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ABSTRACT

ARTICLE INFO

In this study, zinc oxide (ZnO) and silver (Ag) nanoparticles were
synthesized using Annona muricata leaf extract as a reducing and
stabilizing agent with variations in the molar ratio of 1:3, 15, and 1:7.
Optical characterization using UV-Visible spectroscopy revealed that
the variations of molar ratio influence the absorption peak and band gap
energy of the resulting ZnO and Ag. UV-Vis results show that the molar
ratio 1:5 was optimal for synthesizing ZnO and Ag. The band gap value
of synthesized ZnO and Ag at a 1:5 molar ratio was 3.27 eV and 2.01 eV,
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with absorption peaks at 355 nm and 435 nm respectively. XRD Nanopartlcle.s
N . . Photocatalytic
characterization shows that ZnO nanoparticles has a hexagonal wurtzite .
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structure with lattice parameters of a = 76 A and ¢ = 4. 95 A and for Ag Zine Oxide

nanoparticles has a face centered cubic structure with lattice parameters
a =b = cis 415 A. Annona muricata leaves extract shows photocatalytic
properties that can be applied to the degradation of polluted water. This
shows that ZnO nanoparticles via green synthesis using Annona
muricata leaf extract is a very simple, low-cost and environmentally
friendly method.
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1. INTRODUCTION

Water pollution is a major global environmental issue that must be addressed. Industrial
processes, in most cases, produce waste materials that are toxic and persistent. These wastes are often
directly discarded into water bodies and give rise to grievous environmental pollution [1]. Among
various pollutants, dyes such as methylene blue (MB) are one of the major contaminants extensively
used as colorants in textiles, paper, and plastics [2]. MB has a poor degradation efficiency under
natural processes, and its presence in water bodies might pose a risk to aquatic life and human health.
Long-term exposure to MB might cause health issues such as nausea, vomiting, headache, eye
irritation, vertigo, and stomach upset [3]. Therefore, it is crucial to remove MB from the water body
efficiently.

Methods including adsorption [4], filtration [5, 6], ion exchange [7], and advanced oxidation
[8], are commonly used to remove MB from the environment. However, these methods are expensive,
have low efficiency at removing pollutants, and produce hazardous intermediate chemicals [9].
Among the various techniques, photocatalysis is considered promising because of its low operating
costs, simple technique, accessibility, and exceptional performance [10]. The photocatalysis method is
a type of advanced oxidation process (AOP) that transforms colored compounds into colorless
reductive metabolites. To improve the degradation of dyes, a catalyst is used in this process to help
produce high-reactive radicals [11]. In the photocatalysis process, light is used to initiate and
accelerate chemical reactions. Because of this, metal nanoparticles that have a characteristic property
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of light absorption attracted considerable attention [12]. ZnO and Ag nanoparticles have become
particularly attractive for photocatalytic applications.

Zn0 is a semiconductor metal, its photocatalytic activity is associated with the absorption of
light and the generation of electron/hole pairs. These electron/hole pairs could participate in
photocatalytic reactions that degrade organic pollutants and eliminate dangerous substances [13].
Meanwhile, Ag nanoparticles received attention because of their surface plasmon resonance (strong
absorption in the visible region), which can be easily monitored using a UV-visible spectrophotometer
[14]. The electrons on the surface of Ag nanoparticles can be excited by UV or visible light, which can
contribute to photocatalytic reactions and produce free radicals [15].

Biosynthesis offers an eco-friendly and sustainable alternative to conventional nanoparticle
synthesis methods. Plants have great potential for detoxifying heavy metals and other harmful
substances and are recognized as cost-effective producers of natural chemical compounds [16].
Because of its natural reducing and stabilizing agents, plant extracts eliminate the need for hazardous
chemicals and energy-intensive processes to synthesize various nanoparticles [17]. Previous studies
have employed plant extracts such as Lentinula edodes [18], Cocos nucifera [19], Areca catechu [20],
and Citrullus colocynthis [21] to biosynthesize nanoparticles. In this present study, zinc and silver
nanoparticles were biosynthesized using Annona muricata leaf extract were investigated. The
synthesized nanoparticles are characterized using UV-Vis spectroscopy and x-ray diffraction (XRD) to
determine their optical and structural properties. Additionally, their photocatalytic performance is
evaluated in the degradation of MB under visible light, to demonstrate their potential for
environmental remediation.

