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Abstract: The present study reports the successful synthesis of nickel oxide nanoparticles using Vernonia amygdalina
plant leaf extracts as a chelating agent and nickel (II) chloride hexahydrate (NiCl2•6H2O) as precursor. The synthesized
powder was gray black in color and annealed at 500 °C for 2 hours to obtain nickel oxide nanoparticles.
Characterization techniques such as powder X-ray diffraction, scanning electron microscopy, and Fourier transform
infrared spectroscopy were used to study the structure and morphology of the nanoparticles. Powder X-ray diffraction
patterns revealed that nickel oxide nanoparticles with an average crystallite size of 17.86nm were synthesized. Scanning
electron microscope images show that the nanoparticles have octahedral structure. Fourier transform infrared
spectrophotometer analysis revealed that the strongest bond at 1094.8cm-1 corresponds to stretching vibration mode
of Ni-O nanoparticles.
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1. Introduction
Nickel oxide (NiO) is a p-type wide band gap
(3.6 to 4.9 eV) semiconductor with high chemical
stability and electron transfer ability [1]. NiO is
cubic structure and it is antiferromagnetic at a
temperature of about 523 K [2]. NiO nanoparticles
possess distinctive properties such as large surface
area-to-volume ratios, low porosity, high dispersion
rates, high photo-absorption, and low heat
capacities [3]. These unique properties of NiO
nanoparticles make
viable and cost-effective
surfaces suitable for different applications such as
hydrogen storage [4, 5], photocatalytic degradation
of organic dyes, pollutants from waste water and
antimicrobial activity [6].

So far, various synthesis methods such as
electrochemical reduction [5], chemical reduction,
[7], sol gel [8] have been reported to synthesize NiO
nanoparticles. Of late, the biomediated synthesis
method has been proposed as a cost-effective, nontoxic and environmentally friendly alternative to
chemical and physical methods [9-11]. In plant
mediated synthesis of nanoparticles, extract of
different parts of a plant is used as reducing agent
and stabilizing agents [12, 13]. The nanoparticles
produced by plant extracts are more stable and
biocompatible in comparison with those produced
by physical and chemical methods [11]. However,
conditions such as calcinations time [14],
temperature and reaction time [15, 16] which affects
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the successful synthesis of NiO nanoparticles needs
V. amygdalina is a small shrub which belongs to
focused attention.
the Asteraceae family, a very popular plant that grows
Recently, NiO nanoparticles have been predominantly in the eastern and western parts of
synthesized using microorganisms, enzymes and tropical Africa and is popularly called bitter leaf in
plant extracts. For instance, Ezhilarasi et al. [17] English [20]. V. amygdalina grows in most parts of
used Moringa Oleifera to successfully synthesize NiO Ethiopia and known as ‘Grawa’ in Amharic [20].
nanoparticles and investigated their biomedicinal The leaves of V. amygdalina have found relevance in
application for cancer cell treatment. Nasseri et al. traditional folk medicine as anti-helming, a laxative
[18] synthesized NiO nanoparticles using aqueous herb and an antimalarial [21] as they are known as
extract of Tamarix serotina and evaluated their quinine substitute [20, 22]. Vernonia amygdalina has a
catalytic activity and obtained cubic structure of lot of therapeutic elements such as saponins,
NiO nanoparticles with average crystallite size venomygdin and vernodalin; all of which have
between 10 to 14 nm. Ayesha Mariam, et al. [19] also antibacterial properties and are useful in
reported the successful synthesis of pure and single maintaining the health of other organs of the body
phase NiO and Ni nanoparticles using leaves of like kidney and liver in traditional medicine [20].
Azadirachta indica and Psidium guajava. XRD patterns Leaf decoctions are used to treat fever, malaria,
revealed that the obtained particles were pure cubic diarrhoea, dysentery, hepatitis and cough, as a
face centered with average crystallite size of 22 nm laxative and as a fertility inducer [21]. They are also
and 44 nm, respectively. In the present study, the used as a medicine for scabies, headache and
leaves extract of Vernonia amygdalina (V. amygdalina) stomach-ache, root extracts are also used as
was employed as a surface stabilizing agent to treatment against malaria and gastrointestinal
synthesize nickel oxide nanoparticles, for the first disorder [23].
time.

