Nanoscience and Nanotechnology Research, 2023, Vol. 7, No. 1, 1-5

Available online at http://pubs.sciepub.com/nnr/7/1/1
Published by Science and Education Publishing
DOI:10.12691/nnr-7-1-1

g i

il i’

Synthesis of Zinc Oxide Nanoparticles
with a Green Method Route

Mahtab Yaghoubi”

Islamic Azad University, Tehran, Iran
*Corresponding author: mahtabyaghoubi 2000/@gmail com

Received February 20, 2023; Revised March 25, 2023; Accepted April 05, 2023

Abstract The current study examines the production of Zinc Oxide nanoparticles. Nanoparticles of Zinc oxide
were successfully synthesized with a green method route. The nanoparticles of different materials have Many
applications in medical sciences, chemicals, construction, health, etc. Zinc oxide is one of the most widely used
substances in the health and cosmetics industries due to its antibacterial virtues of this Substance. The synthesis
process was accomplished using Stachys lavandulifolia. The production of Zinc Oxide NPS has several methods.
Still, the use of plants for the synthesis of this substance (green Synthesis) has superiorities such as diminishing
pollution, and output costs, and not genesis harmful chemical side outcomes. The extract of Stachys lavandulifolia
was obtained at 100 Celsius and used for. The NPS were characterized by different techniques containing XRD,
SEM, and DLS as the results revealed that the Particle size was between 30 and 50 nm and their shape was spherical.
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1. Introduction

A nanoparticle or ultrafine particle is generally denoted
as a particle of matter that is between 1 and 100 Nm
(nanometers) in diameter [1]. The properties of NPS
oftentimes differ markedly from those of larger particles
of the same substance. Inasmuch as the typical diameter of
an atom is between 0.15 and 0.6 nm, a large fraction of the
NPS material lies within a few atomic diameters from its
surface [2].

Therefore, the Properties of that surface layer may
prevail over those of the bulk material. This effect is
particularly potent for NPS scatter in a medium of
different melanges since the interactions between the two
materials at their juncture also become substantial. NPS is
required to avoid the efficiency of undesirable or harmful
by-products through the build-up of reliable, sustainable,
and eco-friendly synthesis modus operandi and green
synthesis of materials. [3]

NPS, produced through alignment, control, clean up,
and remediation processes will directly help enhance
their environmental friendliness. ZnO NPS under 200 nm
have high efficiency in scattering light and inducing
cosmetically desired whitening to the skin. It has also been
used in foot care, ointment, and over-the-counter topical
products. [4,5]

There are some studies were examined as follows:

Due to the antimicrobial activity of nanoparticles and
the lack of persistence, they can be suitable options to deal

with the configuration of bacterial biofilms. The intention
of the current study was the biosynthesis of zinc oxide
nanoparticles using green tea extract and determining its
effect on biofilm formation in Pseudomonas aeruginosa
isolated from wound infection. The biosynthesis of
nanoparticles was confirmed by analysis. The size of
nanoparticles was distinguished in the range of 10 to 90
with an average below 40 nm. Nanoparticles in
concentrations of 250, 500, and 1000 pg/ml had
antimicrobial activity and the minimum inhibitory
concentration was reported as 500 pg/ml. Concentrations
of 500 and 1000 pg/ml inhibited biofilm formation by 25-
90%. The antimicrobial and anti-biofilm efficacy of
nanoparticles increased with the enhancement of their
concentration. [6].

In this study, ZnO nanoparticles were agglutinated and
identified through the "green" synthesis habitude of zinc
sulfate salt 7 water using water extract of rattle plant
(Prosopis fractal) to expand green chemistry. These
nanoparticles were scavenged with the help of UV-Vis,
XRD, and SEM methods. In the resumption of the work,
the antimicrobial activity of the synthesized nanoparticles
on two Gram-negative bacteria (Escherichia coli,
Salmonella enteritidis) and two Gram-positive bacteria
(Staphylococcus aureus, Bacillus subtilis) was inquired
using disk diffusion tests [7].

