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                                                 ABSTRACT
Nanotechnology is defined as the understanding and control of matter at dimensions of roughly 1–100nm, where unique physical properties make novel applications possible. Using nanotechnology, materials can effectively be made stronger, lighter, more durable, more reactive, more sieve-like, or better electrical conductors, among many other traits. In this project pure and Ni dropped CO3O4 nanoparticles were prepared through hydrothermal method with controlled morphology. We used some characterisation techniques and synthesis methods to identify their structure, morphology and other properties. The SEM results indicated the formation of nanostructures with semi-cubic shape and irregular rods. Parameters such as crystal size, particle size, surface area, as well as morphology of the final product depend on doping. 
 
 
 
 
 
 
 
 
 
 
 
 


CHAPTER 1
INTRODUCTION 
 
1.1 FASCINATING WORLD OF NANOTECHNOLOGY 
Nanotechnology is the term given to those areas of science and engineering where phenomena that take place at dimensions in the nanometre scale are utilised in the design, characterisation, production and application of materials, structures, devices and systems. Although in the natural world there are many examples of structures that exist with nanometre dimensions (hereafter referred to as the nanoscale), including essential molecules within the human body and components of foods, and although many technologies have incidentally involved nanoscale structures for many years, it has only been in the last quarter of a century that it has been possible to actively and intentionally modify molecules and structures within this size range[1]. It is this control at the nanometre scale that distinguishes nanotechnology from other areas of technology. Nanotechnology refers to the branch of science and engineering devoted to designing, producing, and using structures, devices, and systems by manipulating atoms and molecules at nanoscale, i.e., having one or more dimensions of the order of 100 nanometres (100 millionth of a millimetre) or less [2]. 
[image: ] 
Fig.1.1 Classification of Nanotechnology 
Clearly the various forms of nanotechnology have the potential to make a very significant impact on society. In general, it may be assumed that the application of nanotechnology will be very beneficial to individuals and organisations. Many of these applications involve new materials which provide radically different properties through functioning at the nanoscale, where new phenomena are associated with the very large surface area to volume ratios experienced at these dimensions and with quantum effects that are not seen with larger sizes. These include materials in the form of very thin films used in catalysis and electronics, twodimensional nanotubes and nanowires for optical and magnetic systems, and as nanoparticles used in cosmetics, pharmaceuticals and coatings. The industrial sectors most readily embracing nanotechnology are the information and communications sector, including electronic and optoelectronic fields, food technology, energy technology and the medical products sector, including many different facets of pharmaceuticals and drug delivery systems, diagnostics and medical technology, where the terms nanomedicine and bionanotechnology are already commonplace. Nanotechnology products may also offer novel challenges for the reduction of environmental pollution[3].  
However, just as phenomena taking place at the nanoscale may be quite different to those occurring at larger dimensions and may be exploitable for the benefit of mankind, so these newly identified processes and their products may expose the same humans, and the environment in general, to new health risks, possibly involving quite different mechanisms of interference with the physiology of human and environmental species. These possibilities may well be focussed on the fate of free nanoparticles generated in nanotechnology processes and either intentionally or unintentionally released into the environment, or actually delivered directly to individuals through the functioning of a nanotechnology based product. Of special concern would be those individuals whose work places them in regular and sustained contact with free nanoparticles. Central to these health risk concerns is the fact that evolution has determined that the human species has developed mechanisms of protection against environmental agents, either living or dead, this process being determined by the nature of the agents commonly encountered, within which size is an important factor. The exposure to nanoparticles having characteristics not previously encountered may well challenge the normal defence mechanisms associated with, for example, immune and inflammatory systems. It is also possible for there to be an environmental impact of the products of nanotechnology, related to the processes of dispersion and persistence of nanoparticles in the environment [1]. 
1.2   HISTORY OF NANOTECHNOLOGY 
The history of nanotechnology traces the development of the Concepts and experimental work falling under the broad Category of nanotechnology. Although nanotechnology is a relatively recent development in scientific research, the development of its central concepts happened over a longer period of time. The emergence of nano technology in the 1980’s was caused by the convergence of experimental advances such as the invention of the scanning tunnelling microscope in 1981 and the discovery of fullering in 1985, with the evolution and popularization of a conceptual frame for the goals of nanotechnology beginning with the 1986 publication of the book “Engines of creation”. The field was subject to growing public awareness and controversy in the early 2000’s with prominent debates about both its potential implication as well as feasibility of the applications envisioned by advocates of molecular nano technology, and with governments moving to promote and fund research in to nanotechnology. The early 2000 also saw the beginnings of commercial applications of nanotechnology, although there were limited to build applications of nanomaterials rather the transformative applications envisioned by the field [2]. It is known that in the fourth-century A.D. Roman glassmakers were fabricating glasses containing nanosized metals. An artifact from this period called the Lycurgus cup resides in the British Museum in London. The cup, which depicts the death of King Lycurgus, is made from soda lime glass containing silver and gold nanoparticles. The colour of the cup changes from green to a deep red when a light source is placed inside it. The great varieties of beautiful colours of the windows of medieval cathedrals are due to the presence of metal nanoparticles in the glass  
 
