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ABSTRACT 

The green synthesis of transition metal oxide nanoparticles (NPs) presents an environmentally 

responsible and innovative pathway for advancing sustainable nanotechnology. Among various 

eco-friendly methods, plant extract-mediated synthesis has gained prominence due to its 

minimal environmental footprint, reduced energy requirements, and avoidance of toxic 

reagents. In present research, Zinc oxide nanoparticle (ZnO) & Nickel Oxide nanoparticles 

(NiO)  were produced using plant extracts from Citrus sinensis peel and Morus alba leaves, 

which acted as both reductant and stabilizing agents. This phytochemical-assisted technique 

circumvents the use of hazardous chemicals and promotes cleaner production processes. The 

active biomolecules present in the extracts enabled effective diminution and stabilization of 

metal ions, leading to the generation of stable, crystalline nanoparticles under mild reaction 

conditions. A detailed characterization of the synthesized nanoparticles was performed using 

PXRD, FTIR, and zeta potential techniques. Structural and morphological analyses confirmed 

high crystallinity, phase purity, and well-defined shapes and sizes of synthesised nanoparticles. 

FTIR results further highlighted the role of specific functional groups in nanoparticle formation 

and stabilization. The synthesised NPs are further employed for agriculture application that is 

the growth of pea plant and it was observed that the sample containing plant extract exhibit 

more efficiency towards the faster growth of pea plant rather than chemically synthesised 

nanoparticles. This approach provides a scalable, cost-efficient, and non-toxic advanced  

synthetic methods, significantly reducing ecological impact. The resulting nanoparticles 

exhibit promising potential for applications in biomedical fields, catalysis and eco-friendly 

purification, underlining the effectiveness of plant-derived extracts in sustainable nanomaterial 

development. 

 

 

 

 

Keywords: Green synthesis, ZnO, NiO NPs, Citrus sinensis extract, Morus alba extract, 

Agriculture, sustainable nanotechnology. 
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CHAPTER 1 

INTRODUCTION AND LITERATURE REVIEW 

Nanotechnology has revolutionised various industrial sectors, including chemical, mechanical, 

pharmaceutical and food processing industries, while also  playing a considerable role in 

computing, power generation, machine learning, drug delivery, optics and environmental 

science[1]. This field of study facilitates the synthesis of materials with superior characteristics, 

increasing efficiency, minimising human effort and broadening their applicability across 

diverse sectors. With the advancements in nanotechnology, Metal Oxide Nanoparticles 

(MONPs) are gaining importance due to their superior physiochemical features, such as high 

surface area, increased reactivity, adjustable chemical and thermal stability, and superior 

porosity compared to traditional Metal Oxide NPs (MONPs)[2,3]. These NPs can be 

synthesised using diverse methods such as hydrothermal, sol-gel, microwave-irradiation, laser 

ablation, etc  

 

                                   Fig 1.1 Various approaches to synthesis Metal oxide NPs                                   

However, these traditional methods engage in the use of toxic precursors, entail high-cost, 

time-consuming, energy-intensive processes and generate toxic byproducts, presenting 

considerable challenges to sustainability and environmental safety[4,5]. Addressing these 

issues is essential for the responsible advancement and utilisation of nanomaterials. Continuous 

research, strict regulations, and established safety protocols are essential in mitigating these 

concerns attributed to the extensive use of NPs.  

Green synthesis has emerged as an eco-friendly  advanced  synthesis approach, obviating the 

necessity for toxic chemicals and energy-intensive methods. The green synthesis approach uses 
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plant extracts to synthesise MMONPs, providing cost-effectiveness and environmental 

sustainability and rendering it particularly suitable for agricultural, biomedical and wastewater 

treatment applications. Researchers have investigated diverse bioresources for green synthesis, 

encompassing plant components (bark, leaf, stem, root, flower, seed, tubers and fruits)[7,8] and 

microorganisms (algae, fungi, and bacteria)[9,10]. Plant and animal-derived bioresources are 

favoured for their abundant bioactive compounds—alkaloids, flavonoids, terpenoids, and 

triterpenoids—that act as natural capping and reductant in the synthesis of NPs. For instance, 

Jabeen et al. carried out the environmental friendly  synthesis of Copper Oxide NPs from the 

leaf extract of Aloe vera. The synthesised CuO NPs demonstrated remarkable photocatalytic 

and antibacterial properties[9]. Arnab et al. carried out the green synthesis of iron doped zinc 

oxide nanoparticles and studied the impact of Fe@ZnO NPs in terrestrial plants . Kashama et 

al. synthesised chitosan encapsulated Nickel oxide nanoparticles with application in enhancing 

wheat crop production.  

 

 

  

 

 

 

 

 

 

However, existing green synthesis techniques often suffer from reproducibility issues, stability 

concerns, and limited scalability, necessitating the exploration of novel bioresources. An 

effective and environmentally responsible substitute for traditional chemical synthesis methods 

is the biogenic production of metallic oxide nanoparticles by utilizing extracts based on plants.  

Because of their rich phytochemical profiles and ease of access, Morus alba (white mulberry) 

and Citrus × sinensis (orange) were chosen as biogenic agents in this investigation. 
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Numerous bioactive substances, including flavonoids, phenolic acids, tannins, and alkaloids, 

are found in Morus alba, a plant that is widely grown for its therapeutic and agricultural uses.  

During synthesis, these phytochemicals are essential for stabilizing nanoparticles and lowering 

metal ions.  Morus alba's antioxidant-rich leaves are a good green precursor for the production 

of zinc oxide (ZnO) nanoparticles because they aid in the effective nucleation and capping 

processes. 

Flavonoids, polyphenolic chemicals, and natural acids are abundant in the peel of Citrus × 

sinensis.  Stable metal oxide nanoparticle production is aided by these components' potent 

reducing and chelating qualities.  By recycling agricultural waste, the use of orange peel not 

only provides a sustainable method for creating nickel oxide (NiO) nanoparticles but also aids 

in waste vaporization.  Both liquid and powdered plant extracts were utilized, providing 

flexibility in synthesis methods.  Their participation guarantees a more environmentally 

friendly synthesis process while improving the functional performance of the final 

nanoparticles, particularly in applications like agricultural improvement and photocatalysis.  

