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Article Info Abstract: In this study, zinc oxide nanoparticles (ZnONPs) were synthesized
) using Cinnamomum verum extract from different zinc salts such as zinc acetate,
Received: 20.07.2024 zinc nitrate, zinc sulfate, and zinc chloride. The synthesized ZnONPs were
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Online Decermber 2024 characterized using X-ray diffraction (XRD), dynamic light scattering (DLS),

Fourier transform infrared spectroscopy (FT-IR), and transmission electron
DOI:10.53433/yyufbed. 1518986 microscopy (TEM). Additionally, The photocatalytic activities of ZnO
nanoparticles were tested in the presence and absence of sunlight. Cinnamomum

Keywords verum extract was analyzed for DPPH radical scavenging activity and total
Biogenic, phenolic content (TPC). The study results showed that the type of zinc salt used
DPPH, significantly affects the morphology, size, and crystal structure of the ZnO
Methylene blue dye, nanoparticles. ZnONPs synthesized from zinc acetate (ZNnONPsA) showed
Total phenolic content, superior photocatalytic activity in the presence and absence of sunlight.
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Cinnamomum verum Ekstrakti Kullamilarak Farkh Cinko Tuzlarindan Elde Edilen
Cinko Oksit Nanopartikiillerinin Biyojenik Sentezi, Karakterizasyonu ve Metilen
Mavisinin Bozunmasi

Makale Bilgileri Oz: Bu caligmada ¢inko asetat, ¢inko nitrat, ¢inko siilfat ve ¢inko kloriir gibi farkli
) ¢inko tuzlarindan Cinnamomum verum ekstrakti kullanilarak ¢inko oksit
Gelis: 20.07.2024 nanopartikiilleri (ZnONP'ler) sentezlendi. Sentezlenen ZnONP'ler, X-igini

Kabul: 11.11.2024

Online December 2024 kirmimmi (XRD), dinamik 151k sagilimi (DLS), Fourier doniisiimii kizildtesi

spektroskopisi (FT-IR) ve transmisyon elektron mikroskobu (TEM) kullanilarak
DOI:10.53433/yyufbed. 1518986 ka{akterize edvildi. Ayrica Zn(? nanopartikiil.ler.inin fotokatalitik aktiviteleri g@nes
1s181nin varliginda ve yoklugunda test edildi. Tar¢in ekstrakti DPPH radikal

Anahtar Kelimeler temizleme aktivitesi ve toplam fenolik igerik (TPC) agisindan analiz edildi.
Biyojenik, Calisma sonuglari, kullanilan ¢inko tuzunun tiiriiniin ZnO nanopartikiillerinin
Cinko oksit nanopartikiil, morfolojisini, boyutunu ve kristal yapisini 6nemli dl¢iide etkiledigini gosterdi.
DPPH, Cinko asetattan (ZnONPsA) sentezlenen ZnONP'ler her iki durumda da {istiin
Metilen mavisi boyast, fotokatalitik aktivite gosterdi.