Green synthesis has received much attention due to its
lower cost and environmental friendliness compared to the
chemical and physical synthesis methods used to vintage
nanoparticles. Also, the nanostructures produced in this
way can emulate well with chemical and physical methods.
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Aluminum oxide nanoparticles (alumina), one of the
inorganic compounds with the chemical formula Al,Oj,
with unparalleled features in increasing the endurance of
thin layers, are used in refractory covering and implants.
In this research, using green tea extract and aluminum
nitrate salt, the ability to produce alumina nanoparticles
has been investigated. The result of the visible-ultraviolet
spectroscopic analysis illustrates that the absorption peak
of produced nanoparticles is in the range of 390nm and the
range of aluminum oxide energy gap, and also from the
results of infrared Fourier transform spectroscopic
analysis; a substantial absorption range at 1 cm; 1638;
1313 and 3069 also corroborate the production of alumina
nanoparticles [8].

The purpose of this study is to appraise the antibacterial
activity of ZnO synthesized via the “green method” from
the extraction of the hyssop plant versus partly Gram-positive
(Staphylococcus aureus, Staphylococcus epidermidis) and
negative (Pseudomonas, Escherichia coli) bacteria.
Materials and methods: To perform this empirical research,
a waterless granule of hyssop plant extract was first
accumulated, and zinc acetate was the provenance of zinc.
Since green method synthesis correspondent with the
formalities, condensation from 2000, 1000, 500, and
250ug/ml has been prepared, and blank disks with the
aforesaid concentrations were implanted on the cultured
bacteria lamella in Mueller Hinton agar culture medium,
also from Gentamicin antibiotic disk (as a control) was
used. Findings: The results showed that zinc oxide
nanoparticles synthesized by the green method from the
extract of the hyssop plant at concentrations of 2000 and
1000pg/ml had good antibacterial activity. that the halo
of non-growth was formed in the concentration of
2000 pg/ml in Escherichia coli and Staphylococcus aureus
almost equal to the control sample. Discussion and
conclusion: The results captured from determining the
antibacterial properties of ZnO nanoparticles synthesized
from the extract of the hyssop plant demonstrate that there
is a straight relationship betwixt nanoparticle doping and
bacterial removal [9].
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2. Substances and Techniques

2.1. Materials

S. lavandulifolia grows 30 centimeters (1 ft) tall and
wide, with a reclining habit and narrow, lanceolate,
whitish-gray evergreen leaves that are less than 50 mm
(2 in) long. The leaves grow opposite each other on the
stem and emerge to grow in bunches. When the leaves are
rubbed, oils give off a fragrance similar to rosemary.
These oils are used for scenting soaps. The 25 mm (1 in)
long, pale lavender flowers grow on short inflorescences,
blooming circa one month in late spring and early summer.
The flowering stems have very few flowers on widely
spaced whorls. Some varieties have a dark calyx. The
following shapes are depicted. [10]
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Shape 3. The composition of S. lavandulifolia
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S. Lavandulifolia Vahl collection

U

Washing, drying, and grinding 3g of the
plant

-

Boiling with 100 ml of deionized distilled

water

U

After heating for 20 minutes

U

Dissolving zinc nitrate with 50 ml

deionized water and the plant

-

S. Lavandulifolia Vahl extraction in two

aspects

Figure 1.

S. Lavandulifolia Vahl plant was collected from a
herbal area mountains of Iran, and authenticated by the
Department of Botany. Zinc nitrate was provided by the
Department of Chemistry, Two brands, Sigma (USA) &

Merk (Germany), of zinc nitrate were used in this research
to examine validation.

This herb got elution 3 times with distilled water to
eliminate any impurities. Afterward, 3g of the prim leaves
were assembled, desiccate, and ground unto a granule.
The powder was dispersed in 100 mL of deionized
distilled water and boiled for 20 minutes at 100°C, which
was then filtered to yield the extract by a paper filter. Zinc
dioxides in deionized water were used in experiments.
Different concentrations of zinc nitrate were dissolved in
50 ml deionized water and mixed with S. Lavandulifolia
Vahl extraction in two aspects and stirred for 120 minutes
at 70°C, as depicted in Figure 1.