Figure 1.2.1 Lycurgus Cup (British Museum; AD fourth century) and Medieval stained glass 
In 1867, James Clerk Maxwell put forward some of the important and leading concept about nanotechnology. Later the concept of a ‘‘nanometre’’ was first proposed by Richard Zsigmondy, the 1925 Nobel Prize Laureate in chemistry. He coined the term nanometre explicitly for characterizing particle size and he was the first to measure the size of particles such as gold colloids using a microscope. Modern nanotechnology was the brain child of Richard Feynman, the 1965 Nobel Prize Laureate in physics. During the 1959 American Physical Society meeting at Caltech, he presented a lecture titled, ‘‘There’s Plenty of Room at the Bottom’’, in which he introduced the concept of manipulating matter at the atomic level. 
This novel idea demonstrated new ways of thinking and Feynman’s hypotheses have since been proven correct. It is for these reasons that he is considered the father of modern nanotechnology. Almost 15 years after Feynman’s lecture, a Japanese scientist, Norio Taniguchi, was the first to use ‘‘nanotechnology’’ to describe semiconductor processes that occurred on the order of a nanometre. He advocated that nanotechnology consisted of the processing, separation, consolidation, and deformation of materials by one atom or one molecule. The golden era of nanotechnology began in the 1980s when Kroto, Smalley, and Curl discovered fullerenes and Eric Drexler of Massachusetts Institute of Technology (MIT) used ideas from Feynman’s ‘‘There is Plenty of Room at the Bottom’’ and Taniguchi’s term nanotechnology in his 1986 book titled, ‘‘Engines of Creation: The Coming Era of Nanotechnology[4]. The beginning of the 21st century saw an increased interest in the emerging fields of nanoscience and nanotechnology. In the United States, Feynman’s stature and his concept of manipulation of matter at the atomic level played an important role in shaping national science priorities. President Bill Clinton advocated for funding of research in this emerging technology during a speech at Caltech on January 21, 2000. Three years later, President George W. Bush signed into law the 21st Century Nanotechnology Research and Development Act [4]. 
1.3 CLASSIFICATION OF NANOMETERIALS BASED ON ORIGIN 
Natural Nanomaterials: Natural nanomaterials are produced in nature either by biological species or through anthropogenic activities. The production of artificial surfaces with exclusive micro and nanoscale templates and properties for technological applications are readily available from natural sources. Naturally occurring nanomaterials are present through the Earth’s spheres (i.e., in the hydrosphere, atmosphere, lithosphere and even in the biosphere), regardless of human actions. Earth is comprised of nanomaterials that are naturally formed and are present in the Earth’s spheres, such as the atmosphere, which includes the whole of troposphere, the hydrosphere, which includes oceans, lakes, rivers, groundwater and hydrothermal vents, the lithosphere, which is comprised of rocks, soils, magma or lava at particular stages of evolution and the biosphere, which covers microorganisms and higher organisms, including humans [3]. 
Synthetic Nanomaterials: Synthetic (engineered) nanomaterials are produced by mechanical grinding, engine exhaust and smoke, or are synthesized by physical, chemical, biological or hybrid methods. The question of risk assessment strategies has arisen in recent times as there is increased fabrication and subsequent release of engineered nanomaterials as well as their usage in consumer products and industrial applications. These risk assessment strategies are highly helpful in forecasting the behavior and fate of engineered nanomaterials in various environmental media. The major challenge among engineered nanomaterials is whether existing knowledge is enough to forecast their behavior or if they exhibit a distinct environment related behavior, different from natural nanomaterials[4].  
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Figure1.3.1 (a) Photograph of a lotus leaf;  (b) SEM image of the lotus leaf surface. (c) Photograph of a water strider. (d) SEM image of the water strider leg (e) Photograph of a Morpho. (f) SEM image of the hierarchical micro-and nanostructures on the surface of butterfly wings (g) Photograph of a red rose, water droplets can pin to the rose petals surface. (h) SEM image of a rose petals surface. (i) Photograph of a dragonfly. (j) SEM image of a dragonflies wing. (k) Photograph of a peacock feathers. (l) SEM images of the transverse (top) and longitudinal (bottom) cross-sections of the cortex of the green barbul 
  
