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Abstract

In this paper, the flower-shaped ZnO particles have been prepared via microwave-assisted biosynthesis technique using an aqueous extract of
Sandoricum koetjape peel at various irradiation powers, i.e. 180, 360, 540, and 720 Watt. The synthesized flower-shaped ZnO particles were
characterized using UV-Vis spectroscopy, x-ray diffraction (XRD), and field emission scanning electron microscope (FESEM). The UV-vis
spectra exhibited ZnO absorption peaks in the UV region with band gap energy in the range of 3.25 - 3.29 eV. XRD analysis confirmed the
hexagonal wurtzite crystal with the high purity of ZnO particles. The flower-shaped morphology of ZnO was evident in FESEM images with
the decrease of particle diameter as the radiation power increased from 257 to 447 nm. ZnO prepared at 720 Watt (Z-720) succeeded in degrading
4-nitrophenol with the highest efficiency of 84.8 % after 240 min. Consequently, biosynthesis ZnO will have a great opportunity to be applied

in degrading wastewater pollutants.
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1. Introduction

Industrial activities like mining, medicine, agriculture, and
plantations discharge hazardous chemicals such as dye,
disinfectant, heavy-metal, and pesticides into the environment.
The phenolic compound is used extensively in the
manufacturing of a broad variety of products, including
medicines, fungicides, insecticides, and pigments[1]. 4-NP is a
phenolic molecule with two functional groups (NO, and OH)
on the benzene ring, which may disrupt ecosystems and harm
human health [2]. 4-NP is a dangerous bio-refractory
contaminant and considered as a high-priority pollutant that
must be treated seriously[3].

Several methods such as coagulation, evaporation, carbon
adsorption, and membrane filtration are commonly used in
wastewater treatment. However, those methods still have
limitation; for instance, some organic dyes are difficult to
degrade, while others are not easily adsorbed and missed in the
treatment process [4]. The semiconductor-based photo-
degradation technique is an effective approach in the
pollutants’ decomposition [5]. In a photo-degradation process,
when a semiconductor material is exposed to light with energy
equal to or greater than its band gap energy, electron-hole pairs
will be generated. The electron-hole pairs will then transform
complex organic molecules into simple ones, such as CO, and
H>O[6].

Semiconductor such as TiO,, ZnO, CdS, ZnS, SnO,, Fe,0s,
and GaP have been used as photocatalysts in organic
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degradation process [7]. However, of those semiconductor
materials, ZnO has considerable high photocatalytic efficiency
in degrading the pollutants because photogeneration efficacy to
afford electron-hole pairs occurs rapidly [8]. In the scientific
community, ZnO nanoparticles - due to their unique features
such as semi-conductivity, opticality, antibacterial, antifungal,
and high catalytic and photochemical activity — have become a
concern. In addition, their low toxicity, biocompatibility, and
biodegradability have made ZnO nanoparticles to be a desirable
component for biomedicine and water purification systems [9].

Nanoparticle production mostly uses the physical and
chemical methods that involve high temperatures, costly
equipment, and hazardous substances [10]-[12]. Currently, a
safe, fast, cost-effective synthesis technique with low energy
use is required. Plant extract-based biosynthesis is more
efficient for producing nanoparticles in comparison to physical
and chemical methods. The adverse impacts of the resultant
materials and their byproducts could be reduced by
synthesizing nano-materials with biocompatible and eco-
friendly chemicals.

Plants extracts such as Sea Buckthorn Fruit ZnO[13],
Terminalia chebula fruits[14] and neem leaf extract[15] have
been used to mediate the synthesis of ZnO nanoparticles (ZnO-
NPs). Various biomolecules such as flavonoids, tannins,
alkaloids, terpenoids, and antioxidants in plant extracts
contribute to the reduction and stabilization of nanoparticles
[16]. ZnO-NPs synthesized via a green synthesis technique also
led to better antibacterial and photocatalytic activity [14], [15].

