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 Abstract 

In this study, Solanum Incanum (L) Essential Oil mediated silver nanoparticles (Ag NPs), 

magnetite nanoparticles (Fe3O4 NPs) and magnetite with silver nanocomposite (Fe3O4@Ag NC) 

preparation were described. There are three methods to synthesize nanoparticles physical, 

chemical and physical method. Biological is chosen because inexpensive, fast ecofriendly and 

nontoxic. Fe3O4 NPs, Ag NPs and Fe3O4@Ag NC prepared were characterized using field 

emission scanning electron microscopy (FESEM), Transmission electron microscopy (TEM), X-

ray diffraction (XRD), Fourier-transform infrared (FTIR) spectroscopy and Ultraviolet-visible 

(UV-Vis) spectrophotometer. XRD results show that Ag NPs and Fe3O4 NPs are well combined in 

synthesizing Fe3O4@Ag NCs. As calculated from TEM images, the average particle size of Ag NPs 

is 23 nm while that of Fe3O4 NPs and Fe3O4@Ag NC are 11nm. Adsorption study of methylene 

blue (MB) using Fe3O4 NPs was done and maximum absorbance of 91.72% was obtained at 100 

min starting with 4x10-4M MB dye solution and using 40 mg of adsorbent. Photodegradation study 

of MB dye solution was done using AgNPs and Fe3O4@AgNC as catalyst. The result indicated 

that Fe3O4@Ag NC has higher degradation efficiency and reusability advantage than AgNPs. 

Kinetic study showed that the catalyst best fit to Pseudo second order than pseudo first order 

kinetic model. Fe3O4 NPs, Ag NPs and Fe3O4@Ag NC demonstrated high-antibacterial activity 

against Staphylococcus aureus as evaluated by means of inhibition zone than Escherichia coli.  

Keywords: Essential Oil, Solanum Incanum, silver nanoparticles, magnetite nanoparticles, 

nanocomposite, methylene blue. Antibacterial activity, Photodegradation. 

 

 

 

 

 



 

1 | P a g e  
 

Chapter One 

1 Introduction  

1.1 Background of Study 

Nanotechnology is a field of science that deals with the synthesis and development of various 

nanomaterials [1] that range from 1nm -100 nm by size [1, 2]. In the scientific world, nanoparticles 

get a great attention due to their large surface area to volume ratio, high reactivity [3], high thermal, 

electrical conductivity, their demonstrated catalytic activity and their biocompatibility [4]. Among 

these iron oxide Nanoparticle gets significant technological attention due to its magnetic property 

and different potential application. Combining of these magnetic nanomaterial with an optically 

active material such as silver, makes them quite efficient to be used as multimodal agents in 

application [5] such as in electronics, photonics, catalysis and biomedicine [6]. There are three 

basic methods for the synthesis of nanoparticles named physical, chemical and biological methods 

[7]. Biosynthesis is an inexpensive,  faster eco-friendly and nontoxic method for the preparation 

of the nanoparticles. There are many biological resources for the synthesis of nanoparticles like 

plant extract, fungus, bacteria, and algae, etc [8]. There has been a rapid increase in using natural 

products like plant materials extract for synthesis of nanomaterials [9, 10].  

In modern pharmaceutical science, the extent of the degree of interest has been shifted more 

towards the herbal products as compared to synthetic products due to better affordability, 

acceptability, and compatibility with human physiology and minimal side effects [11]. Solanum 

incanum (L) is important traditional medicinal plant that belongs to the Solanaceae family [12]. 

The plant is a common shrub in Ethiopia, found in left-over agricultural lands, roadsides, and 

village yards. The plant has different local names in Ethiopia such as Embuay (by Amharic) and 

Hiddi (by afaan Oromo). Different parts of the plant are traditionally employed as medicine, the 

fruits and fresh leaves are applied for tropical ulcers and to stop bleeding; the root is used for 

syphilis, leprosy, and gonorrhea [13]. Solanum incanum (L) comprises essential oil which is a 

volatile compound that plays very important roles in plant defense and signaling processes [14].  

Present work focuses on the extraction of Essential Oils from Solanum Incanum (L) root by using 

Steam distillation, and analysis by GC-MS. Essential oil mediated synthesis of Fe3O4 NPs, Ag NPs 

and Fe3O4@Ag NC for antibacterial (inhibiting pathogenic Escherichia coli and Staphylococcus 
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aureus) application. In addition, Elimination of environmental pollutants, in particular, toxic dyes, 

has remained as a major challenge over the years [15]. Hence, degradation of methylene blue (MB) 

using hydrogen peroxide (H2O2) have been chosen as probe reactions to demonstrate the catalytic 

action of the synthesized Fe3O4 NPs, Ag NPs and Fe3O4@Ag NC.  

1.2 Statement of the Problem 

In the past silver nanoparticles (Ag NPs) have been extensively used in various applications 

including catalysis, metal electrodes, biotechnology and bioengineering. Currently, Ag NPs or 

their composites have been employed as effective antibacterial agents in a diverse range of 

consumer products. Unfortunately, Ag NPs synthesized using conventional methods aggregate 

easily, which greatly decreases their antibacterial activity. To solve this problem, AgNPs have 

been loaded onto suitable matrix. Fe3O4 NPs have found a lot of applications in various fields. 

Combining Fe3O4 NPs and Ag NPs can not only prevent the coalescence of Ag NPs, but also 

achieve recycling of nanosized silver to avoid contamination of surroundings [16]. Such 

nanocomposite could lead to interesting advances to solve the lack of biocompatibility of silver, 

eliminating its contact with tissues (iron oxide can be considered biocompatible, at least up to the 

mg/ml range) [17]. Methylene blue largely has been used in human and veterinary medicine for 

several therapeutic and diagnostic procedures. It cannot be degraded through the conventional 

water treatment process due to its complex aromatic structures, hydrophilic nature, and high 

stability against light, temperature, water, chemicals, etc. and it may cause substantial environment 

pollution [18] and Pathogenic food-borne bacteria such has S. aureus and E. coli have been 

associated with severe morbidity and mortality in humans and animals [19]. Different researchers 

have done on the synthesis of Fe3O4 NPs, Ag NPs and Fe3O4@Ag nanocomposite for antibacterial 

applications and catalytic degradation. However green method using Solanum incanum plant 

essential oil as reducing agent against human pathogenic bacteria has not been reported yet. Hence, 

this study intended to use EOs from Solanum incanum (L) root to synthesis Fe3O4 NPs, AgNPs 

and Fe3O4@Ag nanocomposite and then apply the synthesized nanomaterials in removal of dye 

pollutant and disinfection of bacteria. 
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1.3 Objectives 

1.3.1 General Objective 

The general objective of this work is extraction of essential oils from Solanum Incanum (L) root 

using steam distillation and synthesis of EO mediated Ag NPs, Fe3O4 NPs and Fe3O4@Ag NC for 

degradation of methylene blue and antibacterial application.  

1.3.2 Specific Objectives 

The specific objectives are: 

 To extract the essential oils from the root of Solanum incanum (L) using steam distillation.  

 To analyze the qualitative composition of the extracted essential oil. 

 To Synthesize Fe3O4 NPs, Ag NPs and Fe3O4@Ag NC through green method using 

Solanum incanum (L) EO as a reducing agent. 

 To Investigate the synthesized Fe3O4 NPs, Ag NPs and Fe3O4@Ag NC using FTIR, XRD, 

SEM-EDX, TEM and UV-visible spectroscopy. 

 To investigate Adsorption methylene blue removal efficiency of Fe3O4 NPs,  

 To investigate degradation of methylene blue removal efficiency of Ag NPs and 

Fe3O4@Ag NC 

 To investigate the antibacterial activity of Fe3O4 NPs, Ag NPs and Fe3O4@Ag NC 

1.4 Scope of the Study 

The scope of the study is limited to green synthesis Fe3O4 NPs, Ag NPs and Fe3O4@Ag NC using 

Solanum incanum (L) root extracted EO and characterization of the synthesized nanomaterials 

using UV-VIS XRD, FTIR, and SEM-EDX technique and investigation of methylene blue removal 

efficiency and antibacterial activities against two bacteria, S. aureus and E. coli.    

