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ZnO nanoparticles were synthesized using the precipitation method and using 
water extract of Crescentia cujete L leaves as a capping agent. ZnO nanoparticles 
with a hexagonal wurtzite structure were successfully synthesized with low 
production cost and environmentally friendly. According to XRD 
characterization, there is no impurity peak, indicating the ZnO nanoparticles have 
high purity and crystallinity. SEM images show the morphology of ZnO 
nanoparticles with semi-spherical shapes and an average size of 32.49 nm. The 
photocatalytic activity of ZnO nanoparticles was evaluated using a UV A lamp as a 
source of photonic energy toward methylene blue dye. Various irradiation times 
were carried out from 0, 10, 20, 30, 40, to 50 minutes, and a UV spectrophotometer 
was used to detect the concentration of methylene blue remains in collected 
samples. Increasing the irradiation times leads to increasing the photocatalytic 
activity of ZnO nanoparticles. At 50 minutes of exposure to a UV A lamp, the 
degradation percentage of methylene blue dye is 36.37%. 

 

1. Introduction 

Methylene blue (3,7-bis (dimethylamino) phenothi-
azine chloride tetra methylthionine chloride) is one of the 
cationic dyes made from thiazine dye and possesses a 
benzene structure. The characteristics of methylene blue 
are that it is environmentally toxic, carcinogenic, 
mutagenic, and difficult to decompose. Methylene blue 
has become one of the other dyes commonly applied in 
clothing, paper, leather, and textile industries due to its 
low cost and ease of obtaining. One of the side effects of 
using methylene blue in industries is the waste, which can 
contaminate the aquatic environment [1]. Pollution of the 
aquatic environment will have an impact on human life 
and living organisms. Some harmful effects on human 
beings are nausea, diarrhea, vomiting, dizziness, 
headache, fever, anemia, irritation of the skin with 
redness and itching, and irritation of the mouth [2]. 

Based on literature studies, researchers have studied 
various methods for dealing with textile dye waste 

contamination, some of which are adsorption [3], 
bioremediation [4], membrane filtration [5], and 
photodegradation [6]. Photodegradation is an attractive 
method among researchers because the method is easy to 
apply, has a low cost, and causes no secondary pollution. 
Photodegradation uses UV light to degrade the methylene 
blue dye to form simple molecules such as CO2, H2O, 
sulfate, chloride, and nitrate ions. These simple 
molecules are harmless and do not contaminate the 
aquatic environment like methylene blue dye [1]. The 
principle of the photodegradation method is using a 
photocatalyst from semiconductor materials such as TiO2 
[7], Fe2TiO5 [8], and ZnO and CuO nanoparticles [9]. 

ZnO is an inorganic semiconductor material n-type 
with a band gap value of about 3.29 eV at room 
temperature [10]. ZnO nanoparticles are also non-toxic, 
have good thermal stability, and are easy to handle and 
synthesize. Due to their excellent characteristics, ZnO 
nanoparticles have been widely applied in photocatalysts 
[11], gas sensors [12], antibacterial [13], adsorbent for 
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metal ions [14], and supercapacitor electrode materials 
[15]. Various methods have evolved to synthesize ZnO 
nanoparticles, such as sol-gel [16], precipitation [17], 
sonochemical [18], hydrothermal [19], and solvothermal 
[20]. But most are costly, unavailable, ineffective, and 
sometimes require high temperatures. The precipitation 
method has recently garnered significance owing to its 
cost-effectiveness, utilization of low temperatures, 
facilitation of particle size distribution control at the 
nanoscale, and relatively brief synthesis duration. [21]. 

Two common principles are applied in synthesizing 
ZnO nanoparticles: conventional and green chemistry. 
Conventional principles generally require high cost, 
high-temperature synthesis, long-term synthesis, use of 
some toxic reagents, and generating waste to the 
environment. Whereas the green chemistry principle 
prioritizes environmentally friendly synthesis, the 
process is eco-friendly, minimizes hazardous chemicals, 
low temperature, and pressure synthesis, leads to energy 
saving process, and can be used at large scale [22, 23]. 

