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Introduction 

Zinc oxide (ZnO) is an IIB-VIA group 

semiconductor with a wide bandgap energy of 3.37 

eV, a high exciton energy of 60 meV, a high melting 

point of 2248 K, and a rapid decomposition rate over 

1650 K1. ZnO is one of the most extensively studied 

materials because it has interesting properties like 

being conductive in a wide range of light 

illumination and transmitting light in the visible 

spectrum. ZnO is widely used in various applications 

such as optoelectronics, cosmetics, pharmaceuticals, 

and photocatalysis because it is inexpensive, non-

toxic, stable, and can work in the UV spectrum2,3. 

Synthesis conditions can modify the structure and 

morphology of ZnO so that its physical and chemical 

properties change. Different preparation methods 

produce various ZnO shapes, such as nanobelts, 

nanotubes, nanowires, nanoflowers, nanospheres, 

and nanorods4. 

ZnO can be synthesized in several ways. The 

biosynthesis method has currently become popular in 

the synthesis of ZnO because it is less costly, non-

toxic, eco-friendly, and requires lower temperatures 

than physical and chemical methods5. This approach 

employs phenolic compounds found in microbes and 

plant extracts as reducing agents, stabilizing agents, 

and capping and controlling the shape and size of 

nanoparticles. The utilization of microbes such as 

fungi, algae, bacteria, and viruses is less desirable 

because the process is very difficult6,7. Stabilizing 

agents from plants were chosen because they are 

safer for the environment, easy to extract, and 

abundant in nature8. Furthermore, antioxidants of 

plants such as polyphenols, polysaccharides, 
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vitamins, flavonoids, tannins, alkaloids, terpenoids, 

and saponins have a higher content so as easier to 

convert metal ions to metal atoms (reductive)9. ZnO 

biosynthesis using Musa acuminata10, Cinnamomum 

tamala11, Prunus armeniaca12, and Ananas 

comosus13 extract has been reported previously. 

Pometia pinnata which is commonly called 

"matoa" is a native Indonesian plant belonging to the 

Sapindaceae family. The leaves of Pometia pinnata 

contain high phenolic compounds such as flavonoids 

and tannins14. Therefore, Pometia pinnata leaves 

have the potential to be used in the nanoparticle 

biosynthesis process. Several studies have reported 

the use of Pometia pinnata leaf extract to be effective 

for Fe2O3
15 and SnO2 catalyst16. However, the 

utilization of Pometia pinnata leaf extract for 

synthesizing ZnO nanoparticles has not been 

reported. 

ZnO biosynthesis is often applied to the 

photodegradation of pollutant wastes (toxic dyes), 

one of which is methylene blue. This pollutant is 

widely used in industry because it is cheap and 

dissolves quickly in water and alcohol17,18. 

Methylene blue (C16H18C1N3S) is a very stable toxic 

aromatic hydrocarbon compound that is difficult to 

decompose naturally19,20. The ability to detoxify 

water and increase the activity of degradation of dyes 

under UV light are the advantages of ZnO in the 

photodegradation process. Decomposition of colored 

pollutants using a ZnO catalyst can reduce organic 

dyes thoroughly to H2O, CO2, and mineral acids21. 

Among the semiconductor materials, ZnO is most 

often applied in the photodegradation process 

because it is proven to have great performance. 

The present study focuses on the 

photodegradation of methylene blue using ZnO 

nanoparticles biosynthesized from Pometia pinnata 

leaf extracts. One of the key parameters investigated 

in this study is the precursor concentration during the 

nanoparticle synthesis process. Previous research has 

demonstrated that the precursor concentration can 

significantly influence the properties of 

nanoparticles, including their size, structure, and 

catalytic activity22. However, the specific effect of 

precursor concentration on the photocatalytic 

efficiency of ZnO nanoparticles for methylene blue 

degradation remains relatively unexplored. 

Therefore, this study aims to systematically 

investigate the impact of precursor concentration on 

the size and morphology of the biosynthesized ZnO 

nanoparticles. By varying the precursor 

concentration, we will analyze the resulting changes 

in nanoparticle size and subsequently evaluate their 

photocatalytic performance for methylene blue 

degradation. The findings of this research hold the 

potential for enhancing the understanding of the 

green synthesis of ZnO nanoparticles and optimizing 

their efficiency in wastewater treatment applications. 