1.5 Limitations of the Study 

This study able to produce only laboratory scale test samples and unable to do more 

characterization due to unavailability of VSM and XPS instrument in the country and due to 

condition related with COVID-19, TGA   could not be characterized. 
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1.6 Significance of the Study 

This study could provide important information about the green synthesis strategy of Fe3O4NPs, 

Ag NPs and Fe3O4@Ag NC using essential oil as reducing agent and their antibacterial and 

catalytic activity.  
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Chapter Two 

2 Literature Review  

2.1 Essential Oil and Its Property 

Essential oils are volatile, complex, natural compounds characterized by a strong odor and formed 

by aromatic plants as secondary metabolites [9, 20, 21]. Essential oils are commonly used as 

flavoring agents in food products, drinks, perfumeries, pharmaceuticals and cosmetics [21]. EO, 

named as aromatic oils, fragrant oils, steam volatile oils, ethereal oils [22]. Essential oils are 

separated from the aqueous phase by a physical method, that does not lead to significant change 

in its chemical composition [23].  

In aromatic plants, the composition of EO usually varies considerably because of both intrinsic 

(sexual, seasonal, ontogenetic, and genetic variations) and extrinsic (ecological and environmental 

aspects). EO quality strongly depends on all these factors that may interfere and also limit plant 

yield. Genetic variations may result in the expression of different metabolic pathways and, 

consequently, made quantitative and qualitative variations in essential oil composition[14]. EO 

can be classified into  four main groups (1) Terpenes, (2) Straight chain compounds not containing 

any side chain (3) Phenylpropanoids (benzene derivatives) (4) Miscellaneous group having varied 

structures not included in first three groups (sulfur or nitrogen containing compounds) [24]. 

2.2 Essential Oil Extraction Using Steam Distillation 

Common  techniques used  for the extraction of essential oils are hydro-distillation, Hydro 

diffusion, Effleurage, Cold pressing, Steam distillation, solvent extraction, Microwave-Assisted 

Process (MAP) and Carbon dioxide  extraction [25]. On a commercial scale, steam distillation is 

a preferred method for the extraction of EOs [9]. 

Steam distillation is a type of distillation (a separation or extraction process) for a temperature 

sensitive plant such as natural aromatic compounds [22].. Which is a simplest method of extracting 

EO [26, 27]. It is a method where steam flows through the material as shown in fig 1 [28]. This 

steam functions as agents that break up the pores of the raw material and release the essential oil 

from it. The system yields a mixture of a vapor and desired essential oil. This vapor is then 

condensed further [22]..  
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Figure 1: Schematic diagram for steam distillation extraction process. 

2.3 Analysis of Essential Oils 

GC-MS is a combination of two different analytical techniques, Gas Chromatography (GC) and 

Mass Spectrometry (MS). GC-MS used to analyze complex organic and biochemical mixtures. 

The GC-MS instrument consists of two main components. The gas chromatography portion 

separates different compounds in the sample into pulses of pure chemicals based on their volatility 

by flowing an inert gas (mobile phase), which carries the sample, through a stationary phase 

fixed in the column. Spectra of compounds are collected as they exit a chromatographic 

column by the mass spectrometer, which identifies and quantifies the chemicals according their 

mass-to-charge ratio (m/z). These spectra can then be stored on the computer and analyzed [29]. 

Mass spectrometry is the preferred detection system for the identification of EO components. The 

combination of GC and MS results in a very powerful tool for EO chemical characterization [30].  
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2.4 Nanoparticles and Their Property 

Nanoparticles are of great scientific interest as they are a bridge between bulk substances and their 

molecular or atomic structure. A bulk substance has constant physical and chemical properties 

irrespective of its size; nevertheless, at the nanoscale these properties depend more or less on 

particle size [31].  

2.4.1. Surface Area and Size  

It has been found that properties vary with particle size. Particle size and surface area play a major 

role in interaction of materials with biological system. Seemingly, decreasing the size of the 

materials leads to an exponential increase in surface area to volume ratio, thereby making the 

nanomaterial surface more reactive [31] 

2.4.2 Optical Properties 

One of the most fascinating and useful aspects of nanomaterials is their optical properties. 

Applications based on optical properties of nanomaterials include optical detector, laser, sensor, 

imaging, phosphor, display, solar cell, photocatalysis, photo electrochemistry and biomedicine 

[32]. Noble metal nanoparticles (NPs), especially made of Ag and Au, have been attracting a great 

deal of attention due to their size and shape dependent optical properties which arise from their 

surface plasmon resonances [33]. As the size decreases, the specific surface area increases and a 

quantum effect appears that leads to profound changes in the properties of materials. Since optical 

properties depend on the internal electronic structures of nanomaterials, thus investigation of 

optical properties of nanomaterials can give us deep understanding of their structure [34]. 

2.4.3. Magnetic Property  

Magnetic effects are caused by movements of particles that have both mass and electric charges. 

These particles are electrons, holes, protons, and positive and negative ions. Materials are 

classified by their response to an externally applied magnetic field. Industrial applications of 

magnetic nanoparticles cover a broad spectrum of magnetic recording media and biomedical 

applications, for example, magnetic resonance contrast media and therapeutic agents in cancer 

treatment Akbarzadeh, Samiei [35]. Iron oxide are widely used in magnetic and biomedical 

application including contrast agents, drug delivery and hyperthermia [36]. 
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2.5 Approaches for the Synthesis of Nanoparticles 

There are two general approaches for synthesis of nanomaterials; top-down and bottom-up 

approach [37, 38]. These approaches further divide into various subclasses based on the operation, 

reaction condition and adopted protocols [38]. Fig. 2 shows bottom up and top down approaches 

subclass: 

 

Figure 2: Approaches for the synthesis of nanoparticles. 

From fig. 2 top down approach is destructive approach starting from larger molecule, which 

decomposed into smaller units and then these units are converted into suitable NPs. Examples of 

this method are grinding/milling, physical vapor deposition (PVD) and other decomposition 

techniques [38]. 

Bottom up approach is employed in reverse as NPs are formed from relatively simpler substances, 

therefore this approach is also called building up approach. Examples of this case are 

sedimentation and reduction techniques. It includes sol gel, green synthesis, spinning, and 

biochemical synthesis [38]. In another way, there are three basic methods for the synthesis of 

nanoparticles named physical, chemical and biological methods. Further classifications of those 

methods are given in Table 1. 
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Table 1: Methods for the synthesis of nanoparticles. 

Physical Method Biological (Green) Method Chemical Method 

Arc discharge method By Plant extract Co-Precipitation Method 

Electron beam lithography By Microorganisms Sono-chemical Method 

Ion implantation By Algae Electrolysis 

Inert gas condensation By Biomolecules or Enzymes Microemulsion Method 

Mechanical grinding By Agricultural and Industrial Waste Chemical reduction Method 

Spray pyrolysis  Phytochemical Method 

Vapor phase Synthesis  Sol-gel Method 

  Pyrolysis 

  Solvothermal/Hydrothermal 

Method 

 

Physical and chemical methods listed in Table 1 are widely used for the synthesis of nanoparticles, 

unfortunately, these methods have some drawbacks such as their use of high energy or hazardous 

chemicals, great expense and production of large amounts of toxic byproducts that create 

environmental contamination. To overcome these limitations of physical and chemical methods, 

ecofriendly, facile, low cost and nontoxic methodologies are essential for metal nanoparticle 

synthesis by avoiding the use of toxic and expensive chemicals and solvents. Recently, biological 

synthesis of metal nanoparticles has been highlighted, which is safe, ecofriendly, facile, nontoxic 

and economical [7]. 

2.6 Green Synthesis of Nanoparticle 

Green (Biosynthesis) synthesis of nanomaterials means the synthesizing of nanomaterials or 

nanoparticles without using hazardous chemicals that produce toxic by-products[39]. Biosynthesis 

is an inexpensive,  faster eco-friendly and nontoxic method for the preparation of the nanoparticles. 

