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PREFACE 

 

 Nano technology is the branch of science that deals with the matter of small dimensions. 

Their introduction leads to drastic change in the existing discoveries. Generally, when materials 

reduced to the nano dimension, they process different properties than the bulk. The mechanical 

properties, electrical properties, optical properties etc. are increases as we go down to the nano 

dimensions. Each nano structure shows unique properties depending upon the synthesis 

methods they follow. When materials are made into hybrid with other materials, it enhances 

the different properties of the whole system. 

 Among noble metals, silver has gained huge attention due to its tunable properties and 

wide range of applications. It is considered as superior than any other metal structures. The 

silver nano structure has gained attention due to its size and its applications in transparent 

conductive films, antibacterial activity, catalytic applications etc. The integration of metal nano 

particles on the suitable support stand can improve its efficiency by removing the 

agglomeration and coalescence of NPs. Here graphene oxide support is chosen due to their 

adsorption ability and the presence of more active sites. 

 This work is focused on the surface enhanced Raman scattering (SERS) application of 

reduced Graphene oxide/ Silver (rGO/Ag) nano composites and to study their antibacterial 

action. The thesis entitled “FACILE SYNTHESIS OF rGO/Ag NANOCOMPOSITES FOR 

THE DETECTION OF CHEMICALS AND ANTIBACTERIAL ACTION” is divided into six 

chapters. 

Chapter 1deals with the introductory concepts of nano science and nano technology. An 

account on silver nano particles and their incorporation on graphene oxide sheet with their 

application are also added. 

Chapter 2 describes the general synthesis methods of graphene oxide including synthetic and 

free-water oxidation methods. Physical, chemical, photochemical, biological method of 

synthesis of Silver nano particles are also included in this chapter. 

Chapter 3 describes the general characterization techniques used for the analysis of graphene 

oxide nano particles and the reduced graphene oxide/ silver nano composites. 



VI 
 

Chapter 4 consists of the preparation method and characterization tools employed in the 

structural, morphological and optical analysis of as prepared samples of graphene oxide 

nanosheets and the reduced graphene oxide/ silver nano composites. 

Chapter 5 deals with the Surface enhanced Raman scattering (SERS) applications of reduced 

graphene oxide/ silver nano composites as a dye/pesticide detector and as an antibacterial 

agent. 

Chapter 6 includes the general conclusions drawn from the studies and the future scope of the 

work. 
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CHAPTER 1 

INTRODUCTION  

 

 When it comes to the basic requirements for human survival, food, clothing and shelter 

have always remained to be our top priority throughout history. The ever-increasing population 

levels has sustained a rocketing demand in food production and with it the use of pesticides 

have also increased considerably. According to the latest data by FAO, around 58160 tonnes 

of pesticides of thousands of varieties were utilized in 2018 [1]. Whereas a dauntingly large 

number of studies have shown that the over dosage of these pesticides including insecticides, 

fungicides and herbicides end up polluting the environment and ecology. And this which in 

turn imposes a threat to human health [2-4]. Despite regulations many banned chemicals are still 

in use all over the world. It is high time that we detect and monitor the usage of such chemicals 

even at low concentrations. However, the quest for an ultimate solution still remains 

unanswered. Analytical methods like gas chromatography- mass spectroscopy (GC-MS), 

liquid chromatography mass spectroscopy (LC-MS), high performance liquid chromatography 

(HPLC), etc., have been employed for pesticide detection in the past, however, they have all 

been met with some or the other limitations [5][6][7]. These methods are highly time consuming 

and require well-equipped laboratories and sample pre- treatments leading to them being 

replaced by some simpler, faster, reliable and effective methods for the quantitative detection 

of chemicals simultaneously [8][9][10].  

 It is reported that a simple and non-destructive technique- Raman scattering called as 

Surface enhanced Raman scattering (SERS) can partly remedy the limitations mentioned above 

[11-13]. Since the SERS spectra can provide ‘finger print like’ information about a particular 

analyte, it can be used as a sensitive technique for the on-site detection of trace amount of 

pesticides and other chemicals [14]. 

 There are two mechanisms electromagnetic enhancement (EM) and chemical 

enhancement (CM) that usually contribute to the SERS enhancement, of which the major 

player is electromagnetic enhancement. This relies on enhancement of the local 

electromagnetic field produced by the amplification of the light by the excitation of localized 

surface plasmon resonances (LSPRs). Chemical enhancement emerges from the modifications 

of external environment and is explained via the charge-transfer mechanism between the 

adsorbed molecules and metal surface [15]. 
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 As electromagnetic enhancement is the major contributor, most of the studies are 

oriented towards synthesizing SERS substrates with nano sized plasmonic structures of noble 

metals like gold and silver due to the location of their SPR bands in the visible and near infrared 

range. Another development is in terms of successfully fabricating reliable graphene based 

SERS substrates which contributes to strong chemical enhancement [16]. 

 

 The prefix ‘nano’ means ‘dwarf’ in Greek. One billionth of a meter or one thousand 

millionth of a meter or 10-9 m is called a nano meter (nm). In other words, ten hydrogen or five 

silicon atoms aligned in a line can give you a nano meter. Typically, a nano meter range is quite 

smaller than the micro meter and the material properties will show a drastic change from those 

at micro meter range. The material properties are varied from bulk to nano size. However, the 

particle at micro meter will have almost similar properties as that of bulk.  Most of the analysis 

detailed that particles at nano scale have enhanced material properties when compared to the 

micro meter sized materials as well as the bulk materials. The size of nano particles ranges 

from sub-nano meter to several hundred nanometers [17]. This field of science is now 

represented as a milestone in almost all branches of science including physics, chemistry, 

botany, zoology, computer science, medicine, and even in the field of engineering. The study 

that deals with the maneuvering of small sized materials; that is, at atomic and molecular scales 

is called as ‘nanoscience’ and the study that deals with the fabrication, assembling and 

commercialization of these small structures is called nanotechnology.  

 Its introduction led to drastic changes in the existing discoveries. Many unknown 

factors, the wonders that are visible in the nature are well explained from the perspective of 

nano structures. Why does the peacock feathers appear colourful? How do dolphins 

communicate under certain level in the sea? How did the lotus leaf get the ability to self-clean? 

How does the Gecko walk on the wall against gravity?  These were some of the questions 

which remained unanswered before the emergence of nano science. These questions are well 

explained using the nano structure present in its composition [18][19]. The anti-reflectiveness of 

moth’s eye, the fluid-drag reduction of shark- skin surfaces, etc. are also the examples that 

gained popularity in the last decade because of the discovery of nano science.  

 Nano materials have extremely high surface to volume ratios and large surface energy. 

These makes them more active in reactions than in the bulk state. In addition to those properties 

there is an effect called “quantum confinement” which is observed when the particle size is 

reduced much smaller than the wavelength of the electron. Another factor that gets affected by 
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the cluster size is bandgap. In case of bulk materials, the electrons are not confined.  When 

these particle size gets squeezed into a dimension that of exciton Bohr radius (exciton Bohr 

radius can be referred to the characteristic radius of electron mobility), they possess higher 

energy electrons. The confinement of these excitons in one or more dimensions within the 

material can show fascinating properties. When the size of particle is reduced to nano meter 

scale, there will be a remarkable change in their mechanical properties, electrical properties, 

optical properties, chemical properties, thermal properties, magnetic properties, acoustic 

properties, and so on. In short, one can say that the material properties of metals, 

semiconductors and insulators are clearly dependent upon the particle size. The classification 

of materials at nano scale can be done based on differences in dimensions, structures, 

morphology and so on.  

 

1.1 Classification based on the dimensionality of nano materials 

 Based on their structure the nano materials can be classified into four main groups as 

follows: 

  1.1.1 Zero dimensional  

  1.1.2 One dimensional 

  1.1.3 Two dimensional 

  1.1.4 Three dimensional 

 

1.1.1 Zero dimensional nano structure (Quantum dots): 

 In zero dimensional (0D) nano structure, all dimensions of that particular structure are 

in the nano scale, none of the dimensions are in the macro scale. In 0D nano structures, the 

electrons are confined in three directions. Quantum dots, fullerenes, nano spheres are some 

examples of 0D nano structures. The size of these particles is on the order of just a few nano 

meters. Because of their nano metred size, they show unique properties [20]. 

 

1.1.2 One dimensional nano structure (Quantum wires): 

 In 1D nano structures, the electrons are confined in two directions. In these structures, 

only one dimension is in the macro range, while the rest are in the nano range. Quantum tubes, 

rods, wires are some examples of these nano structures. The particles having this structure can 

be used in some applications where tunnelling transport is required [20]. 
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1.1.3 Two dimensional nano structures (Quantum well): 

 In two dimensional (2D) nano structures, two dimensions are in the macro range. In 

these nano structures the electrons are confined only in one direction, i.e., electrons can move 

in the other two directions. They are hence called two dimensional structures. Thin films, 

plates, sheets, layered structures, all these come under 2D nano structures. There is a particular 

kind of heterostructures in which a thin “well” layer is sandwiched by two barrier layers. The 

layer in which both electrons and holes are confined correspond to the perpendicular standing 

waves in the layers.  

 

1.1.4 Three dimensional structure: 

 The three dimensional structures are generally called as bulk systems. In this case, there 

is no restriction to the regular flow of electrons. In other words, the motion is not confined at 

all. Hence the electrical conduction is easy through them.  

  

1.2 Properties of nano materials 

 As mentioned earlier, when the material is converted to nano scale from the bulk, there 

occurs drastic changes in their properties. 

 

1.2.1 Mechanical Properties: 

 The mechanical properties of the nanomaterials including the hardness, elastic 

modulus, fracture toughness, scratch resistance and the fatigue strength etc. are different from 

that of bulk materials when the size is reduced. Along with the size, the internal structural 

imperfections such as dislocations, micro twins and impurity precipitations are also reduced, 

thereby it enhances the mechanical properties by lowering the cause of mechanical failure.  

 The internal imperfections in the nano dimension are highly energetic and will migrate 

to the surface to relax themselves under annealing, purifying the material and leaving perfect 

material structures inside the nanomaterials and thereby making it a defect free material [21]. 