Therefore, in nanotechnology, the combination of Morus alba and Citrus × sinensis is 

consistent with the concepts of green chemistry and circular economy. Limited research has 

proven the efficacy of Morus Alba-mediated nanoparticle biosynthesis.  

Many plant species, seed germination and plant development are greatly enhanced by the use 

of nanoparticles in agriculture, which also lowers the need for excessive pesticides and 

fertilizers. Seed priming has been recognized as one of the many applications of nanoparticles 

in modern times to enhance plant development and yield [10]. The traditional yet simple and 

effective technique of seed priming raises the proportion of germination, the health of the 

seedlings, and the plant's tolerance to climate change, all of which increase output. 

Priming, which relies on controlling moisture and drying to produce rapid germination, is the 

most viable rejuvenation strategy for encouraging germination of seed and development of 

plants by increasing sufficient metabolic activity for germination. As a result, germination rate, 

measurements of root/shoot extension, photosynthetic efficiency, seedling strength and 

growth-related indices may all increase. There is a lot of promise for nanoscience to guarantee 

agricultural output. Assessments indicate that the use of nanoparticles can affect both the 

germination of seeds and the plant growth and development. Recently, there has been interest 

in using green synthetic nanoparticles made from plant or microbial extraction as nano-priming 

agents because of their environmental synthesis that is easier to understand and less harmful 
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than alternatives that are produced chemically [12,13]. This method is still largely 

experimental, as only a few discoveries have been made so far. More research is needed to 

better understand and unlock its full potential. So far, only limited studies have looked into 

how green-synthesized nanoparticles and polymer-based nanocomposites impact seed 

germination. 

The creation of eco-friendly methods for synthesising nanoscale materials has become a 

significant focus for material scientists in current  years. The green synthesis of nanoparticles, 

particularly through the use of extracts from various plants, is an emerging trend recognized 

for its simplicity, cost-effectiveness, and non-toxic nature within the field of green chemistry 

[14,15]. Nanotechnology has enhanced the human standard of living by addressing various 

everyday issues, including contributions to energy sufficiency, climate change, and 

advancements in the beauty, textile, and health industries, particularly in the treatment of severe 

diseases such as cancer and Alzheimer’s.[16] 

 

The objective of the study was to study  the effect of the plant extract in  agriculture field. The 

crystal structure and surface morphology of bio-mediated ZnO &NiO NPs were analysed using 

different techniques (XRD, FTIR,).The significant characterisation results led us to investigate 

their biological potential on the growth of pea plant.  

This study presents the  synthesis of zinc and nickel oxide nanoparticles using plant extract 

utilising liquid and powdered extracts from Morus Alba leaves and Citrus X Sinesis peel. The 

green synthesis of ZnO &NiO nanoparticles presents environmentally friendly characteristics 

and a range of agricultural applications. The metabolites function as oxidizing, reducing, and 
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capping agents present in the aqueous plant extract in the synthesis of biogenic ZnO & NiO 

nanoparticles.  

 

 

 

 

In this research aqueous and powdered plant extract, nickel acetate tetrahydrate and zinc acetate 

dihydrate were used as precursors to synthesize ZNPs & NNPs. The structural properties of 

synthesized ZNPs & NNPs have been confirmed through PXRD, FTIR, and zeta potential 

analysis. 
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CHAPTER 2 

MATERIALS AND METHODS 

 

2.1 MATERIALS USED 

Zinc Acetate Dihydrate (Zn (CH3COO)2,2H2O), Sodium hydroxide (NaOH) of 

purity more than ≥ 99 % were procured from MERCK, Germany, Nickel 

Acetate Tetrahydrate (Ni (CH3COO)2·4H2O) was purchased from CDH chemicals. 

All the experiments were conducted using deionized (DI) water. Citrus x sinensis was 

purchased from market near DTU campus while fresh Morus alba leaves were collected from 

the Delhi Technological University campus. 

2.2 METHODOLOGY 

2.2.1 Preparation of Morus Alba plant extract 

Morus Alba leaves were firstly cut into small pieces and then cleansed using distilled water. 

The cleaned leaves were dried in oven at 60°C for 24 hrs. Afterwards, dried leaves were grinded 

using mortar and pestle into fine powder and then stored in dry conditions. Morus Alba extract 

was prepared by adding 1.5 g of  leaves powder into 30 mLof  DI water and solution was stirred 

at 100°C for 30 min . The resulting solution was allowed to cool at room temperature. Lastly , 

the solution was filtered & filtrate was used as capping and reducing agent during the synthesis 

of ZnO NPs. Also for liquid plant extract , the leaves dipped in distilled water were boiled at 

100°C on a heating plate until its volume decrease to half. Then the solution was filtered  and 

filtrate was used in the synthesis of Zinc oxide NPs 
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2.2.2 Green Synthesis of Zinc Oxide Nanoparticles (ZnO NPs) 

ZnO NPs were synthesised using co-precipitation method . Firstly, 2.1949 g 

Zn(CH3COO)2.2H2O was dissolved in 100 ml of DI water followed by dropwise addition of 

10 ml morus leaf extract under constant stirring for 30 minutes. Then the pH of the reaction 

mixture was adjusted to 9 using 1M NaOH solution and the resultant solution was then further 

agitated for 2 hours. The obtained light pale -coloured precipitate was filtered, rinsed with a 

50:50 solution of ethanol and water and then subjected to thermal drying in oven at 60 C . 

Later, the precipitate thus obtained was sintered at 300 C for 3 hours to get pale Morus Alba 

mediated ZnO NPs (MA-ZnO NPs). 
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2.2.3 Preparation of Citrus x Sinesis plant extract 

Valencia Oranges was washed with DI water. Orange Peels were dried in oven at 60°C for 24 

hours and then grinded using grinder and stored in dry conditions. Plant extract was obtained 

by adding 1.5g of powder of orange peel into 50 mL DI water and solution was heated and 

stirred at 100°C for 30 min and the orange peel solution was allowed to cool down at room. 