There are many biological resources for the synthesis of nanoparticles like plant extract, fungus, 
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bacteria, and algae, etc. Plant extracts are preferable for the synthesis of the nanoparticles than 

other microorganisms because they are abundantly avaliable and have chemical components which 

can act as good reducing agents [8].  

Biosynthesis of nanoparticles employs the bottom-up approach where the metal atoms assemble 

to form clusters and then eventually the nanoparticles. The biological compounds present in green 

materials may act as both reducing and capping agents that can stabilize the nanoparticles during 

the synthesis process. This can control the size and shape of the nanoparticles which can be used 

in various applications [39].  

2.6.1 Green Synthesis of Fe3O4 Nanoparticles 

Magnetic (iron-oxide) nanoparticles have been synthesized by various methods, including thermal 

decomposition, vacuum sputtering, co-precipitation, hydrothermal, and chemical reduction 

methods [40]. Coprecipitation methods are simple and allow the preparation of magnetic NPs with 

rigorous control of size and shape. Homogeneous precipitation reactions are used to synthesize 

uniform sizes that involve the separation of the nucleation and growth of the nuclei [41]. Co-

precipitation method offers advantages such as simple and rapid preparation, easy control of 

particle size and composition, various possibilities to modify the particle surface state and overall 

homogeneity, low temperature, energy efficient, and does not involve use of organic solvent [42].  

 

Green production of Fe3O4 NPs is the process in which plant extracts, microorganisms (bacteria, 

fungi, algae, and yeast), and enzymes play a significant role in Fe3O4NPs synthesis from naturally 

biodegradable matter. Among these, synthesis by plant extracts is advantageous because it reduces 

the risk of further contamination by decreasing the reaction time and maintaining the cell structure 

[43].So due those advantage this study intended to use  Essential oil from Solanum incanum plant 

and synthesis of iron oxide nanoparticle. 

 

2.6.2 Green Synthesis of Silver Nanoparticles 

Among the metallic nanoparticles, silver nanoparticles (Ag NPs) in particular are known for their 

versatile biological applications in the fields of medicine and biotechnology. Recently, biological 

methods for synthesis of Ag NPs have been developed because they are eco-friendly and cost-
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effective. With advances in the green chemistry approach, biological synthesis of Ag NPs has been 

focused on as a substitute to physical and chemical processes, and offers budding opportunities for 

synthesis of Ag NPs. Several biological materials such as microorganisms, plant extracts, and milk 

have been used for the synthesis of Ag NPs. Synthesis of Ag NPs using plant extracts is potentially 

advantageous over microorganisms because of its simple scale up [44]. 

Recently different researcher synthesize silver nanoparticle from different plant essential oil for 

various applacation some of them are, R.R.Thanighaiarassu et al  synthesize AgNPs using essential 

oil compound citral for antifungal activity [45], Ramya et al. 2018 synthesize Ag NPs using 

essential oil compound Geraniol for antifungal Activity [46], R.R. Thanighai arassu et al.2018  

synthesize Ag NPs using essential oil from rosemarinus officinalis plant for antifungal Activity 

[47], Vidya Vilas et al. synthesize Ag NPs from C. aromaticus essential oil for environmental, 

anti-microbial and antioxidant applications [48].  

2.6.3 Green Synthesis of Fe3O4@Ag Nanocomposite 

Composites are the materials that consist of two or more chemically and physically different 

phases separated by a distinct interface. Nanocomposites are a relatively new class of materials 

with ultrafine phase dimensions, typically of the order of a few nanometers. Nanocomposites are 

the composites which are size dependent with at least one of the phases shows dimensions in the 

nanometer range and are different from those of the atomic and bulk counterparts. The size plays 

a vital role in the nanocomposites with unique properties typically not shared by their micro 

composite and, therefore, offer new technology and business opportunities. According to the type 

of matrix materials that are used for the preparation of nanocomposites, the nanocomposites 

are classified into following three classes: Polymer Matrix Nanocomposites, ceramic Matrix 

Nanocomposites and Metal Matrix Nanocomposites [49]. 

There are several chemical and physical methods for the preparation of metal/Fe3O4 magnetic 

nanoparticles. However, these methods have disadvantages such as utilization of organic solvents, 

harsh reaction conditions (high temperature and pressure) and use of expensive and toxic reducing 

agents, use of expensive capping agents and organic surfactants, which make them 

environmentally and economically malignant. Therefore, the development of a simple and 

environmentally friend method for the preparation of magnetic nano catalysts has been a major 

challenge [50]. 
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Considering preparation based on precipitation, one and two-stage processes can be used to 

synthesis Fe3O4@Ag nanocomposite. In the one-stage synthesis silver nitrate solution is added to 

a solution containing iron (III) and iron (II) salt in the help reducing and oxidizing agent. A 

suspension formed is then reacted at high temperature in an autoclave [51]. In the two-stage 

method, Fe3O4 nanoparticle is initially prepared and coated with silver. Plant extract may be used 

as a mild reducer to coat magnetic nanoparticles of iron (II)(III) oxide with a silver layer. Finally 

the magnetic nanoparticles of Fe3O4@Ag nanostructure are separated with a magnet [52]. Due to 

non toxicity, fast, low temprature and ecofriendly of two-stage process this study inteded to use 

two stage method. 

2.7 Essential Oil For Nanoparticle Synthesis 

Nanotechnology is expected to open some new ways to fight and prevent diseases using atomic 

scale tailoring of materials. There are a lot of reports on the antimicrobial and antibiofilm 

properties of different types of nanoparticles, especially heavy metal containing ones (silver, 

copper, gold and ZnO), as well as the core/shell nano systems (e.g., CoFe2O4/oleic acid, 

Fe3O4/oleic acid and Fe3O4/PEG600) [53]. Biomolecules including polyphenols, saponins, 

proteins and terpenoids present in plants play active role in reduction of inorganic metal ions and 

their consequent stabilization [54]. 

The essential oils are an interesting alternative for the antimicrobial therapy, acting by multiple 

mechanisms, including cell wall damages, inhibiting the cell wall or protein synthesis, or 

interfering with intermediary metabolisms or DNA/RNA synthesis/function [55]. However, like 

other EOs, are volatile compound which easily evaporates and/or decomposes during food 

processing, drug formulation, and preparation of antimicrobial film, etc., owing to direct exposure 

to heat, pressure, light or oxygen. In order to overcome the susceptibility and improve the stability 

of bioactive compounds during processing and storage, the emerging technology of nano-

encapsulation has been recently applied in food and nutraceutical industries. Nanoencapsulation 

of bioactive compounds represents a viable and efficient approach to increase the physical stability 

of the active substances, protect them from the interactions with the food ingredients and enhance 

their bioactivity, because of the subcellular size [56]. Due to instability of essential oil preparing 

with stable and non-toxic material like nanoparticle is very important to increase stability. 
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2.8 Antibacterial Strains 

Staphylococcus aureus and Escherichia coli account for the majority of clinical mastitis cases in 

cattle, whereas, S. aureus is the most prevalent pathogen associated with human mastitis[57, 58]. 

Striking differences exist between the courses of bovine intramammary infection caused by S. 

aureus and E. coli. Intramammary infection by E. coli is acute in nature and generally clears within 

a few days. In contrast, infection by S. aureus is often less severe but results in a chronic infection 

that can persist for the life of the animal [57]. So, developing resistant with biocompatible 

application material is very important to save life from those bacteria. 