High hardness is one of the novel properties that have been observed for many nano materials. 

This was mainly due to the super hard nano composites made up of nitrides, borides and 

carbides that are obtained by the plasma induced chemical and physical vapour deposition 

synthesis methods [21].  

 The mechanical properties of nanomaterials could lead to many potential applications 

in all the nano, micro and macro scales. These applications include mechanical nano-
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resonators, sensors, microscope probe tips & nano tweezers for nanoscale object manipulation, 

wear resistance coatings, tougher and harder cutting tools, etc.  

 

1.2.2 Magnetic Properties: 

 The magnetic properties of nano materials are due to the different magnetic coupling 

with neighbouring atoms. When the material is reduced to nano scale, ferromagnetic particles 

become unstable and become super paramagnetic as the surface energy supplies enough energy 

for the domains to switch the polarization direction spontaneously. But these paramagnets will 

behave indifferently than conventional paramagnets.  

 Magnetic nanoparticles are used in a range of applications including ferrofluids, colour 

imaging, bioprocessing, refrigeration as well as high storage density magnetic memory media. 

Giant magneto resistance (GMR) is a phenomenon observed in nanoscale multilayers 

consisting of a strong ferromagnet (e.g., Fe, Co) and a weaker magnetic or non- magnetic buffer 

(e.g., Cr, Cu); it is usually employed in data storage and sensing. 

 

1.2.3 Optical Properties: 

 The optical properties of nanostructured semiconductors are highly size dependent and 

thus can be tuned by varying the size alone, keeping the chemical composition intact. The size 

dependent emission spectra of quantum dot laser are less temperature dependent make it more 

suitable than conventional lasers in applications. The carrier confinement and nature of 

electronic density of states of the quantum wells, quantum wires and quantum dots 

nanostructures make it preferable than bulk lasers. Rather than semiconductor lasers, metal 

nano particles also show the same effect.  

 The optical properties such as absorption and emission occur when the electron 

transition occurs between highest occupied orbital and lowest occupied orbital, can also show 

a change than that of the bulk. Another important property of nano particle is the resonance of 

outer electrons excited by light wavelength can give coloured nano particle solutions. These 

are mainly due to the surface plasmon resonance effect. The properties like photoluminescence, 

electroluminescence, photoemission, photo catalysis, photoconductivity etc., are different in 

the low dimensional nano particles [40]. 

 

1.2.4 Thermal Properties: 

 Many properties of the nanoscale materials have been studied deeply, including the 

optical, electrical, magnetic and mechanical properties. However, the studies on thermal 
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properties of nanomaterials are less, which is partially due to the difficulties of experimentally 

measuring and controlling the thermal transport in nanoscale dimensions [21].  

 The structure of nanomaterial, including their interfaces, the use of nano fluids is up 

most important in studying the thermal conductivity of nano materials. Nano fluids are 

generally referred to the solid-liquid composite materials, which consist of nanomaterials of 

size in the range 1-100 nm suspended in a liquid. The use of nano fluid instead of base fluids, 

to enhance the thermal transport is another application of the thermal properties of 

nanomaterials. The nano fluids are used in solar systems [42], engine cooling systems, heat 

exchangers, etc. [41]   

 The grain size, grain boundary, surface interactions, doping, defects etc. can affect the 

thermal properties. The grain size effect is greater than grain boundary. The thermal 

conductivity of grain boundaries can have reduced at low temperature. But the metal decorated 

interfaces can create additional heat channel for effective conduction. The doping can also 

cause a change in the thermal conductivity of nano materials [41]. 

 

1.2.5 Electrical Properties: 

 In bulk materials, electron can move freely in all dimensions. It is delocalized. But 

when the material is reduced to nano range, the localization occurs and electrons get scattered 

by components present in it. The reduction in particle size are accompanied by two effects: the 

quantum effect and the classical effect. The quantum effect is one in which the energy bands 

are replaced by the discrete energy states; which causes the conductivity in nano materials. 

When the mean free path for scattering electrons becomes comparable with size of the system, 

it will reduce the scattering events. This is the classical effect [21]. 

 The electrical properties are different for different dimensional materials. For three 

dimensional and two dimensional nano material the ohmic contacts are possible. Whereas, One 

dimensional and zero dimensional nano materials have high contact resistance, which lead to 

the tunnelling of electrons. Thus, it makes the conductivity in nano regime. These are usually 

used in the electrical coupling of gold nano particles; where it is connected each other by 

organic molecule. [21] 

 

1.2.6 Acoustic Properties: 

 Many of the material properties like mechanical, optical, chemical etc. are observed in 

nano scales. Materials interact strongly with radiation that has a wavelength comparable with 

their internal structure and /or dimensions [21]. When the material is reduced to nano size, their 
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interaction with radiation within the visible region, ultra violet and x-ray regions are possible. 

The low dimensional nano materials can have superior piezoelectric properties and excellent 

mechanical properties can exhibit acoustic properties to some extent. To study the acoustic 

property, the study of the interaction of these nano particles with a high wavelength that ranges 

from microns to kilometre have to be done. Despite the rapid progress in the related field, 

discussion of acoustic properties is limited for the case of nanomaterial [43]. 

 But the properties of nanomaterials in many cases are different from higher dimensional 

materials, acoustic waves can have a distinct indirect effect such as the case of seismic waves 

[21]. 

 

Figure 1.2: Different dimensional nano structures (a) 3D nano materials (b) 2D nano 

materials (c) 1D nano materials (d) 0D nano materials [22] 

1.3 Synthesis of nano materials 

 Generally, there are two types of synthesis methods are available. They are ‘Bottom-

up’ method and ‘Top-down’ approach.  

1.3.1 Top-down method of synthesis 

 In this method, the bulk system is crushed to the nano scale by mechanical or chemical 

means. In this process, additional molecules can also be added to synthesis a compound nano 

material. Thermolysis, RF plasma, atomic force manipulation, lithography (electron beam 

lithography/ photo lithography/ two photon lithography), high energy wet ball milling, aerosol, 

etc. are various methods that fall under top-down approach. These type of synthesis methods 

are cheap and quick. It enables miniaturization of the bulk materials with desired structure and 

required properties. However, the processing time is very large and is not suitable for large 



 8 | I n t r o d u c t i o n  
 

scale production. The end products may also bear some structural defects on its surface. The 

nanomaterials synthesised through such methods are extremely appropriate for high quality 

optical mirrors. [23] 

 

Figure 1.3: Schematic representation of ‘top-down’ and ‘bottom-up’ approaches of 

nanomaterial synthesis [24] 

1.3.2 Bottom-up method of synthesis 

 In bottom –up approach, the nano scaled materials are built up from the bottom, that is 

atom-by-atom, molecule-by-molecule or cluster-by-cluster. Here the materials are developed 

via self-assembly, which is triggered by some chemical or physical means. Though this 

synthesis method is more expensive, it is much faster than the top-down method. Hence it is 

used for commercial production of nano powders. Chemical method, pulse laser deposition 

technique, hydrothermal synthesis, sol-gel method, template assisted sol gel method, self-
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assembly technique, co-precipitation, etc. are some examples of bottom- up synthesis method. 

The as synthesised nano materials are well fit for creating display panels, experimental atomic 

or molecular devices, etc. [23] 

 

1.4 Application of nano materials 

 Due to their large signal to noise ratio and other feasible properties of nano sized 

materials, their interaction with other particles can pave a new route for the development of 

some important technologies both in the field of medical and non-medical. For a past few 

decades, several extensive studies have been carried out in the area of nano science and nano 

technology. This is because of their scope related to human health and existence of ones in the 

earth. They can have their diverse applications in the field of: 

•  Sensors 

• Anticancer properties 

• Electronics 

• Biomedicine antibacterial coatings 

• Photocatalytic activity 

• Water decontamination 

• Solar desalination 

• Drug delivery 

• Dye sensitization 

 

1.5 Silver nanoparticles 

 Among nano materials metal nano particles have promising applications. Silver is a 

noble metal with highest thermal and electrical conductivity, which make them appropriate for 

many fascinating applications. It can be used as interconnects in electronic devices including 

computers, mobile phones, automobile appliances, cosmetics, medical devices, imaging 

techniques, water and environment disinfectants [44] Several researches have already done to 

determine the material properties of silver nanoparticles. One of the most important property 

of preferring silver nano particles are due to their plasmonic property and reactivity towards 

SERS (Surface enhanced Raman scattering). Due to the excitation of localized surface plasmon 

resonance (LSPR), silver nano particles have high scattering efficiency, thereby they can 
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introduce diverse plasmonic applications [25]. These LSPR in turn depends upon the size of the 

particle, the shape and the environment at the resonance wavelength [26][27]. 

 

1.6 Silver nanoparticles integrated Graphene nano sheet 

 The increase in carcinogenic diseases are mostly due to the over dosage of pesticides 

and other chemicals. As a part of commercialization, millions of chemicals are produced every 

year. Most of these chemicals are banned by the countries due to their over dosage and to 

protect the life on the earth. Among these pesticides, thiram is widely utilized in agricultural 

production have caused serious pesticide pollution [29].   

 Here, the silver nanoparticles have been homogeneously integrated on the surface of 

the Graphene Oxide. It is based on the ability of graphene to vary the plasmonic properties of 

metal nanostructures. The prepared reduced Graphene oxide/silver nanocomposites act as a 

SERS substrate by a simple and efficient method, in which AgNO3 is reduced anhydrous 

ethylene glycol (EG) with (polyvinylpyrrolidone) as a dispersing agent. The mechanism and 

role of the (polyvinylpyrrolidone) (PVP) in the growth of rGO/Ag nanocrystals are given and 

discussed.  

   

                          

 

Figure 1.6: (a) GO nanosheet (b) Ag+ ions integrated on GO sheet 

  

 The integration of metal nano particles on the suitable support stand can improve its 

efficiency by removing the agglomeration and coalescence of NPs. The metals usually exhibit 

charge transfer ability, superior mechanical strength, exceptionally high surface area and 

thermal stability. When these metal nano particles are assembled on the sp2 hybridized 

graphene sheet, it can exhibit fascinating optical and electrical properties, extraordinary 

thermal stability due to the improved interaction between metal nanoparticles with the carbon 

(a) (b) 
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network. Since the graphene structure has already reported its efficiency in providing 

adsorption ability and more active sites, their interaction with metal nano particles can be seen 

enhanced than in bare nanoparticles [30-32].  

