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ABSTRACT

This study describes the environmentally friendly synthesis of zinc oxide nanoparticles (ZnO-NPs) using cinnamon
extract, bay leaf extract, and chemical techniques. Due to its cost-effectiveness and avoidance of harmful ingredients, the
green synthesis strategy for producing nanoparticles has significant advantages over physical and chemical procedures.
The XRD data demonstrated the production of a hexagonal wurtzite structure, while the SEM investigations demonstrated
a spherical shape and average size (21.49, 25.26) nm for ZnO NPs synthesized by cinnamon extract, bay leaf extract,
and chemical techniques, respectively. The synthesized ZnO NPs demonstrate noteworthy photocatalytic efficacy in
the breakdown of methylene blue dye under direct sunlight exposure. Therefore, this research signifies a significant
advancement in the progress of a sustainable photocatalyst to eliminate harmful dyes from water.
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Introduction

Currently, industrial development has generated
a large number of pollutants which are released
into the environment. On the other hand, a large
number of pollutants in the form of heavy metals,
organic pigments, and microorganisms are released
daily into water systems for example, chromophores
found in dye molecules, indigo, azo, phenol, and
triphenylmethane compounds are harmful to aquatic
environments and humans.1 It has been proposed
to remove organic pollutants from water, including
coagulation coupled with sedimentation, biological
processes, membrane filtration, adsorption, advanced
oxidation, catalysis, and photocatalysis.2–4 In this
regard, various techniques are used to employ semi-
conducting nanomaterials to remove these organic
pollutants, such as electroplating and photocatalysis.

However, photocatalysis is widely adopted due to its
easy approach, cost-effectiveness, no side product,
and use of untapped solar spectru.5 These advantages
include enhanced utilization of solar radiation, cost-
effectiveness, and the potential for facile recovery of
the photocatalyst in powder form through specific
processes, or without any additional steps in the case
of thin films. Numerous electronic components have
been employed for this particular objective; but, the
photocatalyst that has received the most extensive
research attention is TiO2, primarily owing to its
exceptional physicochemical characteristics. Notably,
TiO2 has demonstrated the highest level of efficiency
in the anatase phase. Nevertheless, zinc oxide (ZnO)
has emerged as a widely utilized photocatalyst for wa-
ter purification, among other photocatalysts.2,3 The
semiconductor under consideration possesses a signif-
icant band gap of 3.3 electron volts (eV). Solar cells,
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Fig. 1. Process steps for preparing ZnO NPs by chemical and green methods.

gas sensors,4,5 and dye degradation are among the
various applications of this technology.6 Zinc oxide
nanoparticles have been synthesized by a range of
chemical and physical methodologies, such as Sol-
Gel,7 precipitation,8 arc discharge,9 hydrothermal,10

and pulsed laser ablation.11 For the synthesis of
zinc oxide nanoparticles, a green synthesis method
has been utilized due to its many advantages over
physical and chemical methods, as it does not en-
tail hazardous chemicals, is environmentally friendly,
and is cost-effective.12,13 It utilizes biological materi-
als that are readily extracted from vegetation.14

These phytoconstituents function as stabilizing and
reducing agents and catalyze the chemical reduc-
tion of nanoparticles of metal oxide. According to
our knowledge, no report exists on the use of cin-
namon extract, or bay leaf extract in the synthesis
of ZnO nanoparticles (NPs) as shown in Fig. 1. The
food, paper, leather, and textile industries utilize or-
ganic compounds known as dyes. The discharges from
these industrial operations consist of dyes that are
both highly pigmented and poisonous. The discharge
of effluents presents a significant risk to the well-
being of aquatic organisms, humans, animals, and
the surrounding ecosystem due to the contamina-
tion of both surface and groundwater sources. Before
release, it is imperative to subject the effluent to
treatment to facilitate the degradation of the dye into
a non-toxic form. A range of purifying approaches,
including physical, chemical, and biological methods,
have been developed to address different types of
pollutants. The utilization of ZnO NPs proved to be
successful in the degradation of dyes.15–17 Methylene

Blue (MB) is an intensely colored compound which is
used in dyeing and printing textiles and is a common
water pollutant.