2.9 Application of F3O4-Ag Nanocomposite 

2.9.1 Antibacterial Activity of F3O4@Ag Nanocomposite 

Currently, AgNPs and their composites have been employed as effective antibacterial agents in a 

diverse range of consumer products [16]. The antibacterial mechanism of AgNPs is associated 

with the release of silver ions [59]. Formation  of  Fe3O4@Ag composite  type improved allows to 

combine the magnetic properties of the iron oxide with the bactericidal and bacteriostatic 

properties of the silver [60]. Different researchers synthesize Fe3O4@Ag composite  for 

antibacterial activity some of theme are [61], [62] 

2.9.2 Catalytic Activity 

It is well known that metal nanoparticles have potential to catalyze some chemical reactions that 

are not achievable. The size, shape, and composition of nanoparticles play an important role in the 

catalytic reactions [40]. Homogeneous catalysts suffer from disadvantages such as high 

operational costs, short life time, labor-intensive and the difficulty of separating from the reaction 

mixture. These problems affect reaction yields and recycle activity of the catalyst which lead to 

environmental problems and restrict their application in synthesis due to environmental concerns 

and industrial processes. According to the points of green chemistry, the use of inexpensive and 

non-corrosive heterogeneous catalysts presents a promising option, so, due to safety considerations 

[50]. 

Among heterogeneous catalysts, magnetic nano catalysts are attractive candidates as effective 

catalysts for the highly active and recyclable catalytic systems. The beneficial applications of these 

catalysts are mainly due to their unique magnetic, electronic, and catalytic properties, excellent 
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chemical stability, low cost, huge industrial applications and large surface area. In addition, these 

catalysts can be separated from the reaction medium and recovered for using in next reaction cycles 

easily through an external magnetic field without using any centrifugation or filtration [50]. Many 

researchers work on catalytic removal of dye some of them are [63], [64]. 

2.8.3.1 Methylene Blue 

Organic dyes are generally used in industries like plastic, paper, pharmaceutical, cosmetic, food, 

and textile. They pose potential hazard to our environment and water bodies. Most commonly used 

organic dyes in industries includes methylene blue, methyl red, Congo red, methyl orange, eosin 

Y, bromophenol blue, acridine orange, phenol red, etc. [65]. Organic dyes have received particular 

attention as prominent environmental contaminants owing to their non-biodegradability and 

carcinogenic effects on humans [66]. Methylene blue is used dye paper and office supplies but 

also to tone up silk colors. It has largely been used in human and veterinary medicine for several 

therapeutic and diagnostic procedures. It cannot be degraded through the conventional water 

treatment process due to its complex aromatic structures, hydrophilic nature, and high stability 

against light, temperature, water, chemicals, etc., and it may cause substantial environment 

pollution [67]. 
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Chapter Three 

3. Material and Methods 

3.1 Material  

3.1.1 Chemicals  

In the study anhydrous sodium sulfate was used for drying  essential oil, Silver nitrate (AgNO3) 

(SCHULU CHEMIE SA LA. JOTA BARCELONA L 98%) was used as precursor of silver 

nanoparticles, Iron (II) Sulphate Heptahydrate (FeSO4.7H2O, 87%) (SAMIR TECH-CHEM PVT 

LTD) and Iron (III) nitrate nonahydrate (Fe(NO3)3).9H2O, 98% (UN-CHEM CHEMICAL 

REAGENT) were used as precursor of iron oxide nanoparticles, NaOH (sodium hydroxide 

(CENTRAL DRUG HOUSE(P) LTD) was used to adjust pH and for completion of reaction, 

Methylene blue (SAMIR TECH-CHEM, PVT, LTD) was used as representative dye pollutant, 

H2O2 (FINE CHEMICAL GENERAL TRADING, 30%) was used in degradation of methylene 

blue. 

3.2 Methods 

3.2.1 Collection and Pretreatment of Plant Sample 

A total of 12 kg of the Solanum incanum (L) root was collected from Adama Science and 

Technology University. The impurities (dust and soil on the plant material) were removed by 

repeated washing with tap water and finally with distilled water. The Solanum incanum (L) root 

was used freshly for essential oil extraction. 

3.2.2 Extraction of Solanum Incanum (L) Essential Oil 

The extraction of Essential oil (EO) was conducted using the steam distillation method. For 

experimental work, 200 gm of chopped and grinded Solanum incanum (L) root was used.  Before 

the operation start the steam, distillation setup was cleaned. Solanum incanum (L) root was loaded 

on to column and distilled water was added to the round bottom flask. The boiler was used to 

generate steam and let to enter into the column to extract the required amount of essential oil.  

Volatile components separated, then condensed with cold water and collected in separate flask. 

The experiment was carried at 75 oC for 3 hrs. Finally, the collected condensate mixture was 

separated by separatory funnel using hexane as organic solvent, dried using rotavapor and then 
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using sodium sulphate, quantitatively analyzed using GC-MS and the essential oil used for 

synthesis of nanomaterials [68].  

3.2.3 Gas Chromatography/Mass Spectroscopy (GC-MS) Analysis  

The EO was analyzed by GC-MS using column (30 m× 0.25 mm; film thickness 0.25 μm). The 

carrier gas was helium with a flow rate of 1 mL/min (split ratio of 1:10) and the injector at 260°C. 

Injected sample volumes were 1μl. Temperature was programmed from 60 °C to 280 °C at 3 

°C/min ramping. The ionization energy was 70 eV, and the mass range m/z was 20–550. The 

components were identified by their mass spectra and retention indices. The mass spectra were 

compared with library to identify compound in essential oil. 

3.2.5 Green Synthesis of Ag Nanoparticle Using Essential Oil. 

Ag NPs was synthesized using essential oils of Solanum incanum (L) root as reducing and capping 

agents. 100 mL of 1:1 volume ratios of the essential oils and 1mM AgNO3 solution was added in 

250 mL round bottomed flask, under stirring for 15 min. Then, 10 mL of 1.0 M NaOH solution 

was added to the reaction mixture and the reaction mixture was refluxed for 1 hr under constant 

magnetic stirring. When the color of the reaction medium turned to amber color, formation of Ag 

NPs was confirmed.  Ag NPs formed separated with centrifugation at around 3500 RPM and then 

decantation and washed with deionized water three times to remove any unreacted essential oils. 

The prepared Ag NPs was dried in drying oven at 105oC for 24 hrs [69]. 

 

Figure 3: Diagram showing synthesis process of Ag NPs 
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3.2.4 Green Synthesis of Fe3O4 Nanoparticle Using Essential Oil 

For the synthesis of Fe3O4 NPs using essential oil of Solanum incanum(L) root, firstly, 2:1 mole 

ratio of Fe3+ and Fe2+ respectively, was prepared by mixing aqueous solution of Iron (II) sulphate 

and Iron (III) nitrate. The prepared Fe3+ to Fe2+ aqueous solution was mixed with 50mL of EO 

with stirring, closing by condenser to keep EO compounds from evaporation, and heating at 60°C 

temperature until yellow color appears. Then freshly prepared 1.0 M of NaOH was added drop-

wise to the obtained color suspension under continuous stirring until black color appear. The pH 

of the solution was adjusted to pH 11 and the solution was stirred for 1 hr to homogenize the 

solution and also for the completion of reaction. After separation by using a permanent magnet, 

synthesized Fe3O4 NPs was washed for several times by using deionized water. The synthesized 

nanoparticles were dried in an oven at around 105°C for 24 h. The dried sample was stored in an 

air tight container for further use and characterization [70]. 

3.2.6 Green Synthesis of Fe3O4@Ag Nanocomposites 

Two stage methods were used to prepare Fe3O4@Ag Nanocomposite. 2 grams of the previously 

synthesized Fe3O4 nanoparticles was taken in 50 mL of aqueous essential oils solution and stirred 

for 20 minutes. Then 50 mL of 1mM silver nitrate solution was added and stirred for 15 minutes. 