 The characterisation of as prepared GO/Ag nanocomposite can be done using X- ray 

diffraction, UV-Visible analysis, SEM-EDX, FE-SEM, HRTEM and Raman analysis.  

 

1.7 Scope of the work 

 

 Among various techniques, the Surface enhances Raman spectroscopy (SERS) plays a 

vital role in the plasmonic applications. In this project, the study of sensing nature of nano sized 

composites was carried out using highly sensitive technical analysis based on Surface 

Enhanced Raman scattering (SERS). Since SERS can trace of particles with enhanced 

mechanism. The graphene- metal nano composites can exhibit potential SERS capabilities due 

to the electromagnetic field enhancement from the metal nanostructures and the chemical 

enhancement arising as a result of the strong π-π interactions in graphene [34]. When we use 

silver integrated GO SERS substrate, it can enhance their activity towards the targeted 

molecule. The trapping capability of silver substrate on certain functional groups can also be 

incorporated to explore for the fruitful applications. Moreover, the SERS is a rapid and non-

destructive technique can give the ‘finger print like’ information about an analyte, it is 

considered as the best option for on-site monitoring of pesticides and such chemicals in real 

applications [9][37-39].  

 In this work, the SERS performance of the rGO/Ag nano particle against the chemical 

dye ‘crystal violet’ and the pesticide ‘Thiram’ as the probe molecules are examined, which 

indicates that the rGO/Ag as a SERS substrate have excellent sensitivity and reproducibility. 

The antibacterial activity of rGO/Ag nanocomposite against two bacterial strains: E. coli and 

staphylococcus are also studied.  
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CHAPTER 2 

GENERAL SYNTHESIS METHODS 

 

2.1 Synthesis of Graphene Oxide (GO) 

 The synthesis of graphene oxide and its derivatives with desired morphology and 

reactivity is mainly dependent upon properties like size, shape, functional groups attached to 

the surface, etc. The structure of one dimensional graphene consists of a single-atom layer with 

sp2 hybridized carbon strands. They usually possess fewer defects. While GO has a two 

dimensional structure with hydrogen, oxygen and carbon molecule in sp2 hybridization as well 

as sp3 hybridization.  The synthesis of reduced GO structures can be divided into two: top-

down method of synthesis or bottom-up approach of synthesis. The bottom-up approach is 

difficult for commercial applications as it consumes more time and is likely to have structural 

defects. In the case of the top-down approach, the synthesis of reduced form of GO with both 

sp2 and sp3 hybridized states is easier. Different synthesis methods are: 

2.1.1 Synthetic Methods for Graphene Oxide 

a) Brodie’s method 

 In Brodie’s method, the thermal treatment of graphene gives GO with conjugated epoxy 

and hydroxyl groups. Since it is a temperature assisted method, the incorporation of oxygen 

functional groups can prevent its complete restoration. The synthesis method is as follows: 

 Fuming nitric acid (200 mL) is added into a flask with a cooling jacket and cooled to 

0C in a cryostat bath. The graphite powder (10 g) is introduced into the flask and thoroughly 

dispersed to avoid agglomeration. Next, potassium chlorate (80 g) is slowly added for 1 h, and 

the reaction mixture is stirred for 21 h at 0C. Special caution is necessary during addition of 

potassium chlorate since explosions may occur [3]. Once the reaction is complete, the mixture 

is diluted in distilled water and vacuum filtered until the pH of the filtrate is neutral [1]. 

b) Staudenmaier’s method 

 It was in 1898 that Staudenmaier improved the Brodie’s reaction by adding H2SO4, to 

increase the acidity of the mixture, and several aliquots of solid KClO3, over the course of the 

reaction. Brodie and Staudenmaier method generates ClO2 toxic gas which rapidly decomposes 
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in air causing explosions. These modifications led to a more oxidized graphitic material and a 

simplification of the reaction [2]. 

c) Hummers method 

 In 1958, Hummers and Offeman proposed a simple, effective and faster way to oxide 

graphite, improving the safety of operational conditions with a drastic reduction in time, from 

10 to 2 days. They mixed graphite flakes with concentrated sulfuric acid (H2SO4), sodium 

nitrate (NaNO3) and potassium permanganate (KMnO4) to obtain a brownish grey pasty. The 

suspension was diluted with water. Hydrogen peroxide (H2O2) was added to get a higher 

oxidation degree and to eliminate manganese from the dispersion (yellow-brown mixture). 

Finally, the sample was filtered and washed with warm water. They achieved the same degree 

of oxidation reported by Staudenmaier, however, the amount of GO synthesised was very little. 

The drawback of this method is that it is rather time-consuming when it comes to the separation 

and purification process [3]. 

 

Figure 2.1: synthesis of rGO from graphite flakes 

 

d) Tour Method 

 It was in 2010, Tour’s group at Rice University proposed this method as an 

improvement of Hummer’s method. They substituted the sodium nitride with phosphoric acid 

in a mixture of H2SO4/H3PO4 (9:1) and increased the amount of KMnO4. Toxic gases such as 

NO2, N2O4 or ClO2 are not produced here. The authors claim that the presence of phosphoric 

acid generates a more intact graphitic basal plane. The advantage of the Tour method is that 
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produces graphene oxide having a higher hydrophilic degree, in contrast to the GO produced 

by Hummers method. Thus, the resultant graphene oxide is more oxidized and soluble [4]. 

 

2.1.2 Free-Water Oxidation Method 

 Free-Water Oxidation method relies on the reaction between expanded graphite and an 

oxidizing agent in a free-water medium. They are of 3 types. Since the inorganic carbon is inert 

at room temperature, its solubilization/dispersion in a solvent requires the presence of a strong 

protic acid or mixture of warm acids, such as sulphuric or nitric acid. Moreover, in this method, 

a strong oxidizing agent, such as potassium permanganate (KMnO4), ensures the bonding of 

oxygen functionalities to inorganic carbons [5]. 

a) Sun Method 

 In 2013, Sun and Fugetsu at Hokkaido University introduced a more direct method to 

produce graphene oxide. They used expanded graphite as carbon precursor. The potassium 

permanganate had twofold effects, acting as an intercalating agent as well as an oxidizing 

agent. The intercalation of KMnO4 between graphitic layers produced a further spontaneous 

expansion which looks like a foam of graphitic material. The reaction in carried out in an acidic 

medium with sulfuric acid. The ratio of Graphite:H2SO4 was reduced to 1:20 and additional 

reagents were eliminated from the reaction procedure. For this reason, Sun protocol can be 

considered as one of the first green procedure, among the wet synthesis methods [6]. 

b) Peng Method 

 It was in 2015, that Peng and co-workers proposed a scalable and green method to 

produce graphene oxide, using potassium ferrate (K2FeO4) as a strong oxidant. This compound 

avoids the introduction of heavy metals or the formation of toxic gases during the preparation. 

In this method, a mixture of graphitic flakes and K2FeO4 dispersed in concentrated sulphuric 

acid, are loaded into a reactor and stirred for 1h at room temperature. The product is washed 

through repeated centrifugation to obtain highly water soluble graphene oxide [7]. 

c) 4-Steps Method 

 This method is derived from the basic exfoliation-oxidation procedure and was 

improved by Pendolino and co-workers [8]. In this method the overall reaction consists of 4 

steps controlled by temperature. The reaction involves two paths. In the first step the KMnO4 
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dispersed in concentrated H2SO4 get oxidized, resulting in a pasty slurry. The second step 

(warm) consists of the exfoliation of graphite. Since the production of graphene oxide is limited 

by temperature, the entire process is done in a water bath around 30oC. The exfoliation is 

suppressed at a lower temperature resulting in the formation of graphite oxide (cold). The third 

step is hydrolysis which is carried out at 90oC for 1 h. Finally, the purification is performed by 

centrifugation using warm water. Through the 4-Steps method two different products can be 

synthetized by just controlling the temperature throughout the reaction. 

2.2 Synthesis of reduced Graphene Oxide/Silver (rGO/Ag) nano composites  

 An efficient synthesis method is of high interest in case of silver nano materials due to 

their extensive applications. The main challenge that one has to face during the synthesis of 

silver nano particles is in controlling their physical properties such as size, shape, morphology, 

chemical composition or type, crystal structure etc. There are numerous methods aimed at 

doing the same. 

2.2.1 Chemical method 

a) Polyol method 

 Reducing silver nitrate with ethylene glycol using the capping agent 

polyvinylpyrrolidone (PVP) for the synthesis of monodispersed solution of silver nanocubes is 

an example of polyol process [9]. Here ethylene glycol plays the role of both the reducing agent 

as well the solvent. The role of PVP and its relative molar ratio to silver nitrate along with 

additive formaldehyde, NaOH is important in finalizing the geometric shape and size of the 

product. It is evident that the size of silver nanocubes can be tuned by controlling the 

experimental conditions. 

b) Precursor injection technique 

 The injection rate and the reaction temperature play important roles for the production 

of uniform sized Ag-NPs [10]. Rapid nucleation can be induced effectively in a short period of 

time by injecting the precursor solution into a hot solution. This will ensure the reduced size 

and narrower size distribution of Ag-NPs. The synthesis of spherical Ag-NPs with controllable 

size and high monodispersity can be achieved by introducing this precursor injection technique 

to the polyol process. Particles of size 17±2 nm were obtained at an injection rate of 2.5 mLs -

1, carried out at 100oC. Monodispersed Ag-NPs have been prepared in a simple oleylamine-

liquid paraffin system [11] by using this technique. 



