
© 2022 JETIR October 2022, Volume 9, Issue 10                                                       www.jetir.org (ISSN-2349-5162) 

JETIR2210248 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org c373 
 

NATURAL PRODUCTS ASSISTED 

SYNTHESIS OF CuO AND ZnO 

NANOPARTICLES FOR THE CATALYTIC 

DEGRADATION OF METHYLENE BLUE 

DYE FOR LONGER PERIOD 
 

1Shubhangi P. Patil1 *, 2Arslan M. Shaikh, 3Rahul R. Baviskar, 4Guruprasad R. 

Mavlankar, 5Minakshi N. Bhatu 
1Assistant Professor, 2M.SC.Chemistry student, 3M.SC.Chemistry student, 4Ph.D. Student, 

5Ph.D. Student 
1 Department of Chemistry, Institute of Science,  

15, Madam Cama Road, Mantralaya, Fort, Mumbai,  

Maharashtra 400032, India 

 

 

ABSTRACT 

With the world gravitating towards a greener and sustainable method in various sectors, the synthesis of metal 

oxide nanoparticles is also seen to be shifting from convectional to economically sound methods. In this 

context, herein, an eco-friendly phytochemical method has been used to synthesize and evaluate 

photocatalytic activity of CuO and ZnO nanoparticles. The phytochemical extract was prepared by using 

Azadirachta indica (neem) leaf, Hylocerus undatus (dragon fruit) fruit peel and Vigna unguiculate (Black-

eyed beans) sprouting water. Further, the samples which showed good photocatalytic reduction were 

characterized by using nanoparticle tracking analysis (NTA) which revealed the mean sizes of the particle to 

be 61 nm, 45 nm & 37 nm for ZnO (neem), ZnO (dragon fruit) & CuO (neem) respectively. The X-ray 

diffraction (XRD) study disclosed that the samples were more amorphous in nature. Surface analysis of 

samples using scanning electron microscopy (SEM) revealed the agglomeration of spherical and irregular - 

shaped particles. The presence of reducing agents i.e., various functional molecules & metal-oxide 

nanoparticles were further confirmed by FTIR analysis. The photocatalytic study of the CuO (neem) 

nanoparticles with methylene blue revealed 90.43% degradation of the dye in the period of 15 minutes while 

the reaction was studied for 120 minutes. 
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1. INTRODUCTION 

With the expansion of work in science and technology, various areas are blooming at their best. One of 

those is Nanotechnology, which covers a large area of food security, electronics, automotive, 

environment, textiles, cosmetics, and many more [1,2]. The core of nanotechnology is nanoparticles or 

ultrafine particles and currently, they are synthesized using various conventional methods such as 

hydrothermal, flame spray pyrolysis, sonochemical, sol-gel, vapor phase, co-precipitation method, etc. 

However, the conventional methods require a long processing time and high energy, the use of toxic 

organic reagents. Eventually, the green synthesis of nanomaterials has gained vast dimensions compared 

to traditional methods. Green methods mainly focus on low cost and low energy requisite, high yield 

rate and environment friendly techniques [2,3]. They lessen the usage of chemicals as the reduction part 

is carried by phytochemicals present in the plant extract as well as by the microorganisms like bacteria, 

algae, and fungi [4,5]. Plenty of bioactive compounds such as proteins, flavonoids, sugar, phenolic 

compounds and alkaloids can be directly extracted through plant extract without following any 

hazardous procedure which in turn can reduce specific metal ions into nanoparticles [6]. 