In the green chemistry approach, some of the 
reagents can be replaced by natural materials. The water 
extract from leaves, fruits, roots, flowers, and even rods 
from plants can be used as a capping agent, stability 
agent, and reduction agent in synthesizing metal and 
metal oxide nanoparticles. The capping agent is a 
chelating agent that can control the particle size to obtain 
an even size distribution and reduce the agglomerate 
between the particles [22]. This phenomenon happened 
due to the secondary metabolites in plant extracts: 
alkaloids, flavonoids, tannins, polyphenols, terpenoids, 
amides, and saponins. The previous research reported 
that ZnO nanoparticles had been successfully synthesized 
using water extracts of Cayratia pedata leaves [23], 
Lavandula angustifolia leaves [24], Myristica pragrans 
fruits [25], coconut husk [26], and orange peel fruit [27]. 

Many researchers have successfully synthesized ZnO 
nanoparticles using leaf extract and used them as 
photocatalysts in the degradation reaction of methylene 
blue. Basit et al. [9] reported that ZnO nanoparticles have 
been successfully synthesized through an eco-friendly 
method using Coriandum sativum as a capping agent. The 
average crystallite size of the synthesized ZnO 
nanoparticles was 54.7 nm and showed an irregular shape 
from SEM characterization. The synthesized ZnO 
nanoparticle was successfully applied as a photocatalyst 
in the photodegradation of methylene blue dye. Saridewi 
et al. [11] successfully synthesized ZnO nanoparticles 
using Sansevieria trifasciata extract through the sol-gel 
method. ZnO nanoparticles demonstrated effective 
photodegradation of methylene blue dye in 120 minutes. 

In this study, the water extracts of Crescentia cujete L 
were used as a capping agent. In previous research, 
Crescentia cujete L leaves extract was utilized to synthesize 
silver nanoparticles. The silver nanoparticles synthesized 
have good stability and are applied as antibacterial 
agents. Crescentia cujete L leaves extract contains 
essential phytochemicals such as flavonoids, saponins, 
and tannins [28]. We assumed that the phytochemicals 
could act as a capping and stabilizing agent in the 

synthesis of ZnO nanoparticles. The formation and 
crystallite sizes of ZnO nanoparticles were confirmed 
using XRD analysis, and the morphology and particle size 
were determined using SEM analysis. The synthesized 
ZnO nanoparticles were then evaluated for their 
photocatalytic activities in the photodegradation reaction 
of methylene blue. 

2. Experimental 

2.1. Materials 

All the chemicals used in this study were analytical 
grade, and all the solutions were prepared in 
demineralized water. The chemicals were zinc nitrate 
hexahydrate (Zn(NO3)2.6H2O) with high purity (≥98%, 
Merck), sodium hydroxide (NaOH), demineralized water, 
and methylene blue dyes. All the chemicals were used as 
received without further purification. The plant used in 
this synthesis was Crescentia cujete L leaves. 

2.2. Preparation of Crescentia cujete L Leaves Extract 

Crescentia cujete L leaves were freshly collected from 
Lampung, Indonesia. Extracts were prepared by washing 
Crescentia cujete L under running water to remove any 
impurities. Then, the leaves were dried under the sunlight 
to remove residual water. The leaves were then chopped 
into small pieces using a blender machine and measured 
to a weight of 10 grams. The leaves were then mashed and 
mixed using 200 mL of demineralized water to obtain 5% 
w/v. The mixtures were then stirred at 80°C and filtered 
by filter paper to obtain the pale green extract. The extract 
was then stored in the refrigerator for further application 
as a capping agent in the synthesis of ZnO nanoparticles 
and for FTIR characterization. 

Figure 1(a) shows Crescentia cujete L leaves used in 
this study; the leaves were relatively young, and the color 
is deep green. Figure 1(b) depicts the copped Crescentia 
cujete L leaves. The chopping process was employed to 
optimize the extraction of phytochemical compounds. 
The leaves were thoroughly dried to prevent leaf decay. 
Extraction was carried out at a temperature below 80°C to 
prevent any potential structural damage to the 
phytochemical compounds. Extraction of Crescentia cujete 
L produces the brownish-green solutions, as shown in 
Figure 1(c). 