Materials and Methods 

Preparation of aqueous of Pometia pinnata leaves 

Fresh leaves of Pometia pinnata were washed 

with water and dried under sunlight irradiation. A 2 

g of powdered leaves were weighed into a beaker 

glass containing 100 ml distilled water and boiled for 

10 min. It was filtered using Whatman paper for 

utilization in the synthesis of ZnO. 

Route of Biosynthesis ZnO Nanoparticles 

Approximately 10 mL of aqueous Pometia 

pinnata leaves were reacted with Zn(NO3)2.6H2O) 

solution at different concentrations; 50, 100, and 500 

mol. The sample was synthesized using a microwave 

oven with a pH of 8 for 5 minutes. A white 

precipitate was centrifuged at 4000 rpm for 3 min. It 

was then washed with deionized water three times. 

The ZnO powder was obtained after drying. 

 

Instrumentation 

The crystal structure was analyzed using a 

Rigaku MiniFlex diffractometer (λCuKα =1.541 Å). 

Morphology was characterized using the FESEM 

model Quanta FEG 650 at magnification 50,000 

times. The functional groups were investigated using 

SHIMADZU IR Prestige-21 FT-IR spectroscopy in 

the range of 4500 – 500 cm-1. A Cary 60 

spectrophotometer was used to study optical 

properties in the UV-Vis region. 

MB Degradation Test 

As much as 10 mg of ZnO powder was dissolved 

in 5 ppm methylene blue. It was homogenized under 

dark conditions for 1 h to reach adsorption-

desorption equilibrium. Photodegradation was 

carried out under UV light (λ=237 nm) for 90 

minutes. The solution is taken every 10 minutes to 
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evaluate the optical absorption. The degradation of 

the dye is evidenced by the loss of the methylene blue 

color. 

Results and discussion 

XRD Characterization 

The X-ray diffraction pattern in Fig 1 was 

studied to determine the crystalline phase of 

biosynthesis ZnO. The XRD spectrum of the ZnO 

sample using Pometia pinnata leaf extract exhibits 

sharp peaks indicating high crystallinity.  

 
Figure 1. XRD pattern of biosynthesized ZnO. 

The diffraction peaks have Miller indices (100), 

(002), (101), (102), (110), (103), (112), and (201) 

confirmed by the JCPDS of ZnO file no. 36-1451. It 

indicates the ZnO crystalline phase with the 

hexagonal wurtzite structure10. The XRD peaks of 

the samples all originate from ZnO crystal planes 

without the presence of other phase peaks. The XRD 

analysis indicates that the ZnO biosynthesis resulted 

in pure crystalline without impurities23. The lattice 

parameters of the samples are obtained of a= 3.064 

Å and c= 4.911 Å. It is in accordance with the lattice 

parameters of the hexagonal ZnO24. Table 1 presents 

the positions of the diffraction peaks along with the 

XRD parameters. 

 

 

 

 

Table 1. XRD parameter of biosynthesis ZnO 

hkl planes 2 (º) d-spacing (Å) FWHM (º) Crystallite size (nm) 

100 31.73 2.654 0.477 17.31 

002 34.37 2.455 0.263 31.58 

101 36.21 2.334 0.418 20.01 

102 47.49 1.802 0.750 11.57 

110 56.56 1.531 0.538 16.78 

103 62.80 1.393 0.678 13.73 

112 67.93 1.299 0.610 15.70 

201 68.98 1.281 0.882 10.92 

 

The average distance between planes (d-spacing) 

is 1.844 Å using the Bragg relation. The crystallite 

size is obtained by the Debye-Scherrer equation. The 

average crystallite size of biosynthesis ZnO samples 

was 17.20 nm. 

 

FESEM Morphology 

The surface morphology of ZnO biosynthesis 

was studied based on the FESEM photo in Fig 2. At 

50,000 times magnification, it can be seen that the 

three samples have oval and spherical grain 

morphology. 
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Figure 2. FESEM images of biosynthesized ZnO. 

