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Abstract
Zinc oxide nanoparticles biosynthesized using two concentrations of Ocimum gratissimum (Og) plant leaf extracts
were annealed at two different temperatures. Their UV-Vis absorbance peaks at 372 nm - 375 nm indicate a blue
shift in excitonic absorption and their optical energy band gap values were in the range 3.22 eV – 3.31 eV. SEM
images show the nanoparticles to be polydispersed and of a wide range of sizes with smaller nanoparticles clustering
around bigger micrometer- sized ones with sharp edges. An annealing temperature of 400 ℃ resulted in the sintering
of the nanoparticles but nanoparticles annealed at 250 ℃ had porous surfaces suggesting a possible use in gas sensor
applications. XRD patterns show that the ZnO nanoparticles have the hexagonal wurtzite structure and are of good
crystalline structure. Obtained crystallite sizes increased with annealing temperature and were in the range 14 nm to
29 nm. FTIR spectra show phenols, amines and aldehydes as the available reducing agents involved in the
nanoparticle synthesis. The photoluminescence (PL) spectra show two emission peaks: a UV emission peak at 369 381 nm indicating that the zinc oxide nanoparticles exhibited band-edge photoluminescence and a green emission
peak at 523 nm – 538 nm suggesting the presence of defects from singly ionized oxygen vacancies. The PL peak
intensities were dependent on the annealing temperatures with the UV- emission peaks for higher annealing
temperatures exhibiting a spectral shift towards lower wavelengths. Plant leaf extracts concentration and the
annealing temperatures used affect the structure and optical properties of the synthesized ZnO nanoparticles.
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INTRODUCTION
Zinc oxide (ZnO) nanoparticles have electrical, optical, anticorrosive properties, antibacterial and
antimicrobial properties hence their wide range of application. [1] ZnO nanoparticles can filter UV
radiations hence serve as filters in rubber and cigarettes and hence are used in sunscreen creams [2-4].
They are used for treating skin irritation [5], surface coatings [6] and are now being considered for food
preservation for use by food packaging industries [5]. Recently there are researches that show that zinc
oxide nanoparticles can be an active ingredient for Nano fertilizer [7-9]. ZnO nanoparticles can be used
for making solar cells, and have also been used as relative humidity sensors and light emitting diodes [1,
10].
Though ZnO nanoparticles can be synthesized by physical and chemical methods [9], their
biosynthesis is now preferred because it is fast, cheap and environmentally friendly. [10,11]. Presently,
biosynthesis of nanoparticles using plant leaf extracts has attracted the attention of researchers because
plant leaf extracts contain flavonoids [12, 13] which as glucosides [14] are water soluble plant
metabolites [15] with reducing and stabilizing abilities therefore are effective in nanoparticle synthesis
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[16, 17]. Flavonoids have an OH group and get converted from the enol form to the keto form, producing
a reactive hydrogen atom which reduces the metallic ion into nanoparticles [18]. Plant bio-molecules
enable bio - reduction even at room temperature [19], stabilise the nanoparticles they create and can even
cap them discouraging agglomeration [20,21].
Zinc oxide nanoparticles have been synthesized using Aloe-vera [22], Ocimum Tenuiflorum [23],
Ocimum basilicum [24], and Ocimum americana [25]. ZnO nanoparticles have also been synthesized
using Ocimum gratissimum [26,27] plant leaf extracts but the reported cases used precursor materials
which are different from what this present research used. Furthermore it is evident that not much has been
done on the use of Ocimum gratissimum plant leaf extract for ZnO nanoparticle synthesis. This work
therefore will hopefully provide results that will contribute to existing information on ZnO nanoparticles
biogenic synthesis using plant leaf extract.
Ocimum gratissimum (Figure 1.), also known as African basil or clove basil is called Ntoong,
Nchanwu or Efirin in different regions of Nigeria and belongs to the plant family Lamiaceae. This plant,
an aromatic perennial herb is common in West Africa and also popular in India as well as in the
Caribbean. Grown mostly to extract oil, Indonesians use its leaves as tea [28]. Available literature shows
that it can be used for treating diseases among which are headaches, haemorrhoids and inflammation [29],
pneumonia, convulsion, for keeping wound surfaces sterile [30] and for enhancing the efficacy of
antibiotics [31].