 20 | G e n e r a l  s y n t h e s i s  m e t h o d s  

 

2.2.2 Physical method 

  A common technique in this method is the evaporation-condensation process carried 

out in a tube furnace at atmospheric pressure. The drawbacks of this technique include large 

space requirement for the tube furnace, consumption of large amount of energy, raising the 

environmental temperature around the source material and large amount of time for achieving 

thermal stability. Powdered Ag-NPs with narrow particle size distribution can be prepared 

using thermal decomposition method [12]. It is noteworthy that Jung et al. [13] reported that a 

small ceramic heater with local heating area can be used for the synthesis of metal NPs by 

evaporating the source materials under the flow of a carrier gas i.e., air. The geometric mean 

diameter, geometric standard deviation and total concentration of the spherical NPs without 

agglomeration increases with increase in the heater temperature. Interestingly Tien et al. [14] 

has advocated for the synthesis of Ag-NPs using electrical discharge machining (EDM) without 

the addition of any surfactants where pure silver wires are submerging in deionized water and 

treated as electrodes.  

2.2.3 Photochemical method 

 The photo-assisted synthesis (photo-reduction) of silver is another method used for the 

preparation of Ag-NPs. It is a fast and efficient method for producing electrons. The 

preparation of stable nanoparticles of Ag-NPs can be done by irradiation of a reaction mixture 

with a light source (laser or lamp) in the presence of photoreducing agents or a photo active 

spieces. There is no need to add stabilizers or surfactants here [15−17]. Their size and the time 

needed for their preparation are directly proportional to the irradiation power of the light 

source. For example, with a low-power lamp (4 W), irradiation for 9 h is needed to produce 19 

nm diameter Ag-NPs,[17] while with a stronger source (150 W), the reaction takes only 45 min. 

However, in the latter case, the Ag-NPs are polydisperse and smaller than when they are 

prepared using a lower-energy lamp [17]. The efficiency of light source has prime importance 

in this method as it is the energy that gets absorbed by the catalysts to generate free electrons. 

2.2.4 Biological method 

 Recently biosynthesis (or Green synthesis) of the nanoparticles has received 

considerable attention. The green synthesis of inorganic materials are usually done using 

microorganisms such as bacteria [19], algae [20], yeast [21], and fungi [22] and plant extracts. 

Various bacterial strains such as Bacillus amyloliquefaciens, Acinetobacter calcoaceticus, 

Pseudomonas aeruginosa, Escherichia coli and Bacillus licheniformis have been used 
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effectively for the synthesis of silver nanoparticles. The ready availability of plants with large 

variety of active functional groups make them suitable for reduction of silver ions.  

 

Figure 2.2:  Biosynthesis of Ag nano particles with different shape and their antibacterial 

activity [23] 

 Each plant parts like leaves, stem, roots, seeds, bark etc can be used for synthesis. The 

procedure begins with the collection and cleaning of the plant part of interest. Then it should 

be dried in the shade for 10-15 days and pulverized using a blender. The powdered plant part 

is boiled in deionized water, to obtain the plant broth. Then is then filtered out in such a way 

that, no insoluble materials are seen. A few mL of this plant extract is added to silver nitrate 

solution with required concentration. The reduction of silver ion to silver oxide can be observed 

from the colour change accompanying them. The plants like Alternanthera dentate, 

Cymbopogon citratus, Argyreia nervosa, phlomis, Aloe vera , Carica papaya, Nelumbo 

nucifera, Moringa oleifera, Ziziphora tenuior, Centella asiatica, Vitex negundo, Swietenia 

mahagoni, Boerhavia diffusa, Cocos nucifera, Brassica rapa, Melia dubia, Pogostemon 

benghalensis, Garcinia mangostana, Psoralea corylifolia etc. are commonly used for green 

synthesis [18]. 
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CHAPTER 3 

GENERAL CHARACTERIZATION TECHNIQUES 

 

3.1. Structural characterization 

3.1.1. X-ray Diffraction (XRD)  

 X-ray Diffraction is one of the most important techniques used for the determination of 

structural deformities in any sample. It is a rather simple and non- destructive classical method 

which has been used for structural analysis rather than studying its chemical composition as 

well as elemental content. From the seventeenth century onwards the scientific investigation 

of crystal symmetry and their uniformity in a particular sample has been carried out. It was 

Nicolas Steno, a Danish scientist that carried out the first study in crystal symmetry in 1669. 

And by 1784 Rene Just Hawy had made the conclusion regarding the geometry of each crystal 

face which paved way for a drastic change in existing crystallography. Later in 1893 it was 

William Hallowes Miller that introduced three small integers as labels for the unique 

identification of each crystal face. They were called as ‘Miller Indices’. Till the end of 

nineteenth century, there were no valid conclusions regarding the various crystal structures. 

Later, in 1895, the discovery of X-ray by Wilhelm Rontgen led to the eventual development of 

X- ray crystallography.  Since then numerous scientists have undertaken various studies on the 

wave nature of X-rays. By the beginning of twentieth century, William Henry Bragg had made 

arguments regarding its electromagnetic wave nature. In 1912, Max Von Laue discovered the 

behaviour of crystalline substance as three dimensional diffraction grating for X-ray 

wavelength. And thereby proved that X-rays are a form of electromagnetic radiation by 

observing that they undergo diffraction [1]. 

a) X-ray diffraction 

 A crystal has different lattice structures and lattice planes. When a light beam of suitable 

intensity comparable to the atomic spacing falls on the crystal planes, the beam gets scattered 

and re-radiated from different planes of the crystal lattice. If the rays are in phase and falling 

at an angle 𝜃 upon a set of symmetrically arranged planes with a spacing ‘𝑑’, they will be 

constructively interfering and producing a diffraction pattern.  This happens only when the path 

length difference between the rays ie., 2𝑑 sin 𝜃 is equal to the integral multiple of wavelength 

𝜆, of the incident beam [2][3].  
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Figure 3.1.1.a: Schematic illustration of Bragg condition and Bragg’s law 

 

b) Bragg Equation 

According to Bragg’s law,  

𝑛𝜆 = 2𝑑ℎ𝑘𝑙 sin 𝜃𝐵  

Where, 𝑛 –integer which gives the order of diffraction 

 𝜆 – the wavelength of the incident X-ray 

 𝑑ℎ𝑘𝑙 – the lattice spacing of (hkl) or inter-planar spacing 

 𝜃𝐵- the Bragg angle, the angle between the incident beam and lattice planes.  

 ℎ𝑘𝑙 – Miller indices 

When sin 𝜃 = 1, 𝑛𝜆 = 2𝑑, that is the case of normal incidence.  

 The spacing,  𝑑  can be calculated if we know the wavelength of the incident X-ray.  

For BCC (Body Centred Cubic Structure) and FCC (Face Centred Cubic Structure) crystals, 

atoms occupy the face rather than the corners and creates extra scattering centres [2][3]. The 

lattice constants are given by, 

𝑎 =
𝜆

2
 
√ℎ2 + 𝑘2 + 𝑙2

sin 𝜃
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 A graph between diffraction angle and diffracted X-ray intensity gives the XRD pattern. 

The sample scanned through an angle 2𝜃 gives several peaks called as diffraction peaks. Each 

peak corresponds to a different order. The particle size can be determined from the ‘d’ value 

of each peaks. By comparing the obtained XRD pattern with the standard reference files 

(powder diffraction files (JCPDS)) we can easily identify the sample prepared as these files are 

unique for each element or compound.  

c) XRD Instrumentation and working 

 

Figure 3.1.1.b: Schematic diagram of X-ray diffractometer 

 

 Generally speaking, using an X- ray diffractometer is not a new technique. It evolved 

100 years ago and by now it has reached a much more refined form. Unlike earliest 

crystallographer, scientists can purchase the entire system or even can carry it as a portable 

unit. Normally, an X-ray diffractometer contains a source, Optics, a sample holder and a 

detector. The entire set up can be divided into two parts. The incident beam part which contains 

a source and a scanner while the diffracted beam part contains diffracted beam optics and 

detectors. The X-ray beam which emerges from the source is first passed through a collimator 

and then through a monochromator. There are of two types of monochromators, namely, crystal 

monochromator and filter monochromator (partially monochromatized). 

 The crystal monochromators are genrally made up of certain materials like sodium 

chloride, quartz etc., which reflects the incident beam suitably and splits it into the required 

wavelength [5][6]. The characteristic X-ray spectra has different components like 𝐾𝛼 and 𝐾𝛽 . 
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Here 𝐾𝛼 is used for analytical purpose and 𝐾𝛽 is filtered out. Once the beam is directed towards 

the sample, the sample holder will rotate the sample at angle of 𝜃, while the detector will rotate 

at an angle of 2𝜃.  This part is called a Goniometer.  The obtained X-ray signals will get 

analysed by the detector and is then recorded on the PC attached to it [2][3].  

 A graph between diffraction angle 2𝜃 and diffracted X-ray intensity gives the XRD 

pattern. Each peak corresponds to different order. The broadening of a peak is due to the 

deviation in crystallinity.  

 Using Debye Scherrer formula equation, the size of nano crystals can be estimated as,  

𝐷 =
𝐾𝜆

𝛽 cos 𝜃
 

where 𝐷 is the crystallite size 

 𝐾 is the Scherrer constant 

 𝜆 is the wavelength of incident X-ray 

 𝛽 is the full width half maximum (peak width) 

 2𝜃 is the of angle of diffraction 

 

3.1.2 Confocal Raman Microscopy 

 Raman spectroscopy is a non-destructive tool used for the characterization of samples. 

Confocal Raman spectroscopy is an improved version of Raman spectroscopy. It has same 

components as that of UV-Visible dispersing instrument and is often considered superior than 

infrared spectroscopy. 

a) Instrumentation and working 

 Raman spectroscopy consists of mainly three components: a laser source, a specimen 

illumination system and a suitable spectrometer.  

 The Source is always made up of a laser with sufficient intensity to produce Raman 

scattering, since it is to be measured with a reasonable signal to noise ratio. Laser sources with 

blue and green region of spectrum have an advantage of producing necessary Raman scattering 

when compared with other laser sources. 
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 Raman spectroscopy is often feasible with aqueous solutions, whereas infrared 

spectroscopy is severely limited due to the excessive absorbance of water [20]. Hence Raman 

spectroscopy can be used for the study of aqueous solutions, which is highly beneficial to the 

pharmaceutical industry. The sample holder in Raman spectroscopy can be an ordinary glass 

based material rather than crystalline halides as seen in other spectrometers. For liquid samples, 

a cuvette is used as sample holder. It can be made up of glass or quartz. While gas samples can 

be sealed in small capillary tubes.  