Lastly , the solution was filtered and filtrate was used as reducing and capping agent during the 

synthesis of NiO NPs.Also, for liquid plant extract ,Orange peels dipped in distilled water was 

boiled at 100°C on heating plate until its volume decreases to half.Then the solution was 

filtered and filtrate used for the synthesis of Nickel oxide NPs 
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2.2.4 Green Synthesis of Nickel Oxide Nanoparticles (NiO NPs) 

NiO were synthesized using co-precipitation method. Firstly, 2.488g of (Ni(CH3COO)2·4H2O) 

was dissolved in 100 mL of DI water followed by dropwise addition of 10 mL orange peel 

extract under constant stirring for 20 minutes. The pH of reaction mixture was adjusted to 8 

using 1M NaOH. The resultant solution was then further left undisturbed for continuous stirring 

of 4 hours. Obtained  green coloured precipitate was filtered ,rinsed with 50:50 solution of 

ethanol and water and then kept in oven for thermal drying at 60C. Later , the precipitate 

obtained was calcined at 300C for 3 hours to get black coloured Citrus X Sinesis mediated 

NiO NPs (CS-NiO NPs).  
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Green Synthesis of NiO Nanoparticles 

 

2.3  CHARACTERIZATION TECHNIQUES 

 

2.3.1 Powder X-Ray Diffraction Analysis [PXRD] 

PXRD is a technique used to determine the crystal lattice of powdered material. Figure 2.3 

shows a typical Digital X-ray diffractometer. Sealed tubes, synchrotron radiation sources, and 

rotating anodes are usually used to generate X-rays. Material like as metals, ceramics, polymer, 

and semiconductors can be investigated using XRD analysis [24-29]. The technique can be 

used to identify unknown materials, characterize new materials, and monitor the quality of 

materials during manufacturing [30]. In XRD analysis, crystals diffract X-rays in a typical 

fashion, permitting an analysis of their structure. Several macro- and microstructural features 

of samples are can be obtained from, including: 

• Peak Position: Curves analysis of the phase structure, chemical composition, macro stresses, 

and lattice parameters is provided. 

• Peak Shape: Contributes to sample broadening (micro strains and crystallite size 
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D = 0.94 λ / β Cos θ                                                   (2) 

Here, D is the avg. crystallinity , 

 Å is wavelength,  

FWHM is β ( radian) and  

 the degree of diffraction indicated by θ.   

 

Figure 2.1 Digital X-Ray Diffractometer. 
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2.3.2 Fourier Transform Infrared Spectroscopy [FTIR] 

 

Fig. 2.2 Digital FTIR Spectrophotometer. 

The FTIR analysis is a type of analytical technique that uses infrared radiation to identify and 

quantify a sample's chemical composition. Figure 2.4 shows a Digital FTIR 

Spectrophotometer.  FTIR analysis measures the interaction between a beam of infrared light 

and a sample. In addition to providing information about the samples' chemical composition, 

the spectrum also identifies the functional groups present. As a result, no two compounds 

produce similar IR spectra. In this way, an IR spectrum can be used as an identification 

fingerprint. Different kinds of materials can be qualitatively analysed using IR spectroscopy.  

IR region is usually categorized into three regions i.e., far (14000- 4000 cm -1), mid (4000 - 

400 cm -1) & near (400 - 10 cm -1).  
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2.3.3 Zeta Potential 

Nanoparticles and liquids have electrostatic potential differences, which is measured by the 

zeta potential. Several factors effect the behaviour of NPs, such as their surface composition, 

pH and ionic strength of the surrounding solution, and other molecules and ions present. Figure 

2.5 shows a typical Zeta Potential Analyzer. 

Nanoparticles with a high zeta potential are typically more stable and less likely to aggregate 

or clump together. This is because the Same-charged particles repel each other electrostatically 

prevents them from coming into proximity. On the other hand, nanoparticles with a low zeta 

potential may be more prone to aggregation, which can reduce their effectiveness in certain 

applications. The magnitude and sign of the zeta potential can be measured using techniques 

which are electrophoresis and dynamic light scattering. Careful control of experimental 

variables such as temperature and stirring rate is important to obtain accurate and reproducible 

results. 
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Figure 2.3 Digital Zeta Potential Analyzer 
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CHAPTER 3 

RESULTS AND DISCUSSION 

 

3.1 CHARACTERIZATION OF NANOPARTICLES 

 

The Powder X-ray diffraction (PXRD) results of  ZnO and NiO are shown in figure 3.1 and 

figure3.2.   

Figure 3.1 shows PXRD pattern result for zinc oxide where the peaks positioned at 2θ angles 

value of 31.66, 34.35, and 36.15 corresponds to hexagonal wurtzite structure corresponding to 

the reflection planes having hkl values as (100), (002), and (101) [31].  

Figure 3.2 showing the XRD pattern for nickel oxide where broad reflections at 2θ value of 

37.2, 43.3, and 62.9 assigned to hkl values of the reflection planes are (111), (200), and (220) 

. 

With the addition of plant extact into ZnO and NiO NPs lattice , we observed that there is slight 

change in peak intensity and peak position. 
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Figure 3.1 XRD pattern of green synthesized ZnO NPs 

 

Metal Oxide Samples Peak 

Position(2Ѳ) 

FWHM Particle Size(nm) 

Zinc Oxide Chemically 

Synthesized 

2482.23 0.64 13.66 

 Green 

Synthesized 

1838.65 0.43 20.18 

Nickel Oxide Chemically 

Synthesized 

996.05 1.94 4.61 

 Green 

Synthesized 

1015.78 1.72 5.18 
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The crystallite size of synthesized ZnO & NiO NPs were calculated using Debye-Scherer which 

is given below as equation (2). 

D = 0.94 λ / β Cos θ         (2) 

 

Here, D represents the average crystallite size, the wavelength is given in angstroms (Å), β 

denotes the full width at half maximum (FWHM) in radians, and θ corresponds to the 

diffraction angle. According to the Scherrer equation the average crystalline size ( D ) of the 

zinc oxide and NiO were calculated to be 15.60 and 17.1 nm, respectively.  