 

Figure 1. (a) Crescentia cujete L leaves, (b) the crushed 
leaves, and (c) the extraction process of the leaves 
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2.3. Phytochemical Screening of Crescentia cujete L 
Leaves Extract 

Phytochemical screening of Crescentia cujete L leaf 
extracts was conducted to confirm the secondary 
metabolites contained in the leaf extract. The preliminary 
phytochemical screening of the leaf extract was 
performed using the standard protocol described by 
previous research [29]. This method aimed to identify the 
presence of flavonoids, alkaloids, phenolics, tannins, and 
saponins. 

2.3.1. Flavonoids Test 

Approximately 3 mL of leaf extract was added into 
1 mL of 10% NaOH solution. The formation of the yellow 
solution was indicative of the presence of flavonoids. The 
plant extract (3 mL) underwent the addition of a few 
drops of concentrated hydrochloric acid and a small 
amount of magnesium powder. The observation of a color 
change to orange signified the presence of flavonoid 
compounds in the extract. 

2.3.2. Alkaloids Test 

A few drops of concentrated hydrochloric acid were 
added to 3 mL of leaf extract, and then a few drops of 
Dragendorff’s reagent were added. The formation of an 
orange precipitate indicates the presence of flavonoid 
content in the extract. 

2.3.3. Phenolics/Tannins Test 

Several 1% ferric chloride drops were added to the 
tube containing 3 mL of leaf extract. The formation of a 
greenish-black or dark blue color on the tube indicates 
the presence of phenolic and tannin content in the 
extract. 

2.3.4. Saponins Test 

Approximately 3 mL of leaf extract and 3 mL of 
distilled water were added and thoroughly mixed through 
shaking. The formation of a stable foam was taken as a 
positive test for saponins. 

2.4. Synthesis of ZnO Nanoparticles 

A solution comprising 50 mL of 0.1 M Zn(CH3COO)2 
was combined with 25 mL of Crescentia cujete L leaves 
extract. Gradual addition of 0.1 M NaOH was performed to 
the mixture until a pH of 12 was attained [24]. The 
mixture was stirred for 3 hours at room temperature 
using a magnetic stirrer at 600 rpm. After stirring, a 
precipitate was formed in the mixture, subsequently 
filtered through a Whatman paper filter. It was then 
washed using demineralized water to eliminate organic 
residues from the extract. The white precipitate was dried 
at 120°C for 5 hours to remove the solvents. Finally, ZnO 
powders were calcined at 150°C for 3 hours. 

2.5. Characterization 

FTIR analysis was conducted on the leaf extract of 
Crescentia cujete L using SHIMADZU IRSpirit. This 

analysis aimed to provide information and predictions 
regarding the functional groups of its secondary 
metabolites. The formation of ZnO nanoparticles was 
identified through an X-ray diffractometer employing 
Cu-Kα radiation (SHIMADZU XRD-7000), with a recorded 
range of 2θ from 20 to 80°. The morphology of ZnO 
nanoparticles was observed using a Scanning Electron 
Microscope (Zeiss) at magnifications of 10,000 and 
20,000 times. Estimation of the crystallite size of ZnO 
nanoparticles is calculated using the Debye-Scherrer 
equation (Equation (1)). 

 𝑑 =
0.9 𝜆

𝛽ℎ𝑘𝑙 cos 𝜃ℎ𝑘𝑙
 (1) 

Where, d is the crystallite size of synthesized ZnO 
nanoparticles for (hkl) phase, 𝜆 is the X-ray wavelength 
of Cu K𝛼 radiation (0.15406), β is full width at half 
maximum (FWHM) at (hkl) peak in radian, and θ 
diffraction angle for (hkl) phase in degrees [30]. 

2.6. Photocatalytic Activity 

A simple reactor was assembled in the shape of a box, 
enclosed with aluminum foil. A UV A lamp was affixed to 
the reactor’s top interior, while a hotplate magnetic 
stirrer was positioned at the base for agitation. The 
photocatalytic activity was evaluated by dispersing 50 mg 
of ZnO nanoparticles in 20 mL of 10 ppm methylene blue 
solution. Furthermore, the suspension was irradiated 
under a UV A lamp inside the reactor while the magnetic 
stirrer was on. Varied durations of exposure to UV light, 
ranging from 0 to 50 minutes in intervals of 10 minutes, 
were implemented. Following individual exposure of 
collected samples to a UV lamp, concentrations of 
methylene blue were measured at a wavelength of 
664.5 nm using a UV-visible spectrophotometer. The 
photocatalytic efficiency of ZnO nanoparticles against 
methylene blue is calculated using Equation (2) [18]. 