Figure 1: Ocimum gratissimum plant

In this research, zinc oxide nanoparticles were biosynthesized using concentrations of Ocimum
gratissimum plant leaf extracts and the structure of the produced nanoparticles were studied using optical
spectroscopy and electron microscopy.

MATERIALS AND METHODS
Materials and reagents
Zinc nitrate hexahydrate (ZnNO3.6H2O) of analytical grade (98 % purity) and molecular weight 297.46
from Sigma Aldrich was used for this work. About 100 g of shade dried Ocimum gratissimum (Og) plant
leaves were used for making the required plant leaf extracts. The leaf extracts as well as the aqueous
silver nitrate used were all made using deionized water from MILLI-Q water purifying system.
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Leaf extract preparations
The Ocimum gratissimum leaves were washed and shade-dried in air for ten days. Thereafter they were
crushed to powder (Figure 2 a) and two concentrations of their leaf extracts were prepared as follows:
Ten grams of dried and grinded Ocimum gratissimum leaves were boiled in 200 ml of distilled water for
30 mins. The resulting extract was filtered and cooled to room temperature and labelled Og I. The same
procedure was repeated using 30 grams of the grinded Ocimum gratissimum leaves in same volume of
deionised water as before and this second solution was labelled Og II. The concentration of Og II leaf
extract is greater than that of Og I leaf extract. These two plant leaf extracts were then stored in a
refrigerator at 4 ºC till required for the synthesis.
Zinc oxide nanoparticles synthesis
The synthesis of the zinc oxide nanoparticles was done using a method described by Sidra [8] but with the
addition of prepared Ocimum gratissimum plant leaf extract. 50 ml of Og I was first heated in a beaker
placed in a silicon oil-bath to 75 ℃. At this temperature 5 g of zinc nitrate hexa-hydrate (ZnNO3.6H20)
was poured into the hot leaf extract solution and stirred until all the ZnNO3.6H20 salt dissolved. The
ZnNO3.6H20 salt-leaf extract mixture was boiled for some time under continuous stirring until a browncoloured paste (Figure 2 b) was obtained.

(a)

(b)

(c)

Figure 2: (a) ground Ocimum gratissimum leaves (b) A brown coloured paste and (c) ZnO nano powder sample after
annealing .

This paste was then transferred into a ceramic crucible and annealed in a furnace at 250 ℃ for 3 hrs
giving zinc oxide Og I (250) nanoparticles. The same process was repeated with the Og I leaf extract, but
the paste was now annealed at 400 ℃ for the same 3hrs to give zinc oxide Og I (400) nanoparticles. The
annealing in the furnace helped to complete the oxidation of zinc oxide sample and remove any leaf
extract material that may still be clinging to the surface of the ZnO nanoparticles. The obtained samples
were labelled accordingly. This same procedure was repeated using Og II plant leaf extract and the brown
paste was also annealed at 250 ℃ for 3hrs and labelled zinc oxide Og II (250) nanoparticles. The
produced zinc oxide nanoparticles (powder) appearance is as shown in Figure 2c. These three samples
were then characterised using UV-Vis spectrometer and X-ray diffraction (XRD). Fourier transform
infrared spectroscopy (FTIR) scans were done for zinc oxide Og I(250) and zinc oxide Og II (250)
nanoparticles to know the functional groups in the plant leaf extracts used which played a role in the
nanoparticle synthesis. For zinc oxide Og I(250) and Og I(400) nanoparticles, photoluminescence studies
were done. Their scanning electron microscopy (SEM) images were also taken to see the effect of
annealing temperature on the nanostructures of the produced ZnO nanoparticles.
Characterization of the nanoparticles
The UV-Vis absorbance spectra of the zinc nanoparticles were obtained using the UV 2600 Shimadzu
spectrophotometer equipped with ISR – 2600 integrating sphere attachment in the range 220-1400 nm.
The absorbance spectra showed how light interacts with the samples and for each sample, the wavelength
at which peak absorbance occurs was obtained. The diffuse reflectance spectra of the samples were also
run and from it, values of R were obtained. This was fed into the Kubelka-Munk function (Eq 1) given as:
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𝐹(𝑅) =

