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Article Info Abstract

Article history: Zinc oxide nanoparticles (ZnO NPs) were produced via an environmentally
friendly approach using Cnidoscolus aconitifolius leaf extract and subsequently
heat-treated at 250°C. The presence of Zn—O0 vibrations and organic functional
groups in the extract was verified by FTIR analysis, while XRD data revealed a
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Online: 08t December 2025 wurtzite structure with a mean crystallite dimension of 17.64 nm. SEM images
Keywords: mainly showed round-shaped particles with a band gap energy of 3.29 eV.
Cnidoscolus aconitifolius; ZnO Assessments of photocatalytic capability indicated substantial degradation of
NPs; biosynthesis; methylene blue (MB, reaching 92.96%), in contrast to diminished degradation of
photocatalytic methyl orange (MO, registering 43.93%). This improved effectiveness was

attributed to the combined favorable effects of concurrent photocatalytic
processes. The kinetic evaluation followed a pseudo-second-order model,
yielding rate constants of 0.38 min-* for MB and 0.064 min-* for MO. Overall, the
green-synthesized ZnO NPs calcined at 250°C exhibit excellent photocatalytic
activity, particularly for the degradation of MB.

1. Introduction process [5, 6]. The characteristics of plants that contain
secondary metabolites, such as flavonoids, polyphenols,
terpenoids, phenolic acids, and tannins, can be utilized to
reduce and stabilize nanoparticle formation [7]. The
green synthesis of ZnO nanoparticles has been widely
developed in various plants and applications. Rambutan
peel extract for medical applications [8], mango leaf
extract for antioxidants [9] and photocatalysis [10],
jujube fruit extract as a photocatalyst for color
degradation [11], carica papaya leaf extract for
antibacterial and increasing the hydrophobic properties
of cotton fabrics [12], papaya peel extract as a
photocatalyst for the degradation of oil spills [13],
Crescentia cujete L. leaf extract as a photocatalyst for the
degradation of methylene blue [14].

Nanoparticles are nanostructured materials with one
dimension measuring 1-100 nm [1]. Nanoscale particles’
physical, chemical, and biological properties are
increasing compared to bulk materials. Metal oxide
materials, such as zinc oxide (Zn0), have been frequently
synthesized due to their wide range of applications in
various fields [2]. Conventionally, ZnO nanoparticle
synthesis is carried out by physical and chemical
processes. However, this method is considered inefficient
because it is expensive, requires high energy, and
involves toxic and dangerous chemicals. Chemicals such
as sodium borohydride, ethylene glycol, and
dimethylformamide can be used as reducing agents, but
they can also produce environmental pollution [3, 4].

Cnidoscolus aconitifolius is a relatively new type of
vegetable plant known in Indonesia. This plant is also
known as “Japanese papaya”, which originates from
Central America and is known as chaya in its place of
origin [15). Based on Kuri-Garcia et al. [16], Cnidoscolus

Biosynthesis, also known as green synthesis, has
been developed as an alternative to minimize the use of
chemical reducing agents. Biosynthesis is a synthesis
method that utilizes plants and microorganisms as
reducing and capping agents in the metal oxide synthesis
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aconitifolius leaf extract contains many phytochemical
compounds used as antioxidants and anti-diabetics. With
the abundance of these compounds, Cnidoscolus
aconitifolius leaves have the potential to be used as a
substitute for reducing and capping agents in the metal
oxide synthesis process. The main phytochemicals
present in plants are flavones, terpenoids, sugars,
ketones, aldehydes, carboxylic acids, and amides, which
are responsible for the bioreduction of nanoparticles [17].