The present investigation involved the production
of ZnO NPs through the utilization of a green syn-
thesis approach, Green methods are easy, cheap and
environmentally safe methods that are manufactured
using plant extracts. Employing leaf extract derived
from cinnamon, bay leaf. The utilization of green ZnO
NPs has been seen in the process of photocatalytic
degradation of methylene blue MB blue dye under
direct sunlight exposure.

Materials and methods

Materials

Cinnamon, bay leaf, zinc acetate dihydrate [Zn
(CH3COO)2. 2H2O].

Preparation methods

As a solvent, cinnamon, bay leaf, zinc acetate di-
hydrate [Zn (CH3COO)2. 2H2O], and 99% purity are
used. First, cinnamon is minced. Use distilled water
to rinse. After that, bay leaf, and then left to dry,
weigh 20 grams of cinnamon and bay leaf and com-
bine them with deionized water. After 15 minutes of
boiling, various aqueous extracts were obtained and
deposited in separate beakers. The groups were then
filtered through filter paper and stored at 40 °C.

In a beaker, zinc acetate (0.1 M) was dissolved in
50 mL of deionized water, which was magnetically
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Fig. 2. XRD pattern of as-synthesized ZnO using chemical method, cinnamon, and bay leaf.

stirred for 15 minutes until homogeneous. Cinnamon
preparations (10 ml) were mixed with it, as were bay
leaf preparations (10 ml), each of which was mixed
with it. Before the test, 10 mL of a Zn(CH3COO)2.
2H2O solution was magnetically stirred for 10 min-
utes in a beaker and allowed to stand for 24 hours at
the chamber temperature.

Before use, the synthesized nanoparticles were spun
for 10 minutes at 6000 rpm and washed with ethanol
and distilled water. After collecting samples, they
were transferred to a Petri dish and desiccated in a
vacuum oven at 100 degrees Celsius for four hours.

Nanoparticles (ZnO) were prepared in a simple
chemical method using zinc acetate whose chemical
symbol (Zn (CH3COO)2.2H2O) was furnished by a
German company. Its solution was prepared by dis-
solving (0.1M) of (Zn (CH3COO)2.) salts in 50 ml of
deionized water.

Photocatalytic behavior of ZnO NPs

Due to their high photocatalytic activity,8,18 ZnO
nanoparticles can be used as photocatalysts. The Pho-
todegradation experiment was carried out and done
under natural sunlight in June between 11:30 am and
2 pm. The intensity of solar radiation was 13.654 MJ
and the time interval during removing the sample
from the beaker was one hour in this study, 50 mg
L1 solution in water of MB dye with a 5 mg/20 mL
ZnO NP catalytic dose in this study. UV absorbance
was measured at 0 minutes, 15 minutes, 30 minutes,
45 minutes, 60 minutes, and 75 minutes after combin-
ing the two solutions (dye and catalyst). Absorbance
was plotted using a UV-vis spectrophotometer. Fol-
lowing every time interval, the absorbance decreased,
suggesting that ZnO NPs degraded the dye.

Results and discussion

XRD analysis

Fig. 2 depicts the XRD patterns of ZnO NPs pro-
duced by chemical synthesis, cinnamon, and bay
leaf. The peaks observed in the orientation planes at
(100), (002), (101), (102), (110), (103), and (112)
correspond to 2θ values of 31.7°, 34.3°, 36.2°, 47.3°,
56°, 62.4°, and 67.8°, respectively for all samples.
The statement aligns with the findings of the re-
searchers’.19 Higher intensity of diffraction peaks by
using bay leaf as shown below. The XRD results
revealed that ZnO nanoparticles had a hexagonal
wurtzite structure and were highly crystalline. The
hexagonal wurtzite structure is analogous to JCPDC
Standard Card No. 1314.13.2, proving that ZnO-NPs
were effectively synthesized using a green synthesis
technique. The ZnO crystal size presented in Table 1
(14–22 nm) was obtained from the XRD spectrum
using the Debye–Scherer Equation:20