Noble metals like gold, silver and platinum are mainly used for the synthesis of nanoparticles [7-9], but 

due to their high economic value, they are replaced by new studies emerging in nanoparticle synthesis 

using transition metals like zinc, copper, iron, magnesium, etc. Due to their low toxic nature and easy 

availability, zinc and copper is used widely all over the world [10-13]. Nanoparticles of ZnO and CuO 

have various applications in energy, electronics and some are related to future applications for curing 

fatal diseases like cancer [14-17]. Nanoparticle has reduced particle size that imparts increased surface 

area due to which nanoparticles show good anti-microbial activity [18]. ZnO and CuO are bio-safe 

materials that possess photo-oxidizing and photocatalytic properties that impact biological and chemical 

species [19,20]. Variety of plants and fruits have antioxidant compounds present which are used for 

curing life-threatening diseases such as diabetics, cancer, and multiple heart problems. Also harmful 

dye released from various industries can be broken down into simpler compounds using nanoparticles. 

Nanoparticles have not only deepened in the biological world but also into the physical world by 

reducing harmful organic pollutant like dyes, nitro aromatic compounds, phenols, etc. [7-10] 
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Currently, the researchers are focusing on the green synthesis of metal oxide nanoparticles using 

phytochemicals extracted by different parts of the plant such as root hair [21], leaves [22,23] and fruit 

peel [24,25].  In this frame of reference, various plants such as Azadirachta indica [26,27], Psidium 

guajava [28], Ocimum tenuiflorum [29,30], Carica papaya [31], aloe-vera [32], etc. have been studied 

for the biosynthesis of metal oxides nanoparticles. Table.1 shows different synthesized nanoparticles 

using various plant extracts. 

Hence, in the current study, we have discussed an energy – efficient synthesis of CuO and ZnO 

nanoparticles by using the following phytochemicals sources like Azadirachta indica, Hylocerus 

undatus, Vigna unguiculata. Further, the reach of this research article is focused on the green synthesis 

of ZnO and CuO nanoparticles for their application in the photocatalytic study for the degradation of 

water polluting dye, Methylene Blue (MB). According to the literature review, the catalytic reduction 

reactions were studied for short times such as 2 to 5 minutes intervals for 24 to 30 minutes. Here, in the 

present study, we have planned to observe the reaction for a longer period with 15 minutes time intervals 

for 120 minutes and to study the time dependency of catalytic reaction. 

Table.1 Synthesized nanoparticles using various plant extracts 

Year Nanoparticle 
Plant 

Name 
Size(nm) Morphology Application Ref 

2020 ZnO 
Melia 

azedarach 
33-96 Spherical Antioxidant [33] 

2020 ZnO 
Euphorbia 

hirta 
20-25 Spherical Antimicrobial [34] 

2020 ZnO 
Calotropis 

gigantea 
31 

Hexagonal 

and 

pyramidal 

Photocatalytic [35] 

2014 CuO 

Tea leaf 

and coffe 

powder 

50 Spherical Antimicrobial [36] 

2017 CuO 
Banana 

peel 
60 Spherical Photocatalytic [37] 

2020 CuO 
Walnut 

shell 
15-22 - Anticancer [38] 

2020 Au 
Hibiscus 

sabdariffa 
15-45 Spherical 

Antiacute 

myeloid 

leukemia 

[39] 

2020 Au 
Pimenta 

dioica 
9-17 Spherical Anticancer [40] 

2020 Au 
Litsea 

cubeba 
8-18 Spherical 

Catalytic 

reduction of 

4-Nitrophenol 

[41] 

2020 TiO2 

Lemon 

peel 

Extract 

80-140 Spherical Antimicrobial [42] 

2020 TiO2 
Mentha 

arvensis 
20-70 Spherical Antimicrobial [43] 

2020 TiO2 
Syzygium 

cumini 
11 Spherical 

Photocatalytic 

removal of 

lead 

[44] 

2020 Ag 
Dionaea 

muscipula 
5-10 

Quasi-

Spherical 
Antioxidant [45] 
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2020 Ag 
Cestrum 

nocturnum 
20 Spherical Antibacterial [46] 

2020 Ag 
Nauclea 

latifolia 
12 Irregular Antimicrobial [47] 

 

2. MATERIAL AND METHOD 

2.1 Materials 

Copper acetate [Cu(CH3COO)2], Zinc chloride (ZnCl2) were obtained from Merck Pvt. Ltd. and were 

used without any further purification. Distilled water was used as a solvent and Methylene blue was 

obtained from Sigma-Aldrich Pvt. Ltd. Azadirachta indica (Neem) leaves from Vishnu baug (plant 

nursery), Hylocerus undatus (dragon fruit) fruit peel and Vigna unguiculate (sprouting water of Black-

eyed beans) were taken from a nearby market. 