 Spectrometer which is used for the study of Raman spectrum should have large 

gathering power, must be provided with high resolving power prisms and a short focus camera. 

 

 

Figure 3.1.2: Schematic diagram of Microscopic Raman spectroscopy [14] 

 

b) Sample analysis 

 The light from the laser source is allowed to fall on the specimen and get scattered 

which is focussed by the entrance slit. Then it is allowed to pass through the analyser prism 

and finally through the monochromator. The radiations observed in Raman Spectra are of three 

types: The Stokes line, the anti-stokes line and Rayleigh line. A chopper is used in between to 

respond only to the Rayleigh line. Thus by rejecting intense Rayleigh scattering, it makes it 

possible to detect the weak Raman shift in components. Since the Stokes lines are more intense 

than the corresponding anti-Stokes lines, this part of spectrum is used for the analysis. The 
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magnitude of Raman shifts is independent of the excitation wavelength, as it is directly related 

to the vibrational energy modes of the analyte molecules. Thus Raman Spectroscopy is a 

potentially useful source for the study of structure, composition and stability of coordination 

compound.  

 SERS (Surface-Enhanced Raman Spectroscopy) 

Surface enhanced Raman spectroscopy functions in the same way as that of ordinary Raman 

spectroscopy. The only difference is that, in SERS, the magnitude of Raman depends upon the 

wavelength absorbed by the colloidal metal particles like silver, gold or copper on the surface 

of the sample. Prior research has shown that the resultant Raman lines may be enhanced by a 

factor of 103 to 106. [15] 

 

3.2 Optical Characterization 

 

3.2.1 UV-Visible absorption spectrophotometry  

 Ultra violet – visible absorption spectroscopy is one of the widely used refined optical 

spectroscopy methods in the field of science. It is used for quality checking , drug identification, 

bacterial detection, dye sensitization etc. Here, energy of the absorbed light promote or excite 

the electrons which are occupied in different bonding environment within the sample. Since 

each bond has different strength, corresponding ionization energy will be different. As shorter 

wavelength carries more amount of energy than the longer wavelength, their absorption range 

will also change. The relation connecting the frequency of light absorbed and energy is given 

as, 

𝐸 = ℎ𝜐 

Where 𝐸 is the energy, ℎ is the Planck’s constant and 𝜐 is the frequency of the photon. 

The advantage in UV- Visible spectroscopy is that the electrons with different bonding strength 

will absorb different amount of energy which will result in varying absorption peaks. Which in 

turn is useful for the analysis of different substance by specifying the maximum absorbance 

corresponding to the wavelength.  

a) Instrumentation and working 
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Figure 3.3: Schematic representation of UV-Visible spectrophotometry 

 

 The spectroscopy deals with the interaction of light with matter. There is  single beam 

spectroscopy as well as double beam spectroscopy. Ultra violet – visible absorption 

spectroscopy consists of a light source, wavelength selector, beam splitter (as it is double beam 

spectroscopy), sample holder (cuvettes for liquid samples), a detector (can be a photocell or 

photo diode) and a personal computer for signal processing.  

 It uses two lamps as the light source; one which supply visible light whose wavelength 

ranges from 400 nm to 700nm and other is ultraviolet light whose wavelength ranges from 200 

nm to 400 nm approximately. The beam passes through the monochromator, so that only a 

particular wavelength will be allowed at a time from a range of wavelengths for further 

characterization. This monochromatic light then gets transmitted through a beam splitter. The 

function of the beam splitter is to split the intensity of light into two equal halves. One of them 

passes through the test sample while the other passes through the blank sample (reference 

liquid). The reference liquid does not absorb any wavelength. As it transmits all the 

wavelengths (entire incident beam 𝐼0), its absorbance is taken to be 0 [3][10]. But the test sample 

will absorb some amount of light at a particular wavelength. Hence the transmission is not 

100% and the intensity of emerged light should be less than incident beam 𝐼0. These intensities 
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are then detected by the detectors and are get recorded by the system connected to them. They 

will display the absorption spectrograph corresponding to the sample placed [3][10][11]. 

 

b) Sample analysis 

 The output obtained from the detector gets recorded and processed by the personal 

computer connected to the spectrometer. Whenever the light passes through the blank sample, 

it will pass through the test sample as well. If the sample does not absorb light at that particular 

wavelength, then the transmittance become 100% or 𝐼 = 𝐼0.  

 

Consider the Beer-Lambert law, 

𝐴 = log
𝐼0

𝐼
 

Where 𝐴 is the absorbance 

 𝐼0 is the intensity of monochromatic light 

 𝐼 is the intensity of transmitted light 

i) When 𝐼 = 𝐼0, then 𝐴 = 0 

ii) When 𝐼 < 𝐼0, then 𝐴 > 0 

 

3.3 Morphological characterization 

3.3.1 Scanning Electron Microscope (SEM) 

 Scanning Electron Microscope (SEM), is an electron microscope, which can provide 

high resolution images. This characterization technique can be used for the determination of 

surface morphology of the samples. It was in 1937 that Manfred von Ardenne suggested the 

theory of SEM in comparison with TEM (Transmission Electron Microscope) [12]. 
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a) Instrumentation and working 

 

Figure 3.4: Schematic diagram of SEM [2] 

 

 A Scanning Electron Microscope consisting of an electron gun, two condenser lenses 

(called as first condenser lens and second condenser lens), an objective lens, detectors and 

deflection coils. 

 The electron gun is used to eject a beam of electrons. The emission of electron beam is 

made possible by heating a cathode, usually tungsten to a high temperature and by allowing 

these electrons to flow to the anode (metal plates). Such electron guns are thermionic in nature. 

Other types like upgraded or field emission guns and Schottky guns are also preferred in SEM 

[13]. 



 33 | G e n e r a l  c h a r a c t e r i z a t i o n  t e c h n i q u e s  

 

 Magnification in SEM images can be made using the lens. This can be controlled by 

changing the strength of the lens. A rotationally symmetric magnetic field is created when the 

current passes through the wire which is wounded over the coils. The condenser lens can focus 

the electron beam and direct it to the objective lens. The objective lens focuses the electron 

beam to the sample kept at the bottom.  

 The deflection coil (or scanning coil) helps scan the sample. Two sets of coils are used 

for raster scanning done over the specimen. The electron beam then reaches the sample taken 

in the sample holder. The sample can be tilted or rotated and fixed in the field of view. There 

are two electron detectors: one is for secondary electrons and the other is for back scattered 

electrons. The secondary electrons are collected by electrically attracting them towards a 

scintillator and then to a photomultiplier. The amplified analogue signals are then converted to 

a digital from. In a similar way there is a detector for back scattered electron. Both are recorded 

and the final resultant SEM image is displayed on the personal computer attached to it. 

b) Sample analysis 

 When electron beam interacts with sample or specimen, different types of signals are 

produced [13].  Some of the signals are produced by the interaction of electrons with the sample 

surface; since some of the electrons can only escape from the few nanometer thick surface 

layer. These electrons are called as secondary electrons (SEs). The another category of 

electrons called back scattered electrons arises due to elastic scattering, which gets reflected 

from the sample [12].  

 Secondary electrons are so called because when the electron beam is incident on the 

sample, the primary radiation will generate some ions, photons or electrons with high energy 

as an ionisation product. They are produced from the inelastic scattering of electron beam. The 

emission of valance electron usually keeps the energy of these secondary electrons to a 

minimum amount. The photoelectrons produced with high energy (>50 eV) are considered to 

be primary radiation.  

 Back scattered electrons are generated due to the elastic scattering of incident beam of 

electrons. These are higher energy electrons which are ejected from the depth unlike the 

secondary electrons which originated from layers which are a few nano meters deep on the 

sample surface. As the intensity of these back scattered electron are higher at that particular 

areas, it can be used to identify the surface irregularities and presence of heavier atoms etc. on 

the sample surface. 
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Figure 3.5: Various interaction processes inside a sample 

 

 Characteristic X-rays are produced when electron beam interacts with the inner shell 

electrons. As the electrons get excited and leave, the outer shell electrons (higher energy 

electrons) fill the spaces. This released energy causes characteristic X-rays.  

 

 FE-SEM (Field Emission Scanning Electron Microscope) 

 Field emission scanning electron microscope (FE-SEM) is an advanced form of SEM 

imaging. Here the analyte gets disturbed by the incoming beam and causes the emission of 

secondary electrons and back scattered electrons. This is usually carried out at high vacuum 

and low voltage [18]. High quality images are obtained due to the slight electrical charging of 

the sample. 
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 3.3.2 Transmission Electron Microscope (TEM) 

 

 Transmission electron microscope (TEM) is another technique used for morphological 

characterization. It uses a very high energy electron beam for scanning the specimen. TEM 

images can be modified either into a STEM (Scanning Transmission electron microscope) or a 

HRTEM (High Resolution Transmission electron microscope) image, depending upon the 

resolution obtained [2]. 

 

a) Sample analysis 

 TEM analysis can be done in the same way as that of SEM analysis. The only difference 

is that, instead of back scatted electrons and secondary electrons it uses the transmitted 

electrons for collecting information about the sample.  

 There are two modes of imaging: Bright field imaging and Dark field imaging [2]. When 

the electron beam falls on the specimen, it allows the beam to get transmitted through it and 

then directs it to the imaging system. Here the imaging system can be a Phosphor screen or any 

other fluorescent or light sensitive plate. The flow of these electrons are adjusted by condenser 

and objective lenses. The objective lens allows the direct beam to pass and contains a plate 

where the scattering of electrons occur. It then focus on a back focal plane.  So obtained images 

are called bright field images. Whereas, if the direct beam is obstructed and only diffracted 

beam is transferred to the back focal plane, it produces a dark filed image. This type of image 

can give the idea about crystal orientations as well [2]. 