D =
0.9 λ
β cos θ

(1)

Where D is the ZnO crystallite size (nm), λ =
0.15418 nm, θ is the Bragg angle, and β is the
full width at half maximum (FWHM). Films undergo
strain ε and dislocation δ in their structure, and these
parameters were calculated 12 as Eqs. (2) and (3),
respectively 14.

ε =
β cos θ

4
(2)

δ =
1

D2
(3)
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Table 1. Crystallite size determined from Debye Scherrer equation.

Crystal plane 2θ FWHM B(rad) Crystallite size D(nm) ε × 1014 lines.m–2 δ strain (×10–3)

(100) 31.7 0.437 0.0076 25.38 12.7 0.71
(2) 34.3 0.385 0.0067 25.6 17.361 0.81
(101) 36.2 0.437 0.0076 23.13 17.36 1.49
(102) 47.3 0.613 0.0107 18.16 30.86 2.01
(110) 56 0.642 0.0112 18.06 30.36 1.98
(103) 62.4 0.689 0.012 17.51 23.41 1.1
(112) 67.8 0.611 0.011 19.68 25 0.9

Fig. 3. Absorbance of as-synthesized ZnO using chemical method,
cinnamon, and bay leaf.

Optical properties

Fig. 3 illustrates the recorded absorption intensity
of the synthesized ZnO NPs within the wavelength
range of 300 to 900 nm. The literature21–24 confirms
the optimum ranges of 355 to 380 nm for ZnO NPs
prepared using the chemical method, cinnamon, and
bay leaf. It was observed that with the high ab-
sorbance peak by use of bay leaf, the calculated band
gap energy of ZnO NPs was (3.05–3.1) eV, which
is comparable to the reported band gap energy of
ZnO wide band gap (3.05 to 3.12 eV) as utilized in
Fig. 4. The creation of smaller NPs is indicated by
a bigger band gap, but it also means that electron
mobility is more restricted. Using bay leaf is therefore
recommended since it has a higher absorbance, which
could account for some of its improved photocatalytic
activity. These findings predominantly validate the
formation of ZnO nanoparticles via our methods.

Compositional analysis and surface morphology

As shown in Fig. 5(a,b and c), FESEM images were
captured at various magnifications to investigate the
shape and size of the synthesized nanoparticles. The
main reason for the agglomeration of the nanopar-
ticles is the extremely high surface area to volume

Fig. 4. (αhυ)2 for ZnO NPs with photon energy.

ratio of nanoparticles In addition to ZnO preparation
methods that can affect this ratio.

A comparison of the ZnO nanoparticles’ surface
morphology reveals that different surface morpholo-
gies were the consequence of the technique variation.
Procedure (a), wherein a solution was mixed with
the zinc precursor of cinnamomum verum extract,
Whereas procedure (b), in which the Zinc precursor
was added to the solution of bay leaf extract, the pH
of the solution was 12, yielded a rugged surface mor-
phology and aggregation of nanoparticles, whereas in
procedure (c), in which the zinc precursor was syn-
thesized chemically. The agglomerated form of some
nanoparticles is seen to be spherical and others are
irregular in shape @ with an average particle diameter
of 20 nm, as indicated by the X-ray diffraction (XRD)
results.19,25

The EDX analysis exhibited a strong signal for both
Zinc and Oxygen, thereby confirming the existence of
zinc oxide. The elemental composition of the analyte
was determined through the use of Energy Disper-
sive X-ray Spectroscopy (EDX). In this process, a Zinc
precursor was introduced into a solution containing
cinnamon extract, resulting in prominent peaks in-
dicating a composition of 76.9% Zinc and 23.1%
Oxygen. Similarly, the Zinc precursor was added to
a solution containing bay leaf extract, leading to
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Fig. 5. a. Scanning electron microscopy images and EDX spectra of ZnO prepared by chemical technique.