 

 

Figure 3.2 XRD pattern of green synthesized NiO NPs 
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FTIR spectrum of green synthesized ZnO NPs were given in figure 3.3 . As shown in figure 

3.3 wide absorption measured at 3478 cm-1 is the vibrational stretching of hydroxyl group (O-

H) of water present as moisture. There are peaks at 500 and 450 resulting from stretching 

vibrations in ZnO. The appearance of absorption bands between  

1400cm-1 and 700 cm-1  is due to the presence of plant extract. 

Figure 3.3 FTIR spectrum of ZnO nanoparticles 
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FTIR spectrum of green synthesized NiO NPs were given in figure 3.4 . As shown in figure 

3.4 wide absorption measured at 3490 cm-1 is the vibrational stretching of hydroxyl group (OH) 

of water present as moisture. There are peaks at 500 and 490 cm-1 resulting from stretching 

vibrations in NiO. The appearance of absorption bands between 1700 and 1000 cm⁻¹ is due to 

the presence plant extract. 

 

Figure 3.4 FTIR spectrum of NiO nanoparticles 
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Zeta Potential analysis was employed to determine the surface charge characteristics of 

synthesized ZnO NPs and this was found to be -26.4 mV, which implies that ZNP1 has a 

negative surface charge. Additionally, complexometric titration with standardized EDTA 

solution was employed to determine the zinc composition in synthesized ZNP1. The % of zinc 

in the MONPs was found to be 68%. 
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Chapter 4 

APPLICATION 

 

Zn and Ni serve as crucial micronutrients, contributing to physiological process including seed 

germination, plant development, increased crop productivity and resilience against 

environmental biotic and abiotic stresses. Recent studies have shown that seed priming with 

biologically synthesised ZnO and NiO nanoparticles has a positive impact on seedling growth 

and associated metabolic activities in several common staple crops such as pea, groundnut etc. 

Also, ZnO & NiO NPs offers agricultural applications, including improving plant growth, 

enhancing nutrient uptake, and exhibiting antimicrobial properties. Transition oxide-based NPs 

can facilitate uptake of crucial nutrients like zinc, phosphorus and nitrogen, which are crucial 

for plant growth and development. 

Although Zinc deficiency in soils is becoming increasingly prevalent worldwide, excessive 

application also poses a significant threat to soil health and plant well-being . 

"To study how ZnO & NiO nanoparticles influence seed sprouting and initial seedling 

development.", we germinate pea plant under laboratory conditions and investigated its 

germination with different samples (with powdered and liquid plant extract and blank ZnO and 

NiO).  It was observed that seeds germination with green synthesized ZnO & NiO NPs showed 

higher growth as compared to blank ZnO & NiO. Table 1 &2 shows growth of pea plant with 

ZnO & NiO NPs. It was observed that there was more growth in plants which have biologically 

synthesized using dry and wet plant extract rather than nanoparticles synthesized without plant 

extract. We observed that in between biologically synthesized dry and wet NPs there was good 

growth in dry NPs. Plants with dry and wet synthesized NPs survived 20-25 days more than 

plants having NPs synthesized without plant extract. It was observed that seeds germinated 

with biologically synthesized NPs showing rich in biomolecules rather than plants without 

plant extract. Plant with  Green-synthesized ZnO & NiO NPs generally promote better growth 

and stress resilience compared to other plants. They act not just as a micronutrient source but 

also enhance physiological processes through the bioactive compounds used in synthesis. 
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Table 1: Observation of  the growth of Pea Plant using NiO NPs 

Days U1(normal 

soil(cm) 

U2 (Ni without 

plant extract) (cm) 

U3(Liquid plant 

extract) (cm) 

U4(Powdered 

plant extract) (cm) 

1 No Growth No growth No growth No growth 

2 No growth No growth White embryo White embryo 

3 No germination No germination 0.5 0.5 

4 White embryo White embryo 1.0 1.0 

5 0.2 0.2 1.4 1.5 

6 0.8 0.9 1.9 2.2 

7 1.4 1.6 2.5 2.8 

8 1.9 2.1 3.0 3.4 

9 2.8 2.8 3.6 4.1 

10 3.0 3.0 4.2 4.8 

11 3.6 3.8 4.9 6.0 

 

Table 2: Observation of the growth of Pea Plant using ZnO NPs 

Days K1(normal 

soil(cm) 

K2 (Zn without 

plant extract) (cm) 

K3(Liquid plant 

extract) (cm) 

K4(Powdered 

plant extract) (cm) 

1 No growth No growth No growth No growth 

2 No growth No growth White embryo White embryo 

3 No germination No germination 0.5 0.5 

4 White embryo White embryo 1.0 1.0 

5 0.2 0.2 1.4 1.5 

6 0.8 0.9 1.9 2.2 

7 1.4 1.6 2.5 2.8 

8 1.9 2.1 3.0 3.4 

9 2.8 2.8 3.6 4.1 

10 3.0 3.0 4.2 4.8 

11 3.6 3.8 4.9 6.0 
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Figure 4.1 Plant Growth over several days 
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Green-Synthesized Transition oxide-based NPs vs Blank in Pea Plants 

 

Parameter Green Synthesized NPs 

treated Plant 

Blank 

Germination Rate Improved germination 

percentage due to enhanced 

enzyme activation 

Normal germination rate 

Root & Shoot 

Length 

Significant increase (Zn aids 

cell division and elongation) 

Shorter growth compared to treated 

Chlorophyll 

content 

Higher SPAD readings; Zn 

boosts chlorophyll synthesis 

Baseline chlorophyll levels 

Stress Resistance Better drought/salinity 

tolerance; lower electrolyte 

leakage and higher proline 

Lower micronutrients Absorption 

Root Nodule 

Formation 

Improved nodulation due to 

better root health and 

rhizobial interaction 

Delayed Nodule Formation 

 

 

Study has shown that ZnO & NiO NPs can stimulate root and shoot growth, leading to 

increased biomass and overall plant health. In pea plants, green-synthesized ZnO & NiO 

nanoparticles clearly improve, Early growth stages, Nutrient assimilation, Chlorophyll content, 