Although Cnidoscolus aconitifolius leaf extract was
utilized in the green production of ZnO NPs by Suciyati et
al. [18] in earlier studies, its photocatalytic activity was
not optimized. By calcining the ZnO NPs sample, our work
advanced the earlier technique. It is anticipated that the
formation of ZnO NPs would be maximized. FTIR, XRD,
SEM, UV-DRS, and UV-Vis spectroscopy were used to
characterize the outcomes of ZnO NPs synthesis. The
formation phases and optical characteristics that
enhance ZnO NPs’ photocatalytic activity were the main
focus of the investigation. Methylene blue (MB) and
methyl orange (MO) degradation were used to assess the
photocatalytic qualities of the ZnO NPs photocatalysts at
different masses.

2. Experimental
2.1. Materials

Cnidoscolus aconitifolius leaf, ethanol (C2Hs) (97%,
Merck), sodium hydroxide (NaOH) (75%, Merck), zinc
nitrate hexahydrate (Zn(NOs)..6H.0) (95%, Merck),
methylene blue, methyl orange dyes, and deionized water
(DI water). All materials were used without further
purification. Ethanol and deionized water were used to
neutralize the solution and as the solvent, respectively.

2.2. Preparation of Cnidoscolus aconitifolius Leaves
Extract

Cnidoscolus aconitifolius fresh leaves were gathered in
Bandar Lampung, Indonesia. The first step in the
extraction procedure was to rinse the Cnidoscolus
aconitifolius leaves under tap water to remove any dust,
then sun-dried. After drying, 10 g of the leaves were
weighed and chopped into small pieces using a blender.
To create a 5% w/v solution, the crushed leaves were
combined with 200 mL of demineralized water. To make
a pallid green extract, the resultant liquid was heated to
80°C while being stirred, and then sieved through filter
paper. To use it as a restricting agent in the manufacture

of ZnO NPs, the extract was finally stored in a refrigerator.
The dark green, finger-like leaves of Cnidoscolus
aconitifolius used in this study are shown in Figure 1(a). To
improve the extraction of phytochemical substances,
Cnidoscolus aconitifolius leaves were chopped, as seen in
Figure 1(b). To avoid potential structural damage to the
phytochemical components, the extraction procedure
was carried out at a temperature < 80°C. The extraction of
Cnidoscolus aconitifolius, which produces golden brown
solutions, is shown in Figure 1(c).

2.3. Biosynthesis of ZnO NPs

In the current study, ZnO NPs were synthesized using
Cnidoscolus aconitifolius (chaya) leaf extract as the
biological material for reduction and stabilization,
following the environmentally friendly synthesis method
reported by Suciyati et al. [18], which also utilized
Cnidoscolus aconitifolius extract. Three solutions (S-1, S-
2, and S-3) were prepared. Solution S-1 was obtained by
dissolving 5 g of zinc nitrate hexahydrate in 100 mL of
deionized water and stirring for one hour at 27°C.
Solution S-2 consisted of 50 mL of Cnidoscolus
aconitifolius leaf extract, while S-3 was prepared by
mixing 50 mL of deionized water with 0.7 M NaOH.
Solutions S-1 and S-2 were then combined and stirred at
80°C for 15 minutes before cooling to 27°C. Once both
mixtures reached room temperature, S-3 was added
dropwise under continuous stirring for three hours until
the solution turned dark yellow, indicating ZnO NP
formation. The mixture was centrifuged at 4000 rpm for
15 minutes, and the resulting precipitate was washed
alternately with ethanol and bidistilled water. The
precipitate was then dried at 80°C, calcined at 250°C for
2 hours, and finally ground with an agate mortar to obtain
the ZnO NPs powder (ZnO-b).

To clarify the sample designation, two types of ZnO
NPs were prepared. The first sample, ZnO-a, was
synthesized following the method reported in the
reference [18] and was not subjected to any further
heating. The second sample, ZnO-b, was produced using
the same procedure but was additionally heated at 250°C
for two hours. This post-treatment was applied to
evaluate the effect of heat on the crystal structure,
morphology, and optical properties of the green-
synthesized ZnO. Both samples were prepared and
characterized under identical experimental conditions to
enable a fair comparison.