2.2 Methods 

2.2.1 Preparation of the extract 

Hylocerus undatus (Dragon Fruit) peel extract: The peels of Hylocerus undatus (Dragon Fruit) were 

collected and washed entirely first with tap water and then with distilled water. The washed peels were 

shade dried for 4-5 days to eliminate the moisture from the surface. 20 g of peels were accurately 

weighed and extracted in 100 ml distilled water at 60 °C for about 30 minutes. The extract was cooled 

at room temperature and filtered using Whatman filter paper No.1. This extract solution was then labeled 

and stored in a refrigerator for the further procedure in synthesis [48]. 

Azadirachta indica (Neem) leaves extract: Azadirachta indica (neem) leaves were collected, washed, 

and dried at room temperature. 20 g of leaves were boiled in 100 ml distilled water for 20 min at 60 °C 

till the color of the solution turns light yellow. This light yellow colored extract solution was filtered 

using Whatman filter paper No.1 and stored for the further procedure in synthesis [23]. 

Vigna unguiculate (Black-eyed beans) sprouting water: Black-eyed beans were collected and soaked 

in water overnight. Further, the peas were removed and water was collected which was filtered using 

Whatman filter paper No.1 and stored for the further procedure in synthesis. 

2.2.2 Synthesis of CuO Nanoparticles 

The CuO nanoparticles were synthesized by weighing 2.0 g of copper acetate and by dissolving it in 

100 ml of distilled water under the constant stirring conditions on a magnetic stirrer at room temperature 

until the dissolution of salt. Subsequently, Dragon Fruit peel extract was added dropwise under constant 

stirring, after sometime solution changes color from blue to green. The obtained mixture was left under 

constant stirring at room temperature. After about 60 minutes, green colored solution changed to a dark 

green colored solution. The mixture is then centrifuged and washed first with distilled water and then 

with ethanol. CuO nanoparticles were then collected, weighed, and stored for further studies. 

10 ml copper acetate salt solution was added to 20 ml neem leaves extract dropwise under constant 

stirring at 60 °C. The mixture was kept at room temperature then after 10 to 15 minutes, brownish black 

precipitate was observed. This precipitate was centrifuged and washed with distilled water first and then 

with ethanol. The obtained CuO nanoparticles were then collected, weighed and stored for further 

studies. 

1.0 g of copper acetate was dissolved in 100 ml distilled water under constant stirring. Black-eyed beans 

sprouting water extract was added to the copper acetate solution under constant stirring in the presence 

of sunlight until the solution changed from blue to green indicating the formation of nanoparticles. The 

nanoparticles were then obtained using centrifugation followed by washing, first with distilled water 

and further with ethanol. The nanoparticles were collected, weighed and stored for further studies. 
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2.2.3 Synthesis of ZnO Nanoparticles 

The ZnO nanoparticles were synthesized by weighing 1.0 g of zinc chloride in 10 ml of distilled water. 

This solution is then heated to 70–80 °C and 7-10 ml of dragon fruit peel extract was added dropwise in 

the constant stirring conditions on a magnetic stirrer. The solution was then heated to form a gel like 

product, which was transferred to a crucible.  This product was heated in a muffle furnace at 400 °C for 

2 hours to obtain the nanoparticles. The particles were separated by using the centrifugation method 

followed by washing, first with distilled water and further with ethanol. The obtained ZnO nanoparticles 

were collected, weighed and stored for further studies. 

2.0 g of zinc chloride crystals were dissolved in 20 ml of neem leaves extract with constant stirring. 