Root nodulation and nitrogen fixation as compared to the blank treated plants. 
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Figure 4.2 Graph showing growth of pea plant 
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CHAPTER 5 

CONCLUSIONS AND FUTURE PROSPECTS 

 

4.1 CONCLUSIONS 

 

The present study reports  “Green synthesis and characterization of zinc oxide and nickel oxide 

nanoparticles using Morus alba and Citrus x Sinesis plant extract” for agricultural application 

(Growth of pea plant). The synthesized nanoparticles were characterized using PXRD pattern, 

FTIR and Zeta Potential. From PXRD pattern it was confirmed with the addition of plant 

extract the average crystal size decrease which indicate the crystallinity of synthesized 

nanoparticles. From the FTIR it was confirmed that the sample is having a peak of  CO group 

due to the presence of plant extract. The Environmental considerations and phytochemicals 

present in the plant make it efficient for synthesis processes, since it doesn't pollute and is less 

hazardous than chemical methods. In order to synthesize NiO and ZnO nanoparticles, a green 

approach was adopted. Present work introduces an innovative method that employs the Morus 

Alba and Citrus x Sinesis plant extract for the agriculture application i.e. the growth of pea 

plant . Agricultural application of NPs was investigated using different soil samples having 

nanoparticles and without nanoparticles on the growth of pea plant.  It was observed that the 

pea plant shows fast growth using the green synthesized nanoparticles instead of blank nickel 

and zinc oxide nanoparticles. It was observed that the soil with green synthesized nanoparticles 

shows white embryo within 3 days while soil with chemical synthesized nanoparticles shows 

white embryo within 4 days. So, it concludes that the synthesized nanoparticles shows 

efficiency towards the faster growth of pea plant and the nanoparticles synthesized from the 

powdered plant extract shows fastest growth than nanoparticles synthesized from liquid plant 

extract. 
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4.2 FUTURE PROSPECTS 

 

Use of plant-based methods to synthesize nanoparticles offers cleaner, more sustainable 

approach compared to traditional chemical processes. In our research, Nickel oxide (NiO) and 

Zinc oxide (ZnO) nano-sized particles were synthesized using plant extract, following the 

principles of green chemistry. These eco-friendly nanoparticles show great promise in 

agricultural applications, particularly in promoting healthy plant growth. 

Zinc plays a vital role in plant development, especially in enzyme activity and chlorophyll 

production. When delivered in nanoparticle form, ZnO can enhance nutrient absorption and 

improve photosynthesis more effectively than conventional zinc fertilizers. Similarly, although 

nickel is required in smaller amounts, it is essential for nitrogen metabolism in plants. NiO 

nanoparticles have the potential to support seed germination and improve stress tolerance by 

boosting key physiological functions. 

In the future, these nanoparticles could be used in Nano fertilizers or protective treatments to 

improve crop yields in a more sustainable way. As research advances, they may play an 

important role in reducing chemical inputs and supporting precision agriculture. 

 

 

 

  

 

 

 

 



  
 

37 
 

CHAPTER 6 

                                     REFERENCES 

 

 
1. Bandeira M, Giovanela M, Roesch-ely M, et al. Green synthesis of zinc oxide 

nanoparticles : A review of the synthesis methodology and mechanism of 

formation. Sustainable Chemistry and Pharmacy 2020; 15(February): 100223. 

https://doi.org/10.1016/j.scp.2020.100223. 

2. Naseem, Taiba, and Tayyiba Durrani. “The Role of Some Important Metal Oxide 

Nanoparticles for Wastewater and Antibacterial Applications: A Review.” 

Environmental Chemistry and Ecotoxicology, vol. 3, 2021, pp. 59–75, 

https://doi.org/10.1016/j.enceco.2020.12.001. 

3. Yang, Yu, et al. “Impact of Metallic and Metal Oxide Nanoparticles on Wastewater 

Treatment and Anaerobic Digestion.” Environmental Sciences: Processes and 

Impacts, vol. 15, no. 1, 2013, pp. 39–48, https://doi.org/10.1039/c2em30655g. 

4. Kapoor, Vikram, et al. “Effects of Metal Oxide Nanoparticles on Nitrification in 

Wastewater Treatment Systems: A Systematic Review.” Journal of Environmental 

Science and Health - Part A Toxic/Hazardous Substances and Environmental 

Engineering, vol. 53, no. 7, 2018, pp. 659–68, 

https://doi.org/10.1080/10934529.2018.1438825. 

5. Odzak, Niksa, et al. “Dissolution of Metal and Metal Oxide Nanoparticles under 

Natural Freshwater Conditions.” Environmental Chemistry, vol. 12, no. 2, 2015, pp. 

138–48, https://doi.org/10.1071/EN14049. 

6. Rahman, Farjana, et al. “Green Synthesis of Zinc Oxide Nanoparticles Using Cocos 

Nucifera Leaf Extract: Characterization, Antimicrobial, Antioxidant and 

Photocatalytic Activity.” Royal Society Open Science, vol. 9, no. 11, 2022, 

https://doi.org/10.1098/rsos.220858. 

7. Ahmad, Hilal, et al. “Green Synthesis and Characterization of Zinc Oxide 

Nanoparticles Using Eucalyptus Globules and Their Fungicidal Ability against 

Pathogenic Fungi of Apple Orchards.” Biomolecules, vol. 10, no. 3, 2020, pp. 1–

13, https://doi.org/10.3390/biom10030425. 

8. Rahman, Farjana, et al. “Green Synthesis of Zinc Oxide Nanoparticles Using Cocos 

Nucifera Leaf Extract: Characterization, Antimicrobial, Antioxidant and 

https://doi.org/10.1016/j.scp.2020.100223
https://doi.org/10.1016/j.enceco.2020.12.001
https://doi.org/10.1039/c2em30655g
https://doi.org/10.1080/10934529.2018.1438825
https://doi.org/10.1071/EN14049
https://doi.org/10.1098/rsos.220858
https://doi.org/10.3390/biom10030425


38 
 

Photocatalytic Activity.” Royal Society Open Science, vol. 9, no. 11, 2022, 

https://doi.org/10.1098/rsos.220858. 