Controlling nanostructure shape and assembling into
ordered microstructures are other strategies to generate more
efficient functional materials [16]. ZnO with various
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nanostructures such as nanoflower [13], nanorod [17], and
nanoreactor [18] have been reported to have superior
performance in dye or pollutant degradation. E. Rupa et al.
reported the ability of biosynthesized nanoflower ZnO to
degrade 99% of industrial dye under UV-light within 70
minutes of contact time [13]. ZnO nanorod grown on glass
substrate might degrade methylene blue up to 83% within 45
min [17]. In the photo-degradation of MO, ZnO nanoreactors
demonstrated  excellent  heterogencous  photocatalytic
properties with 10° times better efficiency than bulk ZnO [18].

Biosynthesis based on microwave (MW) heating might
create nanostructured material with low energy consumption.
Compared to conventional heating techniques, the microwave-
biosynthesis approach may produce different-sized and -shaped
metal oxide nanoparticles [19] and create nanoparticles with
superior reaction rate and selectivity in photocatalysis [18],
[20]. The dye removal efficiency of ZnO nanoparticles
prepared via microwave irradiation method using Indian bael
(Aegle marmelos) juice was 96% after 35 min of UV (A= 617
nm) irradiation [21].

In this study, flower-shaped ZnO particles were synthesized
using an aqueous extract of Sandoricum koetjape (S. koetjape)
peel at various MW irradiation powers. MW irradiation powers
were varied to investigate their impacts on the nanoparticle
formation. S. koetjape peel extract was selected due to its strong
antioxidant content with flavonoid components containing
approximately 851.49 mg per 100 mg and polyphenols
containing approximately 241.01 mg per 100 mg [22]. The
optical, structural, and morphological properties of ZnO
synthesized under different irradiation powers were analyzed.
The photocatalytic activity of ZnO was investigated in
degrading 4-NP pollutant.

2. Materials and Methods
2.1. Biosynthesis of ZnO particles

The synthesis procedure of ZnO using S. koetjape peel
extract has been described in the previous report [23].
Typically, 40 mL of S. koetjape peel aqueous extract is mixed
with zinc nitrate hexahydrate solution (0.2 M). The synthesis
solution is then homogenized using a magnetic stirrer-bar and
irradiated at various power (180, 360, 540 and 720 Watt) in a
microwave oven for 3 minutes. The mixture is then left for 24
hours until forming precipitates. Thus, the precipitate was
centrifuged at 4000 rpm for 10 minutes, washed three cycles in
distilled water, and dried at 110°C. Each sample was designated
as Z-xxx, where xxx represents the microwave irradiation
power

2.2. Characterization

The optical properties were characterized using a UV-Vis
SHIMADSU spectrophotometer with a wavelength range of
300-700 nm. The structure of ZnO was characterized using an
X'Pert PRO type diffractometer at Adcykq = 1.542 A. The surface
morphology was investigated using a field emission scanning
electron microscope (FESEM) model Quanta FEG 650
instrument at a magnification of 20,000x.

2.3. Photocatalyst experiments

The biosynthesized ZnO was evaluated in the degradation of

4-NP solutions under UV irradiation. A 20 mg of ZnO catalyst
was dispersed in 4-NP with concentration 5 mg/L and then the
NaOH solution was dropped until pH 12. The obtained solution
was slightly stirred in the dark for about 60 min. The objective
was to achieve a balance between adsorption and desorption
between the 4-NP solution and photocatalyst surface. The UV-
C lamp (237.5 nm) was employed as the light source. Small
volumes (aliquots) were sampled periodically to monitor the
decrease in the intensity of the 4-NP band at 400 nm using UV—
Vis spectroscopy.