Then the mixture was boiled at 60–80 °C under constant stirring until a deep yellow paste was formed. 

The paste was heated in a muffle furnace at 400 °C for 2 hours. Then the nanoparticles were obtained 

using centrifugation followed by washing, first with distilled water and further with ethanol. The 

obtained ZnO nanoparticles were collected, weighed and stored for further studies. 

1.0 g of Zinc Chloride was dissolved in 100 ml distilled water. Then the black-eyed beans, sprouting 

water extract was added under constant stirring in the presence of sunlight until the formation of a turbid 

solution, which was centrifuged and washed first with distilled water and further with ethanol to obtain 

the nanoparticles. The ZnO nanoparticles were  collected, weighed and stored for further studies.  

 

Table.2 shows all synthesized nanoparticles via the green method using the extract from different plant 

materials in this study. 

 

Table: 2 Synthesized nanoparticles via the green method using the extract from different plant materials in this 

study. 

Metal 

salt used 

Name of the 

plant 

Part of the 

plant 

Synthesized 

nanoparticle 

Copper 

acetate 

Hylocerus 

undatus 

Fruit peel CuO 

Zinc 

chloride 

Hylocerus 

undatus 

Fruit peel ZnO 

Copper 

acetate 

Azadirachta 

indica 

Leaves CuO 

Zinc 

chloride 

Azadirachta 

indica 

Leaves ZnO 

Copper 

acetate 

Vigna 

unguiculuta 

Sprouting water 

of Beans 

CuO 

Zinc 

chloride 

Vigna 

unguiculuta 

Sprouting water 

of Beans 

ZnO 

 

 

2.3 Photocatalytic property of Nanoparticles 

The photocatalytic study of synthesized nanoparticles was performed in the presence of the natural 

source of UV light i.e. Sunlight. Investigation of photocatalytic activity of synthesized ZnO and CuO 

nanoparticles as per Table no.2 were studied against 50 ml aqueous solution of 5 ppm MB dye solution. 

The weight of the nanoparticle taken to study the photocatalytic activity was 10 mg. The degradation of 

methylene blue dye was analyzed by using a UV- visible spectrophotometer at λ=664.84 nm at a time 

interval of 15 minutes. The percentage degradation of MB dye as per Figure.1 and Figure.2 reveals 

that CuO (neem), ZnO (dragon fruit) and ZnO (neem) nanoparticles showed better results hence were 

characterized for further studies. 
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Figure 1: Percentage degradation of MB dye in the presence of CuO nanoparticles. 

 

 

 

 

 

 

Figure 2: Percentage degradation of MB dye in the presence of ZnO nanoparticles. 
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2.4 Characterization 

The authenticity of the so-synthesized nanoparticles was confirmed by using the following standard 

characterization techniques: UV-Visible, NTA, XRD, SEM and FTIR. The absorbance of the Methylene 

Blue (MB) dye solutions was measured using a UV-Visible spectrophotometer of Thermo Scientific 

(Model Evolution 260 bio). The mean size of synthesized particles was obtained by performing 

Nanoparticle tracking analysis using the Nanosight LM20 nanoparticle tracking analysis instrument. 

The crystallinity of the synthesized nanoparticles was studied using MiniFlex II X-Ray Diffractometer. 

The morphology of synthesized nanoparticles was studied by using the Scanning Electron Microscope 

of Tescan, (Model Vega3) with an accelerating voltage of 20 kV. The Fourier Transfer Infrared (FTIR) 

spectroscopy was used for the identification of functional groups present in the nanoparticles. Spectra 

were obtained using the Perkin Elmer spectrometer within the range of 400 - 4000 cm-1 by using the 

KBr palette method. 

3. RESULTS AND DISCUSSION 

3.1 Nanoparticle Tracking Analysis (NTA): 

NTA analysis of so-synthesized nanoparticles discloses that the mean size of the nanoparticles was 

37nm, 45nm & 61nm for CuO (neem), ZnO (dragon fruit) & ZnO (neem) respectively as shown in 

Figure.3(A), Figure.3(B) and Figure.3(C). The standard deviation of the so-synthesized nanoparticles 

was 56 nm, 36 nm & 50 nm for CuO (neem), ZnO (dragon fruit) & ZnO (neem) respectively. 

