples. The origin of room temperature ferromagnetism in metal oxides was associated to structural defects
such as oxygen/metal vacancies as well as to the presence of secondary magnetic phases that can be formed during the synthesis.
Latter can be ruled out because no secondary phase has been
observed from XRD patterns. The weak ferromagnetism arises
due to the exchange interaction between a pair of magnetic
moment through oxygen vacancies which forms a bound magnetic
polar [29,30]. The coercivity (G), magnetization (emu/g), Mass
(mg) and retentively (emu/g) values of NiO as we prepared and
annealed temperatures of 350 °C and 450 °C were tabulated in
(Table 3).

Magnetic properties
Bacterial activities
The M-H curves of biosynthesized NiO NPs are well illustrated
in (Fig. 6a, b). All the samples exhibit paramagnetic behaviour with
some small ferromagnetic component. Slight hysteresis loop can

The potential effects of the synthesized materials toward the
suppression of the microbial pathogens such Staphylococcus aureus

Fig. 7. Bacterial analysis of (a) ASP-NiO (b) 350 °C (c) 450 °C.
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Table 4
Antibacterial activity analysis of NiO as-prepared and annealed samples.
Coating cycle

Zone of inhibition (3) in mm

NiO
350 °C
450 °C

E. coli MTCC6428 (+Ve)
11
13
15

Coating cycle

Zone of inhibition (6) in mm

NiO
350 °C
450 °C

E. coli MTCC6428 (Ve)
11
13
15

E. coli Bacillus spp. MTCC 739
10
11
15

E. coli Bacillus spp. MTCC 739
10
11
15

and Escherichia coli was explored by well diffusion method. In
details, the microbial strains were freshly cultivated in the nutrient
broth and the mid log phase strains were spread on the nutrient
agar plates and allowed for even distribution. Further the 10 mm
well were made using sterile kork borer and the filtered compounds were transferred into the well for diffusion. Further, the
sterile plates were incubated at 37 °C for 17 h. After incubation,
the antimicrobial activity was measured with respect to the zone
of inhibition. The experiment was repeated thrice for further confirmation of the antimicrobial activity by agar diffusion assay
and Resazurin Microtitre Assay (REMA) (Sarker and Nahar 2007)
[31–33]. Since Staphylococcus aureus and the Escherichia coli have
been implies to be the important common pathogens in biomaterialassociated infections [34]. The antibacterial properties confirmed
that the NiO NPs activities were resulted to be significantly better,
whereas the activity said to be dependent of the concentration of
the compounds (Fig. 7a–c) (Table 4). The antibacterial activity of
NiO was comparable with P. aeruginosa and E. coli which evidenced
that both strains were reported as the most pathogenic strains with
high concentration of lipopolysaccharides [35–37]. The activity of
NiO NPs and its annealing temperatures was moderate. Also, it is
proved that NiO NPs might have penetrated the cell wall of the
strains and altered the cellular membrane and inner cellular components which leads to the cell death. Similarly, few reports claimed
that metal oxide completely inhibit the growth of the microbial
pathogens.

Conclusion
In conclusion, NiO NPs was successfully synthesized via biosynthesis method using simple treatment of annealing temperatures.
Further the analytical techniques like XRD, SEM and TEM confirms
the biosynthesized NiO were in nano form with oblong shape of
12 nm in size. Further the applicational bacterial analysis of NiO
confirms the synthesized nanoparticle consists of nanoholes with
various pore size leads to heat treatment by precursor.
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