Finally, 10 mL of 1.0 M NaOH solution was added to the reaction mixture and the reaction mixture 

was refluxed for 1 h under constant magnetic stirring. As formed Fe3O4@Ag Nanocomposite was 

separated with help of external magnet and washed with deionized water three times to remove 

any unreacted impurities [52]. 
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Figure 4: Diagram showing synthesis process of Fe3O4 NPs and Fe3O4@Ag NC 

3.2.7 Characterization Techniques 

The prepared samples were primarily characterized by UV-Vis spectrophotometer (Labomed 

Model UVD-2950). 3 mL of the solution was taken in a cuvette and scanned using double beam 

UV-Vis-spectrophotometry from 200 nm to 800 nm wavelength. FTIR spectrometer (JASCO 

FTIR 400) was used to determine the functional groups in the synthesized nanomaterials.  Powder 

X-ray diffraction (XRD) pattern of synthesized nanomaterials were determined by X-ray 

diffraction (XRD) analysis using a Rigaku D/MAX 2500 with Cu Kα radiation. Transmission 

electron microscopy (TEM, JEOL model 3010 microscope) operated at an accelerating voltage of 

200 keV with wavelength of 0.0251A˚ was used to determine morphology and particle size of 

synthesized nanomaterials. The morphology and elemental composition of the samples were 

characterized using scanning electron microscopy (SEM, Zeiss Ultra-60) equipped with X-ray 

energy dispersive spectroscopy (EDS).  
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3.2.8 Catalytic Removal of Methylene Blue 

The catalytic activity of synthesized Fe3O4 NPs, Ag NPs and Fe3O4@Ag NC were tested using 

methylene blue (MB) as representative organic dye pollutant. In this typical process, 3 drops of 

30% H2O2 solution were mixed with 100 mL of MB dye solution (4x10-4M) in a glass beaker and 

stirred vigorously for 2 min on a magnetic stirrer. To the above mixture, 40 mg of the Fe3O4 NPs, 

were added and while stirring 3mL of solution taken at 20-minute time interval from starting to 

120 minutes for recording the remaining MB in the solution. The extent of adsorption and 

degradation was evaluated by measuring the absorbance at the λmax = 665 nm of MB. The amount 

of MB adsorbed during the adsorption process and the percentage degradation of MB using Fe3O4 

NPs were calculated by equation. 1 and 2, respectively.  Kinetic study and efficiency of catalyst 

was done according to  [64] and [71]. 

The photodegradation experiment was performed by adding 40 mg of catalyst and 3 drops of 30% 

H2O2 solution to 100 mL of the dye solution (4 × 10−4 M). The suspension was magnetically stirred 

in the dark for 30 minutes in order to attain adsorption-desorption equilibrium before the 

irradiation by UV light. The main advantage of using the UV light was to produce electron and 

hole pair (e−/h+) with high energy state that migrate to the nanoparticle surface and initiate a wide 

range of chemical reactions [72]. 

   xV
m

CC
Q ot )( −
=  ………………………………………………………………………  (eq. 1) 

  % Degradation = 100
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0

0 x
A

AA t−
…………………………………………………......…… (eq. 2) 

Where Q (mg/g) is the amount of MB adsorbed on the surface of Fe3O4 NPs, C0(mg/L) is the initial 

concentration of dye before adsorption, Ct(mg/L) the concentration MB at a time ‘t’, V(mL) is a 

volume of MB, m(g) is mass of nanomaterial catalyst, Ao and At are the absorbance of MB after t 

time adsorption and degradation, respectively. The same calculation for Ag NPs and Fe3O4@Ag 

NC also. 

3.2.9 Assessment of Antibacterial Activity  

The antibacterial activity was done on Escherichia coli and Staphylococcus aureus by using the 

standard disc diffusion method. On available broth, medium was used to subculture bacteria and 

was incubating at 37 ℃ for 24 hrs. Fresh overnight cultures was taken and spread on the agar plates 



 

20 | P a g e  
 

to cultivate bacteria. Sterile paper discs of 6 mm diameter saturated with nanomaterials, essential 

oil, and double-distilled water (as negative control) and the antibacterial activity was measured 

based on the inhibition zone around the disc impregnated with nanomaterials and essential oils. 
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Chapter Four 

4 Results and Discussion 

4.1 GC-MS Analysis of Essential Oil 

Essential oil chemical components were identified by a GC–MS spectrometer with a fused-silica 

column (DB5, 30 m×0.25 mm) and composition of their mass spectra and fragmentation patterns 

were identified using NIST library. (Fig. 3) shows GC-MS total ion chromatogram of essential oil 

of Solanum incanum root. The identified components from essential oil of Solanum incanum root 

are given in table 2. These different components of EO are responsible for reduction and capping 

of synthesized nanomaterials. 

 

Figure 5 : GC-MS spectrum of Solanum incanum (L) root Essential Oil 



 

22 | P a g e  
 

Table 2: Major component of essential oil from Solanum incanum(L) root 

Number Identified compound  Chemical 

formula 

RT Peak area (%)   

1 Benzyl alcohol C7H8O 7.303 3.44 

2 Benzene ethanol C8H10O  9.371                                 3.48 

3 6-isopropenyl-4-8a-dimethyl-

1,2,3,5,6,7,8a-octahydro-

naphthalen-2-ol 

    C12H17NO2 

 

29.694 3.21 

4 2-(2R,4aR,8as) -4a-methyl-8-

methylenedecahydronaphthalen-2-

yl) prop-2-en-1-ol 

    C10H8N2O 30.168 3.06 

5 7R,8R,8-hydroxy (-4-

isopropydene-7-methyl [ bicyclo 

[5,3,1] uner-1-ene 

   C15H24O 30.965 17.69 

6 7-isopropenyl-4a-dimethyl-

4a,5,6,7,8-hexahydro-3H-

naphthalen-2-one 

  C15H22O 35.204 16.12 

7 2-(3H)-

Naphthalenone,4,4a,5,6,7,8-

hexahydro-4,4a-dimethyl-6-(1-

methylethenyl)- [4R-(4-alpha, 4a, 

alpha,6, beta 

   C15H22O 35.337 2.88 

8 Murdan-3,9(11)-diene-10-peroxy C15H24O2 37.168 6.01 

9 1,2-benzenedicarboxylic acid, 1,2-

bis(2-ethylhexyl) ester 

C24H38O4 52.276 2.47 

10 2-propanoic acid decylester C21H40O4 61.257 2.98 

11 Dasycarpidan-1-methanol 

acetate(ester) 

C15H24N2O2 63.446 2.41 
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4.2 Fe3O4 NPs, Ag NPs and Fe3O4 @ Ag NC Synthesis 

In this study Fe3O4 NPs, Ag NPs and Fe3O4@Ag NC were prepared by green approach using 

essential oil of Solanum incanum (L) root as reducing and capping agent. All Fe3O4 NPs, Ag NPs 

and Ag@Fe3O4 NC were prepared under alkaline conditions at room temperature. During 

Fe3O4NPs preparation the color of the reaction mixture of Fe+3 and Fe+2 salts and Solanum 

incanum(L) EO changed from yellow to brown black (Fig. 4) after addition of NaOH and stirring 

the solution for 1hr, which indicates the formation of Fe3O4 NPs. The synthesized Fe3O4 NPs is 

able to be attracted by an external permanent magnet quickly which proved that the nanoparticles 

possessed magnetic properties. Once the magnet removed, the nanoparticles were dispersed 

readily. The plausible chemical reaction for the formation of Fe3O4 NPs is as follows [73]: 

      2𝐹𝑒3+ +  𝐹𝑒2+ + 8𝑂𝐻− → 2𝐹𝑒(𝑂𝐻)2𝐹𝑒(𝑂𝐻)2(𝑠) → 𝐹𝑒3𝑂4(𝑠) + 4𝐻2 𝑂 ………… (eq. 3) 

Ag NPs was synthesized using AgNO3 solution as precursor of silver and Solanum incanum (L) 

EO as reducing agent. Color change from light colorless to dark brown was visually observed after 

addition of sodium hydroxide (Fig. 5). When the mixtures heated at 60°C, the color changes were 

more rapid. This color change is due to the Surface Plasmon Resonance (SPR) phenomenon in 

silver nanoparticles and no further color changes were observed after few minutes, indicating the 

generation of silver nanoparticles, due to the reduction of silver metal ions Ag+ into silver 

nanoparticles Ag0 via the active molecules present in the Solanum incanum EO. This is in line with 

literature reports [74] and the SPR is indicator of formation of silver nanoparticles by using 

Solanum incanum EO as reducing agent. Syntheses of Fe3O4@Ag NC follow two-step process as 

shown in Fig. 4. The first step of the Fe3O4@Ag NC synthesis is the formation of Fe3O4 NPs using 

the essential oil and then addition of silver nitrate and essential oil resulted nanocomposite. 

