SYNTHESIS, CHARACTERIZATION AND PHOTOCATALYTIC DYE DEGRADATION ANALYSIS OF ZINC OXIDE NANOPARTICLES FROM FRUIT EXTRACT OF MANILKARA ZAPOTA


ABSTRACT
Zinc oxide nanoparticles were produced using the aqueous extract of Manilkara zapota, with zinc sulphate serving as the precursor. These nanoparticles find extensive applications in ultraviolet lasers, electrochemical nanodevices, and cosmetic products. The environmentally friendly synthesis of nanoparticles, particularly through the use of medicinal plant extracts, presents a viable alternative to hazardous techniques like hydrothermal and solvothermal chemical methods. Characterization of the synthesized nanoparticles was conducted using Fourier Transform Infrared Spectroscopy (FT-IR), Field Emission Scanning Electron Microscopy (FESEM), Energy Dispersive X-ray Analysis (EDAX), and X-ray Diffraction (XRD) analysis. Zinc oxide nanoparticles are capable of degrading various industrially significant dyes, which contribute to severe pollution of land, soil, and water resources. Consequently, it is pertinent to examine the green synthesis of zinc oxide nanoparticles derived from the aqueous fruit extract of Manilkara zapota. This study aims to investigate the photocatalytic properties of zinc oxide nanoparticles sourced from Manilkara zapota, particularly concerning commercially relevant dyes such as Methylene blue. Our findings suggest that these nanoparticles exhibit significant dye degradation capabilities.
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[bookmark: _GoBack]1. INTRODUCTION
Metal oxide nanoparticles (NPs) are considered highly promising due to their unique physical, chemical, and biological characteristics, including solubility, chemical stability, and adhesiveness. Moreover, using harmful substances for reduction and as capping agents during nanoparticle synthesis can lead to various negative impacts on plant life, the environment, and overall toxicity to living systems. Therefore, plant extracts present a more favorable method for the straightforward synthesis of metal oxide NPs via a green approach, as this method is eco-friendly, non-toxic, cost-effective, compatible with the environment, and easy to implement. Furthermore, the resulting particles are biocompatible and do not contain toxic stabilizers, unlike traditional chemicals. Essentially, plant extracts are rich in various active biomolecules that help in reducing and stabilizing nanoparticles. Zinc oxide (ZnO) is one of the most promising inorganic oxides that has gained significant attention from scientists for the biosynthesis of nanoparticles due to its exceptional properties and diverse applications, including drug delivery, solar cells, photocatalytic degradation, and personal care products such as sunscreens and cosmetics [1-6].
According to previous studies, ZnO nanoparticles (NPs) have been created using various plant extracts like Cassia auriculata [7], Aloe vera [8-9], Duranta erecta [10], Cinnamomum verum [11], Bauhinia tomentosa [12], Vitex trifolia [13], Moringa oleifera [14], Azadirachta indica [15-16], Artocarpus gomezianus [17], and Olea europaea [19]. In biological systems, excessive production of highly reactive radical species (HRRS) leads to oxidative stress, which is linked to several diseases such as cancer, diabetes, cardiovascular issues, and arthritis [31]. All biological systems rely significantly on antioxidants for proper functioning. Therefore, there is a pressing need to find new and safe antioxidants derived from natural sources that are more effective and less harmful. Furthermore, the extensive use of antibacterial and anti-inflammatory medications has led to resistance, the emergence of new antibiotic-resistant pathogenic strains [19], and both chronic and acute toxic effects on various human physiological systems, especially the immune system. Consequently, it is essential to look for new, effective antibacterial and anti-inflammatory treatments that can successfully fight drug-resistant bacteria without causing immunosuppression. Biosynthesized nanoparticles are suggested as a potential alternative solution to these issues [20].
Picture 1 : MANILKARA ZAPOTA
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Herbal medicine is both safe and effective for treating a range of diseases. Traditional herbal medicine significantly contributes to the management of various illnesses and their related complications; therefore, it is essential to focus on further research to develop many active formulations for addressing health issues. Manilkara zapota (L.) P. Royen, commonly known as M. zapota, is part of the Sapotaceae family. M. zapota is originally from Central America, southern Mexico, and the Caribbean, and it is grown widely across India.


2. MATERIALS AND METHODS
2.1. Preparation of extract
The fruit were collected and it is washed several times with water to remove the dust particles and then to remove the residual moisture. The extract was stored in a refrigerator in order to be used for further experiments. 
2.2. Preparation of zinc nanoparticles
For the synthesis of nanoparticle 50 ml of fruit extract was taken and boiled to 60-80 degree Celsius using a stirrer heater. 5 grams of Zinc Nitrate was added to the solution as the temperatures reached 60 degree Celsius. This mixture is then boiled until it reduced to a deep yellow colored paste. This paste was then collected dried for  2 hours. A light white colored powder was obtained and this was carefully collected and packed for characterization
2.3. Characterization of  ZnO nanoparticles
The green synthesized ZnO nanoparticles using a fruit extract of M.Zapota was carriedout.  was The morphology structure and stability of the synthesized ZnO nanoparticles were analysed  by using Fourier Transform Infrared (FTIR) spectroscopy and XRD and  EDAX and Field Emission Scanning Electron Microscope (FESEM),  

