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Abstract
The environmentally friendly methods for synthesizing metal oxide nanoparticles effectively save time, money,
and effort. These methods involve the phytosynthesis process, which depends on plant extracts. To produce
zinc oxide nanoparticles (ZnO − NPs), we used at this work an extract of Aloe Fleurentinorum Leaves (AFL) as
a reducing, capping, and stabilizing agent. As well as the effect of altering some parameters on the synthesis
of ZnO − NPs, such as the Temperature (T), the potential of hydrogen (pH), and the volume ratio (V/V), was
studied using an X-ray diffractometer (XRD), crystallite size, and microstrain was determined, and the average
crystallite size was between 16.50, and 25.99 nm. Also, ZnO − NPs were characterized optically by a UV-
Vis spectrophotometer and got 3.13 eV band gap energy. Fourier transfer infrared spectroscopy was used for
characterization. The antibacterial activities of ZnO − NPs were investigated against four bacterial species, and
the results exhibit a noticeable effect, especially against gram-positive species, with inhibition zones ranging
from 17 to 20 mm for the different concentrations. Also, the DPPH free radical method was used to evaluate
the antioxidant properties of the synthesized zinc oxide nanoparticles at various concentrations, which showed
a moderate scavenging efficiency of 52.74% at 800 µg/mL.
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1. INTRODUCTION
Nanomaterial research has been developing rapidly and
has potential in various fields, including biomedicine,
magnetic sciences, biosensors, optoelectronics catalysis
[1–3], electrical [4], antibacterial [5], and optical proper-
ties [6]. The nanomaterials are used in a variety of appli-
cations in the biomedical, and pharmaceutical industries.
Metallic oxide nanoparticles such as ZnO have been
studied for their antibacterial activity. That is because
of the advancement of nanotechnology in synthesizing
these particles on a nanometer scale, allowing them to
interact with a variety of microorganisms [7]. Recently,
metal oxide nanoparticles of copper, zinc, iron, Nickel
[8], and cerium oxide have attracted attention owing to

their unique biological, chemical, and physical properties
[9]. Zinc oxide nanoparticles (ZnO − NPs) are important
metal oxides for their interesting properties and wide
applications in various fields. Nanosized ZnO particles
are an important inorganic semiconductor material with
a hexagonal wurtzite crystal structure, which has a wide,
and direct b, and gap ( 3.36 eV), and a large excitonic
binding energy ( 60 m eV)at ambient temperature [10–
12]. There are numerous reports on the synthesis of ZnO
nanoparticles using different methodological approaches
like precipitation, laser ablation, sol-gel, methods poly-
merization method, [11] solvothermal, and hydrothermal
synthesis [11–13]. These techniques have several draw-
backs but the use of environmentally friendly synthesis
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techniques will be capable of making ZnO − NPs the
material as the plant-based synthesis. Plants and their
extracts are simple to obtain, and the requirement for the
procedure is a zinc salt solution which acts as a precur-
sor metal. Fascinatingly, the morphological parameters
of nanoparticles (size & shape) can be modulated by
varying concentrations of procure material, and reaction
conditions (temperature & pH) [14]. Various works on the
use of plant extract to synthesize ZnO − NPs have been
reported. Aloes plant is a cactus-like plant since it is
succulent, has thorns along the edge of its leaves, is cov-
ered with wax, and contains a lot of water [1]. From the
20 species of Aloe L. genus presented in Yemen, Aloe
Fleurentinorum Lavranos, and Newton [15, 16], which
used in this study to prepare ZnO-NPs by the green
approach. This work aims to synthesize ZnO − NPs

via a green process using the natural extracts of Aloe
Fleurentinorum leaves (AFL), study the structural proper-
ties using the XRD technique, examine the antibacterial
potency against strains of pathogenic bacteria, and study
their antioxidant efficiency.

2. EXPERIMENTAL
2.1. Chemicals and Materials
Zinc nitrate (Zn(NO3)2.6H2O; BDH (England)), Ammo-
nia solution, absolute ethanol, methanol, DMSO solvent,
DPPH free radicles agent, deionized water from a sci-
ence college laboratory, and Aloe Fleurentinorum plant
leaves were collected at summertime of 2022.