3. Results and Discussion
3.1. UV-Vis spectroscopy analysis

UV-Vis spectroscopy confirmed the formation of ZnO
nanoparticles, as shown in Figure 1. The strong absorption band
of ZnO occurred at the UV region wavelength up to 350 nm,
349 nm, 354 nm and 358 nm for the samples of Z-180, Z-360,
Z-540, and Z-720, respectively. This result was consistent with
the properties of ZnO exhibiting the maximum absorption at
the wavelength near 360 nm [23]. The strong absorption band
at roughly 360 nm was induced by host lattice absorption,
implying the ability of UV light to stimulate ZnO NPs. The
ability of electrons to absorb light at a certain wavelength
caused absorption peaks to appear [21].
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Fig. 1. UV-Vis Absorption spectrum of ZnO

The band gap energy of the ZnO was examined using the
Tauc Plot method as shown in Fig 2. Band gap energy indicated
the amount of photon energy absorbed by electrons (e°) at the
valence band excited to the conduction band and producing
holes (h"). Lower band gap energy facilitated the formation of
e and h* pairs (exciton) that could reduce or oxidize toxic
compound in photocatalysis reaction [24].

Samples Z-180, Z-360, Z-540, and Z-720 possessed the
band gap energies of 3.29, 3.25, 3.26, and 3.28 eV,
respectively. As the irradiation power increased, the band gap
energy values decreased before increasing again. It was related
to the size of the particles [20] where the small particles
experienced quantum confinement, and nanocrystals contained
distinct electronic stating that resemble molecules and display
size-dependent characteristics [25]. As the crystal size
decreased, the band gap tended to reduce (red-shift) to a



Rini et al. / Communications in Science and Technology 7(2) (2022) 135-139 137

specific minimum value (critical size). When the size of the
crystal was getting smaller compared to the minimum band gap
size, and the trap moved to a higher energy level. This made the
absorption spectrum blue-shifting (e.g., size quantization
effect)[26].
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Fig. 2. The band gap energy of ZnO
3.2. XRD Analysis

The diffraction pattern of the ZnO samples is presented in
Figure 3. The diffraction peaks of the ZnO at 20 = 31°; 34°;
36°; 47°; 56°; 62°; 67° corresponded to (100), (002), (101),
(012), (110), (013), (112) plane of hexagonal wurtzite crystal.
The structure was analyzed using Match3! software database
Crystallography Open Database no. 9008877. The sharp
diffraction peaks indicated high crystallinity of biosynthesized
ZnO without any impurity.
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Fig. 3. Diffraction spectrum of biosynthesized ZnO at various irradiation
power
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Table 1 presents the lattice constant, crystallite size, and
lattice strain of all samples. The average lattice parameters
obtained were a =b =3.25 A and ¢ = 5.22 A. This value was
found close to the previous report of biosynthesis ZnO using
Moringa leaf extract,a=b= 3,21 A and ¢ = 5,26 A [27].

Table 1. XRD parameter of ZnO samples

Lattice constant Crystallite Lattice
Samples 20 (°) . .
a(A) c(A) size (nm)  strain (A)
Z-180 36.25 3.249 5.216 15.29 0.417
Z-360 36.22 3.246 5.238 15.71 0.406
Z-540 36.22 3.253 5.219 14.65 0.436
Z-720 36.24 3.250 5.215 15.55 0411

Increasing the microwave power did not have such a large
change in crystal size. The average crystal size of the ZnO was
15.3 nm with lattice strain of 0.417 A.

3.3. Surface morphology

FESEM image was used to study the morphology of ZnO
samples, as shown in Figure 4. The particles size was measured
using imageJ and plotted in the histogram. In this case, the
surface morphology of all samples tended to have uniform
flower-shaped with different number of petals.
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Fig. 4. Surface morphology and histogram of ZnO at various irradiation
power (a) 180, (b) 360, (c) 540, and (d) 720 Watt

The Z-180 sample in Figure 4(a) showed particles in the
shape of a flower with many petals. Sample Z-360 had fewer
and bigger petals compared to sample Z-540. Nevertheless,
sample Z-720, which was produced at a high irradiation power,
had smaller, more uniform flower-like particles than other
samples, as indicated by the histograms next to each sample.
Greater microwave irradiation indicated that nanoparticle
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production had become more homogeneous. In this study, the
irradiation power also influenced the formation of
nanoparticles [16].