2.4. Free Radical Scavenging analysis ( Antioxidant).
The ability to scavenge the free radical DPPH of the green synthesized ZnO from the fruit extract of M. Zapota, biosynthesized ZnO NPs and standard L-ascorbic acid at different concentrations [21]. Briefly, 2 mL of the DPPH solution was added to 0.1 mL of different concentrations of each sample and standard L-ascorbic acid (3125–100 μg mL−1). After shaking vigorously for 1 min, the reaction mixture was maintained in the dark for 30 min at room temperature (35 ± 2 °C) and the absorbance was recorded at 517 nm using the U-2900 UV-Vis double beam spectrophotometer (Hitachi, Tokyo, Japan). Each measurement was taken in three replications. The free radical scavenging activity (FRSA) of each sample was expressed as percent inhibition of DPPH free radical and was calculated as:% inhibition (% Anti-radical activity) = [(A control − A sample)/A control] × 100, where A is the absorbance. The IC50 values were measured from the relationship curve of FRSA versus concentrations of the respective sample curve.

2.5. Photocatalytic degradation analysis
A xenon lamp was used to study the photocatalytic degradation of methylene blue dye.  Prior to the photocatalytic test, the photocatalyst was suspended in an aqueous solution of methylene blue dye in a 500 ml reactor. Then, the obtained mixture was stirred for 30 min in the dark to establish the adsorption-desorption equilibrium.  At different time intervals, samples from the mixture were taken and filtered for analysis. The absorbance of the samples were analyzed using a spectrophotometer







3. RESULTS &DISCUSSIONS
Figure 1: FT-IR analysis of synthesized ZnO nanoparticles from fruit extract of Manilkara zapota
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Figure : 1 FT-IR analysis is perhaps the most powerful technique for identifying the types of chemical bonds on the functional group present in the compound. The wavelength of light absorb is the characteristic feature of chemical bond as can be seen in the annotated spectrum. By interpreting, the infrared absorption spectrum the chemical bonds in the molecules can be determined. The powdered sample of nanoparticles was loaded in FT-IR spectroscope with a scan range from 400-4000 cm-1 with resolution of 4cm-1. [22] 
Table 1: FT-IR analysis of functional groups in synthesized zinc oxide nanoparticles from Manilkara zapota

	S.No
	Absorbance
	Bond
	Functional groups

	     1
	3370.89
	N–H stretch
	1˚, 2˚ amines, amides

	     2
	3141.22
	 OH stretch
	Strong

	     3
	2925.52
	Alkyl C-H stretch
	Alkane peaks above 3000 cm-1 are frequently diagnostic of unsaturation

	     4
	2856.82
	Alkyl C-H stretch
	Alkane peaks above 3000 cm-1 are frequently diagnostic of unsaturation

	     5
	1745.71
	 C = O Ester
	 Strong

	     6
	1634.53
	C=C Alkene
	Weak

	     7
	1515.56
	C=O Amide
	Strong

	     8
	1461.98
	CH2 Bend
	Medium

	     9
	1134.49
	C-OH Stretch
	 Strong

	    10
	863.26
	C-F
	Strong

	    11
	797.88
	C-Cl
	Strong

	    12
	674.36
	C-Cl
	Strong

	    13
	591.00
	C-Br
	Strong



FESEM  analysis of ZnO NPs
Morphology study of bio synthesized zinc oxide nanoparticles was carried out with the help of field emission-scanning electron microscopy (FESEM) of zinc oxide nanoparticles by using the scales of 500 and 10 nm. Images of the surface morphology of the bio synthesized nanoparticles were clearly indicated that bio synthesized zinc oxide nanoparticles was roughly spherical in shape and uniformly distributed and agglomeration was found in zinc oxide nanoparticles as shown in (Figure: 2). It can also be observed that few nanoparticles have slightly deviated from their shape from spherical, may be due to the presence of different groups of natural chemical which helps in reducing and stabilizing the nanoparticles during their initial stage and the average size of Zinc oxide nanoparticles was obtained of 35 nm.[23]
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Graph 1: Weight % of C, O, S and Zn

