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 Methylene blue dye is widely used in various industries, but 
improper disposal can severely harm aquatic ecosystems. Zinc 
oxide (ZnO), a well-known semiconductor, is frequently 
employed to degrade dye pollutants in aqueous media. This study 
synthesized ZnO nanoparticles via a precipitation method 
incorporating a green synthesis approach, utilizing Persea sp 
(Persea sp.) leaf extract as an eco-friendly alternative to synthetic 
chemical reagents. Persea sp leaves contain diverse secondary 
metabolites, including saponins, alkaloids, tannins, flavonoids, 
and phenolics, which act as capping agents during water-based 
synthesis. Characterization was conducted using X-ray diffraction 
(XRD), UV–visible diffuse reflectance spectroscopy (UV-DRS), 
and scanning electron microscopy (SEM). The photocatalytic 
activity of the ZnO nanoparticles toward methylene blue 
degradation was evaluated under UV irradiation at time intervals 
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of 10, 20, 30, 40, 50, and 60 minutes. UV-DRS results indicated a 
maximum absorption wavelength of 364 nm with a band gap 
energy of 3.26 eV. XRD analysis confirmed a hexagonal wurtzite 
structure (JCPDS no. 36-1451) with an average crystallite size of 
21.24 nm. SEM imaging revealed a nanospherical morphology 
with an average particle size of 79.28 nm. The synthesized ZnO 
nanoparticles achieved 61.77% degradation efficiency for 5 ppm 
methylene blue. These findings demonstrate that green-
synthesized ZnO nanoparticles from Persea sp. leaf have 
promising potential as sustainable photocatalysts for dye removal, 
contributing to the development of environmentally friendly 
wastewater treatment technologies. 

1. INTRODUCTION  
Methylene blue (MB), with the molecular formula C₁₆H₁₈N₃ClS, is a basic aromatic 

heterocyclic dye that has a wavelength range of 550 nm - 663 nm [1, 2]. MB is commonly used in 
industry to dye silk, wool, cotton, and paper. This dye generates by-products in liquid waste, which 
must be appropriately treated before being discharged into the environment. Improperly managed, 
MB-containing wastewater may cause skin irritation, organ damage, toxicity to aquatic organisms, 
and potentially carcinogenic effects [3, 4]. Alternative solutions have been proposed to overcome 
these issues, including using metal oxide nanoparticles as photocatalysts to degrade dye pollutants. 

In recent years, researchers have grown interested in nanoparticles due to their unique 
physicochemical properties. Nanoparticles are solid colloidal particles with diameters ranging from 
10 to 100 nm, and may contain various chemical compounds [5]. Numerous metal oxide 
nanoparticles are being investigated, including CaO [6], MgO [7], TiO2 [8], Fe3O4 [9], and ZnO [10]. 
Among these, ZnO nanoparticles are particularly popular due to their advantages, such as cost-
effectiveness, easy availability, and non-toxic properties [11, 12]. ZnO nanoparticles are 
semiconductor n-type materials with a band gap of about 3.26 eV at room temperature [13]. ZnO 
nanoparticles have diverse applications in everyday life, including gas sensors, antibacterial agents, 
antidiabetic treatments, antioxidants, biosensors, optical and electrical devices, solar cells, and 
photocatalysts [14, 15]. In previous research, the application of ZnO nanoparticles has been 
extensively evaluated as photocatalysts for the degradation of dyes such as rhodamine B, congo red, 
and naphthol blue black [13, 16, 17]. 

ZnO nanoparticles can be synthesized via several methods, including ultrasound, precipitation, 
sol-gel, solvothermal, hydrothermal, and more. Recently, there has been growing interest in 
developing environmentally friendly or green synthesis approaches. Substituting some synthetic 
chemicals with natural materials is one step in implementing green synthesis principles [18, 19]. 
Previous studies have reported the successful synthesis of ZnO nanoparticles using plant extracts rich 
in secondary metabolites, such as polyphenols, polysaccharides, terpenoids, flavonoids, and 
alkaloids, which act as effective reducing and capping agents. For example, Yanti et al. synthesized 
zinc oxide nanoparticles using Crescentia cujete L. leaf extract, while Gao et al. employed Limonium 
pruinosum L. Chaz. extract. Both studies yielded nanoparticles with unique properties [10, 20]. 