Researchers have reported certain important applications of NTA for the establishment of size; size 

distribution and concentration of particles in ecotoxicology, environmental and nanotoxicology studies 

[49,50]. 

 

 

 

 

 

Figure.3 (A) NTA graph showing mean size of CuO nanoparticles (neem) 
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Figure.3 (B) NTA graph showing mean size of ZnO nanoparticles (dragon fruit) 

 

Figure.3 (C) NTA graph showing mean size of ZnO nanoparticles (neem) 

3.2 X-Ray Diffraction (XRD) 

XRD analysis of so-synthesized nanoparticles reveals the crystalline or amorphous nature of the 

particles under study. Figure.4 shows the XRD pattern of CuO (neem), ZnO (dragon fruit) and ZnO 

(neem) nanoparticles. The 2θ value of CuO (Neem) were correlated with the 2θ values of 23.7, 29.6, 

32.4, 35.5, 38.9 & 44.1 [2]. This indicates the presence of the CuO phase as per the 2θ values. Similarly, 

the 2θ values of ZnO (Dragon fruit) were correlated with, the 2θ value of 22.4, 24.9, 31.4, 32.5, 34.7, 

36.6, 38.2, 45.1, 54.3, 58.6 & 63.1 [1] which revealed the presence of ZnO phase. Lastly, the 2θ value 

of ZnO (Neem) were again correlated with, the values of 31.4, 34.4, 36.6, 47.06, 63.28 & 68.8 indicating 

the presence of CuO phase [1]. It can be seen in Figure.4 that the peaks corresponding to 2θ values are 

comparatively less intense. This indicates that the so-synthesized nanoparticles are comparatively more 

amorphous in nature than crystalline. 
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Figure 4: XRD pattern of  CuO (neem), ZnO (dragon fruit) and  ZnO (neem) nanoparticles 

 

3.3 Scanning Electron Microscopy (SEM) 

The scanning electron microscopy technique was used to analyze the morphologies of so-synthesized 

nanoparticles. The SEM images of CuO nanoparticles synthesized using Azadirachta inidica leaf 

extract; Figure.5 reveals that the particles are agglomerated in nature and have irregular morphology. 

The SEM images of ZnO nanoparticles synthesized using Hylocerusundatus peel extract; Figure.6 

reveals that the particles are agglomerated in nature and possess spherical morphology. Whereas, the 

SEM images of ZnO nanoparticles synthesized using Azadirachta indica leaf extract; Figure.7 reveals 

that they possess irregular morphology. 
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Figure 5: SEM images of CuO nanoparticles synthesized using Azadirachta indica (neem) leaf extract. 
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Figure 6: SEM images of ZnO nanoparticles synthesized using Hylocerus undatus ( Dragon fruit) peel extract. 

http://www.jetir.org/


© 2022 JETIR October 2022, Volume 9, Issue 10                                                       www.jetir.org (ISSN-2349-5162) 

JETIR2210248 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org c384 
 

 

 

 

Figure 7: SEM images of ZnO nanoparticles synthesized using Azadirachta indica (neem) Leaf extract. 

3.4 Fourier Transform Infrared Spectroscopy (FTIR) 

The FTIR spectra of CuO nanoparticle synthesized using Azadirachta indica (Neem) leaf extract is 

shown in Figure.8. The peak at 3446 cm-1 shows aliphatic and aromatic O-H stretching vibration [11]. 

The peak at 1617 cm-1 corresponds to the stretching vibration of the primary amine and the band at 1040 

cm-1 is assigned to C-O stretching vibration [26]. The band at 900 and 709 cm-1 is due to aromatic C-H 

bending. The peak at 458 cm-1 corresponds to Cu-O (metal-oxygen) vibration [26]. 