Figure 1. Cnidoscolus aconitifolius: (a) fresh leaves, (b) crushed, (c) extract
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2.4. Characterizations

Fourier Transform Infrared (FTIR) spectroscopy
(PerkinElmer Spectrum IR Version 10.6.1) was used to
identify the functional groups of the ZnO NPs. The
crystalline structure was analyzed using XRD (Panalytical
X'Pert Pro diffractometer) operated at 30 kV and 50 mA
with CuKa radiation (A = 1.5406 &) and a step size of 0.02°.
Rotation goniometry was used to record data in the 26
range of 3° to 90°. The optical band gap was measured
using the SPECORD 210 PLUS spectrophotometer (plate
number: 223F1936C) and the UV-Vis DRS. Samples were
examined for the degradation of MB and MO dyes, with a
focus on photocatalytic applications. A Shimadzu CARY
100 spectrophotometer (200-800 nm) was used to
monitor photocatalytic activity. MB and MO solutions (10
ppm, ~100 mL) were prepared, and 0.1 g of photocatalyst
was added to each. The mixtures were then irradiated
with UV light for 90 minutes at 30-minute intervals.

3. Results and Discussion

3.1. Phytochemicals Screening and FTIR Spectra
Analysis

The secondary metabolite content of Cnidoscolus
aconitifolius leaf extract was tested using a qualitative
method based on color changes that occur when the
extract reacts with specific reagents. The results of this
phytochemical screening are shown in Table 1, where the
observed color changes confirm the presence of
secondary metabolites in the leaf extract [19]. These
phytochemicals support the use of Cnidoscolus
aconitifolius extract as a capping, stabilizing, and
reducing agent in the synthesis of metal-based materials,
including nanoparticles and metal oxides [20].

In addition to the phytochemical screening test, the
certainty of the presence of metabolite compounds is
assured by the results of FTIR characterization (Figure 2).
The detected transmittance peaks confirm the presence
of flavonoids, phenolics, alkaloids, tannins, and steroids
in the leaf extract of Cnidoscolus aconitifolius. Table 1
shows the FTIR-phytochemical correlation for both the
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leaf extract (Chaya LE) and the ZnO NPs. The agreement
between the phytochemical screening results and the
FTIR absorption bands confirms the consistency of the
observed functional groups and secondary metabolites.

FTIR spectra of ZnO NPs are shown in Figure 2,
covering the absorption range of 400-4000 cm™.
Functional groups and their appearance in the IR wave
spectrum are stated in Table 1. Phytochemical screening
confirmed the presence of alkaloids, flavonoids, tannins,
phenolics, and steroids, which aligns with the FTIR
absorption peaks observed in the 1200—-3350 cm™ region
(C-0, C-N, O-H, N-H) and the 1500-1900 cm™! region
(C=0 or C=C), which are typically associated with with
phenolic, flavonoid, and amine-containing compounds.
The presence of hydroxyl (O—H), carbonyl (C=0), and
amine (C—N or N—H) groups is known to act as reducing
and stabilizing agents during the green synthesis of ZnO
NPs. This is consistent with previous plant-mediated ZnO
synthesis studies, which report similar FTIR features and
interaction mechanisms between phenolic/amine groups
and Zn?* ions during nanoparticle formation [20, 21].