2. RESEARCH METHODS

The synthesis of ZnO and Ag nanoparticles began with the preparation of Annona muricata
leaf extract. The leaves were thoroughly washed and dried in a microwave at 100°C for 120 minutes to
remove moisture and impurities. The dried leaves were ground and sieved to obtain a fine powder. 5 g
of the leaf powder was dissolved in 200 mL of distilled water and heated to 80°C for 10 minutes with
continuous stirring using a magnetic stirrer. The solution was then cooled to room temperature and
filtered using Whatman No. 1 filter paper. The resulting filtrate served as the Annona muricata leaf
extract, which was used as a bio-reductant in the ZnO and Ag nanoparticle synthesis.

Zn0 nanoparticles were synthesized by reacting 0.5 M zinc nitrate (Zn(NOs),) solution with
Annona muricata leaf extract in molar ratios of 1:3, 1:5, and 1:7. To adjust the pH to 7, several drops
of 1 M NaOH solution were added. The mixture was heated to 80°C for 1 hour, producing a white
precipitate. This precipitation was separated using a centrifuge at 4000 rpm for 10 minutes and then
dried on a hot plate at 125°C.

Silver nanoparticles were synthesized by reacting 0.01 M silver nitrate (AgNO3) solution with
Annona muricata leaf extract (50 g/L) as a reducing agent in volume ratios of 1:1, 1:3, and 1:7. The
reaction was carried out in the presence of NaOH at pH 7 as a stabilizing agent. Optical properties
were characterized using an Agilent Cary 60 UV-Vis spectrophotometer in the 200 to 700 nm range.
The crystal structure was analyzed by XRD with a X’Pert PRO PANalitycal MPD PW3040/60
Diffractometer and ACuKa = 1.541 A.

MB solution was diluted from 25 to 5 ppm using distilled water in a 50 mL volumetric flask.
That 5 ppm solution was analyzed with a UV-Vis spectrophotometer to determine its maximum
absorption wavelength. The degradation test was performed by adding 0.1 g of Ag or ZnO
nanoparticle powder into 25 mL of the MB solution in a beaker. The mixture was stirred with a
magnetic stirrer for uniform dispersion and irradiated under UV light at varying times. After 150
minutes, the solution was filtered, and 3 mL of the filtrate was analyzed for absorbance using a UV-
Vis spectrophotometer to evaluate the degradation efficiency. The sample analyzed for XRD
characterization and MB degradation testing was selected based on its optimal absorbance properties
identified through UV-Vis spectroscopy.

3. RESULTS AND DISCUSSIONS
The synthesis of ZnO and Ag using Annona muricata leaf extract was conducted with
variations in the molar ratio of extract to ZnO and zinc nitrate precursor, specifically 1:3, 1:5, and 1:7,
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to evaluate its impact on the material optical properties, as shown in Figure 1. From UV-Visible
spectroscopy analysis, each molar variation showed changes in the primary absorption wavelength of
Zn0O, which correlates with the band gap energy of the material. At a molar ratio 1:3, the absorption
peak appeared at around 365 nm, yielding a band gap energy of 3.30 eV.
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Figure 1. UV-Vis spectroscopy analysis of ZnO nanoparticles (a) Absorbance spectra (b) Relation between
absorbance vs energy (c) Band gap energy curves with variations in the molar ratio of extract to Zinc precursor
of sample (1:3), (1:5), and (1:7).

This value indicates a redshift (shift to a higher wavelength) compared to the typical band gap
value for pure ZnO of around 3.2 eV [22]. This shift suggests that a lower concentration of Annona
muricata leaf extract produces slightly larger ZnO particle sizes or weaker interactions with the
bioactive compounds in the extract, which may reduce the band gap energy of ZnO [23]. Furthermore,
at a molar ratio 1:5, the absorption peak shifted to a wavelength of 355 nm, with a band gap energy of
3.27 eV. This shift to a shorter wavelength is known as a blue shift, indicating that an increase in
extract concentration causes the ZnO particle size to decrease or strengthen the interaction between
ZnO particles and bioactive compounds in the extract [24]. This could be attributed to the role of
bioactive components in the extract, such as phenolics and flavonoids, which stabilize ZnO
nanoparticles, resulting in a slightly wider band gap energy [25].