9. Hussain, Afzal, et al. “Biogenesis of ZnO Nanoparticles Using: Pandanus Odorifer 

Leaf Extract: Anticancer and Antimicrobial Activities.” RSC Advances, vol. 9, no. 

27, 2019, pp. 15357–69, https://doi.org/10.1039/c9ra01659g. 

10. Raha, Sauvik, and Md Ahmaruzzaman. “ZnO Nanostructured Materials and Their 

Potential Applications: Progress, Challenges and Perspectives.” Nanoscale 

Advances, vol. 4, no. 8, 2022, pp. 1868–925, https://doi.org/10.1039/d1na00880c. 

11. Arsalani, Soudabeh, et al. “Green Synthesis and Surface Modification of Iron Oxide 

Nanoparticles with Enhanced Magnetization Using Natural Rubber Latex.” ACS 

Sustainable Chemistry and Engineering, vol. 6, no. 11, 2018, pp. 13756–65, 

https://doi.org/10.1021/acssuschemeng.8b01689. 

12. Silveira, Carole, et al. “Iron-Oxide Nanoparticles by the Green Synthesis Method 

Using Moringa Oleifera Leaf Extract for Fluoride Removal.” Environmental 

Technology (United Kingdom), vol. 39, no. 22, 2018, pp. 2926–36, 

https://doi.org/10.1080/09593330.2017.1369582. 

13. Zikalala, Nkosingiphile, et al. “Biosynthesis Protocols for Colloidal Metal Oxide 

Nanoparticles.” Nano-Structures and Nano-Objects, vol. 16, 2018, pp. 288–99, 

https://doi.org/10.1016/j.nanoso.2018.07.010. 

14. Cuong, Hoang Ngoc, et al. “New Frontiers in the Plant Extract Mediated 

Biosynthesis of Copper Oxide (CuO) Nanoparticles and Their Potential 

Applications: A Review.” Environmental Research, vol. 203, no. July 2021, 2022, 

p. 111858, https://doi.org/10.1016/j.envres.2021.111858. 

15. Dzoyem, Jean Paul, et al. “Cytotoxic and Antimicrobial Activity of Selected 

Cameroonian Edible Plants.” BMC Complementary and Alternative Medicine, vol. 

13, 2013, https://doi.org/10.1186/1472-6882-13-78. 

16. Sarkar, Sampa, and Dhiman Sarkar. “Potential Use of Nitrate Reductase as a 

Biomarker for the Identification of Active and Dormant Inhibitors of 

Mycobacterium Tuberculosis in a THP1 Infection Model.” Journal of Biomolecular 

Screening, vol. 17, no. 7, 2012, pp. 966–73, 

https://doi.org/10.1177/1087057112445485 

17. Triloki, et al. “Structural Characterization of As-Deposited Cesium Iodide Films 

Studied by X-Ray Diffraction and Transmission Electron Microscopy Techniques.” 

Nuclear Instruments and Methods in Physics Research, Section A: Accelerators, 

https://doi.org/10.1098/rsos.220858
https://doi.org/10.1039/c9ra01659g
https://doi.org/10.1039/d1na00880c
https://doi.org/10.1021/acssuschemeng.8b01689
https://doi.org/10.1080/09593330.2017.1369582
https://doi.org/10.1016/j.nanoso.2018.07.010
https://doi.org/10.1016/j.envres.2021.111858
https://doi.org/10.1186/1472-6882-13-78
https://doi.org/10.1177/1087057112445485


  
 

39 
 

Spectrometers, Detectors and Associated Equipment, vol. 736, 2014, pp. 128–34, 

https://doi.org/10.1016/j.nima.2013.10.075. 

18. Agarwal H, Kumar SV, & Rajeshkumar S. A review on green synthesis of zinc 

oxide nanoparticles – An eco-friendly approach. Resource-Efficient Technologies 

2019; 3(4): 406–413. https://doi.org/10.1016/j.reffit.2017.03.002. 

19. Nava OJ, Soto-Robles CA, Gómez-Gutiérrez CM, et al. Fruit peel extract mediated 

green synthesis of zinc oxide nanoparticles. Journal of Molecular Structure 2017; 

1147: 1–6. https://doi.org/10.1016/j.molstruc.2017.06.078. 

20. Chavali MS, Nikolova MP, & Silver A. Metal oxide nanoparticles and their 

applications in nanotechnology. SN Applied Sciences 2019; 1(6): 1–30. 

https://doi.org/10.1007/s42452-019-0592-3. 

21. Bala N, Saha S, Chakraborty M, et al. Green synthesis of zinc oxide nanoparticles 

using Hibiscus subdariffa leaf extract: Effect of temperature on synthesis, anti-

bacterial activity and anti-diabetic activity. RSC Advances 2014; 5(7): 4993–5003. 

https://doi.org/10.1039/c4ra12784f.s 

22. Ayub, I. Green Matrix Based Synthesis and Characterization of Nanoparticles of 

Ficus religiosa Plant. Asian Journal of Emerging Sesearch 2020; 02(04): 188–189. 

https://doi.org/10.3923/AJERPK.2020.188.189. 

23. Lamnatou, Chr, and D. Chemisana. “Solar Radiation Manipulations and Their Role 

in Greenhouse Claddings: Fluorescent Solar Concentrators, Photoselective and 

Other Materials.” Renewable and Sustainable Energy Reviews, vol. 27, 2013, pp. 

175–90, https://doi.org/10.1016/j.rser.2013.06.052. 

24. Parveen, Khadeeja, et al. “Green Synthesis of Nanoparticles: Their Advantages and 

Disadvantages.” AIP Conference Proceedings, vol. 1724, 2016, 

https://doi.org/10.1063/1.4945168. 

25. Roy, Nidhija, et al. “Green Synthesis of Silver Nanoparticles: An Approach to 

Overcome Toxicity.” Environmental Toxicology and Pharmacology, vol. 36, no. 3, 

2013, pp. 807–12, https://doi.org/10.1016/j.etap.2013.07.005. 