1000 2000 3000 4000

T
— ZnO-b 1

% Transmittance (a.u)

1 | 1 1
1000 2000 3000 4000
Wave number (em™)

Figure 2. FTIR spectra of ZnO NPs obtained from
Cnidoscolus aconitifolius leaf extract. Reference patterns
of Zn0O-a and Chaya LE were taken from Suciyati et al.
(18]

Table 1. Correlation between phytochemical screening and FTIR wavenumbers of Chaya LE and ZnO NPs

Secondary Wavenumber Type of ; . .
metabolites Result (color change) (cm-) spectrum/vibration Functional group interpretation
White precipitate (+) _ :
Alkaloids 1127, 1248, 1518~ C-N stretching, Amine and nitro groups indicate alkaloid
Orange (+) N- H, and N-O
(3 tests) 1545 vibration presence
Brown (+)
. . _ C=0and O-H Carbonyl and hydroxyl groups supporting
Flavonoids Yellowish (+) 1649,3251-3335 stretching flavonoids presence
. . C-Oand O-H Phenolic compounds with hydroxyl and
Tannins Greenish (+) 1238, 3335 stretching ether groups
. . C-Oand O-H . .
Phenolics Greenish (+) 1238, 3251 stretching Free phenolic and aromatic alcohol groups
Saponins No foam (-) ~ ~ Not detected in phytochemical and FTIR
tests
. 1649-1891, C=Cand C-H Double bond (C=C) and C—H bending are
Steroids Green (+) 1965—-2012 bending typical of the steroid skeleton
. 410, 434,522, Zn-O0 stretchingand Indicates ZnO NPs formation and residual
Aromatic compounds/Zn0O 708, 931 C—H aromatic organic compounds from the leaf extract
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Evidence of ZnO nanoparticle formation in the
composite sample is confirmed by a strong absorption
band at 410-522 cm, corresponding to the stretching
vibration of the Zn-0O bond. This is consistent with
numerous reports on the biosynthesis of ZnO using plant
extracts, where the Zn—0 peak typically appears around
400-500 cm™, and organic peaks attached to the
nanoparticle surface indicate capping by
phytoconstituents (phenols, flavonoids,
proteins/amides) [20, 22]. The peaks at 708 and 931 cm ™!
are attributed to the functional group of the aromatic
ring, which is a characteristic feature of organic
compounds in Cnidoscolus aconitifolius leaves [18, 22, 23].
This group is confirmed in a report by Soto-Robles et al.
[24], which shows the influence of flavonoids, phenolics,
and other phytochemical compounds in leaf extract (LE)
on reducing particle size and stabilizing zinc salts in
aqueous media. Therefore, the combination of
phytochemical and FTIR results not only validates the
identification of bioactive compound classes but also
elucidates their mechanistic roles in the reduction,
nucleation, and stabilization of ZnO NPs within the
framework of green synthesis [25].

The broad and intense absorption peaks at 3335 and
3251 cm™* correspond to O-H stretching [26] and N-H
vibrations in Chaya LE [27, 28], which causes water
absorption on the ZnO surface. This is corroborated by
another report [29], which correlated the shift in the
position and peak intensity of the spectral peaks of leaf
extract samples with the interactions of the flavonoid and
phenol groups in the ZnO NPs spectra. Additionally, it was
mentioned that the extract’s functional groups transfer
electrons, which can reduce zinc ions and, eventually,
zinc nanoparticles (Zn°). The FTIR spectra of ZnO NPs
(Figure 2) showed a shift in peak and intensity from 3251
(Chaya LE) to 3335 cm™ (ZnO-a) and almost disappeared
in ZnO-b, indicating that the main biomolecules of
Cnidoscolus aconitifolius leaves were restricted or bound to
the ZnO NPs surface. In addition, the shift of this peak in
ZnO NPs was caused by O-H phenol groups and -NH,
stretching vibrations. The functional groups in the leaf
extract assist the reduction mechanism of zinc ions to
form zinc nanoparticles through electron donation [29].
During calcination, the ZnO-b sample lost water from its
surface, as evidenced by the FTIR spectrum (at 3335 cm™?).