Fig. 5. b. Scanning electron microscopy images and EDX spectra of ZnO prepared by cinnamon extract technique.
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Fig. 5. c. Scanning electron microscopy images and EDX spectra of ZnO prepared by bay leaf extract technique.

strong peaks representing a composition of 70.7%
Zinc and 29.3% Oxygen. Additionally, the Zinc pre-
cursor was introduced to a solution prepared using
chemical methods, resulting in a yet to be specified
composition.

A prominent peak was observed at 1 eV for Zinc
about Oxygen, while a discernible signal was detected
at 0.5 eV.

The aforementioned values are specific to the
elements Zinc and Oxygen, hence supporting the el-
emental composition of the synthesized molecule.
Fig. 5 (a,b, and c) provides evidence of the existence
of minute quantities of gold, sodium and Carbon
alongside zinc and oxygen as Impurities.

FTIR analysis

Fourier-transform infrared spectroscopy (FT-IR) is
employed to analyze the composition and develop-
ment of functional groups in synthesized zinc oxide
(ZnO) nanoparticles. Moreover, it posits that the syn-
thesis of ZnO nanoparticles can be attributed to the
interaction between phenolic chemicals.

Flavonoids, alkynes, and terpenoids are categorized
as organic compounds. Fig. 6 depicts the FT-IR spec-
tra of synthesized ZnO nanoparticles. The functional
groups converted zinc ions to ZnO, as observed by

Fig. 6. FTIR spectrum of ZnO nanoparticles.

the bands. Each band represents a distinct mode of
elongation.

FT-IR spectroscopy measurements are conducted to
verify the existence/creation of the Zn–O bond and
to ascertain the photo components enclosed on the
surface of ZnO-NPs. The Fourier transform infrared
spectroscopy analysis was conducted on a Bruker Al-
pha FTIR instrument.26 The FT-IR spectra of green
ZnO-NPs, which were synthesized, are illustrated in
Fig. 6.
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Fig. 7. a. UV-VIS absorption spectra demonstrate the progression
of MB dye photodegradation over time using chemical method.
b. UV-VIS absorption spectra demonstrate the progression of
MB dye photodegradation over time using the cinnamon extract
method. c. UV-VIS absorption spectra demonstrate the progression
of MB dye photodegradation over time using the bay leaf extract
method.

The peak near 2354 cm1 is attributable to a C–H
stretch. C=O stretching is responsible for the peak
near 1575 cm–1. C=C was responsible for the peaks
at 1568, 1411, and 1100 cm–1.

The band seen in this study is attributed to the
stretching vibrations of C–N bonds in amines, as re-
ported by reference.27 The stretching vibrations of
C–O in esters and carboxylic functional groups are
observed throughout the spectral range of 1000 to
1300 cm–1. Additionally, the occurrence of several
sharp peaks at 491 cm–1 and 435 cm–1 is ascribed to
the existence of stretching bands Zn–O.28,29 The in-
tense vibrational bands at 671 cm–1 are attributed to
the stretching modes of ZnO nanoparticle formation.
By maintaining the nanoparticles’ surface throughout
synthesis, phytoconstituents of cinnamon extract, bay
leaf extract, and compounds protect ZnO-NPs from
aggregation, as determined by FT-IR.

Photocatalytic activity of ZnO

The effectiveness of as-synthesized ZnO NPs on
the degradation of methylene blue (MB), a typical
model water contaminant, under solar radiation was
investigated. Nanoparticle photocatalytic activity is
influenced by a variety of parameters, including sur-
face area, size, radiation sources, etc. Fig. 7(a,b,c)
illustrates the absorbance spectrum of ZnO thin films
and the photocatalytic dye degradation activity of
No NPs against MB. As the irradiation time increases
15 min every-time, the maximum absorption peak of
MB decreases. It is possible to observe the total degra-
dation of MB over 1 hour. The optimal absorbance
peak of MB at 275 and 660 nm was chosen to ex-
amine the depletion in absorbance at various time
intervals.30–32 It can be concluded that the prepared
ZnO could be used as photocatalysts in the dye degra-
dation process.