The 0.05 M sample has a uniform spherical 

morphology. This shows that the concentration of 

sample preparation affects the shape of the ZnO 

particles25. This morphology is similar to research 

reported by Pai et al. synthesized ZnO using soga leaf 

extract (Peltophorum pterocarpum)9. The particle 

sizes of the 0.05 M, 0.1 M, and 0.5 M samples were 

110.1, 105.2, and 62.9 nm, respectively. The high 

concentration can reduce the particle size. It is in line 

with research by Fuad et al. that prepared ZnO using 

the hydrothermal method26. 

FT-IR Characterization 

FT-IR spectroscopy is a characterization to 

determine the bonding of sample functional groups 

in the infrared spectrum resulting from the incident 

photon molecule vibrations27. The FT-IR spectrum in 

Fig 3 shows the first stretch at 3588.7 - 3128.67 cm-

1 which indicates the presence of the O-H functional 

group. In the peak of 1610.63 cm-1 (amide), there is 

the C=O functional group which is a carboxylic acid. 

C-H bending vibrations are seen at around 1383.98 

cm-1. These peaks originated from the 

phytochemicals contained in the Pometia pinnata 

leaf extract. The determination of functional group 

bond is determined by reference28.  

 
Figure 3. FT-IR spectrum of biosynthesized 

ZnO. 

The ZnO stretching band phase was observed at 

around 465.83 cm-1. It confirms the presence of ZnO 

in biosynthesis samples8. Thus, the formation of the 

ZnO structure with Pometia pinnata leaf extract has 

been achieved due to the interaction of oxygen with 

other functional groups present in the extract. It is in 

accordance with a previous research report by 

Candogan et al. using neem (Azadirachta indica) leaf 

extract29. 

UV-Vis Analysis 

The optical properties of the ZnO samples were 

analyzed from the UV-Vis absorbance spectrum. 

https://dx.doi.org/10.21123/bsj.2023.9176
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UV-Vis spectroscopy was used to identify the 

formation of biosynthesized ZnO. The absorbance 

spectrum of the ZnO samples using Pometia pinnata 

leaves can be seen in Fig 4a. Strong absorption 

occurs at 250-390 nm, while weak absorption occurs 

at 390-750 nm. Similar studies were reported 

previously on the synthesis of ZnO using the leaf 

extract of Corriandrum sativum8. The absorption 

peaks of all samples with different concentrations of 

0.05 M, 0.1 M, and 0.5 M are at 375 nm, 369 nm, and 

368 nm, respectively. It shows that ZnO has a high 

absorption in the UV region so it is very good to be 

applied as a photocatalyst30.  

 

 
Figure 4. (a) Absorbance spectrum and (b) Bandgap curve of biosynthesized ZnO. 

Fig 4b shows the band gap energy of 

biosynthesized ZnO. Bandgap energy was obtained 

by extrapolating the absorbance spectra using the 

Tauc plot method. ZnO samples with concentrations 

of 0.05 M, 0.1 M, and 0.5 M have band gap energies 

of 2.89 eV, 3.01 eV, and 3.02 eV respectively. The 

gap energy difference is believed due to a reduction 

in the number of vacancies between oxygen and 

zinc31. The low band gap energy obtained plays an 

important role in the excitation of electrons in 

applications that utilize light. 

Degradation MB Analysis 

Biosynthesis ZnO catalyst has been effective for 

the photodegradation of methylene blue under UV 

illumination for 90 minutes. It was observed from the 

color change of methylene blue to almost colorless. 

The degradation process was evaluated by 

absorption at 663 nm18, which can be seen in Fig 5a.  

 
Figure 5. (a) At/A0 curve and (b) ln (At/A0) curve of biosynthesized ZnO. 
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The decrease in the absorption curve indicates 

that the concentration of methylene blue reduces due 

to the ZnO catalyst10. All biosynthesis ZnO samples 

with different concentrations exhibited almost the 

same reduction in absorption. The reduction in 

methylene blue concentration for 90 minutes for 0.05 

M, 0.1 M, and 0.5 M samples was 74%, 70%, and 

80%, respectively. In addition, the UV light source is 

also influential in this process due to ZnO exhibits a 

strong absorption in the UV region9. 