2.2. Characterizations
A METROHM pH meter is used to adjust the synthesis’s
pH values. The effect of conditions variation of nanopar-
ticle synthesis was observed, and crystalline properties
were studied by XD-2 (Shimadzu ED-720) powder X-ray
diffractometer at a voltage of 36 kV, and a current of 20
mA using CuK(α) radiation in the range of 5o < 2θ < 75o

a wavelength of 1.54056 Ao at 1o min−1 scanning rate.
A SPECTROD200 (analytikjena) Ultraviolet, and Visible
double-beam spectrophotometer used with a wavelength
range from 300 to 700 nm was used for studying the
optical properties of the synthesized ZnO − NPs. The
molecules, present as the nanoparticles’ capping reduc-
tion agent were characterized using Fourier transform
infrared (FTIR), which was used from a 400 to 4000cm-1
range of wavenumber.

2.3. Methods

2.3.1. The Preparation of Aloe Fleurentinorum Plant
Extract

The Aloe Fleurentinorum leaves were presented from
Dr Hassan Ibrahim Garden, Sana’a, Yemen. The leaves
were washed several times with distilled water. Then,

dried at room temperature for three days away from sun-
light, the dried leaves ground to fine powder. Then, 5 g of
the powdered plant was immersed in 100 mL deionized
water, and stirred using a magnetic stirrer for 30 min. at
60oC; then the extract was cooled at room temperature,
filtered, and saved at 4°C in the refrigerator [17].

2.3.2. ZnO − NPs green synthesis
A 0.202 M of Zinc nitrate was prepared by dissolving 6
gm of Zn(NO3)2.6H2O in 100 mL deionized water, and
the aqueous AFL extract was added to Zn(NO3)2.6H2O
solution with different reaction conditions to study the
effect of these conditions for the synthesis of ZnO-NPs.

2.3.2.1. Green synthesis at different volume ratios

Five volume ratios (1:1, 1:2, 1:3, 1:4, 1:5) solutions were
prepared by mixing a fixed volume of AFL extract (10mL)
with a certain volume of Zn(NO3)2 (0.202M), (10, 20,
30, 40, 50 mL); they were labeled with H1, H2, H3, H4,
and H5, and the pH value of the reaction adjusted at 7 by
diluted NH3 solution at 23°C for two hours mixing using
a magnetic stirrer. The resulting brown precipitate was
collected via centrifugation, then washed several times
with deionized water, and once with ethanol, and left to
dry for two hours in a drying oven at 100 °C. The resultant
powder was calcined at 500°C for two hours in a furnace.
The light-yellow powder of ZnO − NPs grounded into a
fine powder and then stored for characterization.

2.3.2.2. Green synthesis at different pH mediums

By selection of a fixed volume ratio (1:5), four solutions
were prepared (H6, H7, H8, H9, H10) by changing the pH
values of the reaction by adding diluted NH3 solution at
pH = 6, 7, 8, 9, and10, and were mixed using a magnetic
stirrer for two hours. Then the same previous steps were
followed in extracting the ZnO-NPs precipitate.

2.3.2.3. Green synthesis at different temperatures

Using fixed values of volume ratio (1:5), and pH=8, five
solutions were prepared at different temperatures (23,
40, 60, 80°C), and labeled as (H11, H12, H13, H14) for
two hours mixing upon continuous stirring. Then the
same previous steps were followed in extracting the Zinc
Oxide nanoparticle precipitate.

2.3.3. Antibacterial activity of ZnO − NPs

The antibacterial properties of the green synthesized
ZnO − NPs were assessed using an agar well diffusion
method [18] against four bacterial pathogens. Gram-
positive (Staphylococcus aureus; Bacillus Subtilis), and
gram-negative (Escherichia coli; Salmonella typhi) bac-
terial colonies were cultured in nutrient broth at 37 °C
for 24 h. In this test the bacterial cells were inoculated
on Petri dishes then we made holes in the bacterial
dishes. Four concentrations of the ZnO − NPs suspen-
sion (4, 2, 1, and 0.5 mg/mL) were prepared by dis-
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persing the required amount of ZnO − NPs in dimethyl
sulfoxide DMSO, which were labeled as (Z10, Z11, Z12,
Z13, respectively) for ZnO − NPs synthesized by AFL,
respectively, and the antibiotic (Gentamycin, 2 mg/mL)
was used as a positive control; the holes in Petri dishes
which were made filled with the prepared solutions of
ZnO − NPs, and the positive control; then the dishes
were incubated for 24 hours. The antibacterial activity of
the samples was determined by measuring the inhibition
zones around the samples in mm.