Conclusion

Investigations have been done on how methods are
prepared using Cinnamon extract, bay leaf extract,
and chemical methods affect the structure and optical
characteristics of ZnO. Using Scherrer’s equation, the
crystallite sizes of all samples were found to be in the
nanometer range. The UV-visible spectrophotometer
was used to analyze the samples’ optical characteris-
tics. Using Cinnamon extract, bay leaf extract, and by
chemical method see the structure, optical character-
istics, and photocatalytic activities of ZnO. Scanning
electron microscopy research has shown that the typ-
ical grain sizes for various samples range from 20 nm
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to 60 nm; however, these sizes are not very constant,
and EDX tests were used to determine the purity and
composition of the samples. ZnO nanoparticles had a
3.12 eV energy gap by chemical methods. Comparing
the samples 3.08 eV using bay leaf extract and 3.05 eV
using Cinnamon extract, they showed better optical
characteristics. All samples demonstrated increased
photocatalytic activity, suggesting enhanced MB ad-
sorption, but the best photocatalytic activity was for
the sample prepared with a leaf. There was also a
slight reduction in the energy gap. Thus, this study
signifies a simple cheap and eco-friendly way to syn-
thesize ZnO-NPs from the cinnamon extract and bay
leaf, and how to use them as a green photocatalyst
for practical uses. Furthermore, the results showed a
clear effect of green roads on optical properties, as an
increase in absorbance and a decrease in the energy
gap were observed.
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التحلل الضوئي لصبغة الميثيلين الزرقاء باستخدام جسيمات أكسيد الزنك 

 النانوية المحضرة بالطريقة الخضراء
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 أكسيد الزنك. التخليق الأخضر، الجسيمات النانوية، التحلل الضوئي ،الكيميائي التخليق :الكلمات المفتاحية

 ةالخلاص

 للمواد تجنبها بسبب والكيميائية الفيزيائية بالطرق مقارنة المزايا من بالعديد النانوية الجسيمات لإنتاج الأخضر التوليف طريقة تتمتع

 باستخدام (ZnO-NPs) النانوية الزنك أكسيد لجسيمات للبيئة الصديق التوليف الدراسة هذه تصف. التكلفة حيث من وفعاليتها الخطرة

 أكسيد لجسيمات والبصرية والهيكلية المورفولوجية الخصائص تحليل تم. الكيميائية والتقنيات الغار، ورق ومستخلص القرفة، مستخلص

 ،(EDX) للطاقة المشتتة السينية الأشعة ومطياف ،(FESEM)  الماسح الإلكتروني المجهر استخدام خلال من النانوية الخضراء الزنك

 تمتلك (ZnO-NPs) النانوية الزنك أكسيد جسيمات أن (XRD) السينية الأشعة حيود نمط يكشف .(XRD) السينية الأشعة حيود وتقنيات

 الزنك أكسيد جسيمات أن إلى (FESEM) الماسح الإلكتروني المجهر فحص نتائج تشير. نانومتر 20 يبلغ قطر بمتوسط بلورية، بنية

 تحفيز فعالية المُصنعّة الزنك لأكسيد النانوية الجسيمات تظُهر. نانومتر 30و 10 بين تتراوح بأحجام كروي، شكل لها (NPs) النانوية

 في كبير تقدم إلى البحث هذا يشير لذلك،. الشمس لأشعة المباشر التعرض تحت الزرقاء الميثيلين صبغة تحلل في بالملاحظة جديرة ضوئي

 الماء. في الضارة الأصباغ من التخلص لغرض المستدام الضوئي المحفز تقدم
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