Toplam fenolik igerik

1.Introduction

Nanotechnology has wide applications in many fields, including medicine, electronics,
environmental science, and materials engineering, as it involves the design, production, and application
of materials, devices, and systems at the nanometer scale (Naiel et al., 2022). Nanoparticles exhibit
several important properties that make them so interesting such as their high surface-to-volume ratio,
chemical reactivity, optical properties. These feature make nanoparticles more reactive than bulk
materials (Khan et al., 2019). Zinc oxide (ZnO) nanoparticles, one of the most important functional
nanoparticles, are a semiconductor with a high exciton energy (60 meV) and a wide band gap (3.37 eV)
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(Bhandari et al., 2023).Zinc oxide (ZnO) nanoparticles have attracted great attention due to their various
uses in electronics, optoelectronics, catalysis and biomedical applications (Sajid & Ptotka-Wasylka,
2020; Zhou et al., 2023). ZnO nanoparticles have outstanding properties such as high surface area,
chemical stability, photocatalytic activity, and biocompatibility, making them ideal candidates for
sunscreens, antimicrobial coatings, and wastewater treatment applications (Fahmy et al., 2016; Tanase
et al., 2021). Methylene blue (MB) dye is used as an important model pollutant in water pollution and
environmental cleanup. MB is a synthetic dye widely used in the textile industry and other industries
and is soluble in water. Effective and sustainable methods are needed to reduce the environmental
impacts of such organic pollutants (Venkatesan et al., 2022; Fito et al., 2023). In addition, ZnO
nanoparticles exhibiting variable morphologies have a very strong antibacterial effect on gram-negative
and gram-positive bacteri (Sirelkhatim et al., 2015). Nanoparticles can be synthesized using physical,
chemical, and biological methods. Physical and chemical synthesis of nanoparticles involves methods
like ball milling, laser ablation, and sol-gel processes; however, these methods come with disadvantages
such as high costs, requiring special equipment and potential environmental and health risks from toxic
chemicals (Iravani et al., 2014; Nyabadza et al., 2023). In recent years, green synthesis of nanoparticles
has emerged as a sustainable alternative by using natural sources to reduce metal salts into nanoparticles.
This method uses natural sources such as plant extracts, microorganisms, and even biowaste to reduce
metal ions to their nanoparticle form (Kulkarni et al., 2023; Osman et al., 2024). Plant extracts are widely
used for nanoparticle synthesis due to several advantages. This process is environmentally friendly as
well as cost effective, using the rich phytochemical composition of plants as reducing, coating and
stabilizing agents (Kazemi et al., 2023). Gold (Au), silver (Ag), platinum (Pt), palladium (Pd), zinc
oxide (Zn0), titanium dioxide (TiO>), copper oxide (CuO) and iron oxide (Fe;O4) are synthesized from
biological resources like plant extracts, which act as reducing and stabilizing agents (Zuhrotun et al.,
2023; Aigbe & Osibote, 2024; Prabu & Losetty, 2024; Saod et al., 2024). Cinnamomum verum is widely
used in traditional medicine due to its medicinal properties. Cinnamomum verum plants are rich in
bioactive compounds such as polyphenols, flavonoids, and terpenoids, which exhibit potent antioxidant
and antimicrobial activities (Blaszczyk et al., 2021; Das et al., 2022). These phytochemicals are effective
in the synthesis of zinc oxide nanoparticles (ZnONPs). Despite the extensive literature on the effect of
synthesis parameters on ZnO formation, the role of synthesis parameters in the evolution of ZnO
photocatalytic properties is still not fully understood. Catalysis is a photochemical oxidative process in
which the semiconductor surface is activated by UV light and produces free radicals (Prasad et al.,
2020). Factors such as the synthesis method, the presence of surface contaminants, and counterions from
the precursors used in the synthesis affect the catalytic activity of the material. In addition, a relationship
needs to be established between synthesis parameters, morphological properties, and photocatalytic
activity of ZnO particles (Rezapour & Talebian, 2011).

This study investigated the synthesis of ZnONPs by biogenic synthesis method with different
zinc salts and the synthesis parameters were correlated with the photocatalytic activity of the material
using MB degradation as a probe reaction. The precipitation method and different precursor salts were
investigated for the photoactivity of the products. Cinnamomum verum extract was also used as a
substrate for biological synthesis. The aim of this study was to gain a better understanding of how the
synthesis method affects the structural, morphological and photocatalytic activity of ZnO in determining
their roles.

2. Materials and Methods
2.1. Materials

All chemicals used in the study were of analytical grade and did not undergo any further
purification. Zinc acetate (Zn(CHsCO2)2-2H.O , 98%), Zinc Nitrate (Zn(NO3)2.6H,O, 98%), Zinc
Sulfate (ZnSO4-7H20, 99%), Zinc Chloride (ZnCl,, 85%), Potassium hydroxide (KOH, 85%) were
obtained from Sigma-Aldrich. The Cinnamomum verum was purchased from the local market.

2.2. Preparation of plant extract

Cinnamomum verum purchased from the spice shop was washed thoroughly with distilled water
to remove impurities. The extract concentration was prepared by dissolving 0.5 g of the plant material
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in 50 mL of distilled water, and then incubated at 40°C for 24 hours. The extract was then filtered through
white band filter paper and kept at 4°C (Aydogdu et al., 2024).