 𝐷𝐸(%) =
(𝐶𝑡−𝐶0)

𝐶0
𝑥 100% (2) 

Where, DE (%) is the percentage photocatalytic 
degradation efficiency of photocatalyst, C0 is the initial 
concentration of methylene blue (mg/L), and Ct is the 
methylene blue concentration at a certain reaction time 
(mg/L). 

3. Results and Discussion 

3.1. Phytochemical and FTIR Analysis of the Crescentia 
cujete L Leaves Extract 

The preliminary phytochemical screening was 
performed to confirm the presence of secondary 
metabolites in Crescentia cujete L leaf extract. The results 
of phytochemical screening indicated that the extract 
contains flavonoids, alkaloids, phenolics, tannins, and 
saponins. Table 1 shows the qualitative phytochemical 
screening of Crescentia cujete L leaves extract based on the 
color change of the extract compared to the control in 
Figure 2. 
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Table 1. Phytochemical screening result 

Secondary metabolites test Reagent Result 

Flavonoids 
NaOH Yellowish-orange solution (+) 

HCl + Mg Orange solution (+) 

Alkaloids HCl + Dragendorff Orange precipitate 

Phenolics FeCl3 Greenish-black solution (+) 

Tannins FeCl3 Greenish-black solution (+) 

Saponins Distilled water Foam (+) 

 
Figure 2. Preliminary phytochemical screening of 

Crescentia cujete L leaves extract 

The phytochemical screening is supported by FTIR 
analysis of the Crescentia cujete L leaves extract. From 
Figure 3, the appearance of a peak at 1083.72 cm-1 is due 
to the C–O stretching of ether or alcohol functional 
groups, which are estimated from flavonoids and 
saponins. The band observed at 1332.04–1550.22 cm-1 
signifies the C–N (amine or amide) characteristic, which 
is anticipated in alkaloids. Additionally, the aromatic C=C 
vibration detected in this range indicates the presence of 
flavonoids, phenolics, and tannins. The presence of a C=O 
bond in 1697.83 cm-1 is estimated from flavonoids and 
tannins. 

The presence of peaks at 2899.49 and 2972.30 cm-1 
indicates the C–H aliphatic or alicyclic groups, which are 
anticipated in compounds such as saponins, alkaloids, 
flavonoids, phenolics, and tannins. Additionally, the 
wavenumber at 3278.43 cm-1 corresponds to the vibration 
of O–H hydroxyl functional groups, suggesting the 
potential presence of flavonoids, phenolics, tannins, and 
saponins. The identified peaks at 3374.61–3502.36 cm-1 
are due to the presence of N–H amine or amide, which is 
estimated from alkaloids [31, 32]. The results of FTIR 
analysis confirmed the presence of flavonoids, alkaloids, 
phenolics, tannins, and saponins in Crescentia cujete L 
leaves extract. 

 

Figure 3. FTIR analysis of Crescentia cujete L leaves 
extract 

3.2. Synthesis of ZnO Nanoparticles 

The Lampung Province in Indonesia is recognized for 
its diverse floristic resources; therefore, it becomes 
important to study the potential of various plants in that 
region to serve as capping and stabilizing agents in the 
synthesis process of ZnO nanoparticles. Crescentia cujete L 
is an economical and medicinal plant of wide indigenous 
uses, including hypertension, diarrhea, respiratory 
ailments, stomach troubles, infertility problems, cancer, 
and snakebite. Water extract of Crescentia cujete L leaves 
contains various secondary metabolites, specifically 
flavonoids, saponins, and tannins [33]. The 
phytochemical compounds can control the growth of 
particles and the particle’s morphology and also protect 
the surface from aggregation during the synthesis 
process. The water extract of Crescentia cujete L contains 
hydroxyl functional on the flavonoids and saponins. The 
hydroxyl functional groups and Zn2+ from the precursor, 
attracted by electrostatic interaction, form the Zn-
flavonoids complex [34]. 