 

b) Instrumentation and working 

 TEM consists of several components which include electron gun, condenser lenses, 

objective lenses, light sensitive sensor, sample grid and a project lens. The working principle 

behind all modified TEM versions are the same with differences in its image quality.   
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Figure 3.6: Schematic diagram of two TEM imaging 
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CHAPTER – 4 

SYNTHESIS AND ANALYSIS 

 

I. PREPARATION METHOD 

 

  The synthesis of graphene oxide (GO) constitutes the first part of this project. After the 

successful preparation of graphene oxide, the fabrication of reduced graphene oxide- silver 

(rGO/Ag) nanocomposites was done.  

 

4.1 Preparation of Graphene oxide  

 

 Graphene oxide nanoparticles were synthesised using “Modified Hummer’s method of 

synthesis” [1]. The chemical reaction involved here can be depicted as shown below: 

Figure 4.1: The schematic representation of synthesis of graphene oxide. 

 

Materials and apparatus required: 

 

 Graphite flakes- was purchased from Sigma Aldrich, whereas, Sodium nitrate (NaNO3), 

Sulphuric acid (H2SO4), Potassium permanganate (KMnO4), Distilled water and Hydrogen 

Peroxide were all purchased from Nice chemicals (P) LTD. And finally Hydrochloric acid 

(HCl)- was purchased from Merck life science Private Limited. 

 

Procedure: 

 

 Graphene oxide was synthesised via oxidation and exfoliation of 3 dimensional 

graphite sheets. The synthesis part was carried out with reference to Paulchamy, Balaiah, G. 
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Arthi,et.al [1].  2g of Graphite flakes and 2g of NaNO3 were mixed in 90 ml of H2SO4 (97%) in 

a conical flask which was kept under ice bath (of temperature 0o to 5oC) with continuous 

stirring. The mixture was stirred for 4 hours and 12 g KMnO4 was added to the suspension in 

a slow pace. The rate of addition was carefully controlled so as to keep the reaction temperature 

lower than 15oC. The mixture was then diluted with distilled water and stirred for 1.15 hours 

after which the ice bath was removed. The mixture was then once again stirred at 35oC for 1.15 

hours. It was then kept in reflux system at 98oC for 20 minutes. 40 ml of H2O2 was then added 

and the temperature was brought down to 25 oC while continuously stirring it for2 hours. The 

as prepared solution was then added to 400 ml of water taken in a beaker and stirred for 1 hour. 

It was then kept aside for 24 hours. The resulting mixture was repeatedly washed with HCl and 

followed by distilled water. The resultant precipitate was dried at 60oC for more than 10 hours 

to obtain GO powder.  

 

4.2 Preparation of reduced graphene oxide/ silver nano (rGO/Ag) composite 

 

 The synthesis of reduced Graphene oxide- silver nanoparticles was done by 

solvothermal synthesis method. According to Quocanh N. Luu, Joshua M. Doorn,et.al in order 

to prepare various low dimensional inorganic materials having different morphologies, the 

hydrothermal or solvothermal synthesis method is more convenient [2]. 

 

The chemical reaction involved is as follows: 

AgNO3 + NaCl + PVP  → Ag + NaNO3 +C6H9Cl + NO↑ 

 

Materials required: 

 

 Silver nitrate (AgNO3), Ethylene glycol (EG), Sodium chloride (NaCl), Isopropyl 

Alcohol (IPA), and Acetone which was purchased from Nice chemicals (P) LTD, and 

Polyvinylpyrrolidone K30 (40000 MW)- bought from Loba chemie Pvt. Ltd. 

 

Procedure: 

 Reduced graphene oxide -Silver nanowire can be synthesised using solvothermal 

method [2]. To begin with, 0.34 g of AgNO3 was dissolved in 30 ml of ethylene glycol. This 

was followed by dissolving 0.883 g PVP and 2.3 g NaCl in 20 ml ethylene glycol at 120oC 

while stirring at 600 ppm. Then the PVP, NaCl, Eg solution was added to the AgNO3/EG 
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solution drop by drop under vigorous stirring. After it was allowed to mix for 5 minutes, it was 

transferred into a100 ml autoclave. The autoclave was then heated at 160oC for 7 hours and 

allowed to cool at room temperature. The resultant was washed 3 times with isopropanol, and 

centrifuged with acetone at 5000 rpm to get the precipitate.  

 

 The obtained sample was filtered using Whatman grade 1 filter paper. It was then dried 

in the oven at 160oC for 4 hours after which it was ground it into fine powder using a mortar. 

 

 

4.3 Fabrication of rGO/Ag substrate 

 

 The preparation of rGO/Ag substrate for the SERS application is a simple process.   

 

Procedure: 

 

 0.01 g of rGO/Ag powder was weighed and added to 1 ml of ethylene glycol solution 

which was then sonicated using a digital Ultrasonic cleaner for 3 hours. 10 microliter of as 

prepared rGO/Ag solution in ethylene glycol was pipetted out on a cleaned glass slide/silicon 

wafer. Once it was dried in the oven for one hour at 50oC, a film was successfully obtained 

over the slide/wafer. The procedure was repeated until a desired thickness of the substrate was 

obtained. 

 

4.4 Preparation of rGO/Ag substrate for dye detection and pesticide sensing 

 

 The project was aimed at testing the efficiency of detecting certain dyes and chemicals 

using the rGO/Ag nanocomposite substrate prepared. While, chemical dye Crystal violet was 

used for dye detection, thiram (sodium diethyldithiocarbamate) was used for pesticide 

detection. Crystal violet solutions with different molar concentrations, ranging from 10−2 M 

to 10−11 M were prepared by series dilution method. Whereas, the bulk thiram was dissolved 

in isopropyl alcohol under vigorous stirring to obtain solutions of different concentrations 

ranging from10−5M to 10−8M. 
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4.5 Preparation of well for antibacterial action 

 

 The antibacterial test was done using well diffusion method in which the mean 

inhibition zone seen on disks prepared is measured.  

 

Materials required: 

 While Agar agar and bacteriological nutrient broth were purchased from Nice 

chemicals (P) LTD, Petri plates, Cotton swabs, Tetracycline (TE) 30 mcg susceptibility and 

Test discs were purchased from HiMedia Laboratories Pvt. Ltd. 

 

Procedure: 

 In order to check the efficiency of the prepared sample of rGO/Ag nanocomposites 

towards bacterial actions it was tested against two bacterial strains: Escherichia-coli (E. coli) 

and Staphylococcus-aureus (S. aureus) [3].  

 

 The inhibition was studied from the petri plates created using nutrient Broth and Agar 

agar bacteriological powder, which is capable of supporting the growth of these organisms. 

The bacteria were inoculated from a pure culture and were grown for 24 hours at 29oC. A media 

was prepared by dissolving 1.3g of the nutrient broth and 2g of agar agar in 100ml distilled 

water. Then it was autoclaved at 100oC and kept under UV light for 30 minutes. The plates 

were seeded with the inoculum (E. coli and S. aureus) using sterile cotton swabs. Using a steel 

borer of 8 mm, a well was created in each of the two petri dishes. Each of them were then 

further divided into two equal parts where the portion with the well was labelled as ‘rGO/Ag’ 

and the other was labelled as ‘control’. Both the setups were then placed in the incubator 24 

hours at 30 oC. The rGO/Ag solution prepared was then poured into the wells and the changes 

were studied and recorded  
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 II. ANALYSIS 

 

 The material properties including the structural, optical and morphological nature of 

the prepared rGO/Ag nano composites were analysed. The results obtained is presented and 

identified in this chapter. 

4.6 Graphene Oxide (GO) 

4.6.1 X-Ray diffraction analysis of GO 

 The structural characterization of GO was done using X-ray diffraction technique. The 

X-ray diffraction pattern gives the information about different crystalline planes present in the 

prepared sample. 

 

Figure 4.6.1.a: Powdered X-Ray Diffraction pattern of graphene oxide 

 

 Figure 4.6.1.a depicts the powdered X-ray diffraction pattern of Graphene Oxide. The 

PXRD pattern of GO exhibits a strong 2θ = 11.776° (with (d) spacing of 7.508 Å) peak value 

that corresponds to the plane (001). This indicates a complete oxidation and exfoliation of 

graphite flakes precursor. Additionally, a small peak at 2θ = 42.319° (with the (d) spacing of 

2.134 Å) was observed, corresponding to the (100) plane. The reflection from major graphite 

planes (002) and (004) are not observed which leads to the conclusion that a typical crystal 

(001) 

(100) 
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graphite structure is absent. In GO, the interlayer spacing increased as compared to graphite 

due to addition of oxygen-containing functional groups during oxidation of graphite. Also there 

is no obvious characteristic peaks of impurities in the pattern [8][9]. 

 

4.6.2 UV-Visible analysis of GO 

 Optical characterization was done via UV-Visible absorption spectrometer.  

 The result obtained from UV absorption analysis is shown in Figure 4.6.2. For graphene 

oxide two characteristic peaks are observed. The peak at 235 nm is due to 𝜋 → 𝜋∗ transition of 

aromatic C=C bond while the other peak seen at 297 nm is due to  𝑛 → 𝜋∗ transition of C=O 

bond [10]. 

 

Figure 4.6.2: UV-Vis absorption spectrum of GO 

 

4.6.3 SEM analysis of GO 

 The morphological analysis of GO nanoparticles was done by Scanning electron 

microscope.  
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Figure 4.6.3.a: SEM images of GO 

 Figure 4.6.3.a gives the morphology of sample GO examined by SEM and confirms the 

formation of GO sheets in the prepared specimen. The Field emission scanning electron 

microscopy (FE-SEM) image of GO sheets shows a flake like morphology. It can be seen in 

the figure 4.6.3.b. 

 

 
 

Figure 4.6.3.b: FE-SEM image of GO 
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4.6.4 Raman analysis of GO 

 

Figure 4.6.4: Raman spectrum of GO 

 

 

 Figure 4.6.4 illustrates the Raman spectra of GO with two bands in vibrational modes. 