Separation of Fe3O4 NPs and Fe3O4@Ag NC were done with the aid of an external magnet. The 

possible reaction mechanism of the formation of Fe3O4@Ag Nanocomposites in alkaline medium 

is [75] 

Ag+  + 𝐹3𝑂4 → [𝐴𝑔(𝐹3𝑂4)]+………………………………………………………………. (eq. 4) 

2[𝐴𝑔(𝐹3𝑂4]+ + 2𝑂𝐻− + 𝐸𝑂 → 2𝐴𝑔 + 2𝐹3𝑂4…………………………………………….. (eq. 5) 
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4.3 Characterization of Synthesized Fe3O4 NPs, Ag NPs and Fe3O4@Ag NC 

4.3.1 UV-Visible Spectrophotometric (UV-Vis) Analysis 

UV-Vis spectrophotometer is useful in characterization and can provide certain information about 

shape, size, and stability of nanoparticles. The plasmonic absorbance phenomenon of nanoparticles 

makes it detectable by UV-Vis spectrophotometer [76]. UV-Vis absorption spectra of Ag NPs, 

Fe3O4 NPs and Fe3O4@Ag NC recorded are shown in Fig.6. The synthesized nanomaterials 

revealed continuous absorption in the visible range of 200–800 nm with strong absorption peak 

~450 nm (red), ~430 nm (blue) and ~350 nm (black) for Ag NPs, Fe3O4@Ag NC and Fe3O4 NPs, 

respectively. The position and shape of plasmon absorption are strongly dependent on the particle 

size, dielectric medium and surface-adsorbed species [77]. According to Bhupendra Chudasama 

et al  only a single SPR band is expected in the absorption spectra of spherical metal nanoparticles, 

whereas anisotropic particles could give rise to two or more SPR bands depending on the shape of 

the particles [77]. In our case, a single SPR band is observed in all particles, which leads one to 

predict that the particles are spherical in shape. Hence, the presence of an SPR band in the spectrum 

of Fe3O4@Ag NC at ~430 nm is an indicative of the formation of a fine layer of silver on the Fe3O4 

NPs and in agreement with the results obtained from TEM analysis. 
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Figure 6: UV-Vis spectra of Fe3O4NPs, AgNPs and Fe3O4@AgNCs 

4.3.2 Fourier Transform Infrared (FTIR) Spectroscopy Analysis 

FTIR spectra of Fe3O4 NPs, Ag NPs, and Fe3O4@Ag NC is shown in Fig.7. The common 

absorption bands around 3395.8 cm-1, 2923 cm-1 and 1416.7 cm-1 are indicating characteristic 

stretching vibration of hydroxyl functional group (O-H), stretching vibration of C-H and bending 

vibration of O-H on the surface of nanomaterials.  The stretching vibration of C=C group also 

localized at around 1666 cm-1[78]. The presence of these functional groups indicated well capping 

of essential oil on surface of nanomaterials. The FTIR spectrum exhibit strong bands in the low-

frequency region (1000–500 cm1) due to the iron oxide skeleton [79] which is consistent with the 

magnetite (Fe3O4) spectrum [80]. The characteristic band of Fe–O at 570 cm-1 was indicative of 

Fe3O4 NPs.  
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Figure 7: FTIR spectra of Ag NPs, Fe3O4 NPs and Fe3O4@Ag NCs 

4.3.4 X-ray Diffraction (XRD) Pattern Analysis 

The phase purity and crystallinity of the prepared Fe3O4NPs, AgNPs, and Fe3O4@AgNC were 

examined by X-ray diffraction technique (XRD) (Fig. 11). The XRD pattern indicates that the 

product mostly consists of magnetite in Fe3O4 NPs peaks, Ag in AgNPs peaks and Magnetite and 

Ag in Fe3O4@Ag NC peaks. Peaks at 2θ values of 30.36o, 35.7o, 43.357o, 53.59o, 57.209o and 

62.34o corresponding to (hkl), (220), (311), (400), (422), (511) and (404) Bragg's reflections for 

Fe3O4 NPs which is similar to that reported before for Fe3O4 nanoparticles by  [81, 82]. Ag NPs 

shows diffraction peaks at 2θ values of 38.074, 44.365, 64.485, and 77.424 corresponding to (hkl) 

values of (111), (200), (220) and (311) Bragg's reflections.  

XRD spectrum with the standard XRD data for magnetite (JCPDS file No. 96-900-6248) and for 

silver (JCPDS file No 096-901-2432) clearly illustrates that both Fe3O4NPs and AgNPs 

synthesized with crystal structure cubic (space group Fm-3m (227) and crystal structure cubic 

(space group Fm-3m-225), respectively.  The XRD patterns of Fe3O4 NPs and Fe3O4@Ag NC 

were similar within the limits of error; the only difference between them was the presence of weak 
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peak at 38.134 (2θ values) in the spectrum of the Fe3O4@Ag NC (Fig. 11). Therefore, those peaks 

indicate the successful formation of the Fe3O4@Ag nanocomposite. The average crystalline size 

of the nanomaterials can be obtained from Scherrer equation [83]: 

  d= 
𝐾𝜆

βcos 𝜃
   …………………………………………………………………………………  (eq. 6) 

Where d is particle diameter, k is constant, λ is wavelength of the Cu-Kα irradiation, 𝛽 is the peak 

width of half-maximum, and 𝜃 is diffraction angle. The Full Width at Half Maximum (FWHM) 

values were used to calculate the size of the nanoparticles. The average size of silver nanoparticles 

synthesized from Solanum incanum EO was calculated using Scherer’s equation from the above 

Scherer’s constant value k= 0.94. The average crystalline size is calculated for Fe3O4 NPs, Ag NPs, 

and Fe3O4@Ag NC to be about 33 nm, 21 nm and 14.8 nm, respectively. 

The calculated lattice constant for magnetite shown in Table 6  is in good agreement with standard 

lattice parameter a=8.39Å [84]. For Ag also the calculated lattice constant is in good agreement 

with the reported value and the sample exhibits smaller cell volumes. Earlier workers reported 

similar results for Ag nanoparticles [83]. Generally, XRD results clearly show that the Fe3O4 NPs, 

Ag NPs, and Fe3O4@Ag NC were successfully synthesized with the help of essential oil of 

solanum incanum(L) root as reducing and capping agent.  

Table 3:  The variation of crystalline size, lattice parameter value of biosynthesized Fe3O4 NPs 

peak position 

(2θ) 

FWHM size of the 

nanoparticle (nm) 

 Average 

size (nm) 

d-spacing 

(nm) 

Lattice Parameter, 

a (Å) 

hkl 

30.33 0.32 30.21 27.86 2.95042 8.34505 220 

 35.66 0.48 34.52 

  

2.51416 8.33853 311 

43.3 0.28 31.52 2.08359 8.33437 400 

53 0.84 19.73 1.4794 8.34334 422 

57.38 0.28 32.22 1.60519 8.3408 511 

63.02 0.44 18.945 1.4754 8.34612 404 
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Table 4: The variation of crystalline size, lattice parameter value of biosynthesized Ag NPs 

peak position 

(2θ) 

FWHM size of the 

nanoparticle (nm) 

Average 

size (nm) 

d-spacing 

(nm) 

Lattice 

parameter, a 

(Å) 

hkl 

38.1 0.3600 23.6 21.76 2.3608 4.089 111 

44.3 0.600 14 2.0452 4.0904 200 

64.48 0.600 20.36 1.4455 4.0885 220 

77.38 0.5200 29.12 1.2325 4.0877 311 

 

Table 5: The variation of crystalline size, lattice parameter value of biosynthesized Ag NPs 

peak position 

(2θ) 

FWHM size of the 

nanoparticle (nm) 

 Average 

size (nm) 

d-spacing 

(nm) 

Lattice Parameter, 

a (Å) 

hkl 

30.36 0.36 23.1 14.8 2.9442 8.34505 220 

 35.88 0.56 14.8 

  

2.5031 8.33853 311 

43.46 0.24 34.6 2.0823 8.33437 400 

53.40 0.52 15.93 1.7158 8.34334 422 

57.64 0.36 23 1.5993 8.3408 511 

63.18 0.72 11.54 1.4717 8.34612 404 

38.45 0.04 4  2.2967 4.33 111 
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Figure 8: XRD patterns of Fe3O4 NPs (a), Ag NPs (b) and Fe3O4@Ag NC (c) 

4.3.3 Scanning Electron Microscope (SEM) and Energy Dispersive X-ray (EDX) Analysis 

Scanning electron microscopy technique was employed to study morphology of synthesized Fe3O4 

NPs, Ag NPs, and Fe3O4@Ag NC. SEM image of Fe3O4 NPs (Fig. 8a &b), Ag NPs (Fig. 9a & b) 

and Ag@Fe3O4 NC (Fig. 10a &b) show that the morphology of the synthesized nanomaterials is 

higher polydispersity of Fe3O4@Ag NC than Fe3O4 NP and Ag NPs.  