2. Materials and Methods
2.1. Materials.
Nickel (II) chloride hexahydrate (NiCl2•6H2O)
with purity of 99%, were purchased from Titan
Biotech Ltd., India. Fresh and health leaves of V.
amygdalina were collected from Debre Berhan
University campus.
2.2. Methods.
The collected V. amygdalina leaves were
thoroughly cleaned with running tap water to
remove debris and other contaminants, followed by
distilled water and air dried at room temperature for
a week. The aqueous extract of the leaves was
prepared by boiling the leaves with distilled water at
about 60 ℃ for 50 minutes until the color of the
aqueous solution changes to brown red. The extract
was cooled to room temperature and filtered using
Whatman No. 1 filter paper. Finally, the extract was
stored in a refrigerator at 4 °C in order to be used
for further experiments.
To prepare the precursor solution, 2.4g of
nickel (II) oxide hexahydrate (NiCl2•6H2O) is mixed
with 100ml distilled water and heated under
magnetic stirring for ten minutes.

Figure 1. Synthesis process of NiO nanoparticles
To synthesize NiO nanoparticles, 50 ml of the
precursor solution was mixed with 50 ml V.
amygdalina aqueous extract in a 1:1 ratio. To achieve
this, in every 3 minutes interval, 10 ml of the
aqueous extract was slowly poured into the
precursor solution until one can observe significant
color change. The final mixture was stirred using
magnetic stirrer for an hour under ambient
conditions. After cooling down to room
temperature, the resulting solution was washed
three times, centrifuging each time at 3500 rpm with
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distilled water followed by ethanol to remove placed in a clean sample holder for further
unwanted impurities. The resulting precipitate was characterizations of the nanoparticles. The overall
collected and oven dried at 240 ℃. Finally, the synthesis process is shown schematically in Figure
powder was calcined using air furnace for 2hours at 1 above.
500 °𝐶 to collect NiO nanopowder.
After
calcination, the NiO powder sample was carefully

3. Results and Discussion
3.1. X-Ray Diffraction (XRD).
For phase identification, XRD patterns were
collected on an X-ray diffractometer (Adama
Science and Technology University, Ethiopia) with
2θ geometry, operating at CuKα radiation
(λ=1.540598Ȧ) at a voltage of 40kv and current of
30mA. The XRD patterns of all randomly oriented
powder specimens were recorded in the 10° to 80°
2ϴ range with a step size of 0.02 and a scan speed
of 3°/min.
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NiO nanoparticles were successfully synthesized in
the process.
The average crystallite size ‘D’ of the asprepared NiO nanoparticles is calculated using
Scherer equation:
D=

0.9𝜆
𝛽𝑠𝑖𝑛𝜃

(1)

Where ‘λ’ is the wavelength of the incidence
beam (λ=1.5406Å) and ‘𝛽’ is the full width at half
its maximum, ‘θ’ is the Bragg’s diffraction angle.
For face centered cubic crystal structure of
NiO, the inter planar spacing ‘d’ is calculated using
𝑎
dhkl =
(2)
√ℎ2 +𝑘 2 +𝑙 2
where ‘a’ represents the lattice parameter
constant and ‘h’, ‘k’ and ‘l’ are the miller indices.
3.2. Scanning electron microscopy (SEM).
Figure 3, below, shows SEM image of the assynthesized NiO nanoparticles which revealed
octahedral structure with cubic face centered
geometry and this matches with bunsenite phase.

Figure 2a. XRD patterns of NiO nanoparticles.

Figure 2b. Rietveld refinement of NiO nanoparticles.

The XRD patterns for the prepared NiO
nanoparticles are shown in Figure 2a. The
observed peaks revealed that the obtained particles
are cubic face centered with average crystallite sizes
of 17.86nm. The prominent XRD diffraction peaks
are indexed to 35.6°, 37.22° and 43.24° and the
corresponding planes are (111), (222) and (400),
respectively. The diffraction peaks indexed to a pure
cubic phase of NiO with a = b = c = 8.3532Å. Using
Rietveld refinement, shown in Figure 2b, pure

Figure 3. SEM images of NiO nanoparticles.

3.3. Fourier transform infrared (FTIR)
spectroscopy.
For FTIR analysis, pellets were prepared by
mixing the synthesized NiO powder with KBr. The
FTIR spectrum was carried out using spectrum 65
FT-IR (PerkinElmer) in the range of 4000-400cm-1.
Figure 4, below, shows spectral peak were
observed at 418.6cm-1, 596.02cm-1, 1094.8cm-1,
1402.2cm-1, 1627.05cm-1, and 3401.05cm-1 The
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strong bond corresponding to Ni-O stretching
vibration mode of NiO nanoparticles is observed at
1094.8cm- 1 [24-26]. The bonds at 3401.05cm-1 and
596.02cm-1 are characteristic of hydroxyl group (OH) [25, 26], which may arise due to the adsorption
of water molecules on to NiO surface while
preparing the sample and exposue to atmospheric
air [27].

(a)

4000

O-H

O-H

3500

Ni-O

3000

2500

2000

Wavenumber

1500

1000

500

(cm-1)

Figure 4. FTIR spectra of (a) V. amygdalina plant
leaveextract, and (b) as-synthesized NiO nanoparticles.