One at 1321 cm−1 called D band, attributed to K-point phonons of A1g symmetry and the other 

at 1581 cm−1, called G band, attributed to zone- center phonons of E2g symmetry[1,2][11]. A1g 

vibrational modes are due to the lack of translational symmetry and are active only along the 

edges of GO sheets. Here the ID/IG ratio is calculated as 1.04 [16]. 

 

4.7 Reduced Graphene Oxide/Silver nano composite 

4.7.1 X-Ray diffraction analysis of rGO/Ag nano composite 

 The structural characterization of rGO/Ag nanocomposites was done using X-ray 

diffraction technique. The XRD pattern gives the information about different crystalline planes 

present in the prepared sample. 
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Figure 4.7.1: Powdered X-ray diffraction pattern of rGO/Ag nano composite; inset: unoxidized 

GO peak at 23.7o 

 

 The X-ray diffraction of rGO/Ag nanomaterial reveals that the peaks observed at 

38.280°, 44.466°, 64.595° and 77.523° are due to the reflection from (111), (200), (220) and 

(311) planes of AgNPs. While the broadened peak at 23.7o is due to graphene oxide, 

corresponding to the plane (002), which indicates the reduction of GO [17].  Using the peak 

positions, the calculated d spacing is 2.349 Å for rGO/Ag, whereas d002 of graphite is .335 nm 

[10]. 

 

 Particle size determination 

The particle size of a nanoparticle, D can be calculated using Debye-Scherrer equation: 

𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝐷 =
𝐾𝜆

𝐵 cos 𝜃
 

Where K is a constant which is nearly equal to 0.94 

 B is the full width half maximum measured in radian 

 𝜆 is the wavelength of X- ray = 1.54060 x 10-10 m 
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2𝜃 
(in degree) 

𝜃 
(in degree) 

𝜃 
(in radian) 

B 

(degree) 

B 

(radian) 

Particle size 

D 

(nm) 

38.283o 19.1415o 0.3339 0.314 0.005477 26.441 

44.467o 22.2335o 0.3878 0.376 0.006559 22.079 

 

Hence average particle size, D = 24.26 nm 

 

4.7.2 UV-Visible analysis of rGO/Ag nano composite 

 

Figure 4.7.2: UV-Vis absorption spectra of rGO/Ag 

 

 In addition to the peak observed at 287 nm, which is due to the presence of rGO, a new 

absorption peak is observed at 379 nm.  This peak is due to the presence of silver nano particles 

which indicates the deposition of silver nano particles on the GO sheets [18]. 
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4.7.3 SEM analysis of rGO/Ag nano composite 

 The morphological analysis of rGO/Ag nanoparticles was done by SEM analysis. SEM-

EDX image of rGO/Ag is given in the figure below. Fig.4.7.3.a gives data about the elemental 

content in it. 

 

Figure 4.7.3.a: SEM-EDX of rGO/Ag 

 The EDX spectrum of the composite in the figure 4.7.3.a confirms the presence of Ag 

nanoparticles and the high intensity peak corresponds to carbon while another appreciable peak 

of oxygen atom confirms the presence of GO.  

 FE-SEM images of rGO/Ag nanoparticles is given in figure 4.7.3.b. It confirms the 

results of XRD analysis. 

 
 

Figure 4.7.3.b: FE-SEM images of rGO/Ag nanoparticles  
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 The Ag nano particles are uniformly distributed on the surface of GO sheet with the 

average size of 50 ± 5 nm [12]. 

 

4.7.4 HRTEM analysis of rGO/Ag nano composite 

 The structure and morphology of as prepared rGO/Ag were examined by High 

resolution Transmission Electron Microscope (HRTEM). Figure 4.7.4 depicts the TEM images 

of reduced Graphene oxide/ silver nano particles.  

    

Figure 4.7.4: TEM images of rGO/Ag nano particles in (a),(b) and (c); (d): SAED pattern of 

rGO/Ag 

 From the TEM image 4.7.4 (a), it is clear that the graphene sheets are homogeneously 

exfoliated. The Ag nano spheres are arranged uniformly between the layers of graphene. The 

evenly distributed Ag nano particles without much aggregation, indicates that GO can act as a 

strong platform for the growth of silver nano particles [13]. Figure 4.7.4 (c) displays that the Ag 

nano spheres of diameter ~ 50 nm are dispersed uniformly over the surface of the graphene 

oxide sheets. The image in figure 4.7.4 (d) indicates the corresponding SAED pattern of Ag 

nano sphere, which gives an idea about its crystalline nature. 
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4.7.5 Raman analysis of rGO/Ag nano composites 

 

 The Raman peak shown in Fig. 4.7.5 confirms the integration of silver nanoparticles on 

the surface of graphene oxide sheets.  

 

Figure 4.7.5: Raman spectra corresponding to rGO/Ag nano particles 

 The GO/Ag was characterized by two bands. The D-band at 1345.7 cm−1 and G band 

at 1586.2 cm−1. Here the D band is due to lattice imperfections in at the grain boundary and G 

band is the characteristic peak due to the E2g1 
[11]. The 2D peak at 2672.48 cm−1 is due to a 

double resonance intervalley Raman scattering process for graphene transferred on Ag nano 

particles [14-18]. Here the ID/IG ratio is calculated as 1.08 [16]. 
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CHAPTER 5 

APPLICATIONS 

 

 Surface enhanced Raman scattering technique (SERS) has reported some promising 

applications in fields like chemical detection, environmental monitoring, food safety and bio-

medical spheres.  It can provide a finger print like information of the target molecule, which 

makes it an appropriate tool for on-site testing of harmful chemicals [1-4]. 

 

5.1 Dye detection 

 

 Dyes are chemical compound that are mainly used for imparting colours onto textiles 

like silk, jute, cotton, wool and other articles like, leather, cosmetics, plastic utensils, paper, 

food, etc. [5-7] The most commonly used dyes are methylene blue, crystal violet (CV), malachite 

green (MG), congo red (MB), rhodamine B, rhodamine 6G (R6G), etc. Their cost and ease of 

use make them an attractive factor in food colouring as well [8]. Most of the above mentioned 

dyes are soluble in aqueous as well as in organic solvents. Due to their carcinogenic nature, it 

causes several serious health issues such as irritation to the skin, eyes, and respiratory system 

[9, 10]. Therefore, it is high time to track their presence in materials even at the very low 

concentration.  

 Crystal violet is a chemical compound with the molecular formula C25N3H30Cl. It is 

used on large scale as an anti-fungual agent especially in aquaculture [10]. It is a drug used 

against different fish diseases. However, due to their harmful effects on human health, these 

are banned in many counties including USA, Japan, etc. [10,11]. But in order to have export 

quality products, the illegal use of these kind of chemical dyes are still in effect. In order to 

ensure safety towards such aqua products, effective detection measurements should be taken.  

  

 Among the various detection methods like high performance liquid chromatorgraphy, 

fluorimety, electro chemical detection, etc. the surface enhanced Raman spectroscopic method 

is the most effective.  rGO/Ag SERS substrate can enhance their activity towards the targeted 

molecule, which makes them suitable for on-site dye detection. [1-4]. 
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5.1.1 rGO/Ag substrate as a Dye detector 

 Figure 5.1.1.a, shows the normal Raman spectrum of chemical dye crystal violet 

adsorbed on a glass slide without the SERS substrate.   

 
Figure 5.1.1.a: Raman spectrum of crystal violet  

 

 

 In the Raman spectrum of  crystal violet bulk, the band observed at 894 cm−1 is caused 

by C-H out of plane bending mode, whereas the medium band at 1165 cm−1 is attributed to 

the C-H in-plane bending mode [12][13]. The overlapped vibrational stretching of CCcentreC and 

stretching vibration of nitrogen and phenyl ring attributes to the band at 1374 cm−1  [12]. The 

prominent band at 1585 cm−1 is due to in-plane aromatic C-C stretching vibration [13]. 

 

 In order to study the enhancement factor, the efficiency in determining crystal violet in 

rGO/Ag SERS substrate is to be compared with those in GO as well as Ag nano particles. The 

corresponding results are shown in figure 5.1.1.b.  
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Figure 5.1.1.b: SERS spectra of crystal violet at 10-8 M concentration 

 

 SERS spectum of crystal violet with the concentration of 10-8 M obtained from the 

rGO/Ag nano composite substrate is given in Figure 5.1.1.b The inset shows the corresponding 

spectra obtained from GO and Ag nano particles respectively. Comparing the peaks, we can 

conclude that the sensing property on rGO/Ag nano composite SERS substrate is more 

enhanced than that on the GO or Ag nano particles substrates. This alludes to the charge transfer 

mechanism between the adsorbate and SERS substrate involved in the process [18]. 

 

 Later, the detection of crystal violet with concentration ranging from 10−11 M to 

10−2 M was examined on rGO/Ag nano composite SERS substrate. The results obtained have 

been depicted in Figure 5.1.1.c. 

 

 The three major peaks with small deviations at 880 cm−1 is attributed to σ(CCcenterC), 

while those at 1357 cm−1 is attributed to σ(CCC)rings, σas (CCcenterC) & σ(CH). The peak at 

1553 cm−1 is attributed to σas
 (C-C) or υ(Cring-N).  
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Figure 5.1.1.c: SERS spectra of crystal violet with different concentrations adsorbed on 

rGO/Ag substrate 

 

  Here, as the detection limit reaches 10-11 M, it ensures the high sensitivity of SERS 

substrate for crystal violet. 

 

5.2 Pesticide sensing 

 With the advent of commercialization, the practise of farming and cultivation has 

declined. Those engaged in agriculture now focus on yielding more quantity than better quality 

products. Thus pesticides including insecticides, fungicides, and herbicides became important 

players in agriculture. Nearly 1000 variety of pesticides are used all over the world. The most 

commonly used pesticides are chloropyrifos, thiram, ethoprophos, parathion-ethyl, 

methamidophos, thiabendazole, pATP, endosulfan etc. The over dosage or use of multiple 

pesticides are not only hazardous to human beings but also to the surrounding ecosystem [16][17]. 