Persea sp is one of the agricultural commodities cultivated in Lampung Province. Previous 
studies have reported that Persea sp leaf extract contains various bioactive compounds, including 
saponins, alkaloids, tannins, and flavonoids [21], which may serve as capping agents during 
nanoparticle synthesis. Saridewi et al. prepared ZnO nanoparticles using Persea sp seed extract for 
antibacterial activity tests [22]. Vinay et al. synthesized silver nanoparticles using Persea sp leaf 
extract to evaluate their antibacterial effects [23]. However, to our knowledge, no studies have 
investigated the use of Persea sp leaf extract as a capping agent for the synthesis of ZnO 
nanoparticles; previous work has focused only on Persea sp seeds, while the leaves have been applied 
exclusively to silver nanoparticle synthesis. 

Based on these considerations, the present study focuses on the green synthesis of ZnO 
nanoparticles using Persea sp leaf extract as the capping agent. The aim of this research is to 
determine whether ZnO nanoparticles can be formed using Persea sp leaf extract and to evaluate their 
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photocatalytic activity in the degradation of methylene blue, a common organic dye used in the textile 
industry. Precipitation was selected as the synthesis method, and the resulting nanoparticles were 
characterized using XRD, SEM, and UV–DRS. Preliminary experiments were conducted to establish 
whether the synthesized ZnO nanoparticles could be applied as photocatalysts for the degradation of 
methylene blue by analyzing the effect of contact time (10, 20, 30, 40, 50, and 60 min). Figure 1 
illustrates of the overall research framework. 

 
Figure 1. Schematic representation of the entire study. 

2. EXPERIMENTAL METHODS 
2.1. Materials 

Persea sp leaves were collected from Griya Sukarame Housing, Lampung, Indonesia. The 
leaves were transported to the laboratory immediately for synthesis. Zinc acetate dihydrate 
(Zn(CH3CO2)2.2H2O) and methylene blue were purchased from Merck, and all are of research grade. 
Distilled water was used as a solvent during the biosynthesis process. All the chemicals were used 
without any further purification. 

2.2. Instrumentation 
The powder of ZnO nanoparticles was characterized to determine the properties of the 

synthesized ZnO nanoparticles. The characterization techniques performed include XRD, SEM, and 
Uv-Vis DRS. The formation of ZnO nanoparticles was confirmed by X-Ray Diffraction (XRD-
Malvern Panalytical) with Cu Kα as radiation source, operated within a radiation angle of 20 to 80°. 
The surface morphology and size of ZnO nanoparticles were observed using a Scanning Electron 
Microscope (SEM-INSPECT F50) with magnifications of 25000, 50000, 100000, and 200000. The 
band gap between the valence band and the conduction band was determined by UV-DRS (Agilent 
Technologies). All the characterization was carried out at the Metallurgical and Materials 
Laboratory, University of Indonesia. 

2.3. Procedure 
Extraction of Persea sp 

The green and fresh Persea sp leaf extract was rinsed with running and distilled water to 
remove foreign particles. The leaf was then dried at room temperature to remove the washing water. 
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The clean and dry Persea sp leaves were then cut into pieces and chopped into fine particles. 5 g of 
Persea sp leaf were heated in 100 mL of distilled water at 50 °C for 20 minutes. The extract was then 
filtered using filter paper and stored in a cool, dry place for further use. 

Qualitative phytochemical screening of Persea sp leaf extract 
In this study, a simple phytochemical screening was conducted to identify the secondary 

metabolite compounds present in the crude extract of a Persea sp leaf. The tests carried out in this 
research are flavonoid, phenolic, tannin, and saponin tests. The method of phytochemical test was 
adopted from previous research [10]. 