[image: ]Figure 2 : FESEM analysis of ZnO nanoparticles from the fruit extract of M.Zapota.
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[image: ]Figure 3: EDX analysis of ZnO nanoparticles from fruit extract of M.Zapota
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Energy dispersive X-ray spectroscopy (EDS, EDX or EDXRF) is an analytical technique used for the elemental analysis or chemical characterization of a sample. The EDX of the ZnO sample ( Figure 3) was done by the SEM (JEOL-JSM 5800) machine. The EDX reveals that the required phase has present. Both Zinc (Zn) and Oxygen (o) is present in the sample. Again the graph shows the presence of Mg. and Si. This is due to the substrate over which it was held to do the FESEM characterization. X-ray diffraction analysis of green synthesized Nanoparticles.
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Figure 4 : XRD analysis of synthesized ZnO nanoparticles from fruit extract of Manilkara zapota
Figure- 4 shows the XRD pattern of zinc oxide nanoparticle from Manilkarazapota extract. The Braggs reflection peaks at 31.6 o, 32.8 o, 36.1 o and 47.6o were observed corresponding to (100), (002), (101), and (102) plane respectively. The XRD pattern confirms the wurtzitestructure of zinc oxide nanoparticles.  The similar results have also been reported by synthesized zinc oxide nanoparticle by sol-gel method. The crystallite size of the zinc oxide nanoparticle has been calculated by Debye- Scherrer formula.
 .  
λ represents wavelength of X-ray source, β represents diffraction peak of full width at half maximum (FWHM) and θ represents the Braggs reflection peak. The average crystallite size of zinc oxide nanoparticle is 26.99 nm. 

Figure 5 : Antioxidant activities of control and zinc oxide nanoparticles from fruit extract

Figure 5 illustrates that antioxidants or oxidation inhibitors are substances that slow down or stop oxidation, generally extending the lifespan of oxidizable materials. Most diseases and disorders are primarily associated with oxidative stress caused by free radicals. Free radicals (oxidants) are highly reactive species with very short lifespans that can damage macromolecules like proteins, DNA, and lipids. Typically, reactive oxygen species in the body interact with the electrons of other molecules, affecting various enzyme systems and causing harm, which may lead to conditions such as cancer, ischemia, aging, adult respiratory distress syndrome, rheumatoid arthritis, and more. [24]. There has been significant interest in screening and characterizing antioxidants from natural sources, with efforts focused on finding suitable compounds to replace synthetic antioxidants. The ongoing search for phytochemicals with strong antioxidant properties remains crucial in finding treatments for diseases caused by free radicals, preventing oxidative reactions in food, protecting against DNA damage and cancer development, and discovering substances with a broad range of pharmacological effects, including anti-inflammatory, antibacterial, and antifungal properties. [25].




Figure 6 : Percentage of dye degradation by10 gm of synthesized ZnO nanoparticles from fruit extract at different time intervals.


Figure 7 : The absorbance spectra of Methylene blue dye treated with 10 gm of synthesized ZnO nanoparticles from fruit extract at different time intervals.

In recent years, the pollution of surface and groundwater has risen due to population growth. The primary contributors to environmental pollution are organic dyes found in the food and textile sectors, known for their high toxicity and non-biodegradability, which can lead to cancer in humans. MB dye is utilized by various industries, such as a dye for silk, a food coloring agent, and a dye for wool, leather, cotton, jute, and paper [26]. Methylene blue dyes have significant impacts on the immune and reproductive systems and show potential carcinogenic and genotoxic effects. Therefore, it is essential to eliminate these harmful dyes from industrial wastewater. Several methods, including biological treatment and adsorption, have been employed to remove these dyes from industrial effluents. The application of photocatalysts to break down organic compounds in polluted air or water or to transform them into safe chemicals has been widely researched to mitigate the harm caused by organic dye pollution to the environment and human health [27].
Therefore, heterogeneous photocatalysis is an interesting area of research because the method allows for complete mineralization of these environmentally hazardous dyes [28]. Among photocatalysts, ZnO2 is the most common due to its non-toxicity, high activity, and high corrosion resistance. One disadvantage of using titanium dioxide is its absorption in the UV region, which accounts for approximately 5% of sunlight. Therefore, the absorption of the photocatalyst must be altered to move it from the UV to the visible region. Many methods have been studied to extend the absorption of photocatalyst from the UV to the visible region, such as variation of the titanium dioxide by metal or non-metal. Other attempts have focused on preparing new photocatalysts, such as a multi-metal oxide photocatalyst. Zinc Oxide (ZnO) belongs to a category of n-type semiconductors having a wide energy band gap of 3.37 eV. Recently, ZnO has attracted much attention as a promising photocatalytic material for removal of organic pollutants, which are present in wastewater, all because of its high catalytic activity, moderate preparation cost, and environmentally benign nature [29].
Figures 6 and 7 illustrate the photocatalytic degradation of methylene blue dye. Nanoscale ZnO particles exhibit a substantial surface area and a high number of active sites, which ensures enhanced rates of surface-catalyzed reactions, thereby facilitating photocatalysis. Nevertheless, the considerable energy band gap of ZnO allows electronic excitations only with photons possessing energy below 400 nm (in the UV spectrum). A significant degree of recombination of photogenerated species presents another challenge associated with ZnO, which contributes to its low photocatalytic efficiency [30]. These limitations can be addressed by modifying ZnO, such as by extending its absorption threshold into the visible spectrum and reducing the rate of electron/hole pair recombination. Recent efforts have been made to enhance the activity of the ZnO photocatalyst. The development of nanoscale core/shell materials is a noteworthy technique that has garnered considerable attention.
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