The particle sizes were measured as the whole flower of
ZnO particles. The average particle size of Z-180, Z-360, Z-
540, and Z-720 were 447, 420, 338, and 257 nm, respectively.
The ZnO particle size decreased as the irradiation power
increases. Particle size also affected the ZnO's photocatalytic
ability. The smaller the particle size, the larger the surface area
obtained [28]. Surface area refers to an important factor for the
degradation of organic pollutants as the number of active ions
increases [29]. Because it has a homogeneous particle shape
and size, Z-720, it is expected to have good photocatalytic
ability.

3.4. Photocatalytic activity

Degradation of 4-nitrophenol (4-NP) was utilized as a model
reaction to evaluate the ZnO photocatalytic activity. When the
catalyst was introduced to the 4-NP solution, 4-nitrophenol was
deprotonated to 4-aminophenolat (4-AP) [30]. The
characteristic band of the phenolate group at 400 nm was
recorded using UV-Vis. The degradation of contaminant was
examined by using the highest absorbance of this band (Ao) as
a reference and a way to monitor its drop as the reaction time
elapsed, as shown in Figure 5. Table 2 presents the A/A¢ data
at 30 min intervals and the reaction rate of each sample.
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Fig. 5. 4-NP degradation using ZnO prepared at various irradiation power

Table 2. The A/A data at 30 min intervals

Time (min) Z-180 7-360 7-540 7-720

0 1 1 1 1
30 0.8002 0.8699 0.9472 0.8105
60 0.5642 0.7238 0.7042 0.5981
90 0.5071 0.6614 0.8489 0.5439
120 0.3905 0.5537 0.6159 0.3641
150 03316 0.4323 0.5925 0.5324
180 0.1988 0.3679 0.3463 0.3089
210 0.1889 0.3002 0.3483 0.2807
240 0.1785 0.1545 0.2656 0.1520

After 240 minutes of reaction, the photodegradation
efficiency of biosynthesized ZnO samples was estimated using
the absorption peak reduction of 4-NP at 400 nm. The
degradation efficiency of ZnO samples after 4 h from the

highest and lowest, included Z-720, Z-180, Z-360 and Z540,
respectively.

Table 3 presents the particle size, band gap energy, and
photodegradation efficiency of ZnO samples. The 4-NP
degradation efficiency for the Z-180 and Z-720 samples was
84.5% and 84.8%, respectively. Both samples had similar
bandgap energy but are much different in particle size. Small
particle will facilitate light absorption during the photocatalyst
process and the large band gap energy value will avoid charge
carrier recombination, which may reduce efficiency [34].

This present research has comparable results with previous
research on 4-NP degradation using ZnO/GO doped zeolite
nanocomposite material with a degradation efficiency of 82%
[35].

Table 3. The particle size, band gap, photodegradation efficiency of ZnO at
different power irradiation

Sample Particle size Band gap Photodegradation
name (nm) (eV) efficiency (%)
Z-180 447 3.29 84.5
Z-360 420 3.25 82.1
Z-540 338 3.26 73.2
Z-720 257 3.28 84.8

Previously, microwave-assisted biosynthesized ZnO had
never been applied to degrade 4-NP. Therefore, ZnO prepared
by this eco-friendly method can be developed in a wide range
of pollutant degradation. Figure 6 depicts the photodegradation
mechanism.
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Fig 6. Photodegradation mechanism of biosynthesis ZnO

Photodegradation started when UV light hit ZnO with an
energy greater than its band gap energy [31]. Electron-hole pair
(exciton) would be created on the ZnO surfaces. Electron e and
hole h* simultaneously reacted to O, and H>O to create ‘O, and
OH’ radicals, respectively. Both radicals were very reductive to
change 4-NP molecules into colorless degraded molecules,
H,O dan CO,. Therefore, as the photocatalytic reaction
progresses, the yellow color of 4-NP degraded colorless[32].

4. Conclusion

In summary, flower-shaped ZnO particles were successfully
conducted using a simple, effective, and eco-friendly
biosynthesis approach. The effect of irradiation power has
decreased the energy gap and enhanced the structural
properties. As irradiation power increased, the size of ZnO
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particles reduced and their distribution became more uniform.
Therefore, these characteristics established the good properties
of photodegradation of 4-NP pollutant.
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