Photodegradation occurs due to charge separation in 

the ZnO structure due to UV irradiation. The excited 

electrons will leave the hole. Both charge carriers 

react with water and oxygen to produce hydroxyl 

radicals and superoxide radicals thereby degrading 

the dye to CO2 dan H2O21. 

Fig 5b presents the -ln (At/A0) versus time curves 

to study the kinetics of the photodegradation reaction 

rate of methylene blue. The reaction rate constant 

was determined using by following equation32: 

−ln (
𝐴𝑡

𝐴0
) = 𝑘𝑡   1 

Where At and A0 are post and initial irradiation 

absorbance of MB at 663 nm, t is time irradiation, 

and k is the rate constant of the reduction reaction. 

The 0.05 M, 0.1 M, and 0.5 M ZnO samples each had 

reaction rates of 0.0168 min-1, 0.0139 min-1, and 

0.0191 min-1. The high value of the reaction rate 

indicates the amount of pollutant that reacts to a 

given ZnO sample. Also, the increase in the reaction 

rate indicates that methylene blue is rapidly 

degraded. Previous research reported that 

photodegradation of methylene blue occurred at a 

reaction rate of 0.00402 min-1 using a SnO2 catalyst 

based on Pometia pinnata leaf extract16. It proved 

that biosynthesis of ZnO using Pometia pinnata leaf 

extract has excellent of photodegradation of 

methylene blue. 

Conclusion 

It has successfully synthesized ZnO using Pometia 

pinnata leaf extract with an eco-friendly and 

inexpensive method for the photodegradation of 

methylene blue. Some of the characteristics obtained 

are as follows. ZnO has high crystallinity of the 

hexagonal wurtzite structure, oval and spherical 

grain morphology, and the ZnO stretching band 

phase was confirmed at 465.83 cm-1 in the FTIR 

spectrum. Also, good absorption in the UV region. 

For the photodegradation process under UV light, it 

was shown that the biosynthesized ZnO 

nanoparticles exhibited an efficient degradation rate 

of 80%. The research concludes that ZnO possesses 

the potential to be used in aqueous environment 

remediation processes. 
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 الزنك أكسيد باستخدام الأزرق للميثيلين الضوئي التحلل على السلائف تركيز تأثير دراسة

 بيناتا البوميتيا نبات أوراق مستخلصات من الحيوي

 

  بوتري سيليانا ، ديوي رحمي  ، راتي يولاندا ، ريني سوليستيو آري

 إندونيسيا ، بيكانبارو ، رياو جامعة ، الطبيعية والعلوم الرياضيات كلية ، الفيزياء قسم

 

 

 ةالخلاص

 الحيوي التخليق طريقة باستخدام مولار 0.5و 0.1و 0.05 مثل السلائف، من مختلفة بتركيزات النانوية الزنك أكسيد جسيمات تصنيع تم

 وبنية وشكل الضوئية النطاق فجوة على النانوية للجسيمات الأولي التركيز أثر .بيناتا البوميتيا نبات أوراق مستخلصات على المعتمدة

 طريق عن الميثيل بروميد تحلل كفاءة تحديد تم .البنفسجية فوق الأشعة إضاءة تحت الضوئي التحلل عملية تنفيذ تم .ةالنانوي الجسيمات

 الطيفي التحليل بواسطة المسجل نانومتر 663 عند البصري الامتصاص تحليل طريق وعن الميثيل بروميد تركيز في الانخفاض قياس

 معدل مع ،MB لـ فعالاً  ضوئياً تحللًا  أظهرت حيوياً المُصنعّة النانوية الزنك أكسيد جسيمات أن النتائج أظهرت .البنفسجية فوق للأشعة

 أوراق مستخلصات إمكانات على الضوء الدراسة تسلط .البنفسجية فوق للأشعة التعرض من دقيقة 90 بعد %80 يبلغ أقصى تحلل

 .البيئية المعالجة عمليات في لاستخدامها النانوية ZnO جزيئات لتصنيع للبيئة وصديق التكلفة منخفض كبديل بيناتا البوميتيا
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