2.2. Characterization of Nanoparticles

In this study, to examine the particles obtained from the
process, various tests were fulfilled on the particles. SEM
analysis was performed by MiRA3tescan to study the
shape and morphology as well as particle size and the
particle size, DLS test was performed on the acquired
particles.

3. Result & Discussion

Zn(NOs), nanoparticles were synthesized using
s. lavandulifolia flower extract without using any
additional reagents. To synthesize zinc oxide, this study
pursues adding to extract s. lavandulifolia, the reduction
of Nitrate ions to ZnO, NPS could be seen by the naked
eye through the brown color suspension. The resulting
solution was centrifuged and the precipitate was dried
after two rinsing steps with distilled water and acetone at
room temperature and sent for analysis. XRD analysis is
shown in the following configuration.

At peaks of 33, 39, 57, 67, 70 degrees of the reference
code, 03_065_288 of the zinc oxide indicator appeared.

The results are shown in the table underneath.

Table 1. SEM analysis of nanoparticles

number Zn nitr?;;ggtéi?tration Cifg:%?;;‘éi?g;%%lgz) Steering time (min) Temperature © | Aspect (lit plant/lit zn nitrate) | brand
M1 2 3 120 70 1/5 Merc
M2 2 3 120 70 2/5 Merc
M3 2 3 120 70 1/5 Sigma
M4 45 3 120 70 2/5 merc
Visible  Ref.Code Score Compound Displaceme Scale Factor  Chemical
Name  nt["2Th)] Formula
’ 03-065- 47 Zinc Oxide {.267 0806 Zn0

2880

Figure 2. XRD analysis of nanoparticles
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Figure 3. SEM test results of nanoparticles

SEM test results for all 4 samples are shown in Figure 3. Particle size in nanometers is distinguished in each shape.
The results of the DLS test are shown as a scatter of particle size of the diagram in the image below (4). The average
particle size in the M3 sample was 19 nm, which is largely consistent with the SEM test result.

[ L.

Figure 4. The results of the DLS test

The results confirmed the formation of the NPS had a uniform structure with a near-spherical Morphology. Also, the
results indicated a high potential of s.lavandulifolia for the synthesis of Zn(NO3), Nanoparticles with a mean size of 19-40
nm. The s.lavandulifolia has to any additional surface tents, polymers, or chemical reagents at room temperature and
atmospheric pressure. This is an attempt to further develop the green synthesis approach of nanoparticles.
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Table 2 shows the particle size range in all four samples.

The results clarify that if the concentration of zinc nitrate
increases due to zinc saturation, the crystal grows swiftly
and the concentration of the plant extract increases and the
particle size becomes slightly larger owing to the lack of
sufficient reducers in the system. The type of nitrate
Application Company has little effect on the results.

Table 2. The particle size range in all four samples

No. Particle size (nm)
M1 30-50

M2 26-33

M3 12-27

M4 >90

4. Conclusion

Zinc oxide nanoparticles are produced and synthesized
by green synthesis. The forms of nanoparticles are spherical
and produced homogeneously. In general, the use of this
method is very low cost due to non-toxic substances
during the process. This process doesn't need prohibitive
equipment, as well as a very fast and commodious process
in stable pressure and temperature makes this method
proposed for the production of Nanopharmaceuticals and
other Nanomaterials. The smaller the particles, the better
the absorption, and is very beneficial for medicinal and
health purposes. Correspondent to former research, the
synthesizing of Zinc oxide nanoparticles with green plants
is more effective for medical purposes. Moreover, the
green synthesis process was engaged to inbreed ZnO using
s.lavandulifolia plant extract as an abiding and capping
doer in the medium. The optimized reaction conditions are
modest and affordable procedures, and pharmaceutical
usage of the green synthesis ZnO-based medicine

prehension system is highlighted in our research detects.
From a comparative view, in the first step, it is trivial that
many new applications of the herb s.lavandulifolia as
regard both have similar properties to remedy the brain,
stomach, uterus, and internal organs. This quotes the fact
that despite unequal facilities and laboratory equipment of
the old days’ analogy with the modern technological and
scientific equipment, the power of knowledge and
accuracy of recognition in old sages was so considerable
that can be compared with new scientific findings and it
shows how they manufactured their perceptions of herbs
properties based on clinical evidence.
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