(1−𝑅)2
2𝑅

(1)

And from the Tauc relation (Eq 2):
1

(ℎ𝜐𝛼)𝑛 = 𝐴(ℎ𝜐 − 𝐸𝑔 )

(2)

1

(where ℎ is a Planck constant, 𝜐 is the frequency of the light shone on the sample, α = F(R) and 𝑛 = 2 for
zinc oxide which is a direct band gap semiconductor [32]. )
Tauc plots which are graphs of (𝐹(𝑅)𝐸)2 against energy 𝑒𝑉) were done using obtained data and a linear
fit in the region of maximum change gave the optical band gap energy 𝐸𝑔 of the synthesized zinc oxide
nanoparticles.
The SEM images of the nanoparticles were taken using JOEL JSM 6330F field emission scanning
electron microscope which uses an accelerating voltage of about 10.0 kV and current in the range 2 𝜇𝐴 −
10.5 𝜇𝐴 with a working distance (WD) of about 7 mm and the nanoparticle size analysis was done using
GATAN micrographs software.
The X-ray diffraction (XRD) scans were done to know the crystal structure of the ZnO
nanoparticles. Using the BRUKER D8 Advance powder diffractometer with a 𝐶𝑢 𝐾 𝛼 source and λ =
1.5418 Å and with the slit set at 2 mm for a large beam and a sample rotation speed of 20 rpm, scans were
performed with a step size of 0.02 degree for 2θ values between 25 and 75 degrees for 15 hrs. From the
obtained X-ray diffraction pattern of each sample, and by using the Debye-Scherer’s relation [32] given in
Eq (3) the crystallite sizes of each of the zinc nanoparticles samples were determined.
𝐷=

𝐾𝜆
𝐵 𝐶𝑜𝑠 𝜃

(3)

where D is the crystallite size, K is geometric factor assumed to be 0.9 for spherical particles, λ is the
wavelength of the X-ray shone on the sample (0.154 nm), θ is the diffraction angle, B is the Full width at
half maximum (FWHM) in radians.
The FTIR scan was using Perkin Elmer Spectrum 100 spectrometer with an attenuated total
reflectance (ATR) module was used and the scanning of two samples was done within the wavenumber
range 600-4000 cm-1. The Photoluminescence spectra of zinc oxide Og I (250) and zinc oxide Og 1(400)
nanoparticles were done at room temperature with an instrument which uses the 325 nm line of the
Helium-cadmium (He-Cd) laser with a Renishaw RM-2000 spectrometer. The instrument which has a
Peltier cooled Charge Couple Device (CCD) array and was set to 10 % laser power, produced photo
luminescence spectra of ZnO nanoparticles synthesized using same plant leaf extract concentration but
annealed at two different temperatures (Figure 8). The aim was to see how the PL spectra of the ZnO
nanoparticles changed with annealing temperature.