26. Gour, Aman, and Narendra Kumar Jain. “Advances in Green Synthesis of 

Nanoparticles.” Artificial Cells, Nanomedicine and Biotechnology, vol. 47, no. 1, 

2019, pp. 844–51, https://doi.org/10.1080/21691401.2019.1577878 

27. Ganesh, Krishna N., et al. “Green Chemistry: A Framework for a Sustainable 

Future.” Organic Process Research and Development, vol. 25, no. 7, 2021, pp. 

1455–59, https://doi.org/10.1021/acs.oprd.1c00216. 

https://doi.org/10.1016/j.nima.2013.10.075
https://doi.org/10.1016/j.reffit.2017.03.002
https://doi.org/10.1016/j.molstruc.2017.06.078
https://doi.org/10.1007/s42452-019-0592-3
https://doi.org/10.1039/c4ra12784f.s
https://doi.org/10.3923/AJERPK.2020.188.189
https://doi.org/10.1016/j.rser.2013.06.052
https://doi.org/10.1063/1.4945168
https://doi.org/10.1016/j.etap.2013.07.005
https://doi.org/10.1080/21691401.2019.1577878
https://doi.org/10.1021/acs.oprd.1c00216


40 
 

28. Alayli, Azize, et al. “Synthesis of Nanoparticles by Green Synthesis Method.” 

International Journal of Innovative Research and Reviews, vol. 1, no. 1, 2017, pp. 

6–9, http://www.injirr.com/article/view/4. 

29. Jadoun, Sapana, et al. “Green Synthesis of Nanoparticles Using Plant Extracts: A 

Review.” Environmental Chemistry Letters, vol. 19, no. 1, 2021, pp. 355–74, 

https://doi.org/10.1007/s10311-020-01074-x. 

30. Santiago, M., Rivera, D., & Torres, A. (2023). Green Synthesis of Titanium Oxide 

Nanoparticles Using Natural Extracts. Journal of Materials Science and Chemical 

Engineering, 11(02), 29–40. https://doi.org/10.4236/msce.2023.112003 

 

31. Ezhilarasi, A. A., Vijaya, J. J., Kaviyarasu, K., Zhang, X., & Kennedy, L. J. 

(2020). Green synthesis of nickel oxide nanoparticles using Solanum trilobatum 

extract for cytotoxicity, antibacterial and photocatalytic studies. Surfaces and 

Interfaces, 20. https://doi.org/10.1016/j.surfin.2020.100553 

 

32. Kiani, B. H., Ihsan-Ul-haq, Alhodaib, A., Basheer, S., Fatima, H., Naz, I., & Ur-

Rehman, T. (2022). Comparative Evaluation of Biomedical Applications of Zinc 

Nanoparticles Synthesized by Using Withania somnifera Plant Extracts. Plants, 

11(12). https://doi.org/10.3390/plants11121525 

33. Shaik, A. M., David Raju, M., & Rama Sekhara Reddy, D. (2020). Green 

synthesis of zinc oxide nanoparticles using aqueous root extract of Sphagneticola 

trilobata Lin and investigate its role in toxic metal removal, sowing germination 

and fostering of plant growth. Inorganic and Nano-Metal Chemistry, 50(7), 569–

579. https://doi.org/10.1080/24701556.2020.1722694 

34. Synthesis and Characterization of MgO Nanoparticles by Orange Fruit Waste 

through Green Method. (2017). International Journal of Advanced Research in 

Chemical Science, 4(9). https://doi.org/10.20431/2349-0403.0409005 

35. Sabir, S., Arshad, M., & Chaudhari, S. K. (2014). Zinc oxide nanoparticles for 

revolutionizing agriculture: Synthesis and applications. In Scientific World 

Journal (Vol. 2014). Hindawi Limited. https://doi.org/10.1155/2014/925494 

36. Chandio, W. A., Pirzada, T., & Majid Ansari, A. (n.d.). JOURNAL OF CRITICAL 

REVIEWS Agricultural applications of zinc oxide nanoparticles coated with soil 

humic acidon wheat (Triticum indicum) seed germination. 

http://www.injirr.com/article/view/4
https://doi.org/10.1007/s10311-020-01074-x
https://doi.org/10.4236/msce.2023.112003
https://doi.org/10.1016/j.surfin.2020.100553
https://doi.org/10.3390/plants11121525
https://doi.org/10.1080/24701556.2020.1722694
https://doi.org/10.20431/2349-0403.0409005
https://doi.org/10.1155/2014/925494


  
 

41 
 

37. Hafeez, M., Shaheen, R., Akram, B., Ahmed, M. N., Zain-Ul-Abdin, Haq, S., Din, 

S. U., Zeb, M., & Khan, M. A. (2021). Green Synthesis of Nickel Oxide 

Nanoparticles using Populus ciliata Leaves Extract and their Potential 

Antibacterial Applications. South African Journal of Chemistry, 75, 168–173. 

https://doi.org/10.17159/0379-4350/2021/v75a21 

38. Chung, I. M., Venkidasamy, B., & Thiruvengadam, M. (2019). Nickel oxide 

nanoparticles cause substantial physiological, phytochemical, and molecular-level 

changes in Chinese cabbage seedlings. Plant Physiology and Biochemistry, 139, 

92–101. https://doi.org/10.1016/j.plaphy.2019.03.010 

39. Khane, Y., Benouis, K., Albukhaty, S., Sulaiman, G. M., Abomughaid, M. M., al 

Ali, A., Aouf, D., Fenniche, F., Khane, S., Chaibi, W., Henni, A., Bouras, H. D., 

& Dizge, N. (2022). Green Synthesis of Silver Nanoparticles Using Aqueous 

Citrus limon Zest Extract: Characterization and Evaluation of Their Antioxidant 

and Antimicrobial Properties. Nanomaterials, 12(12). 

https://doi.org/10.3390/nano12122013 

 

40. Alafaleq, N. O., Zughaibi, T. A., Jabir, N. R., Khan, A. U., Khan, M. S., & 

Tabrez, S. (2023). Biogenic Synthesis of Cu-Mn Bimetallic Nanoparticles Using 

Pumpkin Seeds Extract and Their Characterization and Anticancer Efficacy. 