4. Conclusions
In conclusion, NiO nanoparticles were
successfully synthesized using V. amygdalina
plant leaves extract as chelating agent and nickel
(II) chloride hexahydrate (NiCl2 .6H2O) as a
precursor. XRD patters showed that the
synthesized NiO nanoparticles have average
crystallite size of 17.86nm and exhibit bunsenite
phase. From SEM images, it is clearly observed

that the synthesized NiO nanoparticles have
octahedral structure. The Rietveld refinement
also confirms that the synthesized NiO
nanoparticles are cubic face centered crystal
structure. From FTIR analysis the strongest
bond corresponding to the Ni-O stretching
vibration mode of NiO nanoparticles was
ovserved at 1094.8 cm-1.

Funding
This research received no external funding.

Acknowledgments
The authors declare no acknowledgments.

Conflicts of Interest
The authors declare no conflict of interest.

References
1. Thema, F.T.; Manikandan, E.; Gurib-Fakim, A.;
Maaza, M. Single phase Bunsenite NiO nanoparticles
green synthesis by Agathosma betulina natural extract.
Journal of Alloys and Compounds 2016, 657, 655-661,
https://doi.org/10.1016/j.jallcom.2015.09.227.
2. Taghizadeh, F. The Study of Structural and Magnetic
Properties of NiO Nanoparticles. Optics and Photonics
Journal
2016,
06,
164-169,
https://doi.org/10.4236/opj.2016.68B027.
3. Olaitan, A.D.; Reyes, K.A.; Barnes, L.F.; Yount, J.R.;
Ward, S.; Hamilton, H.S.C.; King, K.E.; Van Leeuwen,
C.J.; Stepherson, J.R.; Vargas, T.K.; Kirkconnell, M.P.;
Molek, K.S. Transition metal oxide nanoparticles as
surfaces for surface-assisted laser desorption/ionization
mass spectrometry of asphaltenes. Petroleum Science

and
Technology
2017,
35,
1917-1924,
https://doi.org/10.1080/10916466.2017.1370476.
4. Pomerantz, A.E.; Wu, Q.; Mullins, O.C.; Zare, R.N.
Laser-Based Mass Spectrometric Assessment of
Asphaltene Molecular Weight, Molecular Architecture,
and Nanoaggregate Number. Energy & Fuels 2015, 29,
2833-2842, https://doi.org/10.1021/ef5020764.
5. Hou, Y.; Kondoh, H.; Ohta, T.; Gao, S. Sizecontrolled synthesis of nickel nanoparticles. Applied
Surface
Science
2005,
241,
218-222,
https://doi.org/10.1016/j.apsusc.2004.09.045.
6. Qi, X.; Su, G.; Bo, G.; Cao, L.; Liu, W. Synthesis of
NiO and NiO/TiO2 films with electrochromic and
photocatalytic
activities.
Surface
and
Coatings
Technology
2015,
272,
79-85,
https://doi.org/10.1016/j.surfcoat.2015.04.020.