2.3. Determination of antioxidant activity /capacity of Cinnamomum verum extract
2.3.1. DPPH (2,2-diphenyl-1-picrylhydrazyl) assay

DPPH assay is a widely used method to measure the antioxidant capacity. This method is based
on the reduction of the free form of DPPH, which is a radical, in the presence of antioxidants (Kedare
& Singh, 2011). DPPH assay was performed according to the Marin-Flores et al. (2021) method (Marin-
Flores et al., 2021). Briefly, 2.9 mL of DPPH reagent (0.1 mM in ethanol) was added to 0.1 mL of
Cinnamomum verum extract or standard and mixed vigorously. The reaction mixture was stored in the
dark at room temperature for 30 min, and the color change of DPPH was measured against a blank at
518 nm using UV-Vis spectrophotometer. Calibration was performed with six Trolox standards in the
range of 5-100 mg/L. Linear calibration curves were drawn with R*=0.9982R? = 0.9982R?=0.9982
(Figure 1), and the results were calculated as Trolox equivalents per gram of dry sample. The percentage
of inhibition was calculated using the following formula:

Inhibition % = A (control) — A (test sample) 5

100 1
A (control) ( )

70

60 y =0,6072x - 1,509
R? = 0,9982
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Figure 1. Trolox concentration vs absorbance of DPPH standard curve.
2.3.2. Determination of total phenolic contents

Total phenolic contents (TPC) were determined according to Folin-Ciocalteu’s methods (Libbey
& Walradt, 1968). Firstly, 0.5 mL of Cinnamomum verum extract, 1 mL of IN Folin-Ciocalteu reagent
and 1 mL of 20% Na>COs (w/v) were mixed. Then, the mixture was incubated at room temperature for
2 hours and measured with a UV-Vis spectrophotometer at 765 nm. A calibration curve was determined
in the concentration range of 25-1000 mg/mL (y = 0.00008x- 0.0068; R? = 0.9981; y is absorbance, X is
gallic acid concentration). The results were given as mg gallic acid equivalent (GAE)/l mg
Cinnamomum verum extract.

2.4. Green synthesis of ZnONPs using diffrent zinc salts

ZnONPs were synthesized from four different zinc salts using Cinnamomum verum extract. 25 mL of
0.1 M zinc salts solutions were prepared separately. 25 mL of 0.1 M zinc salt solutions were prepared
separately and kept in a 60°C water bath for 1 hour. 25 mL of Cinnamomum verum extract was added
to the zinc salt solutions and the pH was adjusted to 6 with 1 M KOH solution. The mixture was left in
the shaking water bath at 60°C for another 2 hours. Then, the solution was centrifuged at 5000 rpm for
15 min, washed several times with distilled water, and dried in an oven at 40 °C for 24 h (Aydogdu et
al., 2024). Figure 2 shows the stages of ZnO nanoparticle synthesis synthesized from four different zinc
salts using Cinnamomum verum extract and green synthesis mechanism for producing ZnO
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nanoparticles. Biosynthesis nanoparticles were coded as ZnONPsC (chloride salt), ZnONPsA (acetate
salt), ZnONPsS (sulphate salt), ZnONPsN (nitrate salt).
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Figure 2. A) Schematic showing of ZnO NP synthesis from different zinc salts B) Green synthesis
mechanism for producing ZnO nanoparticles.

2.5. Characterization of zinc oxide nanoparticles

X-ray diffractometer (XRD) was determined using Rigaku Miniflex (Japan) over the 20 angle
range from 20° to 80. Particle size and zeta potential value were determined using a Malvern Zetasizer
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Nano ZSP. For Fourier transform infrared spectroscopy (FT-IR) analysis, ATR-FTIR 6700 Jasco (Japan)
was used in the range of 4000400 cm™. Structural feature of NPs was determined using transmission
electron microscopy/TEM (JEOL Brand, JEM-1011). DPPH, TCP and methylene blue degradation
measurements were determined by UV-Vis spectrophotometer (Shimadzu UV-1800).

2.5.1. Catalytic activity on degradation of methylene blue (MB) dye

The catalytic activity of the synthesized ZnO NPs was evaluated by MB degradation under direct
sunlight and in the dark. 15 mL of MB (100 ppm, pH: 10) was placed in a beaker containing 15 mg
ZnONPs. The mixture was stirred on a magnetic stirrer at 145 rpm for 90 minutes and then centrifuged
at 5000 rpm for 5 minutes. The absorbance was measured with a UV-visible spectrometer at 664 nm and
the photodegradation percentage of MB (photocatalytic efficiency of ZnO) in aqueous medium was
calculated by the following equations:

n= —(C"C; 9 100 (1)

where 77 is photodegradation percentage, C, is the initial dye concentration without catalyst and C is
the final dye concentration with catalyst after 90 min (Saeed et al., 2015).