The FTIR spectra of ZnO nanoparticle synthesized using Hylocerus undatus (Dragon fruit) peel extract 

is shown in Figure 8. The peak at 1051 cm-1 refers to C-N stretching vibration [33]. The band at 1413 

cm-1 corresponds to C-C stretching vibration. FTIR spectra band at 1584 cm-1 & 2351 cm-1 is due to N-

H bending vibration and O-H bending vibration respectively and the broad peak at 3338 cm-1 

corresponds to aromatic O-H stretching vibration. The bands at 610 cm-1 & 560 cm-1 are assigned to 

Zn-O (metal-oxygen) vibration [26]. 
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The FTIR spectra of ZnO nanoparticle synthesized using Azadirachta indica (Neem) leaf extract is 

shown in Figure.8. The bands at 3344 cm-1 and 2908 cm-1  indicate the presence of O-H and C-H 

stretching of polyols [17]. The peak at 1600 cm-1 indicates the presence of C=C stretching vibration of 

the aromatic ring. The bands at 1041 cm-1 and 716 cm-1 represented C-N & N-H stretching vibration of 

amines respectively [17]. The peak at 3448 cm-1 is assigned to O-H stretching of the aromatic ring. The 

band at 902 cm-1 corresponds to C-H aromatic stretching vibration. FTIR bands in the range 600-450 

cm-1 are assigned to Zn-O (metal-oxygen) vibration [34]. 

The FTIR spectral study showed various bands corresponding to different functional groups which 

indicate the presence of a plethora of phytochemicals such as alkaloids, flavonoids, polyphenols & 

terpenoids etc. These phytochemicals were responsible for the reduction and synthesis of metal oxide 

nanoparticles [26,33]. 

 

Figure 8 : FTIR spectrum of CuO (neem), ZnO (dragon fruit) and  ZnO (neem) nanoparticles 
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3.5    Photocatalytic Activity 

The photocatalytic activity of so-synthesized nanoparticles was studied by investigating the degradation 

of methylene blue (MB) dye by recording UV-visible absorbance spectra of the dye (λ= 664.84 nm) at 

a time interval of 15 minutes. The absorbance spectra of the dye degradation of different nanoparticles 

with ZnO (neem), ZnO (dragon fruit) & CuO (neem) was recorded in the presence of sunlight. Later, 

by using equation (1) the percentage degradation of dye was calculated, by measuring the change in 

absorbance at an expense of time. 

% 𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 =  
𝐴𝑜− 𝐴𝑡

𝐴𝑜
× 100                         (1) 

Where, Ao is the absorbance of pure dye solution and At is the absorbance of the solution containing 

dye and nanoparticle (i.e., reaction mixture) at time t. 

All the synthesized nanoparticles as shown in Table.2 were investigated for photocatalytic activity. 

Every nanoparticle which was synthesized behaved as a catalyst for the degradation of methylene blue 

in presence of sunlight. The extent of degradation of MB dye shown by each nanoparticle was different. 

The graph of percentage degradation vs time for ZnO nanoparticles & CuO nanoparticles is shown 

separately in Figure.1 and Figure.2 which revealed that CuO (neem), ZnO (dragon fruit) & ZnO (neem) 

showed better results as compared to others. So, they are selected for further studies. 

3.5.1 Photocatalytic activity of CuO (neem) 

CuO nanoparticle synthesized using Azadirachta indica leaf extract behaved as a catalyst by showing 

degradation of methylene blue (MB) dye in the presence of sunlight. The highest degradation shown by 

CuO (neem) nanoparticle was in the first 15 minutes of the time interval where the dye degraded to 

90.43% as shown in Figure.1. Further the reaction was studied for upto 120 minutes but no specific 

changes were observed in percentage degradation. Thus it was observed that after a particular period 

the degradation of MB dye stopped in presence of CuO (Neem) nanoparticles. 