3.2. XRD Spectra

XRD diffractogram (Figure 3) shows the synthesized
ZnO NPs diffraction graph from Cnidoscolus aconitifolius
leaf extract. Qualitative analysis revealed that this sample

is close to the standard ZnO database (JCPDS no. 01-089-
0510), where the 11 diffraction peaks correspond to those
of the synthesized sample. The diffraction peak at 26 is
the formation of the hexagonal wurtzite structure.
Figure 3 shows that the synthesized nanoparticles ZnO-a
and ZnO-b have a hexagonal wurtzite structure,
according to the JCPDS database No. 01-089-0510. The
crystal structure, space groups, and parameters of the
lattice of ZnO-b are shown in Table 2. The crystallite size
and the unit cell volume of the hexagonal structure were
calculated using Equations (1) and (2) [26].

D= 091 (1)

Bcos @

V = 0.866 a%c (2)

Where, D = crystallite size (nm), 1 = 1.5406 (&), B =
full width at half maximum (rad), ¢ = diffraction angles
(deg), a,c = parameters of lattice (nm). By calculating the
XRD data from 10 diffraction peaks, the average value of
the crystallite size of the synthesized sample (Equation 1)
is 17.635 nm (ZnO-b NPs). The unit cell volume is 5.5077
nm3 (55.077 A3). The tiny crystallite size suggests a high
surface-area-to-volume ratio, which may enhance the
reactivity and efficacy of the nanoparticle in various
applications, such as photocatalysis and antibacterial
activity.

Furthermore, the data in Table 2 are used as input for
the Rietveld refinement of ZnO-b NPs using Rietica
software (Figure 4). This is a quantitative analysis that
calculates cell parameters and requires the ZnO database
model (No. 01-089-0510).
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Figure 3. XRD pattern of ZnO NPs (A = 1.5406 &)

Table 2. Qualitative analysis results of the XRD pattern of ZnO NPs synthesized from Cnidoscolus aconitifolius

Space o o o
Phase/crystal structure group a(d) b (R) c(®) a(®) B(°) v (®)
Zinc oxide/Hexagonal P63 MC 3.252 3.252 5.2080 90 90 120
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Table 3. Lattice parameter values of ZnO NPs after Rietveld refinement

Rietveld refinement

Shift of cell parameters

Phase
a(R) b (R) c(R) V(&) Aa(R) Ab (R) Ac(R) AV (R)
()inir:ice 3.2519 3.2519 5.2079 46.89137 0.0321 0.0321 0.0064 0.880661
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Figure 4. Refinement Rietveld of ZnO-b NPs

The refinement pattern is shown in Figure 4, with the
color graph plot between the measured data pattern
(black) and the calculated data pattern (red) overlapping
considerably, indicating the suitability of the
experimental data with the model data. The green pattern
shows the difference (residual) between the experimental
and simulation data. Quantitative analysis calculations
using Rietica software yielded a suitability value
indicating the degree of agreement between the
experimental data and the model. The suitability of the
two diffractogram patterns is evidenced by the R values
(Rp, Ruwp, Rexp, Re, and Goodness-of-Fit (GoF)) in the
refinement process, which are 12.56, 14.44, 9.72, 4.30,
and 2.58.

The shift in lattice parameter values is presented in
Table 3, indicating a corresponding change in the unit cell
volume. Although the molar percentage of ZnO in the
sample is small, the ZnO diffraction peaks remain sharp
and distinct because: (1) ZnO possesses a stable wurtzite
crystal structure that is maintained even under doping or
compositional changes; (2) the wurtzite phase is highly
crystalline, resulting in sharp diffraction peaks; and (3)
Zn atoms have a high X-ray scattering coefficient,
ensuring a significant contribution to the diffraction
pattern even at low concentrations [30].

3.3. Morphology of ZnO NP

Micrograph (SEM) image of ZnO-b, obtained at 30 KX
magnification (Figure 5). The morphology of the formed
structure is predominantly nano-spherical, with an
almost even diameter size distribution and uniform
arrangement.