Flavonoid test 
Two methods were used in this flavonoid test. The first method followed the Wilstater 

technique, where approximately 5 mL of crude Persea sp leaf extract was placed in a 10 mL vial, 
adding 5 drops of concentrated HCl solution and a strip of Mg. A color change to orange-pink 
indicates a positive result for flavonoids. The second method involved adding 10% NaOH to 5 mL 
of the crude Persea sp leaf extract. A color change to reddish-brown indicates a positive result for 
flavonoids. 

Phenolic test 
About 5 mL of crude Persea sp leaf extract was mixed with a few drops of 1% FeCl₃ solution. 

A color change to blackish-blue confirms the presence of phenols. 

Tannin test 
5 mL of crude Persea sp leaf extract was combined with a few drops of 1% FeCl₃ solution and 

then heated to a boil on a hotplate. A color change to blackish-blue was taken as a positive test for 
tannins. 

Saponin test 
Approximately 5 mL of crude Persea sp leaf extract was placed in a 10 mL vial and shaken 

until abundant foam formed. Afterward, HCl was added, and the mixture was left to stand for 15 
minutes. The Persea sp leaf extract tests positive for saponins if the foam remains stable. 

Synthesis ZnO nanoparticles 
ZnO nanoparticles were synthesised via precipitation, following a previously reported 

procedure with slight modifications [10]. In a typical synthesis, 50 mL of a 0.2 M Zn²⁺ precursor 
solution was transferred into a beaker, and 25 mL of Persea sp. leaf extract was added. The mixture 
was stirred at room temperature for 10 minutes. Subsequently, 0.5 M NaOH was added dropwise 
until the pH reached 9. The resulting suspension was continuously stirred at 60 °C for 3 hours. The 
precipitate formed at the bottom of the beaker was separated using Whatman No.42 filter paper. The 
obtained white solid was washed with distilled water and ethanol, and then dried at 130 °C for 8 
hours. XRD, SEM, and UV–Vis DRS characterized the resulting pale greenish powder. 
 
Photocatalytic evaluation of ZnO nanoparticles towards methylene blue dye 

The photocatalytic activity of the synthesised ZnO nanoparticles was evaluated based on the 
procedure reported by Vihayakumar et al., with slight modifications [24]. In a typical experiment, 50 
mg of the ZnO nanoparticles were dispersed in 20 mL of a 5 ppm methylene blue solution. The 
suspension was kept in the dark for 60 minutes to establish adsorption–desorption equilibrium. 
Afterward, a 5 mL aliquot was withdrawn, transferred into a centrifuge tube, and centrifuged at 6000 
rpm for 10 minutes. The remaining suspension was then exposed to a UV lamp for various irradiation 
times (10, 20, 30, 40, 50, and 60 minutes). After each irradiation period, aliquots were collected and 
centrifuged under the same conditions as the non-irradiated sample. The supernatants were 
subsequently analysed using a UV–Vis spectrophotometer within the wavelength range of 200–700 
nm. 

3. RESULTS AND DISCUSSIONS 
3.2. Qualitative Phytochemical Screening of Persea sp Leaf and Synthesis ZnO Nanoparticles 

The green leaves of Persea sp were extracted using water at low temperature. The low 
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temperature was chosen to prevent the breakdown of the secondary metabolites contained in the leaf. 
Qualitative phytochemical screening confirmed the presence of secondary metabolites, which can be 
a capping agent in synthesizing ZnO nanoparticles. 

TABLE I. Secondary metabolites contains in the leaf of Persea sp. 

Secondary metabolites Test reagent Positive Result Result 
Saponins Distilled water Stable foam after 10 minutes - 
Tannins FeCl3 Greenish – black solution + 

Flavonoids NaOH Yellowish – brown solution + 
HCl + Mg Pink solution + 

Phenolics FeCl3 Blackish – blue solution + 
 

Table 1 summarises the phytochemical screening results of Persea sp. leaf extract. The water 
extract of Persea sp. leaf has a pale yellow color. The extract tested negative for saponins, as 
indicated by the absence of stable foam when the extract was shaken. The color change of the extract 
when combined with 1% FeCl₃ suggested the presence of tannins as secondary metabolites. 
Furthermore, the extract contained flavonoids, as confirmed by tests using two different reagents; 
both tests showed positive results. The extract also contained phenolics, as evidenced by the color 
change from pale yellow to bluish-black. According to the qualitative phytochemical screening, the 
extract was positive for flavonoids, phenolics, and tannins, as shown in Figure 2.  

