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Recent years have seen the increase in attention paid to biocompatible metal oxide nanostructures in
various applications like engineering and medical. In an attempt to replace conventional chemical
methods with environmentally benign methods, plant extracts have been used in the green synthesis of
these nanostructures. In an attempt to replace conventional chemical methods with environmentally
benign methods, plant extracts have been used in the green synthesis of these nanostructures.
Nanoparticles (NPs) are important because of their reasonable property of being non-toxic
heterogeneous catalysts, in addition to their high surface areas and beneficial interactions with
biological systems. These nanomaterials also exhibit unique properties, like TiO2 and ZnO. Metal
oxide nanostructures may be safely incorporated into biological settings due to their biocompatibility,
which makes them useful for antibacterial treatments, drug delivery, bioimaging, and biosensing. Their
interactions with biomolecules, tissues, and cellular components are also essential for a number of
biophysical processes, including bioelectricity, signaling, and cellular uptake. This review emphasizes
metal oxide nanostructures' biophysical functions, green manufacturing methods, and characterization
methodologies, as well as their potential to advance the domains of nanobiotechnology and
nanomedicine. The review will offer a thorough description of the methods used to synthesize
nanoparticles (NPs) from various plant extracts, with an emphasis on the role that nanoparticles play in
antibacterial properties.
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1. INTRODUCTION

The size of materials decreases from a macroscopic to a smaller scale. The materials' various distinct
physical and chemical characteristics become apparent. In addition to its extraordinary surface volume
ratio and quantum confinement properties, it also possesses many other fascinating properties; this can
be as small as nanometers or micrometers. Thin film materials differ from bulk materials in a number
of ways, including chemical, optical, electrical, magnetic, thermal, mechanical, and acoustic. As an
example, inert materials can become active catalysts after transforming to thin films; in addition to
opaque materials (such ITO, Cu, and FTO) becoming transparent, stable materials can also become
unstable. As a result of thin film materials' distinct surface phenomena, several multidisciplinary
scientific and engineering disciplines have been developed, including chemistry, physics, electronics,
biology, and mechanical engineering [1]. Metal oxides are chemical compounds collected of metal
elements combined with oxygen element. They are normally formed when the oxygen in the
environment reacts with metals. The characteristics of these compounds vary greatly according on the
metal used, including semiconducting, insulating, and catalytic behavior. Metal oxides are integral to
numerous industrial and technological applications due to their durability, stability, and versatility.

They are found in nature and can be synthetically produced for different functions [2]. There are
several applications of metal oxides, metal oxides work as catalysis, particularly transition metal
oxides like copper, titanium, and iron oxides (CuQO, TiO,, Fe;O3) are used as catalysts in several
chemical reactions, also can be used as an electronics and semiconductors metal oxides are key
components in electronic devices where both tin oxide (SnO») and zinc oxide (ZnO) are used in solar
cells, light emitting diodes (LEDs) and transistors. They are also used for environmental and air
purification, such as titanium dioxide is widely used in water and air purification technologies. The
metal oxides like SnO», TiO», and ZnO are used effectively as gas sensor and detectors devices, also
the metal oxides can be used as the pigments and coatings, and biomedical applications several metal
oxides, particularly ZnO and TiO> are studied for their potential in medical applications. Zinc oxide
has antibacterial properties and is used in wound healing and sunscreen formulations; however,
titanium dioxide is biocompatible and is used in prosthetics and implants [3-8]. The compound zinc
oxide is inorganic. It is an II-VI group and is a white powder that is insoluble in water; it is an n-type
semiconductor with 3.37 eV energy gap. Most often, optoelectronic devices use it, such as laser diodes,
which emit blue and ultraviolet light [9-11]. There are three kinds. The three primary crystal phases of
zinc oxide are cubic (rocsalt), hexagonal (wurtzite), and cubic (zinc blende). It is the
thermodynamically stable level of wurtzite symmetry under environmental conditions. The only way
to stabilize the blende ZnO structure is to develop on cubic structures, structures that may be obtained
at relatively high pressures [12,13]. Titanium dioxide is known as "Titania" [14], and also titanium
dioxide is considered a desirable wide band gap semiconductor. It is non-toxic, exhibits exceptional
stability, and demonstrates photoactivity by effectively absorbing light within the ultraviolet (UV)
range [15,16]. Titanium dioxide shows notable resistance to corrosion and possesses favorable physical
and chemical attributes, rendering it a promising material for solar cell applications [17,18].