At the highest molar ratio of 1:7, the ZnO absorption peak exhibited a further blue shift to 350
nm, with a band gap energy of 3.20 eV. This additional shift suggests that the higher extract
concentration provides more bioactive compounds interacting with the ZnO surface, enhancing the
stabilizing effect and resulting in smaller particle sizes or a more modified electronic structure [26].

The analysis of Ag from UV-Vis spectroscopy (Figure 2) also shows changes in primary
absorption wavelength with each molar ratio variation. At a molar ratio 1:3, the absorption peak
appeared at around 439 nm, with a band gap energy of 1.84 eV. At 1.5 and 1:7 molar ratios, Ag shows
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an absorption peak at 435 nm and 425 nm, with the band gap energy respectively at 2.01 eV and 2.04
eV. The results of absorption peak below 500 nm confirm the successful formation of silver
nanoparticles [27, 28]. The shift to a shorter wavelength at a higher molar ratio of Annona muricata
leaf extract indicates that the average particle size of synthesized Ag produced was decreasing because
of the biocomponent in the extract that interacts with AgNOs. The band gap energy increases with a
decrease in the size of the nanoparticles causing an overlapping number of orbitals or decreasing band
energy. This condition causes an increase in separations between the valence band and conduction,
because of this greater separation the energy band gap also increases [29].
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Figure 2. UV-Vis spectroscopy analysis of Ag nanoparticles (a) absorbance spectra (b) relation between
absorbance vs energy (c) band gap energy curves with variations in the molar ratio of extract to silver precursor
of sample (1:3), (1:5), and (1:7).

The Tauc method was used to analyze the band gap energy of ZnO and Ag. This method
involves plotting (ahv)? versus hv, where a is the absorption coefficient, h is Planck’s constant, and
v is the frequency of light. The value of n is 2, indicating a direct band gap. The band gap energy Eg
is obtained by drawing a straight line along the linear part of the plot and extending it to intercept the
x- axis. The intercept on the x - axis (where (ahv)? = 0) gives the Eg value. The formula is provided
in Equation (1), and the curve is shown in Figure 1 and Figure 2.

(ahv)? = A(hv — Eg) 1)
Overall, these results indicate that increasing the molar ratio of Annona muricata leaf extract

not only affects the size and stability of ZnO and Ag particles but also causes blue or red shifts in the
UV-Vis spectrum, reflecting changes in the band gap energy. This effect underscores the role of
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Annona muricata leaf extract not only as a reducing agent but also as a tailor of the optical properties
of the synthesized ZnO and Ag [30].

XRD characterization aims to determine the phase in the sample. XRD patterns are analyzed
on the hkl plane of a crystal. Differences in crystal plane orientation cause patterns to appear in the
form of different peaks at certain diffraction angles. Bragg's law can estimate the diffraction that
occurs in an atomic crystal.
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Figure 3. XRD pattern of ZnO nanoparticle sample 1:5.

Figure 3 shows the XRD pattern on the ZnO 1:5 sample. In the diffraction pattern, diffraction
peaks can be seen at an angle of 20, the results of the XRD that has been carried out are formed at an
angle 31.74°, 34.37°, 36.24°, 47.60°, 56.55°, 62.84°, and 67.99° with hkl planes respectively (100),
(002), (101), (102), (110), (103), and (112) [31]. Figure 3 confirms that the sample shows ZnO growth
orientation with the highest peak at a diffraction angle of 26 around 36 hkl plane (101). Figure 3
confirms that the sample shows the ZnO growth orientation with the highest peak at the diffraction
angle of 20 around 36 hkl plane (101). Based on the JCPDS No. 36-1451 database, ZnO has a
hexagonal crystal system with lattice parameter values of a=b =2.76 A and ¢ = 4.95 A.