Nanomaterials, 13(7). https://doi.org/10.3390/nano13071201 

41. Rehman, I., Gondal, H. Y., Zamir, R., Al-Hussain, S. A., Batool, F., Irfan, A., 

Noreen, S., Roheen, T., Nisar, M., & Zaki, M. E. A. (2023). Green Synthesis: The 

Antibacterial and Photocatalytic Potential of Silver Nanoparticles Using Extract of 

Teucrium stocksianum. Nanomaterials, 13(8). 

https://doi.org/10.3390/nano13081343 

42. Thatyana, M., Dube, N. P., Kemboi, D., Manicum, A. L. E., Mokgalaka-

Fleischmann, N. S., & Tembu, J. v. (2023). Advances in Phytonanotechnology: A 

Plant-Mediated Green Synthesis of Metal Nanoparticles Using Phyllanthus Plant 

Extracts and Their Antimicrobial and Anticancer Applications. In Nanomaterials 

(Vol. 13, Issue 19). Multidisciplinary Digital Publishing Institute (MDPI). 

https://doi.org/10.3390/nano13192616 

43. Elsayed, M. S., Ahmed, I. A., Bader, D. M. D., & Hassan, A. F. (2022). Green 

synthesis of nano zinc oxide/nanohydroxyapatite composites using date palm pits 

https://doi.org/10.17159/0379-4350/2021/v75a21
https://doi.org/10.1016/j.plaphy.2019.03.010
https://doi.org/10.3390/nano12122013
https://doi.org/10.3390/nano13071201
https://doi.org/10.3390/nano13081343
https://doi.org/10.3390/nano13192616


42 
 

extract and eggshells: Adsorption and photocatalytic degradation of methylene 

blue. Nanomaterials, 12(1). https://doi.org/10.3390/nano12010049 

44. Dhabian, S. Z., & Jasim, R. S. (2021). Anticancer and Antioxidant activity of the 

Greenly synthesized Zinc nanoparticles composites using Aqueous extract of 

Withania Somnifera plant. Egyptian Journal of Chemistry, 64(10), 5561–5574. 

https://doi.org/10.21608/ejchem.2021.75114.3686 

45. Kumar, V., Tiwari, P., Krishnia, L., Kumari, R., Singh, A., Ghosh, A., & Tyagi, P. 

K. (2016). Green route synthesis of silicon/silicon oxide from bamboo. Advanced 

Materials Letters, 7(4), 271–276. https://doi.org/10.5185/amlett.2016.6151 

46. Alagesan, V., & Venugopal, S. (2019). Green Synthesis of Selenium Nanoparticle 

Using Leaves Extract of Withania somnifera and Its Biological Applications and 

Photocatalytic Activities. BioNanoScience, 9(1), 105–116. 

https://doi.org/10.1007/s12668-018-0566-8 

47. Santiago, M., Rivera, D., & Torres, A. (2023). Green Synthesis of Titanium Oxide 

Nanoparticles Using Natural Extracts. Journal of Materials Science and Chemical 

Engineering, 11(02), 29–40. https://doi.org/10.4236/msce.2023.112003 

 

 

48. Sabouri, Z., Rangrazi, A., Amiri, M. S., Khatami, M., & Darroudi, M. (2021). 

Green synthesis of nickel oxide nanoparticles using Salvia hispanica L. (chia) 

seeds extract and studies of their photocatalytic activity and cytotoxicity effects. 

Bioprocess and Biosystems Engineering, 44(11), 2407–2415. 

https://doi.org/10.1007/s00449-021-02613-8 

49. Thakur, B. K., Kumar, A., & Kumar, D. (2019). Green synthesis of titanium 

dioxide nanoparticles using Azadirachta indica leaf extract and evaluation of their 

antibacterial activity. South African Journal of Botany, 124, 223–227. 

https://doi.org/10.1016/j.sajb.2019.05.024 

 

 

 

 

 

https://doi.org/10.3390/nano12010049
https://doi.org/10.21608/ejchem.2021.75114.3686
https://doi.org/10.5185/amlett.2016.6151
https://doi.org/10.1007/s12668-018-0566-8
https://doi.org/10.4236/msce.2023.112003
https://doi.org/10.1007/s00449-021-02613-8
https://doi.org/10.1016/j.sajb.2019.05.024


  
 

43 
 

CHAPTER 7 

CONFERENCE ATTENDED 

 

Presented our research work in the Two-Day Symposium on "Green Chemistry: Present 

and Future" under the Organic Chemistry Series (OCS-2025) held on 13th–14th May, 2025 

at Netaji Subhas University of Technology, New Delhi.  

 

 

RESEARCH PAPER: (Under Progress will be communicated soon) 

 

 

 

 



44 
 

 

 

 

 

 

 

 

 

 

 

 



  
 

45 
 

 

 

 

 

 

 

 

 

 

 

 



46 
 

DELHI TECHNOLOGICAL UNIVERSITY 

Bawana Road, Delhi-110042 

PLAGIARISM VERIFICATION CERTIFICATE 

 

Title of the Thesis: “Biogenic synthesis of Zinc & Nickel Oxide nanoparticles for 

agricultural application”. 

Total pages: 45 

Names of Scholars: Kaushik Mishra(23/MSCCHE/51) and Umang (23/MSCCHE/66) 

Supervisor :  

Prof. Poonam Singh 

Department of Applied Chemistry 

This is to report that the above thesis was scanned for similarity detection. Process and outcome 

are given below: 

Software used: Turnitin 

Similarity Index: 15% 

Total word count: 6554 

 

 

Date: June 2025 

 

 

 

Candidate’s signature                                  Signature of Supervisor                                                

  



  
 

47 
 

 

DELHI TECHNOLOGICAL UNIVERSITY 

Bawana Road, Delhi-110042 

PLAGIARISM REPORT 

 

 