Additionally, TiO; finds utility in gas sensors [19], biological sensors, and medical diagnostic
applications [20, 21]. It is in crystalline and amorphous structures. The three standard crystal structure
types of titania are anatase, rutile, and brookite [22]. In terms of photocatalytic and antibacterial
activity, the most active allotropic phase is anatase, as opposed to rutile and brookite. At higher
temperatures, anatase turns into rutile, despite being kinetically stable. Rutile is thermodynamically
stable at room temperature [23]. Research teams in the semiconductor business have been searching
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for various ways to lower spending costs as well as the rate of waste production for many years.
Biology is the most straightforward source for creating functioning materials in the given environment
[24-28]. The researchers are inspired to create modified syntheses taken from nature by the amazing
adaptability of biology. Their research has been effectively categorized under the concept of
biomimetics, or bioinspired research, which includes alternate methods for creating technologically
useful nanomaterials and antibacterial applications [29]. This work is used a green synthesis method
that uses plant extracts as a starting material instead of chemicals. Green synthesis is innovative
because it can be easily extended to large-scale systems with an economical, ecological, and efficient
environment compared to chemical processes. The green synthesis process typically involves three
major steps: (1) choosing the solvent medium; (2) choosing eco-friendly reduction agents; and (3)
stabilizing nanoparticles with non-toxic materials [30].

2. MATERIALS WORK
2. 1.Material
2 1.1. Plant material collection

The leaves of garden-fresh plants used in general by various researchers, for several kinds of plants
such as: Eucalyptus camalduensis (E. camalduensis), ziziphus spina-christi (Z. spina-christi) and
cordia myxa (C. myxa). etc, are gathered and cleaned using purified water, then ground for the purpose
of making plant extract to prepare nanomaterial (ZnO and Ti0O>) using green method.

2.1.2. Preparation of green extracts

Following the washing, drying, and grinding of plant leaves, a plant extract is made by calculating the
approximate proportion of plants that are ground, for example 10 g of the Plants are ground to a fine
powder and boiled for an hour at 80°C with distilled water. Before creating NPs, we twice filtered
plant extracts using Whatman filter paper with size diameter 12.5cm. To synthesize nano metal oxides,
the plant extract is added in specific proportions to the metal salts at a specific temperature depend on
the type of metal oxide, then adding drops of (X-OH) such as NH4OH or NH4NO3 to the solution, then
the solution is adjusted until the color change indicated a neutral (Ph=7). The expanding application of
NPs in a number of necessitates the growth of an environmentally favorable, economic, and clean
synthesis process. Figure 1 represented the coupling of green chemistry with metal nanomaterials
cloning [31].
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Figure 1 Diagrammatic representation of the coupling of green chemistry with metal nanomaterials

cloning [31].

In the area of environmentally friendly metal oxide nanoparticle synthesis (MONPs), studies that use
plants can make the molecular mechanism easier to understand, which nucleation, coordinates,
bioreduction, stability and growth. A plant extract chosen from a worldwide biological variety or
endemic is used in the first stage of the process [32], when metal salts are added to extracts from
various plant sections and species, diverse sizes, shapes, compositions, and activities of nanoparticles

are produced, as seen in Figure 2 [33].
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Figure 2 MNP synthesis schematic incorporates employing plant extracts [33].

3. RESULTS AND DISCUSSION

There are many previous studies for ZnO and TiO> on the use of the green method to produce
nanomaterials from metal salts and their use in biomedical applications. Gunalan et al. [34] have
examined the antimicrobial properties of suspensions with different formulations; the bioactivity of
green produced ZnO nanoparticles is improved. Compared to chemical ZnO nanoparticles and other
widely used antimicrobials, the growth inhibition is only greater in biologically produced ZnO.
Because of their higher surface area to volume ratio, smaller particles are considered to be more
bioactive based on its demonstrated antifungal and antibacterial properties. The findings demonstrated
that ZnO nanoparticles are a potent antibacterial agent that works against harmful microbes.
Santhoshkumar et al. [35] have examined the extract of aqueous leaf of Psidium guajava leaves
antioxidant and antibacterial activities, which facilitates the production of nanoparticles of (TiO2 NPs).
Nanoparticles synthesized from TiO; and aqueous plant extract are tested for phenolic content and
total antioxidant activity utilizing the Folin-Ciocalteau technique FESEM, FTIR, EDX, and the
purpose of XRD is to describe the produced TiO> NPs. The produced TiO, NPs' FTIR spectra showed
notable peaks at 3 410 cm! (alkynes), 1578 cm™, 1451 cm™ (alkanes), and 1123 cm'! (C-O
absorption). The produced TiO, NPs' morphological description by FESEM examination revealed
spherical form and groups with 32.58 nm an average size, as shown in Figures 3-5 respectively. The
produced TiO> NPs exhibited greater antibacterial efficacy more than the antibiotic disk and
tetracycline significantly lower the likelihood that bacterial species will develop antibiotic resistance.
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Figure 3 Pattern of XRD for (A) titanium dioxide synthesized (B) synthesized TiO2 NP [35].