3.5.2 Photocatalytic activity of ZnO (dragon fruit) 

ZnO nanoparticle synthesized using Hylocerus undatus peel extract behaved as a catalyst by showing 

degradation of methylene blue (MB) dye in presence of sunlight. The dye was degraded to 81.71% in 

the first 15 minutes of the time interval by ZnO (dragon fruit) nanoparticles. The graph of percentage 

degradation vs time shown in Figure 2. indicates that elongation of period for reaction did not show 

any increase in percentage degradation. Thus no further degradation of the MB dye takes place after 15 

minutes.  

3.5.3 Photocatalytic activity of ZnO (neem) 

ZnO nanoparticle synthesized using Azadirachta indica leaf extract behaved as a catalyst by showing 

degradation of methylene blue (MB) dye in presence of sunlight. The degradation shown by ZnO (neem) 

nanoparticle in the first 15 minutes of time interval is 74.5% and the highest degradation of the dye 

shown by ZnO (neem) nanoparticle was 79.43% after 30 minutes of time interval. The graph of 

percentage degradation vs time shown in Figure.2  after first 30 minutes of the reaction no further 

degradation was observed when the reaction was carried for 120 minutes. 

The nanocatalysts  were recovered from the solution (i.e., reaction mixture) by centrifugation at 6000 

rpm for 20 minutes. The recovered nanoparticle can be reused for another photocatalytic cycle. 

3.5.4 Comparative Study of Photocatalytic Activity 

CuO (neem), ZnO (dragon fruit) and ZnO (neem) nanocatalysts showed catalytic activity for the 

degradation of Methylene Blue dye in the presence of sunlight. Among the three nanoparticles, CuO 

(neem) showed the highest percentage degradation which was 90.43% in the initial 15 minutes, followed 

by ZnO (dragon fruit) which was 81.71% in the initial 15 minutes and lastly by ZnO (neem) which was 

79.43 % in the initial 30 minutes of the time interval. Figure. 9 shows the comparative study of these 

three catalysts.  
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Figure 9: Comparative study of Percentage degradation of MB dye with nanoparticles showing highest activity 
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washed with ethanol and dried at 60 °C. The same catalyst was used for the second cycle and we found 

84.34 % degradation of MB. As the same procedure was repeated for the next three cycles we found a 

steadily decreasing order of percentage degradation 81.45 %, 73.73 % and then 65.54 % as shown in  

Figure.10. The catalysts showed good activity in each cycle, however decreasing results in percentage 

degradation may be due to the loss of the catalyst while recollecting it after every cycle.  
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Figure 10: Percentage degradation of MB dye by using CuO (neem) nanoparticles upto five cycles 

4. CONCLUSIONS 

The metal oxide nanoparticles have been synthesized through economical & sustainable methods using 

various plant extracts. The NTA analysis of so-synthesized nanoparticles revealed the mean sizes which 

were 37 nm, 45 nm & 61 nm for CuO (neem), ZnO (dragon fruit) & ZnO (neem) respectively. The XRD 

analysis showed that the so-synthesized nanoparticles were more amorphous in nature. The SEM images 

disclosed that the nanoparticles were irregular & spherical in shape with agglomeration. The presence 

of reducing agents i.e., various functional molecules & metal-oxide nanoparticles were further 

confirmed by FTIR analysis. The applicability of so synthesized nanoparticles was evaluated by the 

photocatalytic study. Excellent photocatalytic efficiency was exhibited by the so-synthesized 

nanoparticles by degrading 50 ml of 5 ppm solution of MB dye in the time duration of 120 minutes in 

the photocatalytic experiment. The highest degradation of MB dye was shown by CuO (neem) 

nanoparticle which was about 90.43 % in the initial 15 minutes of time duration, followed by ZnO 

(dragon fruit) nanoparticle which was about 81.71 % and lastly by ZnO (neem) nanoparticle which was 

about 79.43 %. The highest percentage degradation was observed in the initial 15 to 30 minutes of time 

duration. 
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