2.4. Antioxidant activity of ZnO-NPs
using DPPH method

In this approach, The DPPH method has been used;
1,1-diphenyl-2-picryl hydrazyl (DPPH) solution was pre-
pared in methanol and then incubated in the dark for 1h.
Different concentrations of ZnO − NPs (0,8, 0,6, and 0.4
mg/mL) were prepared by suspending them in methanol;
1mL of these concentrations was added to 1mL of the
freshly prepared DPPH solution separately, and mixed
very well; then, the mixture was incubated in darkness
for 30 min. The absorbance of the reaction mixture at
517 nm was read by the UV-Vis Spectrophotometer. All
the experiments were performed in triplicate. Then, the
percentage scavenging was calculated using equation 1.

Scavenging% =
Ao − As

Ao
× 100 (1)

where Ao is the absorbance of the control group, and
As is the absorbance of the sample

3. RESULTS AND DISCUSSION

3.1. Physiochemical studies of green
synthesized ZnO − NPs by AFL

3.1.1. X-ray Diffraction studies for the synthesized
ZnO nanoparticles at different conditions

3.1.1.1. The effect of the volume ratio of reactants

In the study, Zinc oxide Nanoparticles were synthesized
using a fixed volume of AFL aqueous extract, and dif-
ferent volumes of (0.202M Zinc nitrate). XRD measure-
ments for these resultant ZnO− NPs are shown in Figure
1. All the patterns obtained show similarity for the syn-
thesized ZnO − NPs with the zincite phase of the stan-
dard card file (JCPDS-036-1451) and follow the spec-
tra at diffraction lines (100), (002), (101), (102), (110),
(103), (200), (112), (201), and (004). This shows that
the ZnO − NPs have a hexagonal crystalline structure.
The size of the formed nanoparticles was determined
using two procedures: Debye–Scherrer’s Equation"D-
Sh" 2 [19], and Williamson–Hall’s Equation "W-H" 3,
the microstrain (ε) was determined using two proce-
dures: Williamson–Hall’s Equation 2 , and Equation 4

and sumerized in Table1.

Dd−sh =
kλ

β cos θ
(2)

βhkl cos θ =

(
kλ

DW−H

)
+ 4ε sin θ (3)

Where D is the average particle size, K is a constant
(0.94), λ is the wavelength of the x-ray (1.5406Ao), β

is the full width at half maximum of the peak (FWHM),
θ is the position of the diffraction peak, and ε is the
microstrain which determined from Equation 3, and the
slope from Equation 2 as shown in Figure2.

Figure 1. XRD patterns for synthesized ZnO − NPs at differ-
ent volume ratios.

Table 1. The calculated particle size and microstrain at differ-
ent pH.

PH FWHM Dd−sh ε DW−H εW−H

(degree) (nm) (nm)

1:1 0.06 17.27 3.1×10−4 16.52 5.3×10−3

1:2 0.59 16.47 -1.1×10−4 15.56 5.6×10−3

1:3 0.55 17.35 1.6×10−4 17.62 5.1×10−3

1:4 0.46 20.31 -1.1×10−4 19.65 4.4×10−3

1:5 0.43 22.23 2.4×10−4 23.57 4.0×10−3

From Table 1 we observe that by increasing the volume of
Zinc ions the particle size was increased, and decreasing
β value; Figure 3 shows the relation between particle
size and volume ratio.
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Figure 2. The W-H Equation patterns for synthesized ZnO −
NPs at different pH

Figure 3. Relation between reactant pH value and particle
size.