 
Figure 2. Phytochemical screening of Persea sp leaf extract. 

FTIR analysis has been carried out based on previous studies on Persea sp. leaf aqueous 
extract. The FTIR results confirmed the presence of several functional groups in the extract, namely 
–OH, –NH₂, –C=O, –C–O, –C–H, and –CH₂ [25]. These findings further support the presence of 
secondary metabolites identified through the phytochemical screening carried out in the present 
study. One of the key functional groups present in flavonoids is the hydroxyl (–OH) group. The 
hydroxyl (–OH) groups from the secondary metabolites in the leaf extract interact electrostatically 
with the Zn²⁺ precursor. These hydrophilic –OH groups surround the Zn²⁺ ions, thus controlling 
particle growth and preventing agglomeration [26]. The formation of ZnO proceeds according to 
reactions (1) and (2), while the role of organic compounds in the secondary metabolites is illustrated 
in Fig. 3. Based on Fig. 3, the secondary metabolites contained in Persea sp. leaf extract act as 
bioreductors and also protect the ZnO particles from contacting each other. This condition leads to a 
good particle size distribution and maintains the particle size within the nanoscale range. ZnO 
nanoparticles synthesized without a capping agent do not receive protection between individual 
particles, resulting in less controlled particle growth and consequently larger particle sizes than 
nanoparticles synthesized in the presence of a capping agent [27].  

Zn(CH3COO)2(aq) + 2NaOH(aq) → Zn(OH)2(s) + 2CH3COONa(aq) + 2H2O(l)    (1) 
Zn(OH)2(s) → ZnO(s) + H2O(g)        (2) 
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Figure 3. Schematic role of Persea sp. secondary metabolites as capping agents [27]. 

3.3. Characterization of ZnO Nanoparticles 
3.3.1. XRD Analysis 

The X-ray diffraction (XRD) patterns of ZnO nanoparticles, both with and without a capping 
agent, exhibited diffraction peaks at 2θ values of 31.83°, 34.47°, 36.33°, 47.61°, 56.68°, 62.91°, 
66.47°, 68.01°, 69.15°, and 89.63°. These peaks correspond to the Miller indices (100), (002), (101), 
(012), (110), (013), (200), (112), (201), and (203), respectively, as referenced in the Joint Committee 
on Powder Diffraction Standards (JCPDS) database No. 36-1451. The data revealed a sharp and 
intense diffraction peak within the 2θ range of 30° – 40°, indicating a well-defined crystalline 
structure [28]. 

 
Figure 4.  XRD patterns of the capped and non-capped ZnO nanoparticles. 

The XRD pattern of the synthesised ZnO nanoparticles confirms a wurtzite crystal structure 
with a hexagonal phase. As depicted in Fig. 4, the XRD diffractogram exhibits the absence of 
impurity peaks, indicating the high purity of the ZnO sample. According to the XRD results, the ZnO 
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nanoparticles are predicted to crystallise perfectly. There are no different peaks between ZnO 
synthesised using a capping agent and without a capping agent; both diffractograms show peaks at 
the same 2θ values. The average crystallite size of the ZnO nanoparticles synthesised using a capping 
agent is calculated using Debye–Scherrer’s equation [29] and found to be 21.24 nm. ZnO 
nanoparticles synthesised without a capping agent have an average crystallite size of about 22.41 nm. 
The difference in the size of the ZnO nanoparticles is attributed to the stabilisation effect provided 
by the capping agent added during the synthesis process. The crystallite size of ZnO nanoparticles 
synthesised with Persea sp. leaf extract as a capping agent is smaller than that of nanoparticles 
synthesised without a capping agent. This result suggests an interaction between Zn²⁺ precursors and 
Persea sp. leaf extract. 