150
Average particle size (nm)

Figure 5. (a) SEM micrograph of ZnO-b synthesized
using the biosynthesis method, scale bar 200 nm, and
(b) Histogram of particle size ZnO-b

The zones in the nanospherical (Figure 5) confirm
the presence of ZnO, as indicated by the qualitative XRD
analysis (Table 2), suggesting that the sample produced
through green synthesis is zinc oxide with a hexagonal
phase and a crystalline structure. Image] software
analysis yielded an average particle size distribution value
of 151 nm (Figure 5). While the particle size seen from SEM
(~151 nm) indicates the aggregation of several
crystallites, the crystallite size of ZnO-b determined from
XRD (17.64 nm) depicts the dimension of a single
coherent crystalline domain. As a result, these two
parameters are not directly comparable and describe
distinct physical features. The ~151 nm particles observed
in SEM correspond to agglomerated structures formed by
several crystallites bound together, representing the
overall morphology rather than an individual crystal
domain.

3.4. Optical Properties of ZnO NPs

The absorbance spectrum and optical properties of
ZnO NPs were observed using UV-visible spectroscopy, as
shown in Figure 6. Using the Tauc plot formula (Equation
3), the energy band gap value was estimated from
reflectance spectra data obtained using UV-DRS.

(ahv)™ = A(hv — Eg) 3)

Where, h, A, v, Eg, are Planck’s constant (Js), constant
of proportionality (J), frequency (Hz), and band gap
energy (eV), a is the absorption coefficient, n is a factor of
the electron transition: direct transition (n = 2), and
indirect transition (n = 1/2), respectively. A vigorous
absorbance is observed at 333 and 357 nm (Figure 6a),
within the measuring wavelength range 200-800 nm.
These absorption peaks indicate the electron transition
width and are used to estimate the band gap energy using
Equation 3.
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Figure 6. (a) UV-Vis DRS absorbance spectrum and (b) Tauc Plot, for nanoparticles ZnO-b
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Figure 7. UV-Vis absorbance spectra and color changes of MB (a, b) and MO (c, d). The starting dye concentration (Co)
is indicated by the initial column (100%). The dye solution that was exposed to the same light conditions but without
any catalyst is denoted as “Blank”. Reaction conditions: 0.1 mg ZnO-b in 100 mL of MB and MO solutions, respectively

We estimated the band gap energy of the ZnO-b
sample by plotting (ahv) “against the photon energy (hv).
The optical absorption coefficient was determined from
the x-axis intercept of the linear region, as shown in
Figure 6b. The resulting band gap of 3.29 eV aligns with
the wavelength region effectively absorbed by the
photocatalyst and is consistent with previous findings
[31]. This value is slightly lower than the standard ZnO
band gap (3.37 eV) but higher than the result reported in
Suciyati et al. [18], likely due to the synthesis method,
particularly the calcination step. The observed absorption
peaks at 333 and 357 nm further confirm the formation of
ZnO-b. The agreement between the ZnO-b absorption
pattern and that of standard ZnO can be inferred from its
overall band gap characteristics, even though the
absorption wavelengths appear slightly shorter, which is
typical for synthesized ZnO-b [32].

The optical band gap of ZnO-b (3.29 eV) suggests the
absence of a quantum confinement effect, which is likely
attributed to the relatively large particle size. The slight
reduction in the Eg value may be associated with the
presence of intrinsic defects such as oxygen vacancies and
lattice strain, which can introduce localized states within

the forbidden energy band. Furthermore, lattice
distortion and the adsorption of organic residues during
synthesis may also contribute to the narrowing of the
band gap. Similar observations have been reported by
several previous studies [33, 34, 35], showing that
structural defects and crystal stress reduce the ZnO band
gap. The obtained band gap energy (3.29 eV) confirms
that the synthesized ZnO NPs are well-suited for
photocatalytic applications, particularly for the
absorption of UV-A light [31]. The presence of the ZnO
phase is believed to enhance photocatalytic activity,
enabling the efficient degradation of both cationic (MB)
and anionic (MO) dyes.