3.1.1.2. The effect of the pH value

In this section, zinc oxide Nanoparticles were synthe-
sized at different pH mediums with a 1:5 volume ratio of
reactants(the least β value) [7]; ZnO − NPs measure-
ment of XRD is shown in Figure 4 that showed the
peaks corresponding to the planes of hexagonal zincite
(JCPDS-36-1451). The obtained particle size, and mi-
crostrain (ε) by Equations 2-4 are displayed in Table 1;
pH=10 doesn’t appear because the resultant dissolved
at this value.

Figure 4. 4 XRD patterns for synthesized ZnO − NPs at
different pH values.

Table 2. The calculated particle size and microstrain at differ-
ent V/V.

V\V FWHM Dd−sh ε DW−H εW−H

(degree) (nm) (nm)

6 0.51 18.45 5.4×10−4 20.86 4.8×10−3

7 0.43 22.23 2.4×10−4 23.57 4.0×10−3

8 0.39 25.99 3.6×10−4 26.22 3.8×10−3

9 0.52 18.29 3.0×10−4 19.54 4.7×10−3
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Figure 5. The W-H Equation patterns for synthesized ZnO-
NPs at different V/V.

Table 2 showed an increase in particle size with pH in-
creasing to 8, then decreasing at pH=9; Figure 5 likewise
Figure 2 showed the patterns used to determine the par-
ticle size & microstrain by the W-H method; the effect of
the variation in pH on the average particle size calculated
by D-Sh, and W-H methods shown in Figure6.

Figure 6. 4 XRD patterns for synthesized ZnO − NPs at
different pH values.

3.1.1.3. The effect of the reaction temperature

For studying the effect of alteration in temperature of the
reaction medium for ZnO− NPs synthesis (H11, H12, H13,
H14) at 23, 40, 60, and 80 °C, respectively. Using the
XRD analysis, we use a fixed volume ratio (1:5), and pH
value = 8, which have the least average FWHM value.
The XRD patterns of the synthesized ZnO − NPs are
shown in Figure7; Table 3 displays the obtained particle
size, and microstrain (ε) calculated using Equations 2,3
and 4 respectively; Figure 8 shows the W-H Equation
patterns for synthesized ZnO − NPs at different Temper-
ature. It has been noticed that the smallest particle size
was at T=40 °C, which has the highest FWHM value;
Figure 9 shows the relation between Temperatures &
particle size.

Figure 7. XRD patterns for synthesized ZnO-NPs at different
Temperatures.
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Table 3. The calculated particle size and microstrain at differ-
ent Temperatures

T(℃) FWHM Dd−sh ε DW−H εW−H

(degree) (nm) (nm)

23 0.39 25.99 3.6×10−4 26.22 3.8×10−3

40 0.74 21.47 1.5×10−3 31.40 4.3×10−3

60 0.44 23.76 2.8×10−5 21.28 5.3×10−3

80 0.43 22.60 1.5×10−4 23.25 3.9×10−3

Figure 8. The W-H Equation patterns for synthesized ZnO-
NPs at different T.

Figure 9. Relation between reactant Temperatures and parti-
cle size

3.1.2. UV-VIS Spectrometer studies for the synthe-
sized by AFL.

UV–Vis spectrometry is a simple, and effective technique
for determining the formation, shape, and consistency
of nanoparticles in an aqueous solution; the most com-
monly used method for studying the optical properties of
the particles is UV–Visible spectroscopy [20]; the zinc ox-
ide nanoparticles optical absorbance spectra are shown
in Figure 10; the band assigned to the absorption of zinc
oxide nanoparticles was observed at 378 nm; a charac-
teristic absorption peak at 378 nm was observed that
could be related to ZnO intrinsic band gap absorption
due to electron transfers from the valence b, and to the
conduction b, and (O2p/Zn3d). This sharp peak shows
that the particles are in Nano-size. The band gap energy
of the ZnO nanoparticles was determined according to
Tauc’s plot method Equation 4 [21].