3. Results and Discussion
3.1. DPPH radical scavenging of Cinnamomum verum extract

The Cinnamomum verum extract with a concentration of 10 g/L that is DPPH free radical
scavenging activity was found to be 128 mg/L, indicating its strong antioxidant properties. This high
value suggests that Cinnamomum verum extract can effectively neutralize free radicals, making it a
potent natural antioxidant source. Previous studies reported that Ceylon Cinnamomum showed 60.49 +
0.48 to 107.69 = 2.01 mg Trolox equivalent (Abeysekera et al., 2013). With a different approach, Sudan
et al. performed DPPH radical scavenging assay of aqueous Cinnamon bark extracts and reported that
they showed high radical scavenging activity with ICso 122 mg/ml (Sudan et al., 2013).

3.2. Total Phenolic Contents of Cinnamomum verum extract

The total phenolic content of the Cinnamomum verum extract was found to be 290,62 mg Gallic
Acid Equivalents per gram (mg GAE/g). This high phenolic content indicates that Cinnamomum verum
extract is rich in phenolic compounds, which contribute significantly to its antioxidant properties. Song
et al. (2010) measured the total phenolic content of 56 Chinese medicinal herbs by the Folin-Ciocalteu
method. They determined that the plants had TPC values between 0.18 = 0.01 and 59.43 + 1.03
mgGAE/g (Song et al., 2010).

3.3. XRD results

The XRD results of ZnONPs synthesized with different salts are given in Figure 3. The XRD
spectra of ZnONP samples showed an intense diffraction peak corresponding to (100), (002), (101),
(102), (110), (103), (200), (112), (201), (004) and (202) planes (JCPDS 36-1451) (Talam et al., 2012)
(Table 1). The average nanoparticle crystallite size was calculated from the XRD peak using the Debye-
Scherrer equation. Crystallite size varied between samples. ZnONPsC had the smallest crystallite size
(20.04 nm) and ZnONPsS was the largest (24.34 nm). The XRD data clearly shows that all four ZnO
nanoparticle samples have similar crystallographic structures but differ in crystallite sizes. This variation
could impact their physical and chemical properties (Abdullah et al., 2024).
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Figure 3. X-ray diffraction pattern of ZnONPsC, ZnONPsA, ZnONPsS and ZnONPsN.

Table 1. Average XRD crystallite size of the ZnONPs

Peak Planes 20

Number hkl ZnONPsC ZnONPsA ZnONPsS ZnONPsN
1 100 31.8 31.82 31.78 31.82
2 002 34.44 34.48 34.43 34.48
3 101 36.29 36.31 36.28 36.32
4 102 47.57 47.60 47.57 47.6
5 110 56.63 56.65 56.61 56.66
6 103 62.88 62.91 62.87 62.91
7 112 67.98 67.99 67.95 68.01
8 201 69.10 69.14 69.10 69.14

Crystallite Size(nm) 20.04 22.09 24.34 21.38

3.4. FT-IR Results

Functional groups of phytochemicals responsible for the synthesis of ZnONPs were determined
by FT-IR (Figure 4). The FTIR broad peak at 3400 cm ' displayed in the spectra of Cinnamomum verum
extract confirms the intermolecular hydrogen bonding. The FTIR bands for Cinnamomum verum extract
recorded at 2353 cm ™', 2148 cm ™, and 1636 cm ™! indicate the presence C—H, N=N and C=C bendings
respectively (Figure 4) (Baratta et al., 2003). The bands observed at 1191 cm ™' and 1118 cm ™' were
assigned to alcohols and phenolic groups, C—N stretching vibrations of aliphatic and aromatic amines
(Sangeetha et al., 2011). The band at 704 cm ™' is attributed to N—H deformation bands. Similar spectra
were obtained for ZnONPs synthesized using Cinnamomum verum extract (Figure 4). The bands
observed in the ranges of 3900-3700 cm ', 3500-3400 cm ' and at approximately ~2900 cm ' were
assigned to O—H stretching of alcohols and C—H stretching of alkanes. In the spectrum of all ZnONPs,
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the absorption peaks at approximately 1581-1572 ¢cm™' belong to C=C stretching and similarly, the
absorption peaks at approximately 1407-1384 cm™' belong to C—C stretching vibrations. These C=C
stretching and C—C stretching vibrations are due to polyphenols responsible for the reduction and
stabilization of NPs.The bands at around ~890 cm ™' are attributed to primary amine bands. The peaks in
the region between around 600 cm—1 are assigned to ZnO (Figure 4) (Tas et al., 2000).
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Figure 4. Fourier transform infrared pattern of ZnONPsC, ZnONPsA, ZnONPsS, ZnONPsN and