Tests on MB and MO showed photo-degradation
activity of cationic and anionic dyes, where, with an Eg of
3.29 eV, the ZnO-b photocatalyst could absorb UV-Alight.
MB and MO degradation were monitored at their
maximum absorption peaks, 665 nm and 464 nm,
respectively (Figure 7). The dye—catalyst mixture was
stirred in the dark for 30 minutes to achieve adsorption—
desorption equilibrium on the ZnO surface. The initial dye
concentration (Co = 100%) was used as a reference, and
the relative concentration (C/Co) during UV irradiation
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was monitored to determine degradation efficiency.
Ablank dye solution without a catalyst was tested under
identical conditions to evaluate the effects of photolysis
and adsorption. Observations were conducted for
90 minutes, divided into 30-minute intervals, using a UV
lamp (300 watts) as the light source. The photocatalyst
(ZnO-b) was 0.1 g and was added to the MB solution
(100 mL) and the MO solution (100 mL).

The photocatalytic activity of ZnO-b was swift after
being irradiated by UV light. The spectrum in Figure 7 (a,
c) shows the degradation activity of MB and MO for 90
minutes, indicating that the green-synthesized ZnO-b
from Chinosdolus aconitifolius was very effective,
especially for MB. Photocatalysis is a surface reaction that
relies on the existence of an active surface area to
facilitate the reaction. When correlated with the band gap
of ZnO-b (3.29 eV), this gap is related to the
recombination of electron-hole pairs, indicating the
photocatalytic efficiency [36]. The absorbance data
obtained by the UV-Vis Spectrometer decreased, and over
90 minutes of measurement, the data for MB and MO
were 0.142, 0.041, 0.022, 0.010, and 0.305, 0.191, 0.183,
0.171, respectively. This decrease indicates a degradation
efficiency of 92.96%, which is very high for ZnO-b
performance on MB. While on MO, the efficiency was
£43.93%, still higher than the research of Wang et al. [37].

The decrease in UV absorption intensity by ZnO-b is
shown in Figure 7b. In this study, the effect of adding a
ZnO-b catalyst (0.1 g) immediately after it was inserted
into the MB solution, and before exposure to UV light, was
observed to have degraded MB by 92.89%. The noticeable
decline in dye density without UV light is attributed to dye
sticking to the material, rather than pressure-based
catalysis. The level of physical force generated by the
magnetic stirrer is not strong enough to produce a
noticeable electrical charge in the ZnO crystals, which
typically require very high-frequency agitation. Hence,
the observed process corresponds to adsorption—

desorption  equilibrium preceding photocatalytic
degradation. Although ZnO inherently exhibits
piezoelectric properties, substantial piezocatalytic

activity is typically observed in anisotropic structures,
such as nanorods or nanowires. In these anisotropic
structures, mechanical pressure can generate a resultant
polarization. Consequently, the almost round ZnO NPs
created throughout this study are predicted to
demonstrate a negligible piezoelectric impact when
subjected to magnetic agitation.

The photocatalytic activity was maintained by
exposing the sample to UV light for 9o minutes. The value
of absorption was found to be 99.5% indicating that the
absorption of UV light by ZnO-b was very adequate. The
condition occurs because the absorption of high photon
energy (~3.29 eV) and electron recombination are slow,
resulting in efficient photocatalyst performance for dye
degradation. The degradation efficiency of MB (92.96%)
by ZnO-b is significantly higher than that in our previous
studies [18], which proves that the addition of a
calcination step in the synthesis has improved the
performance of ZnO-b.
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Figure 8. Photodegradation performance of ZnO-a (Eg =
2.97) and ZnO-b (Eg = 3.29)
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Figure 9. Pseudo-second-order kinetics model of MB
(k2 = 0.38 min!) and MO (k> = 0.064 min-?) by using
Zn0-b

Compared with our previous research [18], the
variation in the band gap energy significantly affects the
photocatalytic degradation of MB. As shown in Figure 8,
ZnO-b exhibits superior photodegradation performance
compared to ZnO-a. This enhancement can be attributed
to the smaller particle size and improved crystal structure
of ZnO-b, which together contribute to a larger specific
surface area. A higher surface area provides more active
sites for adsorbing dye molecules, thereby facilitating
more efficient interaction between the photocatalyst and
the substrate. Consequently, the increased availability of
active sites promotes simultaneous photocatalytic
reactions, thereby increasing the degradation rate of the
MB dye [38].