(αhν)2 = A × (hν − Eg) (4)

Where α is the absorption coefficient, hν is the photon
energy, h is the constant of the Plank (6.626 × 10˘34 J.s),
and Eg is the band gap Energy; the plotting of (αhν)2 as
a function of photon energy, and extrapolating the liner
portion of the curve to give the value of direct band gap
is known as Tuac’s plot; the ZnO nanoparticles band gap
energy was 3.13 eV which was in good agreement with
published [22, 23] .

3.1.3. FTIR Spectrophotometry studies for the syn-
thesized ZnO-NPs by AFL

Figure 11 shows the FTIR spectra of the Aloe Fleurenti-
norum and ZnO nanoparticles calcined at 500 °C. A
series of absorption peaks from 300 to 4000 cm−1 can
be found, which correspond to the carboxylate, and hy-
droxyl groups in the extract sample. More specifically,
the broadband at 3300 cm−1 was assigned to the O–H
stretching mode of the hydroxyl group, and 1560 cm−1

for C=O which almost had been disappearing in ZnO
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Figure 10. UV–vis spectrum and band gap estimation of
synthesized ZnO − NPs

spectra. The peak observed at 398 cm−1 is due to the
hexagonal Zinc Oxide.

Figure 11. FTIR spectra of AFL extract and the synthesized
ZnO − NPs

3.2. Antibacterial activity of ZnO
nanoparticles

The Antibacterial activity of the green synthesized ZnO
nanoparticles using the extract of the Aloe Fleurentino-
rum leaves under the same conditions against two types
of Gram (-) bacteria (Salmonella Typhi, and Escherichia
Coli) and two species of Gram (+) bacteria (Staphylococ-
cus Aureus, and Bacillus Subtilis). The activity of the four
different concentrations of ZnO− NPs (Z10, Z11, Z12, Z13)
was compared with standard Gentamycin antibiotics; the
results exhibited a noticeable influence against the Gram
(+) types of bacteria (17-20mm) more than the Gram (-)
types (6-15.5mm). Figure 12 showed the highest effect
was for the ZnO − NPs at 4mg/mL against Gram (+) B.
Subtilis type; the higher effect against the Gram-positive
bacteria compared to Gram-negative bacteria might be
due to the Gram-positive bacteria being less susceptible

to antibacterial potency than Gram-negative bacteria;
perhaps this is a result of their different cell wall struc-
tures [24]. In the Gram-positive strain, peptidoglycan
is thick while being thinner in the Gram-negative, but
contains an outer membrane lipopolysaccharide that pro-
vides the bacteria resistance to ZnO and makes them
less susceptible [24, 25]. The ZnO − NPs and Gen-
tamycin effect against all the bacteria types are shown in
Figures 13 and 14, respectively.

Figure 12. The Inhibition zones of green synthesized ZnO-
NPs in different Concentrations.

Figure 13. Antibacterial activity of ZnO-NPs against different
bacterial types.

Figure 14. Gentamycin Antibacterial activity against different
bacterial types.
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3.3. Antioxidant activity of ZnO − NPs

The synthesized ZnO − NPs antioxidant potential was in-
vestigated using the DPPH free radical assay, the widely
recognized method for assessing antioxidant activity;
ZnO − NPs exhibited notable scavenging activity at vari-
ous concentrations (400, 600, 800 µg/mL) Figure 15; the
average determined percentage of scavenging of zinc
oxide nanoparticles which was calculated by equation 1,
ranging from 50.18 to 52.74%, and these are promising
results.

Figure 15. DPPH free radical scavenging activity for ZnO-
NPs.

4. CONCLUSION
Zine oxide nanoparticles have been synthesized suc-
cessfully using the Phyto method by Aloe Fleurentino-
rum aqueous extract at different volume ratios, pH values,
and temperature conditions. Whereas, X-ray diffraction
shows the zincite phase had hexagonal structural, and
crystallite size between (16.5 – 31.4 nm); the optical
properties of ZnO − NPs were studied by UV-Vis Spec-
trophotometry, and show energy band gap Eg = 3.13eV.
The synthesized ZnO-NPs showed an antibacterial ac-
tivity to G(+) species better than G(-); furthermore, a
noticeable Antioxidant property of ZnO − NPs against
the DPPH-free radicals was observed.
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