In order to confirm the formation of (Ag NPs, Fe3O4 NPs, and Ag@Fe3O4 NC), EDX analysis was 

performed. During the EDX measurement different areas were focused and corresponding peaks 

are shown in figure 8(c), 9(c) and 10(c). In the EDX of synthesized Ag nanoparticle, Ag can be 

seen, which confirm the formation of Ag NPs, in the EDX of synthesized Fe3O4 NPs, Fe and O can 

be seen which confirm formation of Fe3O4 NPs and in Fe3O4@Ag NC EDX spectrum, Ag, Fe, and 

O can be seen which confirm formation of Fe3O4@Ag NC. Fe3O4 NPs EDX spectrum Fig. (8(c)) 

shows the quantity of Fe and O were 64.38 % and 33.60%, respectively, while in Ag NPs EDX 

spectrum (Fig.9(c)) the values of Ag were 90.64% and in Fe3O4@Ag NC EDX spectrum (Fig.10 

(c)) quantity of Fe, O and Ag were 42.76%, 47.67% and 2.06%, respectively. Details of the three 
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EDX spectra of the Ag NPs, Fe3O4 NPs, and Fe3O4@Ag NC values measured in apparent 

concentration and %weight are listed in Table 3.  

Table 6: EDX spectrum of Fe3O4 NPs (a) Ag NPs (b) Fe3O4@Ag NC (c) 

Element EDX of Fe3O4 NPs EDX of Ag NPs EDX of Fe3O4@Ag NC 

%Weight  Apparent 

concentration 

%Weight  Apparent 

concentration 

Weight % Apparent con 

centration 

Fe 64.38 25.67   42.76 12.35 

O  33.60 30.64 7.24 1.93 47.67 29.07 

Ag        -    - 90.64 48.50 2.06 0.55 

C        -     - 1.43 0.6 6.12 0.70 

N 0.91 0.76 0.69 0.37 1.39 1.13 

S 1.05 0.45 - - - - 

Si 0.08 0.21 - - - - 
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Figure 9: SEM images of Fe3O4 NPs powder (a & b) and its EDX spectrum(c) 
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Figure 10: SEM images of Ag NPs powder (a & b) and its EDX spectrum (c) 
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Figure 11: SEM images of Fe3O4@Ag NC powder (a & b) and its EDX-Spectrum (c) 
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4.3.5 Transmission Electron Microscope (TEM) Analysis 

Fig. 12 shows the representative TEM micrograph of the EO mediated synthesized Ag NPs at 

different magnification scales. As it is shown in the Fig. 12 (a-c), the prepared Ag NPs have 

spherical structure. Fig. 12d shows the selected area electron diffraction (SAED) of Ag NPs is 

attributed to the high crystallinity of the nanomaterial. The average particle size of the as 

synthesized Ag NPs calculated from TEM image is 23 nm. 

Fig. 13 shows the representative TEM micrograph of the EO mediated synthesized Fe3O4 NPs at 

different magnification scales. Fig. 13d shows the selected area electron diffraction (SAED) of 

Fe3O4 NPs is attributed to the high crystallinity of the nanomaterial. The average particle size of 

the synthesized Fe3O4 NPs calculated from TEM image is 11 nm. 
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Figure 12: TEM images at 100 nm (a), 50 nm (b), 20 nm (c) magnification scale and selected 

area electron diffraction (SAED) of silver nanoparticles (Ag NPs) (d). 

Fig. 14 shows the representative TEM images of the synthesized Fe3O4@Ag NC at different 

magnification scales. As it is shown in the Fig. 14 a-c, the prepared NC have spherical structure. 

Fig. 14d shows the selected area electron diffraction (SAED) of Fe3O4@Ag NC is attributed to the 

high crystallinity of the synthesized Fe3O4@Ag NC. The average particle size of the as synthesized 

Fe3O4@Ag NC calculated from TEM image is 11 nm. 

 

Figure 13:TEM images at 100 nm (a), 50 nm (b), 20 nm (c) magnification scale and selected area 

electron diffraction (SAED) of magnetite nanoparticles (Fe3O4 NPs) (d). 
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Figure 14:TEM images at 100 nm (a), 50 nm (b), 20 nm (c), magnification scale and selected area 

electron diffraction (SAED) of Fe3O4@Ag NC (d). 

4.4 Application of Synthesized Fe3O4 NPs, Ag NPs, And Fe3O4@Ag NC 

4.4.1 Adsorption of MB dye on to Fe3O4 NPs 

Synthesized Fe3O4 NPs was used to remove MB dye from water through adsorption process. 

Adsorption parameters were optimized by considering only initial concentration of MB dye and 

adsorbent dosage (Fe3O4 NPs) by maintaining room temperature and pH 11 at time interval of 20 

minutes until 120 minutes. Maximum adsorbance of 91.72% was obtained at 100 min starting with 

4x10-4M MB dye solution and using 40 mg of adsorbent (Fig.15).  
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Figure 15: UV-Vis absorption spectra of MB at different time interval of adsorbance (a), 

concentration effect of MB (b), and effect of adsorbent dosage (Fe3O4 NPs) (c). 

4.4.3 Kinetic Study 

The rate of reaction in the photodegradation experiment was evaluated using pseudo-first order 

and pseudo-second order kinetics model [85]. Pseudo-first order kinetic model equation is given 

as 

       𝑞𝑒−𝑞𝑡 = 𝑙𝑜𝑔𝑞𝑒 +
𝐾1𝑡

2.303
………………………………………………………………………………………    (eq.7) 

Where, qe(mg/g) is the amount MB decomposed at equilibrium time; qt (mg /g) is amount of MB 

decomposed at time, t; and K1 (min-1) is the rate constant of the pseudo-first-order kinetic model. 

The values of K1 were calculated from the slope of linear plots of log (qe-qt) versus t [86-88].  
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The pseudo-second-order equation  [85]: 

   
𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2 +

1

𝑞𝑒
𝑡 …………………………………………………………………………… (eq. 8) 

where, qe (mg/g) is the amount of MB decomposed at equilibrium time; qt (mg /g) is amount of 

MB decomposed at time, t; and K2 (min-1) is the rate constant of the pseudo second order kinetic 

model. The fig. 17 shows that the adsorption removal follows perfectly the pseudo-second-order 

kinetics, and the fairness of the fit is indicated by the linear regression value, 𝑅2 = 0.934 for Fe3O4 

NP it implies that 'Chemisorption' took place during the adsorption process. 