The addition of NaOH into Zn(NO3)2.6H2O acts as a 
precipitant to form Zn(OH)2 precipitate. Synthesis by 
precipitation method was carried out at a pH of 12 to 
maximize the formation of Zn(OH)2 precipitate. The 
stirring process used a magnetic stirrer to maximize the 
reaction between the precursors. It was carried out at 
room temperature to avoid structural damage to the 
phytochemical compounds of the extract. The synthesis 
process was followed by heating at 120°C for 5 hours to 
remove water and organic residues. The role of the 
Crescentia cujete L leaf extract is limited to the synthesis 
process in solution form, and it undergoes decomposition 
during the heating stage. Calcination at 150°C for 3 hours 
is intended to complete the crystallization process to 
obtain the crystalline phase of ZnO nanoparticles. The 
powder of ZnO nanoparticles is depicted in Figure 4. The 
overall reaction for forming ZnO nanoparticles is 
expressed through Equations (3) and (4). 

 

Figure 4. Synthesized ZnO nanoparticle 
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Zn(NO3)2(aq) + 2NaOH(aq) → Zn(OH)2(s) + 2NaNO3(aq) (3) 

 Zn(OH)2(s) → ZnO(s) + H2O(g) (4) 

3.3. X-ray Diffraction Analysis 

The crystallinity and phase purity of the synthesized 
ZnO nanoparticles can be determined through analysis 
using a powder X-ray diffractometer. In Figure 5, the XRD 
diffractogram illustrates the relationship between the 
intensity of diffracted rays and diffraction angles for the 
synthesized ZnO nanoparticles. The observed diffraction 
peaks of the synthesized ZnO nanoparticles closely 
aligned with the standard (JCPDS Card no. 36-1451), 
confirming the hexagonal wurtzite structure in the 
crystallographic system [35]. The diffraction peaks were 
observed at 2θ = 31.92, 34.58, 36.42, 47.73, 56.77, 62.92, 
68.01, 69.10, and 72.70. All the diffraction peaks 
correspond to the lattice planes (110), (002), (101), (102), 
(110), (103), (112), (201), and (004), respectively. The 
lattice plane (101) is the primary diffraction peak, 
indicating the maximum growth of ZnO nanoparticles 
occurred in the (101) plane direction [36]. 

 

Figure 5. Diffractogram of synthesized ZnO 
nanoparticles 

Table 2 shows the crystallite size of synthesized ZnO 
nanoparticles. The average crystallite size of synthesized 
nanoparticles was estimated at 19.55 nm. There is no 
second phase detected by XRD analysis, indicating that 
the ZnO nanoparticles have high-purity crystalline with 
no impurities. 

3.4. SEM Analysis 

A scanning electron microscope was used to study 
the surface morphology of synthesized ZnO 
nanoparticles. SEM images were taken in different 
magnifications to study the shape and size of synthesized 
ZnO nanoparticles. Figure 6(a) shows the SEM images of 
synthesized ZnO nanoparticles in magnifications of 
10,000 and (b) 20,000. In the present investigation, the 
synthesized nanoparticles are agglomerated with semi-
spherical shapes. The agglomeration of the nanoparticles 
due to its crystal growth and the presence of organic 
residues from Crescentia cujete L leaves extract. 

The size of ZnO nanoparticles was estimated using 
ImageJ by taking as many as 100 points from the SEM 
image. According to ImageJ analysis on SEM images, the 
average size of ZnO particles is 32.49 nm with a uniform 
distribution. These findings align with prior research 
where ZnO nanoparticles were synthesized utilizing 
Memordica charantia leaf extract. The nanoparticles 
exhibited an average size below 100 nm, and their 
morphology appeared spherical, with particle boundaries 
that were not distinctly visible [37]. 

 

Figure 6. SEM images of synthesized ZnO nanoparticles 
in magnifications of (a) 10,000 times and (b) 20,000 

times 

Table 2. Crystallite size of synthesized ZnO nanoparticles  

No. 2θ FWHM hkl Crystallite size (d) 

1 31.92 0.00708 110 20.35 

2 34.58 0.00467 002 31.04 

3 36.42 0.00691 101 21.11 

4 47.73 0.01012 102 14.97 

5 56.77 0.00804 110 19.58 

6 62.92 0.01014 103 16.02 

7 68.01 0.00872 112 19.16 

8 69.10 0.01047 201 16.07 

9 72.70 0.00977 400 17.61 
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3.5. Photocatalytic Activity 

The photocatalytic activity of semiconductor 
materials is influenced by several factors, including 
irradiation time, pH, photocatalyst dosage, dye 
concentration, and the specific type of UV lamp employed 
[2]. In this study, irradiation times varied, starting from 
10, 20, 30, 40, and 50 minutes. Irradiation time on 
photocatalytic activity describes the contact or 
interaction time between the photocatalyst and UV light. 
During the test, stirring was carried out to avoid the 
precipitation of the ZnO. As shown in Figure 7, the 
absorbance of methylene blue gradually decreases in 
time, indicating that the concentration of methylene blue 
also decreases. 