The non- standard use of these chemicals should be detected and controlled with an effective 

technique.     
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 Here, the pesticide thiram with molecular formula C6H12N2S4 was used for analysis. It 

is also called as thiuram disulphide. It is commonly used as a fungicide and an ectoparasiticide. 

It is highly toxic and can cause serious health issues such as nausea, diarrhoea, gastrointestinal 

complaints etc. [21] The effective detection of the pesticide thiram was done using the rGO/Ag 

SERS substrate prepared.  

  

5.2.1 rGO/Ag substrate as a Pesticide Sensor 

 From Figure 5.2.1.a, the sensing ability of SERS substrate for the pesticide – ‘thiram’ 

can be studied.  

 

 

Figure 5.2.1.a: Raman spectra of Thiram 

 

 The band at 443 cm−1 corresponds to σ(CH3NC) or υ(C = S) and the prominent band 

at 560 cm−1 is attributed to υ(S − S). The other bands observed at 852 cm−1 and  976 cm−1  

are attributed to υ(CH3N).While the peak at 1147 cm−1 corresponds to ρ(CH3)  or  υ(C − N). 

And the adjacent bands at 1370 cm−1 and 1395 cm−1 are attributed to σs(CH3) or  υ(C − N) 
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and σas(CH3) repectively. The υ(C − N), σ(CH3)  or ρ(CH3) attribute the small peak at 1464 

cm−1 [14][15].  

 Figure 5.2.1.b indicates the sensing capacity of rGO/Ag SERS substrate with just the 

GO and Ag nano particles towards the pesticide thiram. The peaks at 586 cm−1, 1320 cm−1and 

1589 cm−1 are recorded at 10-8 M concentration of Thiram. By comparing the spectra, we can 

conclude that the rGO/Ag nano composite SERS substrate shows an enhanced sensing 

property.  

 

 

Figure 5.2.1.b:  Raman spectra of thiram at 10-8 M concentration 

 

 The SERS spectra of Thiram with different concentrations ranging from 10−9  M to 

10−5 M on rGO/Ag SERS substrate is shown in the figure 5.2.1.c.  

 

 Thus, the results indicates that the prepared substrate has good enhancement effect on 

sensing of the pesticide thiram even at a low limit of detection, that is at 10−9 M.  
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Figure 5.2.1.c: SERS spectra of Thiram with different concentrations adsorbed on rGO/Ag 

substrate 

 Measurements were taken at 8 random points to check the reproducibility and stability 

of the substrate. Figure 5.2.1.d illustrates the corresponding graphs. By taking into 

consideration the similarity in all cases, uniformity and reproducibility of the substrate can be 

vouched for.  

 

Figure 5.2.1.d: SERS spectra of Thiram on rGO/Ag at different spots (concentration 10-5 M) 
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5.3 Antimicrobial study 

 

 Trillion microbes are present in and on our body. They are the basic factors that drive 

our health by maintaining proper digestion, protecting from infections, regulating respiration, 

etc. These microbes can be generally categorized as bacteria, fungi, protozoa, archaea and 

algae. Most of these microbes are not harmful. While Saccharomyces cerevisia, Aspergillus 

oryzae, L. plantarum, etc. are considerd as useful microorganisms, those like Escherichia coli 

(E. coli), Staphylococcus aureus, Mycobacterium tuberculosis, etc. are harmful 

microorganisms that can damage the human body. Some of these microbes can even destroy 

food crops and clothing.  

 Now, the complete removal of these microbes by inhibiting their cell replication is of 

high importance. The efficiency of silver in deactivating the harmful microorganisms are well 

known. Therefore, in order to study the antimicrobial activity of as prepared rGO/Ag nano 

composite, it was assessed against two bacterial strains: E. coli and S. aureus.  

5.3.1 rGO/Ag nano composite as an Antibacterial agent 

 

 In order to understand the antibacterial activity of GO/Ag nano composite, two bacterial 

strains (Gram-negative bacterium, E. coli and the Gram-positive bacterium, S. aureus) were 

used. 

       

Figure 5.3.1: Antibacterial activity rGO/Ag nano composite on (a) E. coli (b) Staphylococcus 

 Here the method followed consists of measuring the zone inhibited in a disk diffusion 

test against E.coli and staphylococcus. The control used here was Tetracycline (TE) 30 mcg 

susceptibility Test discs, which is denoted as T in the figure 5.3.1. The zone inhibited against 
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E.coli for 0.01g/ml of rGO/Ag nano composite was measured as 12 mm, while the zone 

inhibition caused by the control in E.coli came upto 9 mm. Similar significant zone inhibition 

was also noted against S. aureus and it was found to be at 6 mm for the same quantity of GO/Ag 

nano composite. The zone inhibition made by control in S. aureus was 5 mm. The results from 

zone inhibition study confirmed the remarkable performance of the nanocomposite in 

destroying harmful pathogens [22]. These results are consistent with previous observations made 

by Bao et al., 2011; Ma et al., 2011 [23]. 
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František Tureček. "Surface-enhanced Raman spectroscopy of soft-landed polyatomic ions and 

molecules." Analytical chemistry 79, no. 12 (2007): 4543-4551. 

14. Kang, Jae-Soo, Seon-Yeong Hwang, Chul-Jae Lee, and Mu-Sang Lee. "SERS of 

dithiocarbamate pesticides adsorbed on silver surface; thiram." Bulletin of the Korean 

Chemical Society 23, no. 11 (2002): 1604-1610. 

15. Liu, Bianhua, Guangmei Han, Zhongping Zhang, Renyong Liu, Changlong Jiang, Suhua 

Wang, and Ming-Yong Han. "Shell thickness-dependent Raman enhancement for rapid 

identification and detection of pesticide residues at fruit peels." Analytical chemistry 84, no. 1 

(2012): 255-261. 

16. Li, Yongyu, Yunyun Sun, Yankun Peng, Sagar Dhakal, Kuanglin Chao, and Qiaoqiao Liu. 

"Rapid detection of pesticide residue in apple based on Raman spectroscopy." In Sensing for 

agriculture and food quality and safety IV, vol. 8369, pp. 128-133. SPIE, 2012. 

17. Chai, Lian-Kuet, and Fatimah Elie. "A rapid multi-residue method for pesticide residues 

determination in white and black pepper (Piper nigrum L.)." Food Control 32, no. 1 (2013): 

322-326. 

18. Jose, Priya Parvathi Ameena, M. S. Kala, Alphonsa Vijaya Joseph, Nandakumar 

Kalarikkal, and Sabu Thomas. "Reduced graphene oxide/silver nanohybrid as a multifunctional 

material for antibacterial, anticancer, and SERS applications." Applied Physics A 126, no. 1 

(2020): 1-16. 

19. Tsochatzis, Emmanouil D., Urania Menkissoglu-Spiroudi, Dimitrios G. Karpouzas, and 

Roxani Tzimou-Tsitouridou. "A multi-residue method for pesticide residue analysis in rice 

grains using matrix solid-phase dispersion extraction and high-performance liquid 

chromatography–diode array detection." Analytical and Bioanalytical Chemistry 397, no. 6 

(2010): 2181-2190. 

20. Fernández, M., Y. Picó, and J. Manes. "Determination of carbamate residues in fruits and 

vegetables by matrix solid-phase dispersion and liquid chromatography–mass 

spectrometry." Journal of Chromatography A 871, no. 1-2 (2000): 43-56. 

21. Hayes, W.J. and E.R. Laws, ed. (1990). Handbook of Pesticide Toxicology. Vol. 3, Classes 

of Pesticides. NY: Academic Press, Inc. 

22. Naeem, Hina, Muhammad Ajmal, Raheela Beenish Qureshi, Sedra Tul Muntha, 

Muhammad Farooq, and Muhammad Siddiq. "Facile synthesis of graphene oxide–silver 

nanocomposite for decontamination of water from multiple pollutants by adsorption, catalysis 

and antibacterial activity." Journal of environmental management 230 (2019): 199-211. 



 65 | A p p l i c a t i o n s   
 

23. Bao, Qi, Dun Zhang, and Peng Qi. "Synthesis and characterization of silver nanoparticle 

and graphene oxide nanosheet composites as a bactericidal agent for water 

disinfection." Journal of colloid and interface science 360, no. 2 (2011): 463-470. 

24. Zhang, Li, Bin Wang, Guang Zhu, and Xia Zhou. "Synthesis of silver nanowires as a SERS 

substrate for the detection of pesticide thiram." Spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy 133 (2014): 411-416. 

25. Sahu, Sumit Ranjan, Mayanglambam Manolata Devi, Puspal Mukherjee, Pratik Sen, and 

Krishanu Biswas. "Optical property characterization of novel graphene-X (X= Ag, Au and Cu) 

nanoparticle hybrids." Journal of Nanomaterials 2013 (2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 66 | C o n c l u s i o n  
 

 

CHAPTER 6 

CONCLUSION 

 

 In conclusion, we have designed an environment friendly substrate that aids in the 

easier detection of chemicals by employing a low cost solvothermal method. The fabricated 

rGO/Ag nano composites can act as an excellent SERS (Surface Enhanced Raman 

Spectroscopy) substrate for the detection of certain chemicals at subnanomolar levels. The 

detection of one of the most harmful and commonly used water pollutant – crystal violet, a 

chemical dye was done successfully. Traces of crystal violet at various concentrations ranging 

from 10 -2 M to 10 -11 M gave reliable peaks on SERS substrate. This result backs the claim 

that the substrate can be effectively employed in the detection of crystal violet at concentrations 

as low as 10 -11 M. The sensing capability of rGO/Ag against the pesticide thiram in iso propyl 

alcohol was also demonstrated. The study also noted that in the presence of the rGO/Ag SERS 

substrate, thiram molecules displayed an enhanced peak even at a low concentration of 10 -9 

M. Hence it is safe to conclude that this could be a promising technique for sensing the 

pesticide, Thiram in more practical situations. In addition, the antibacterial activity of rGO/Ag 

nano composite was tested against two bacteria: Gram-negative bacterium, E. coli and the 

Gram-positive bacterium, S. aureus. The observations made indicate a good scope for their 

applications in the bio-medical field.   

 

 

 

 

 


