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ABSTRACT 

In the realm of nanotechnology, the environmentally conscious practice of using fruit waste and plants 

for synthesizing nanoparticles is increasingly captivating the attention of researchers. This approach, 

regarded as "Green Nanotechnology," offers an eco-friendly substitute for the conventional methods 

that involve the deployment of hazardous chemicals. The current study focuses on the fabrication of 

zinc oxide nanoparticles (ZnO-NPs) by utilizing a distinctive fruit waste and zinc sulfate as precursors, 

by sol-gel method. The resulting ZnO-NPs exhibit a hexagonal (wurtzite) shape and have been 

meticulously scrutinized and characterized through FTIR (Fourier Transform Infrared Spectroscopy) 

technique, then it was applied on a safranin o dye wastewater giving a promising degradation of 60% 

of initial concentration. 
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1 Introduction  

Nanoparticles, engineered materials at the nanoscale, revolutionize material chemistry, especially in 

catalysis. They offer advantages like increased yields and simple synthesis processes, appealing to 

researchers. Applications span catalysis, medicine, information technology, food safety, environmental 

science, energy, and electronics. As heterogeneous catalysts, nanoparticles, including zinc oxide, enable 

swift and eco-friendly conversions, particularly in complex reactions, due to their unique surface 

properties.[1], [2] ZnO's outstanding optical and electrical properties make it versatile for applications in 

optoelectronics, pharmaceuticals, cosmetics, solar energy, gas sensors, and more. It offers advantages like 

affordability, moisture resistance, reusability, commercial availability, and eco-friendliness as a non-toxic 

catalyst. [3], [4].  Using plants for ZnO nanoparticle synthesis is a sustainable alternative to traditional 

methods, aligning with contemporary eco-friendly approaches in nanoscience [5]. The present study reports 

for the first time the use of a know fruit peel waste for ZnO nps synthesis, which is proved with the 

characterization. 

2 Experimental  

2.1 Nanoparticles synthesis 

A known quantity of the fruit peel is boiled at 60 c for 30 minutes and it was filtered by a whatman no .1 

filter, then a 0.5 M ZnSO4 solution was prepared nanoparticles in 2 beakers, containing a volume of ZnSO4 

solution. Different volumes of the fruit peel extract where added:  15, and 20 ml,  they were kept under and 

heat between 70-80°C  and stitting, a gel is formed. The resulting paste is then placed in an oven at 450°C 

for 2.5 hours.[6]. 
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2.2 Photocatalytic experiment 

To evaluate the effectiveness of ZnO nanocrystals in removing Safranin O from water. A photocatalytic 

experiment was conducted using a 500 mL aluminum-coated Pyrex photoreactor tube. To ensure 

continuous mixing, an air pump with a flow rate of 150 mL/min was employed. Following the 

photocatalytic process, all samples underwent centrifugation at 6000 rpm for 5 minutes to separate the 

catalysts from the water solution. The dye concentrations in the centrifuged samples were measured using 

a UV–VIS spectrophotometer (HACH-DR3900). The efficiency of dye removal was determined using a 

specific equation. 

Removal Efficiency(%) = ((C0 - Ce)/C0) × 10 

where C0 is the initial dye concentration and  CE  is the dye concentration after defined reaction time t 

(min). 

3 Results and Discussion  

3.1 FTIR spectra analysis for both chemical and green sol-gel method for ZnO-nps synthesis 

Fourier-Transform Infrared is a powerful analytical technique used to identify and characterize chemical 

compounds based on their interaction with infrared (IR) radiation. FTIR spectrum was used to characterize 

the functional groups of synthesized nanocomposite materials. Figure 1 and 2 show FTIR of ZnO NPs 

prepared by a green method, the shown bands at 3146, 3144 cm−1 for K20, K15 (K20 refers for 20 ml of 

fruit extract and k15 refres to 15 ml of fruit extract) are related to O–H stretching and bending vibration 

from adsorbed water from air and atmospheric moisture [7].The absorption at 857.8 ,858.82 cm−1  for the 

latter particles is due to the formation of tetrahedral coordination of Zn. The bands at 530.84, and 

535.01cm−1, are assigned to metal–oxygen bond which is Zn–O bond [8], [9]. 

 

Figure1: ZnO nps FTIR for both 15 and 20 ml of fruit waste extract 

In the Safranin Dye Photodegradation experiment, two ZnO nanoparticles (ZnONPs) catalysts 

weresynthesized using different concentrations of fruit waste (15 and 20 ml). The figure reveals 

distinctelimination rates, with ZnONPs prepared with 15 ml of fruit waste achieving approximately 30% 

degradation, while those prepared with 20 ml demonstrated a more effective elimination at around 60%. 

This observation suggests a significant influence of fruit waste concentration during synthesis on the 

photocatalytic activity of ZnONPs. 
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Figure2:Safranin photocatalytic degradation by both ZnO 15 and ZnO 20 nanopaticle 

4 Conclusions 

In this study, we synthesized green ZnO nanoparticles using an unexplored fruit peel, confirmed by FTIR 

analysis. Notably, ZnONPs with 20 ml of fruit waste exhibited superior photocatalytic properties, 

emphasizing the importance of optimizing synthesis conditions for efficient Safranin Dye 

photodegradation. Our findings offer promising directions for sustainable wastewater treatment solutions 

and future research applications. 
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