The concentration of methylene blue before and after 
exposure to a UV lamp was compared to measure the 
photocatalytic efficiency of synthesized ZnO 
nanoparticles. The irradiation time is directly correlated 
with the percentage of methylene blue degradation, 
where the percentage increases over time. The measured 
photocatalytic efficiency was 0%, 2.48%, 26.44%, 
29.41%, 36.3%, and 36.7%, corresponding to irradiation 
times of 0, 10, 20, 30, 40, and 50 minutes, respectively. 
During the 50th minute, no significant increase was 
observed compared to the 40th minute. In a prior study 
conducted by Wagh et al. [37], it was reported that non-
annealed ZnO nanoparticles (synthesized at low 
temperatures) could decompose methylene blue up to 
40% within an irradiation time of 40 minutes. Based on 
the evaluation of photocatalytic activity and a comparison 
with prior research, it has been discovered that the 
synthesized ZnO nanoparticles exhibit an intermediate 
level of photocatalytic efficiency against methylene blue. 

ZnO is semiconductor inorganic materials n-type 
which have negative charges. Figure 8 is the proposed 
mechanism of light-induced electron transport and 
photocatalytic decomposition reaction of methylene blue. 
During UV irradiation, the electron from the valence band 
(VB) is excited to the conduction band (CB) due to the 
photonic energy (hv) having greater energy than the band 
gap of ZnO (Equation (5)). The excited electrons will form 
electron holes (positive charges, h+) in the valence band. 
The formed electron holes/positive holes (h+) in the 

valence band will oxidize the absorbed water and 
hydroxide ions to generate powerful hydroxyl radicals 
•OH (Equation (6)). The excited electrons to conduction 
bands will oxidize dissolved oxygen species to generate 
superoxide radicals anions •O2− (Equation (7)). 

The formed •OH radicals react with methylene blue 
dye absorbed on the surface of ZnO and then converted to 
simple compounds such as H2O, CO2, and other mineral 
acids (Equation (8-10)) [38]. Spectrophotometer UV Vis 
could confirm the decomposition of methylene blue by 
the changes of the absorbance; at the same time, the color 
of methylene blue gradually changes from dark blue to 
colorless, indicating that methylene blue was gradually 
decomposed. 

 ZnO + Uv light (photon) → ZnO (h+VB) + ZnO (e−CB) (5) 

 ZnO (h+VB) + H2O → •OH + •H (6) 

 ZnO (e−CB) + O2 → •O2−  (7) 

 •O2− + H+ → •HO2 + •HO2 → H2O2 + O2  (8) 

 ZnO (e−CB) + H2O2 → •OH + OH− (9) 

•OH + Methylene Blue → H2O + CO2 + mineral acids (10) 

 

Figure 7. The UV-Vis absorption spectra of methylene 
blue changes with photocatalytic 

 

 

Figure 8. Photocatalytic mechanism of ZnO nanoparticles towards methylene blue dye 
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4. Conclusion 

Crescentia cujete L leaf extract plays an active role in 
synthesizing ZnO nanoparticles to produce materials 
with a uniform and nanoscale size distribution. The 
synthesized ZnO nanoparticles have an average particle 
size of 32.49 nm. The secondary metabolites contained in 
the Crescentia cujete L leaves extract can limit the 
interactions between Zn2+ ions in the solution and control 
their growth, forming nanoparticles with nanoscale size. 
Based on the results of the XRD characterization, no 
impurity phase was detected, indicating that the material 
has high-purity crystalline. The SEM and XRD 
characterization results support the photocatalytic 
activity evaluations, demonstrating an intermediate 
percentage of methylene blue degradation of up to 
36.37% with an irradiation time of 50 minutes. 
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