MATERIALS INTERNATIONAL | https://materials.international| 208

Plant Extract Mediated Synthesis of Nickel Oxide Nanoparticles

•••
7. Cordente, N.; Amiens, C.; Chaudret, B.; Respaud, M.;
Senocq, F.; Casanove, M.J. Chemisorption on nickel
nanoparticles of various shapes: Influence on magnetism.
Journal of Applied Physics 2003, 94, 6358-6365,
https://doi.org/10.1063/1.1621081.
8. Gong, J.; Wang, L.L.; Liu, Y.; Yang, J.H.; Zong, Z.G.
Structural and magnetic properties of hcp and fcc Ni
nanoparticles. Journal of Alloys
and
Compounds
2008,
457,
6-9,
https://doi.org/10.1016/j.jallcom.2007.02.124.
9. Hanker, U.; Jassal, V.; Rani, M.; Kaith, B.S. Towards
green synthesis of nanoparticles: From bio-assisted
sources to benign solvents. A review. International Journal
of Environmental Analytical Chemistry 2016, 96, 801-835.
10. Hussain, I.; Singh, N.B.; Singh, A.; Singh, H.; Singh,
S.C. Green synthesis of nanoparticles and its potential
application. Biotechnol Lett 2016, 38, 545-560,
https://doi.org/10.1007/s10529-015-2026-7.
11. Aminuzzaman, M.; Ying, L.P.; Goh, W.-S.;
Watanabe, A. Green synthesis of zinc oxide nanoparticles
using aqueous extract of Garcinia mangostana fruit
pericarp and their photocatalytic activity. Bulletin of
Materials
Science
2018,
41,
50,
https://doi.org/10.1007/s12034-018-1568-4.
12. Kar, A.; Ray, A. Synthesis of nano-spherical nickel by
templating hibiscus flower petals. American Journal of
Nanoscience and Nanotechnology (NANO) 2014, 2, 17-20,
https://doi.org/10.11648/j.nano.20140202.11.
13. Malik, P.; Shankar, R.; Malik, V.; Sharma, N.;
Mukherjee, T.K. Green chemistry based benign routes
for nanoparticle synthesis. Journal of Nanoparticles 2014,
2014, https://doi.org/10.1155/2014/302429.
14. Shanaj, B.; John, X. Effect of calcination time on
structural, optical and antimicrobial properties of nickel
oxide nanoparticles. J. Theor. Comput. Sci 2016, 3.
15. Xie, X.; Gao, C.; Du, X.; Zhu, G.; Xie, W.; Liu, P.;
Tang, Z. Improved Optical and Electrochromic
Properties of NiO(x) Films by Low-Temperature SpinCoating Method Based on NiO(x) Nanoparticles.
Materials
(Basel)
2018,
11,
760,
https://doi.org/10.3390/ma11050760.
16. Mittal, A.K.; Chisti, Y.; Banerjee, U.C. Synthesis of
metallic
nanoparticles
using
plant
extracts.
Biotechnology
Advances
2013,
31,
346-356,
https://doi.org/10.1016/j.biotechadv.2013.01.003..
17. Ezhilarasi, A.A.; Vijaya, J.J.; Kaviyarasu, K.; Maaza,
M.; Ayeshamariam, A.; Kennedy, L.J. Green synthesis of
NiO nanoparticles using Moringa oleifera extract and

their biomedical applications: Cytotoxicity effect of
nanoparticles against HT-29 cancer cells. J Photochem
Photobiol
B
2016,
164,
352-360,
https://doi.org/10.1016/j.jphotobiol.2016.10.003.
18. Nasseri, M.; Ahrari, F.; Zakerinasab, B. A green
biosynthesis of NiO nanoparticles using aqueous extract
of Tamarix serotina and their characterization and
application. Applied Organometallic Chemistry 2016, 30, 978984, https://doi.org/10.1002/aoc.3530.
19. Mariam, A.; Kashif, M.; Selvaraj, A.; Bououdina, M.;
Sankaracharyulu, M.; Muthurulandi; Hashim, U. Biosynthesis of NiO and Ni nanoparticles and their
characterization. Digest Journal of Nanomaterials and
Biostructures 2014, 9, 1007-1019.
20. Farombi, E.O. African indigenous plants with
chemotherapeutic potentials and biotechnological
approach to the production of bioactive prophylactic
agents. African Journal of biotechnology 2003, 2, 662-671,
https://doi.org/10.5897/AJB2003.000-1122.
21. Abosi, A.O.; Raseroka, B.H. In vivo antimalarial
activity of Vernonia amygdalina.
Br
J
Biomed
Sci
2003,
60,
89-91,
https://doi.org/10.1080/09674845.2003.11783680.
22. Farombi, E.O.; Owoeye, O. Antioxidative and
chemopreventive properties of Vernonia amygdalina and
Garcinia biflavonoid. Int J Environ Res
Public
Health
2011,
8,
2533-2555,
https://doi.org/10.3390/ijerph8062533.
23. Ijeh, I.; Ejike, C. Current perspectives on the
medicinal potentials of Vernonia amygdalina Del. Journal
of Medicinal Plants Research 2011, 5.
24. Taghavi Fardood, S.; Ramazani, A.; Moradi, S. A
Novel Green Synthesis of Nickel Oxide Nanoparticles
Using Arabic Gum. Chemistry Journal of Moldova 2017, 12,
115-118, https://doi.org/10.19261/cjm.2017.383.
25. Wu, L.; Wu, Y.; Wei, H.; Shi, Y.; Hu, C. Synthesis and
characteristics of NiO nanowire by a solution method.
Materials
Letters
2004,
58,
2700-2703,
https://doi.org/10.1016/j.matlet.2004.03.047.
26. Alagiri, M.; Ponnusamy, S.; Muthamizhchelvan, C.
Synthesis and characterization of NiO nanoparticles by
sol–gel method. Journal of Materials Science-materials in
Electronics - J Mater Sci-Mater Electron 2012, 23,
https://doi.org/10.1007/s10854-011-0479-6.
27. Rahdar, A.; Aliahmad, M.; Azizi, Y. NiO
Nanoparticles:
Synthesis
and
Characterization.
Journal
of
nanostructures
2015,
5,
https://doi.org/10.7508/jns.2015.02.009.

MATERIALS INTERNATIONAL | https://materials.international | 209