3.3.2. SEM Analysis 

 
(a) 

 
(b) 

 
(c) 

Figure 5.  SEM image of the synthesized ZnO nanoparticles at magnification of 50.000 (a), 
100.000 (b), and Average size of the synthesized ZnO nanoparticles. 

Scanning electron microscopy (SEM) is used to analyse the surface morphology, shape, and 
size of the synthesised ZnO nanoparticles. Figure 5(a) and (b) depict the SEM image of ZnO, showing 
a predominantly spherical morphology with slight agglomeration. The observed slight agglomeration 
may result from strong interparticle forces due to the high surface energy of ZnO in the nanoscale. 
The slight agglomeration may also be caused by the presence of residual extract during the synthesis 
process [26]. Additionally, the surface texture of the nanoparticles appears relatively smooth, 
suggesting a uniform synthesis process. 

Figure 5(c) presents the size distribution of the ZnO nanoparticles. The x-axis represents the 
particle size distribution, while the y-axis shows the number of particles with a specific size. Based 
on this diagram, it can be observed that the ZnO nanoparticles exhibit a predominant size range 
between 80 and 90 nm. The particles are uniformly distributed, with an average size of approximately 
79.28 nm, as depicted in Figure 5(c). According to the general definition, the synthesised ZnO 
particles are considered nanoparticles, since their average size is less than 100 nm. 

3.4. UV-DRS Analysis 
UV–Vis DRS is performed to identify the band gap energy of the synthesised ZnO 

nanoparticles [30]. The band gap energy is important because it determines the ability of ZnO to 
excite electrons from the valence band to the conduction band. This electron excitation leads to the 
formation of holes within the ZnO nanoparticles. The maximum absorbance wavelength is measured 
within the range of 200–800 nm. Based on the literature, ZnO nanoparticles exhibit absorbance at 
350–380 nm [31]. Figure 6(a) depicts the absorbance wavelength of the ZnO nanoparticles, which is 
detected at 364 nm. This result is consistent with previous research, which reports the absorbance 
wavelength of ZnO nanoparticles at approximately 352 nm [32]. The UV–Vis DRS characterisation 
provides spectral data in the form of wavelength (λ), absorbance (A), and reflectance (R). The band 
gap energy is calculated using the Tauc plot method in conjunction with the Kubelka–Munk equation 
[33].  

F(R) =  !
"
 = ($%&)

!

(&
 (1) 
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Eg = hv = !"
#

 (2) 

Where R is reflectance ratio; K is molar absorption coefficient; S is scattering factor; Eg is gap 
energy; h is planck constant; and 𝜆 is wavelength. The Tauc Plot method is based on the assumption 
that the molar absorption coefficient (α) can be expressed using the following equation: 

(α.hv)2 = B(hv – Eg) (3) 

F(R) was assumed to be equivalent with α, and the equation can be expressed as follows: 

(F(R).hv)2 = B(hv – Eg)  (4) 

Where B is a constant linked to the material, and hv represents the photon energy. Figure 6(b) shows 
the Tauc plot of the ZnO nanoparticles, with the absorbance taken along the vertical axis and the 
energy taken on the horizontal axis. The optical band gap for the absorption peak is obtained by 
extending the linear portion of the (αhv)²–hv curve to zero. According to the plot, the band gap energy 
of the ZnO nanoparticles is about 3.26 eV. The band gap of the synthesised ZnO nanoparticles is 
aligned with an earlier report indicating that ZnO possesses a band gap of around 3.11–3.33 eV [30]. 

 
(a) 

 
(b) 

Figure 6.  UV-DRS spectrum of the synthesized ZnO nanoparticles (a) and Tauc plot of the 
synthesized ZnO nanoparticles (b). 