Figure 4 shows the XRD pattern on the Ag nanoparticle 1:5 sample. In the diffraction pattern,
diffraction peaks can be seen at an angle of 20 from the XRD results that have been carried out,
namely at angles 28.5°, 37.52°, 42.32°, 63.92°, and 76.8° with the hkl planes respectively (101), (111),
(200), (202), and (311). Then, the results obtained were compared with the Joint Committee on
Powder Diffraction Standard (JCPDS) No. 04-0783 database. For Ag nanoparticles, they have an FCC
crystal system with lattice parameter values of a = b = ¢ = 4.15 A. The crystallite size of the Ag and
ZnO sample was calculated based on the X-ray diffraction pattern broadening data using the Scherrer
equation given by Equation (2) [32].

KA
b = Pcos 6 (1)

where, D is the crystallite size, K is the Scherrer constant of 0.90, A is the X-ray wavelength (for the
CuKoa source it is 1.5418 A), B is the full width at half maximum (FWHM) of the XRD pattern peak,
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and 0 is the diffraction angle [33]. The calculation results obtained the average crystallite size of the
ZnO and Ag samples. The average crystallite size of the ZnO sample (1:5) is 59.68 nm, which is larger
compared to the Ag nanoparticle sample (1:5) which is 35.31 nm.
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Figure 4. XRD pattern of Ag nanoparticle sample 1:5.
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Figure 5. The degradation of MB ZnQ nanoparticles sample (1:5).

The photocatalysis results using ZnO and Ag as catalysts for MB degradation over 150
minutes with UV light showed a decrease in absorbance intensity in the UV-Vis spectrum graph
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(Figure 5 and Figure 6). The degradation percentage of MB by ZnO reached 79.91% with a reaction
rate of -0.00354 min~%, while Ag achieved a degradation percentage of 79.38% with a reaction rate -
0.00351 min.
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Figure 6. The degradation of MB Ag nanoparticles sample (1:5).

The observed shift in the UV-Vis spectrum curve, either a redshift or blueshift, and the
appearance of additional peaks can be attributed to several factors. The shift in the primary absorbance
peak is commonly caused by the partial degradation of the MB structure, leading to the formation of
intermediate products with different optical properties. These are formations of intermediate products
with different optical properties. These intermediates absorb light at different wavelengths, resulting in
the appearance of new peaks or shifts in the absorbance spectrum [34].

Moreover, the photocatalytic activity generates reactive species such as hydroxyl radicals
(OH) and superoxide ions O -, which progressively break down the aromatic structure of MB [31]. As
the degradation proceeds, intermediate degradation products may still possess absorbance capabilities
within the measured UV-Vis range, thus explaining the emergence of additional peaks with lower
intensity. This phenomenon can also be influenced by the photocatalytic mechanism, which involves
complex interactions between photons, excited electrons in the conduction band, and holes in the
valence band [35]. These interactions contribute to the degradation of MB molecules and the
formation of temporary by products, resulting in the observed spectral shifts and peak variations.
Future research should focus on investigating the morphological properties and FTIR spectroscopy to
identify functional groups exhibits distinct properties [36].

4. CONCLUSIONS

Annona muricata leaf extract can act as a reducing agent for zinc nitrate and silver nitrate
solutions to produce ZnO and Ag nanoparticles. UV-vis absorption analysis showed absorbance with a
range of 300 to 400 nanometers for ZnO nanoparticles and for Ag nanoparticles in a wavelength range
of 350 to 450 nm. The energy gap of ZnO nanoparticles and Ag nanoparticles with a ratio of Annona
muricata leaf extract to zinc and silver nitrate precursors of 1:5 was 3.27 eV and 2.01 eV, respectively.
XRD characterization shows that ZnO nanoparticles have a hexagonal wurtzite structure with lattice
parameters of a = b = 2.76 A and ¢ = 4.95 A. For nanoparticles have a face centered cubic structure
with lattice parameters a = b = ¢ = 4.15 A. The degradation of MB by ZnO reached 79.91%, while Ag
was 79.38% at 150 minutes of degradation time. Research on the potential of annona leaves as a
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bioreductor for synthesizing ZnO nanoparticles in biomedical applications such as antibacterial needs
to be investigated for the future.
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