RESULTS AND DISCUSSION
UV-Vis absorbance and diffuse reflectance spectrum
The zinc oxide Og I (250) and zinc oxide Og II(250) nanoparticles absorbance spectra Figure 3 (a) show a
surface plasmon resonance (SPR) peak at wavelength 372 nm though the Og II (250) has a higher
absorbance of 1.4 than the Og I(250) nanoparticles.
The SPR wavelength for the zinc oxide Og 1(400) nanoparticles (Fig. 3b) was observed to be at
375 nm and therefore not significantly different from those of zinc oxide Og I (250) and zinc oxide Og II
(250) nanoparticles though the absorbance of the latter was higher at 1.7. These SPR wavelength values
4
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are less than that of bulk zinc oxide given as 380 nm [33] and show a blue shift in excitonic absorption
indicating a small quantum confinement effect [34].
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Figure 3: (a) Absorbance and diffuse reflectance spectra for zinc oxide Og I(250) and II (250) nanoparticles.
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Figure3: (b) Absorbance and diffuse reflectance spectra for zinc oxide Og I (400) nanoparticles

From the Tauc plots of the three samples it was observed that increasing the plant leaf extract
concentration used for the nanoparticle synthesis or raising the annealing temperature of the nanoparticles
increased the optical energy bandgaps of the nanoparticles. With low plant leaf extract concentration,
better stability of the nanoparticles is ensured hence better size control is achieved resulting in smaller
nanoparticles with low optical energy bandgap (𝐸𝑔 ) and hence better conductivity [35]. Conversely, an
increase in the leaf extract concentration creates some instability, encourages agglomeration leading to the
formation of larger nanoparticles. The number of energy levels decreases resulting in an increased optical
energy band gap and therefore nanoparticles which are poorly conducting [35, 36].This observation agrees
with the blue shift in absorption spectra observed for the nanoparticles. Thus, the optical energy band gap
𝐸𝑔 values for the ZnO Og I (250), Og I (400) nanoparticles and ZnO Og II (250) nanoparticles were found
to be 3.22 eV, 3.24 eV and 3.31 eV respectively (Figure 4) implying that increasing the annealing
temperatures of the ZnO nanoparticles or the concentration of the plant leaf extract used increases the
optical energy bandgap of the nanoparticles. This outcome agrees with reports by Mallika et al, and
Nithya and Kalyanasundharam respectively [37,38]. Thus, low annealing temperatures produced ZnO
nanoparticles with low optical energy band gap implying more free electrons and hence increased
conductivity [39].
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Figure 4: The Tauc plot for (a) Og I (250), Og I (400) and Og II (250) samples. The red line shows
the linear fit to obtain the 𝐸𝑔 values

Scanning electron microscopy
The SEM images (Figure 5) of the synthesized zinc oxide nanoparticles show them to be spherical in
shape and polydispersed. The ZnO Og I (400) nanoparticles were found to be of a wide range of sizes
with smaller nanoparticles clustering around bigger micrometre sized particles with sharp edges
suggesting that this high annealing temperature might have resulted in the sintering of some of the
nanoparticles.
The zinc oxide Og I (250) nanoparticles were also spherical in shape, clustered together, but had porous
surfaces and sizes in the micrometre range. Such porous structures according to Rodnyi and Khodyuk [40]
could qualify them for use in gas sensor applications.
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Figure 5: SEM micrograph of (a) ZnO nanoparticles from Og I (400) sample and (b) Og I (250) sample

X-ray diffraction
The X-ray powder diffraction showed Bragg peaks whose intensities increased with a raise in annealing
temperatures of the ZnO nanoparticles (Figure 6). The XRD pattern for all the ZnO nanoparticles had
peaks which were typical of the hexagonal wurtzite ZnO structure (JCPDS (2000)36-1451). [41] No other
phases were observed in the XRD spectra either from impurities or ZnO polymorphs, however for the Og
II (250) sample (Figure 6 c) a slight shift in the 2θ Bragg peaks towards higher values was observed and
the 004 peak was missing. For each XRD pattern and for the 100 plane and using the Scherer equation,
the ZnO Og I (400) nanoparticles crystallite size was calculated to be 29 ±0.02 nm, while those of the
ZnO Og I (250) and Og II (250)nanoparticles were calculated to be 14 ±0.03 nm and 17±0.02 nm
respectively.Thus raising the annealing temperature or plant leaf extract concentration produced larger
crystallites and agrees with report by Mallika et al [37] and Nithya and Kalyanasundharam [38].
Furthermore, the ZnO Og I (400) nanoparticles, lattice constant was calculated to be a = b = 2.82 Å and c
= 4.60 Å, while that of ZnO Og I (250) nanoparticles was found to be a = b = 2.80 Å and c = 4.40 Å
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Figure 6: XRD for (a) ZnO Og I (400) (b) ZnO Og I (250) and (c) ZnO Og II (250) nanoparticles.