110
100
90 ) -
80 o
1) N2
.. 10 (A) rdd. ‘e "
= . o0
5 60 o gEES
& % ®. § 3 2 g
= 40 ' -
& 30 ~ >
20 c = <
10 ANF 3
Vgl
-10
4000 3500 3000 2500 2000 1500 1000 500 0
Wavenumbers (cm™)

Figure 4 Peaks of FTIR for (A) TiO2 (B) TiO2 NPs, (C) P. guajava aqueous [35].
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Figure 5 Synthetic TiO2 NPs' FESEM pictures with varying resolutions (A) 15000, (B) 30000, (C)
50000, and (D) EDX displaying the chemical composition [35].

Qian et al. [36] have presented ZnO-Aloe vera, a novel green nano-formulation with significant
antibacterial efficacy against harmful bacteria, is structurally and optically characterized. To ascertain
the particle's size, shape, and construction, XRD, SEM, and TEM are used, also photoluminescence
and optical absorption spectra are examined. The agar well diffusion method and thermokinetic
profiling are also used to examine their ability to combat pathogens; these include Escherichia coli and
Staphylococcus aureus. Malaikozhundan et al. [37] have investigated that the Pongamia pinnata seed
extract is a powerful capping agent that decreased and stabilized, and it had been studied as a cost-
effective, environmentally friendly technique for the biological produce of zinc oxide nanoparticles.
The green-produced Pp-ZnO NPs are spherical and showed a wurtzite structure. Their sizes ranged
from 30.4 to 40.8 nm. Good antibacterial and antibiofilm activity has been demonstrated by the
biosynthesized Pp-ZnO NPs. According to Chikkanna et al. [38] have studied, ZnO NPs are made
using reducing agents made from agricultural waste, such as the excrement of sheep and goats. Green
produced ZnONPs derived from agro-waste have tiny particles that improve their potent antibacterial
properties. This study led to a new method of economical synthesis and lowers the amount of
chemicals used in subsequent research. Saif et al. [39] have reported the production of ZnO
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microstructures using Cordia myxa leaf extract in water. The solution combustion approach, which
used leaf extract as fuel and nitrate salt as an oxidant, is chosen because it is inexpensive and
environmentally benign. Energy dispersive X-ray, Fourier transform infrared, X-ray diffraction, X-ray
photoelectron spectroscopy, cold field emission scanning electron microscopy (CFE-SEM) and UV-
visible spectrum analysis utilized to evaluate the properties of ZnO in terms of its structural, surface
and optical properties. Additionally, Microstructures of ZnO activated by Cordia myxa had strong
bactericidal action against both Staphylococcus aureus and FEscherichia coli (see Figures 6-9

respectively).
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Figure 6 FTIR spectra of (a) C. myxa leaves (b) ZnO-10 (c¢) ZnO-25 (d) ZnO-P [39].
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Figure 7 UV-vis absorption spectral with different concentration of C. myxa leaves extract [39].
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Figure 8 XRD pattern of synthesized ZnO [39].
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Figure 9 ZnO-P nano/microstructures' antibacterial properties against (a) E. coli and (b) S aureus
[39].

Achudhan et al. [40] have underlined, Ficus benghalensis, Syzygium aromaticum, and Azadirachta
indica twigs extracts are employed in the green synthesis process to create multidimensional TiO2 NPs.
The crystalline and tetragonal forms of the green-synthesised G-TiO> NPs are determined by a variety
of methods, including XRD, UV-vis spectroscopy, DRS-UV, HR-TEM, FTIR, EDX, and Zeta
potential, as illustrated in the figure. They found the produced G-TiO> NPs antibacterial, antifogging,
mosquitocidal, antibiofilm, and photocatalytic properties. Findings indicated that G-TiO> NPs have
outstanding mosquitocidal, antibacterial and antibiofilm qualities. As a result, they can be viewed as
the best option to manage dengue vectors and clinically important microbial infections, as depicted in
the Figure 10.
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Figure 10 G-TiO, NPs are characterized by physicochemical methods such as (A) UV-vis
spectroscopy (UV); (B) XRD pattern; (C) FTIR; (D) DRS-UV; (E) HR-TEM; (a) polydispersed
particle; (b) tetragonal shape; (c) Selective area electron diffraction (SAED); (F) EDX, and (G) zeta
potential [40].