Cinnamomum verum extract.
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3.5. TEM results

TEM analysis was used to determine the morphologies and sizes of ZnONPs synthesized with
different zinc salts (Figure 5). The results show that the significant impact of different zinc salts on the
morphology and size of ZnONPs. ZnONPsC exhibited a mixture of rhombic, spherical, hexagonally
clustered and wide-size distribution. ZnONPsA and ZnONPsS showed the formation of needle-shaped
and flower-like structure morphology. This may be due to the ions promoting anisotropic growth.
ZnONPsN produced more irregularly shaped such as spherical, nanorods nanoparticles with a broader
size distribution ranging from 40 to 100 nm and some aggregation, due to the rapid release of nitrate
ions which accelerates nucleation. This rapid nucleation might lead to less controlled growth, resulting
in varied shapes and sizes. These findings demonstrate the significant effect of zinc salt type on the
resulting morphology of zinc oxide nanoparticles. Previous studies have reported similar results
(Mayekar, 2014; Shankar & Rhim, 2019; Abdelkader et al., 2022).

ZnONPsC

ZnONPsA

ZnONPsS

ZnONPsN

Figure 5. TEM images of ZnONPs synthesized from different zinc salts.
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3.6. DLS and Zeta potentional results

Zeta potential and dynamic light scattering (DLS) analysis were used to determine the size
distribution and surface charge properties of the nanoparticles. Zeta potential provides important
information about the stability of nanoparticles. High zeta potential values (above +30 mV or below -
30 mV) indicate strong repulsive forces between particles, indicating that the suspension is stable.
Conversely, low zeta potential values increase the likelihood of particles coming closer together, leading
to agglomeration or sedimentation (Rasmussen et al., 2020). According to the zeta potential results,
ZnONPsS had the highest zeta potential value with =234+ 0.7 mV (Figure 6¢) followed by ZnONPsN
with -22.7+0.7 Mv (Figure 6d). ZnONPsC zeta potential value was found to be 21.5+0.8 mV (Figure
6a). ZnONPsA showed the lowest zeta potential value at —9.56 + 1.02 mV (Figure 6b). The zeta potential
of nanoparticles is affected by their size, shape, surface functionalization, and chemical composition.
Smaller nanoparticles and different geometries influence charge distribution, while modifications like
chemical groups and coatings change surface charges, impacting the zeta potential (Leroy et al., 2011;
Ovanesyan et al., 2016). Sulfate and nitrate ions, due to their high charge density, cause higher negative
surface charges on the surface of the nanoparticles. These ions can bind more tightly on the surface of
zinc oxide nanoparticles through electrostatic attraction, thereby increasing the surface charge density
(Pourrahimi et al., 2014). Zinc acetate, zinc nitrate, zinc sulfate, and zinc chloride are all highly soluble
in water. Specifically, zinc acetate has a solubility of approximately 430 g/L, zinc sulfate about 540 g/L,
zinc nitrate around 1840 g/L, and zinc chloride has an extremely high solubility of approximately 4320
g/L. It was observed that nanoparticles synthesized from zinc chloride had a high size distribution (Table
2). In general, the nanoparticle size distribution increased due to the increase in the solubility of the salts
(ZnONPsA<ZnONPsN <ZnONPsS <ZnONPsC). The high solubility of zinc salt can further accelerate
nucleation, reduce control over particle growth, and cause a wider distribution of particle sizes and more
aggregation. Another important factor in DLS analysis is the polydispersity index (PDI). PDI is a critical
parameter to determine the homogeneity of the size distribution of particles. A PDI value between 0.05
and 0.7 indicates a monodisperse particle size distribution, while a value greater than 0.7 indicates a
broad particle size distribution (Danaei et al., 2018). According to the results in Table 2, the PDI value
of the nanoparticles is ZnONPsA < ZnONPsC < ZnONPsN < ZnONPsS. However, only ZnONPsS was
found to have a broad size distribution with a value greater than 0.7.