 

Figure 16: Pseudo first order kinetics model of methylene blue using Fe3O4 NPs (a) and (b) and 

pseudo second order kinetics model of methylene blue using Fe3O4 NP  

Table 7: Pseudo-first order and pseudo-second order kinetic model values 

Catalyst Pseudo first order Pseudo second order 

K1 R2 K2 R2 

Fe3O4 NPs -0.00945 0.735 0.00195 0.934 
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4.4.2. Photodegradation of MB Dye Fe3O4@Ag NC and Ag NP 

The photodegradation experiment was performed by adding 40 mg of catalyst and 3 drops of 30% 

H2O2 solution to 100 mL of the dye solution (4 × 10−4 M). The suspension was magnetically stirred 

in the dark for 30 minutes in order to attain adsorption-desorption equilibrium before the 

irradiation by UV light. The main advantage of using the UV light was to produce electron and 

hole pair (e−/h+) with high energy state that migrate to the nanoparticle surface and initiate a wide 

range of chemical reactions [72]. It was observed that the intense blue color of the initial solution 

disappears gradually and becomes colorless as the irradiation time increases, indicating the 

degradation of the dye under UV light irradiation, as can be seen in Fig. 16. From the Fig.16 it can 

be seen that the absorption spectrum maximum of MB steadily decreases as the exposure time of 

UV light increases from 0 to 120 min, indicating the process of photodecomposition of the dye. 

The photocatalytic activities of the naked silver nanoparticles and a solution without the 

photocatalyst in presence of H2O2 solution, for comparison, were also investigated. It was found 

that, without adding the photocatalyst, the degradation of MB was very slow at only 2% after 120 

min, while the Ag NPs showed lower photocatalytic degradation of about 90.7%. The color 

removal process of MB using Fe3O4@AgNC was significantly higher, reaching almost 98.1% 

degradation. Further, Fe3O4@Ag NC has advantage over Ag NPs that it can easily separate from 

solution after photodegradation using external magnet. 
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Figure 17: UV–Vis absorption spectra for photodegradation of MB using H2O2 (a), Ag NPs (b), 

and Fe3O4@Ag NC (c). 

 

Figure 18: Pseudo first order kinetics model of MB using Ag NPs (a) and Fe3O4@Ag NC  

 



 

41 | P a g e  
 

Table 8: Pseudo-first order and pseudo-second order kinetic model values 

 

Catalyst Pseudo first order Pseudo second order 

K1 R2 K2 R2 

Ag NPs -0.005 0.6995 0.0025 0.9241 

Fe3O4@Ag NC -0.0057 0.8837 0.0019 0.9683 

 

4.4.4 Recyclability of Fe3O4@Ag NC for Methylene Blue 

The reusability of Fe3O4@Ag NC was studied in order to see the cost effectiveness of the method. 

This was performed in a very simple way that after the degradation of MB dye, the Fe3O4@Ag 

NC were separated easily from the solution using an external magnet, while the supernatant was 

decanted. Then, the magnetic nanomaterial was washed with distilled water and reused for 

degradation with a fresh lot of MB solution. As can be seen in Fig.18 and Table 9, after using the 

Fe3O4@Ag NC for five times, the photodegradation of MB did not show any significant loss of 

activity. These results confirmed that the Fe3O4@Ag NC are not photo-corroded during 

photocatalytic oxidation of the dye. 

Table 9 : Recyclability of Fe3O4@Ag NC 

cycle % degradation over time 

 t=0 min t=20 min t=40min t= 60min t= 80min t =100 min t= 120min 

Cycle 1 0 25.8 40 60.7 66 87 96.7 

Cycle 2 0 23.7 39 59 64.45 84 95.23 

Cycle 3 0 22 37.94 58.3 61 80 89 

Cycle 4 0 20 34.33 53 60.43 76 84 

Cycle 4 0 18 30 52 60 70 78.9 
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Figure 19: Recyclability of Fe3O4@Ag NC 

 

4.4.5 Antibacterial Activity 

In this study, Solanum incanum (L) essential oil mediated synthesized Fe3O4@Ag NC, Fe3O4 NPs, 

Ag NPs at concentrations of 25µg/ml, 50µg/ml and 75µg/ml were tested for antibacterial activity 

using gram negative and gram-positive bacteria strains of Escherichia coli and Staphylococcus 

aureus using disc diffusion method. (Table 9 and Fig. 13) show the results of antibacterial activities 

of synthesized Fe3O4@Ag NC, Fe3O4 NPs, AgNPs evaluated from the well diffusion method. 

Results showed that synthesized Fe3O4@AgNC, Fe3O4 NPs, Ag NPs have significant antimicrobial 

activity against the tested pathogenic bacteria. The result indicated that Fe3O4@Ag NC has higher 

Antibacterial activity advantage than Fe3O4 NPs and Ag NPs. All synthesized particles tested for 

antibacterial activity showed high activity against S. aureus bacteria when compared to E. coli. 

The different sensitivities of gram positive and gram-negative bacteria could be explained in 

accordance with the morphological differences between these microorganisms, due to different 

polarities of their cell membrane. Smaller negative charge S. aureus membrane than E. coli. This 

would allow a higher level of penetration of negatively charged free radicals such as, superoxide 
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radical anions and peroxide ions, causing S. aureus damage and cell death at lower concentrations 

than those required to damage E. coli. Besides gram negative bacteria has an outer polysaccharide 

membrane carrying the structural lipopolysaccharide components, and this makes the cell wall 

impermeable to lipophilic solutes. The gram positive stains should be more susceptible having 

only an outer peptidoglycan layer which is not an effective permeability barrier [89]. 

Table 10: Antibacterial activity of synthesized Ag NPs 

Microorganism Zone of Inhibition of Ag NPs (mm) 

 

25µg/mL 50 µg/mL 75µg/mL +ve control 

Staphylococcus aureus 15 18 19 24 

Escherichia coli 9 10 12 14 

Table 11: Antibacterial activity of synthesized Fe3O4 NPs 

Microorganism Zone of Inhibition of Fe3O4 NPs (mm) 

25µg/mL 50 µg/mL 75µg/mL +ve control 

Staphylococcus aureus 10 15 17 20 

Escherichia coli 7 7 8 12 

Table 12: Antibacterial activity of synthesized Fe3O4@Ag NC 

Microorganism Zone of Inhibition of Fe3O4@Ag NC (mm) 

25µg/mL 50 µg/mL 75µg/mL +ve control 

Staphylococcus aureus 15 17 23 25 

Escherichia coli 14 15 15 20 
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Figure 20: Antibacterial activity Zone of inhibition of synthesized Fe3O4@Ag NC (b), Fe3O4 NPs 

(a), Ag NPs (c) 
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Chapter Five 

5 Conclusion and Recommendation 

5.1 Conclusion 

In this study, Fe3O4 NPs, Ag NPs and Fe3O4@Ag NC have been synthesized successfully via a 

simple and cost-effective green method using essential oil of Solanum incanum (L). It can act as 

both a reducing agent and capping agent. The Fe3O4 NPs, Ag NPs and Fe3O4@Ag NC were 

characterized by UV–Vis, FTIR, XRD, FESEM, EDAX and TEM analysis. Adsorption study of 

methylene blue (MB) using Fe3O4 NPs was done and maximum removal efficiency of 91.72% was 

obtained. Photodegradation study of MB dye solution was done using Ag NPs and Fe3O4@Ag NC 

and maximum removal efficiency of 90.7% and 98.1% respectively were obtained for Ag NPs and 

Fe3O4@Ag NC. The result indicated that Fe3O4@Ag NC has higher degradation efficiency 

(98.1%) and reusability advantage than Ag NPs (90.7%). Adsorption Kinetic study showed that 

the catalyst best fit to Pseudo second order than pseudo first order kinetic model. The 

biosynthesized Fe3O4 NPs Ag NPs and Fe3O4@Ag NC were found to have a high antibacterial 

activity against S. aureus than E. coli. Generally, Addition of silver to iron oxide nanoparticle 

increase antibacterial activity and catalytic Activity. 
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5.2 Recommendation 

Based on the present finding, Fe3O4 NPs, Ag NPs and Fe3O4@Ag NC could be synthesized using 

essential oil composition of Solanum incanum root as a reducing agent, but the composition of 

aromatic plants, usually varies considerably because of both intrinsic (sexual, seasonal, 

ontogenetic, and genetic variations) and extrinsic (ecological and environmental aspects), to 

synthesize nanoparticle under this study such variation not studied, so it needs further study and 

comparison. Adsorption parameter such as temperature and pH are important to optimize activity 

of nanomaterials, but due to time and laboratory facility constraint it was not studied under this 

research work. 
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