Further quantitative evaluation using the pseudo-
second-order kinetic model (k) indicated that surface
adsorption on ZnO-b predominantly governed the overall
reaction rate. The calculated rate constants (k.) for the
photocatalytic degradation of MB and MO were 0.38 min-!
and 0.064 min, respectively, after 90 minutes of
irradiation. These values are notably higher than those
reported by Alprol et al. [39] for the unmodified ZnO,
indicating the superior photocatalytic activity of ZnO-b.
Despite the high degradation efficiency of 92.96% for MB
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within 90 minutes, the overall kinetics were still
influenced by the complex interactions between MB
molecules and the active sites of the photocatalyst. In
comparison, the degradation efficiency of MO reached
approximately 43.93% under the same conditions. The
corresponding rate constants for MB and MO degradation
by ZnO-b are presented in Figure 9.

The breakdown kinetics of MO followed a pseudo-
second-order model, suggesting that the adsorption
surface of ZnO-b regulates the degradation process. The
crucial role of surface interactions, involving dye
molecules and the photocatalyst’s active sites, is reflected
in this k.. Lending credence to the idea that adsorption is
the rate-limiting step in this process. According to that
kinetic model, the rate of the degradation process is
determined by the adsorption of MO molecules onto the
ZnO-b surface through chemisorption. The restricted
electrostatic interaction between the negatively charged
MO and the ZnO-b surface at a neutral pH is probably the
cause of this circumstance [40]. Additionally, the
effectiveness of these kinetics can be attributed to the
advantageous crystalline structure of ZnO-b, the size of
the nanoparticles, which allows for a larger surface area.
However, more structural characterisation and reactivity
experiments are required to confirm the primary
mechanism at work. It should be noted that a direct
comparison with previously reported degradation
efficiencies for MB and MO is not provided, as the current
work focuses primarily on the intrinsic photocatalytic
behavior of the synthesized ZnO samples under
controlled experimental conditions.

4. Conclusion

The green synthesis of ZnO NPs calcined at 250°C
yields a pure zinc oxide phase with spherical shape and
outstanding performance. Because the materials required
for preparation are readily available and no surfactant or
structure-directing agent is added, the preparation
procedure is straightforward. The entire preparation
procedure is quite environmentally beneficial. According
to the FTIR patterns, the calcination process affects the
degradation of functional groups, including amino and
carboxylic groups, contained in the Cnidoscolus
aconitifolius leaf extract, which helps stabilize the size of
the nanoparticles. SEM micrographs confirm the
uniformity of most of the grain sizes. The crystal
structure of the ZnO-b has an average diameter of 17.24
nm, corresponding to the hexagonal wurtzite phase of
ZnO, as confirmed by XRD analysis. The band gap energy
of 3.29 eV, obtained from UV-Vis-DRS spectroscopy,
suggests an association between oxygen vacancies and
their impact on photocatalytic activity in ZnO-b
materials. The photodegradation results reveal that ZnO-
b exhibits high photocatalytic efficiencies, reaching
99.50% for methylene blue. Conversely, the degradation
efficiencies for methyl orange were 60.40% under the
same conditions, namely 90 minutes of UV exposure time.
These observations suggest that optimizing parameters,
such as pH and surface modification of ZnO-b, could
further enhance its photocatalytic performance,
particularly for the degradation of anionic dyes.
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