Photocatalityc Activity of ZnO Nanoparticles 
The photocatalytic activity of synthesized ZnO nanoparticles was carried out using 

spectrophotometer Uv-Vis. The degradation percentage of methylene blue was measured using the 
equation: 

Degradation (%) = $%	'	$
$%

	× 	100%   (5) 

Where C0 represents the initial concentration and C represents the remaining concentration of 
methylene blue. In this study, the maximum contact time is 60 minutes, and samples were taken 
every 10 minutes. Figure 7 depicts the degradation percentage of ZnO nanoparticles as a function of 
contact time. As the irradiation time increased to 60 minutes, the degradation percentage reached 
61,77%, indicating a decrease in the concentration of methylene blue.  
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Figure 7.  Photodegradation studies of the synthesized ZnO nanoparticles towards methylene blue. 

The mechanism of ZnO nanoparticles as photocatalysts is illustrated in reactions (1) to (5) [34] 
and also schematic in Figure 8 [27]. When ZnO is exposed to UV light, the incident energy excites 
the electrons from the valence band to the conduction band. This excitation process generates 
electron–hole pairs, where the electrons (e⁻) are transferred to the conduction band and leave behind 
holes (h⁺) in the valence band. Subsequently, the photogenerated electrons react with dissolved 
oxygen at the ZnO surface to form superoxide radicals (•O₂⁻), while the holes react with adsorbed 
water molecules or hydroxide ions to produce highly oxidative hydroxyl radicals (•OH). These 
reactive oxygen species (ROS) initiate a series of oxidation reactions that degrade methylene blue 
molecules into smaller and less harmful products, such as CO₂ and H₂O. Therefore, the photocatalytic 
activity observed in this study is directly related to the generation of ROS during the ZnO excitation 
process [34]. 

 
Figure 8. Schematic diagram of photocatalytic process of ZnO nanoparticles towards methylene 

blue degradation [27]. 
 

ZnO + hv → ZnO (e- + h+)       (1) 
h+ + H2O → h+ + OH•        (2) 
h+ + OH- → •OH         (3) 
e- + O2  → •O2

-         (4) 
16•OH + 31•O2

- + C16H18N3ClS → 16CO2 + SO4
2-+ 3NO3

- + Cl- + H2O  (5) 
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The degradation performance in this study was related to the previous reports in Table 2. 
Several factors influence the photocatalytic performance of nanoparticle ZnO, including dosage of 
material, pH of the solution, irradiation time, and concentration of dyes [35]. These parameters play 
a significant role in determining photocatalytic degradation efficiency, particularly in applications 
involving methylene blue. According to these results, the synthesized ZnO using Persea sp leaf 
extract demonstrates potential as a photocatalyst for methylene blue degradation.   

TABLE II. Photocatalytic performance of ZnO nanoparticles against methylene blue. 

No Dosage (mg) MB conc. (ppm) Time (min) Deg. (%) Ref. 
1 50 5 32 55.69 [35] 
2 - 0.3 540 64 [36] 
3 50 10 50 36.7 [10] 
4 200 100 60 22.8 [37] 

5 50 5 60 61 This 
research 

In this study, the effect of irradiation time was investigated to explore the influence of 
irradiation time on the photocatalytic activity of ZnO nanoparticles. According to this study, a longer 
irradiation time allows continuous interaction between UV light and ZnO, resulting in increased 
reactive oxygen species (ROS) formation—the interaction between reactive oxygen species and 
methylene blue leads to a greater dye degradation.  

4. CONCLUSIONS 
The Persea sp. leaf extract successfully acted as a green capping agent in synthesizing ZnO 

nanoparticles. The synthesized nanoparticles were confirmed to possess a hexagonal wurtzite crystal 
structure with an average crystallite size of 21.24 nm, as determined by the Debye–Scherrer equation. 
SEM analysis revealed that the particles had an average size of 79.28 nm with a spherical 
morphology. The optical band gap of the synthesized ZnO nanoparticles was measured using UV-
Vis DRS and found to be 3.26 eV. Furthermore, the ZnO nanoparticles demonstrated photocatalytic 
activity by degrading 5 ppm of methylene blue with an efficiency of 61.77%. Based on all 
characterization results and preliminary tests as a photocatalyst for the degradation of methylene blue 
dye using ZnO nanoparticles, this material is suitable for being considered as a candidate 
photocatalyst for methylene blue dye. 
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