Fourier transform infrared spectroscopy
The FTIR reflectivity spectra of two samples scanned (Figure 7) show six prominent IR bands. A sharp
peak at 3386 cm-1 represents the O-H stretch bond of alcohols and the broad peak at 3500 cm-1 is for the NH stretching of phenols and primary amine. The strong peak at 1643 cm-1 is for the C=C stretch for
alkenes while the peaks at 1320 cm-1 and 1377 cm-1 represent the O-H bending of phenols. The 816 cm-1
peak is for an aromatic compound and shows the C-H bending of aldehyde. From these results, the
identified reducing agents are the Amines, phenols and aldehydes which probably played a role in the
nanoparticles synthesis.
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Figure 7: FTIR spectra of Og I and Og II zinc oxide nanoparticles annealed at 250 ℃

Photoluminescence (PL)
The photoluminescence spectra for the ZnO Og I (400) and Og I (250) nanoparticles show that the
nanoparticles have band edge photoluminescence (Figure 8). Two emission peaks namely a strong and
sharp emission peak at shorter wavelengths (UV emission peaks) located at 369 nm and 381 nm for the
ZnO Og I (400) and Og I (250) nanoparticles respectively corresponding to the near bandgap excitonic
emission [42]and the broader emission peaks around 538 nm and 523 nm characteristic of the green
emission bands are probably from point defects due to singly ionized oxygen vacancies. [32] The UV
emission observed to be less than 400 nm and usually described as band edge emission is due to a
recombination of free excitons when they collide with one another. [43]
The PL intensities of the nanoparticles were dependent on their annealing temperatures. While the
PL intensity of the ZnO Og I (400) nanoparticles decreased with an emission peak shifted towards lower
wavelengths, that of the ZnO Og I (250) nanoparticles increased and appeared at a higher wavelength
(Figure 8).
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Figure 8: Photoluminescence of Og I (250) and Og I (400) ZnO nanoparticles

CONCLUSIONS
Zinc oxide nanoparticles were synthesized using two concentrations of Ocimum gratissimum plant leaf
extracts and zinc nitrate hexa-hydrate. The derived ZnO nanoparticles were annealed at 250 ℃ and later
at 400 ℃.
The UV-Vis absorbance spectra gave absorbance peaks at 372-375 nm showing a blue shift in
excitonic absorption and small confinement. The optical energy band gap of the nanoparticles increased
when the annealing temperature or concentration of the Ocimum gratissimum plant leaf extract used is
increased. The X-ray diffraction pattern of the ZnO nanoparticles shows them to have good crystalline
structure and are of the hexagonal wurtzite structure. Though applying an annealing temperature of 400 ℃
increased the crystallite size of the nanoparticles from 14 nm – 29 nm, it resulted in the sintering of some
nanoparticles as the SEM images reveal. Conversely the lower annealing temperature of 250 ℃ when
used created lower optical energy band gap nanoparticles which means better conductivity. The FTIR
spectra identified phenols, amines and aldehydes as the reducing agents which probably played a role in
the nanoparticle synthesis. The photoluminescence spectra of the ZnO nanoparticles showed strong near
band edge emission peaks with a spectral shift towards longer wavelengths at lower annealing
temperatures. This work shows that the optical properties of zinc oxide nanoparticles can be changed by
varying either the leaf extract concentration used or the annealing temperature used for the nanoparticles.
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