Table 2. Zeta potential value and size distribution of ZnONPs synthesized from different zinc

salts
Samples O om AL N amemiv) “nsiomy
ZnONPsC 25 1866 0,518 -21,5 -1,686 0,00811
ZnONPsA 25 400,6 0,376 -9,56 -0,7505 0,00978
ZnONPsS 25 880,4 0,725 -23 -1,8 0,00539
ZnONPsN 25 802,3 0,53 -22,7 -1,782 0,00798
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Figure 6. Zeta potential and size distribution graphs of ZnO NOPs synthesized from different zinc salts
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3.7. Effect of ZnO nanoparticle on photodegradation of MB

The effect on the photocatalytic efficiency of ZnONPs synthesized using different salts is
presented in the graph in the presence and absence of sunlight (Figure 7). The percentage of
photodegradation in the absence of sunlight is significantly lower for all samples than in the presence of
sunlight. The Photocatalytic activity in the presence of sunlight is relatively high for all samples,
indicating the effectiveness of the ZnO nanoparticles under photocatalytic conditions. ZnONPC has the
highest removal efficiency in sunlight (79.431%), closely followed by ZnONPN (78.976%). The
Photocatalytic activity of absence sunlight is much lower, with ZnONP A showing the highest removal
(20.88%) and ZnONP N the lowest (3.43%). The increase in crystallite size, calculated from XRD data,
results in a higher available surface area for the adsorption of more oxygen and the photogeneration of
more electrons and holes (Steffy et al., 2018). Various factors affect the photocalytic activity of the
material, including surface area, particle size, adsorption, and calcination temperature (Gaim et al.,
2019). The differences in crystallite size among the samples do not appear to significantly impact their
efficiency in sunlight, although there is a noticeable variance in their performance in the absence of
sunlight. The data suggests that ZnO nanoparticles are highly effective as photocatalysts for dye removal
when exposed to sunlight. Addinatily, photochemicals transferred fromplant extracts during biosynthesis
may be effective in the formation of radicals required for the photocatalytic degradation of MB.

w
>
9
5
> Dp Average (nm)
in the presence of sunlight
l ‘ \ | l ‘ in the absence of sunlight
ZnONPsA ZnONPsS ZnONPsN ZnONPsC
in the absence of sunlight 20,88 10,08 343 9.066
in the presence of sunlight 78,337 78,0147 78,976 79,431
Dp Average (nm) 20,04 22,09 24,34 21,38

Figure 7. Photodegradability of MB dye by the ZnONPs catalyst in the presence and absence of sunlight.
4. Conclusion

In this research, ZnONPs were successfully biosynthesized using Cinnamomum verum extract
and a unique eco-friendly route was provided to synthesize ZnO NPs with size and morphology
characteristics using different zinc salts (zinc acetate, zinc nitrate, zinc sulfate and zinc chloride). XRD,
DLS, FT-IR and TEM confirmed that the different zinc salts used in the synthesis process significantly
affect the morphology, size and crystal structure of the resulting nanoparticles. Zinc chloride salts
synthesized rhombic, spherical and hexagonally clustered ZnONPs with a wide size distribution. At the
same time, zinc acetate and zinc sulfate formed needle-shaped and flower-like structures, respectively,
probably due to the ions promoting anisotropic growth. Additionally, nitrate salt produced more
irregularly shaped nanoparticles, such as spherical and nanorods, with a wider size distribution. All
ZnONPs exhibited similar crystal structures with different sizes. Different zinc salts are critical in
determining the characteristics and effectiveness of ZnO nanoparticles. ZnONPsA showed the highest
photocatalytic efficiency in degrading methylene blue (MB) dye. In particular, needle-shaped and
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flower-like ZnO particles were found to exhibit a remarkable efficiency increase compared to spherical
particles. It was observed that the photocatalytic efficiency was not affected by the size of ZnO particles,
but the geometrical factor was significant. Additionally, Cinnamomum verum extract has been found to
have strong antioxidant properties by DPPH testing and total phenolic content analysis. Synthesized
through a green, biogenic method. This study highlights the synthesis of ZnO nanoparticles with an
environmentally friendly method and the importance of their applications in biomedical fields.
Moreover, the photocatalytic ability of ZnO nanoparticles can be exploited in environmental protection
strategies.
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