 
 
1.4.  CLASSIFICATION BASED ON DIMENSIONS. 
 ZERO-DIMENSIONAL NANOPARTICLES  
These are the materials having all the dimensions with in the nanoscale (no dimension is larger than 100nm). This can be single or poly crystalline. These nanoparticles can exist individually or incorporated in a matrix. Example: Quantum dots, Nanodots, fullerene [5]. 
ONE-DIMENSIONAL NANOPARTICLES    
These are the materials having one dimension is outside the nano scale (larger than 100 nm). It can be amorphous or crystalline, it may be single or polycrystalline. It can be metallic,ceramic or polymeric. Example: Nanowires, nanoroads, nanotubes, nanopillars, Carbon nanotubes (CNT) [6].  
TWO-DIMENSIONAL NANOPARTICLES 
These are the materials having two dimensions are outside the nanoscale (larger than 100 nm.)This class exhibits plate like shapes and includes graphene, nanofilms, nanolayers and nano coatings. It can be amorphous or crystalline and made with various compositions. It can be metallic, ceramic or polymeric[7].  
 THREE-DIMENSIONAL NANOPARTICLES 
These materials have a nanocrystalline structure. These are not confined to the nano scale in any dimension (all three dimensions are larger than 100 nm.) Here electrons are completely localised. It has large surface area and consist of bulk materials made up of individual blocks which are nanometre scale. Example: Graphite, diamond, dendrimers [8]. 
 
Figure 1.4.1 Nanoparticles classification based on dimensionality 
 
 
1.5 PROPERTIES OF NANOPARTICLES 
 
a. PHYSICAL PROPERTIES 
Smaller melting point or phase transition temperature and have reduced lattice constant because of the high fraction of surface atom in the total amount of atoms and high surface area. Absorption of solar radiation is high in nano range. Because the particles are too small [9]. 
 b.  MAGNETIC PROPERTIES 
Magnetic properties of nanoparticles are used for drug delivery, therapeutic treatment,contrast agents for MRI imaging, bio separation and invitro diagnosis. These nanomaterial sized particles are super para magnetic, a property resulting from their tiny size- only a few nanometres- a fraction of the width of human hair super paramagnetic nanoparticles are not magnetic when located in a zero magnetic field. But they quickly become magnetised, when an external magnetic field is applied. When returned to a zero magnetic field, they quickly revert to a nonmagnetic state. Super para –magnetism is one of the most important properties of nanoparticles used for bio magnetic separation [1]. 
c. ELECTRICAL PROPERTIES 
The properties like conductivity or resistivity are come under category of electrical properties.These properties are observed to change at nano scale level like optical properties. The examples,  for the change in electrical properties in nanomaterials are Conductivity of a bulk or large material does not depend upon dimensions like diameter or area of cross section and twist in the conducting wire etc. It is also observed that conductivity is also changes when some shear force [10].  
d.  OPTICAL PROPERTIES  
Optical properties of nano material such as absorption, transmission, reflection and light emission are dynamic and may different significantly from properties exhibited by the same bulk material. A wide range of optical effects may be produced for a variety of applications by simply manipulating its shape, size and surface functionality. They are capable of confining their electrical properties to produce quantum effect with the possibility of the variation in shape, size or type having colour observed in nanomaterial is a function of plasmon resonance effect which occurs when outer electron band of nanomaterial with light wavelengths resonate [7].  
e. THERMAL PROPERTIES 
The melting point of nanomaterials is always less than to Bulk. The melting point is inversely proportional to the radius “r” of the nanomaterial. The smaller the particle is, the greater will be the range of melting point difference. Nm can be heated at lower temperature. Also, electrical conductivity in bulk material is continuous. 
f.  MECHANICAL PROPERTIES OF NANOPARTICLES 
The intrinsic elastic modulus of a nano structured materials is essentially the same as that of the bulk material having micrometre sized grains until the grain size becomes very small, less than5 nm. The larger the value of Youngs modulus, the less elastic the material. The yield strength of a conventional grain- sized material is related to the grain size by the Hall pitch equation. The strength of nano crystalline materials increases considerably than that of coarsegrained materials [6]. 
1.6 SYNTHESIS METHODS OF NANOMATERIALS 
 The synthesis of nanomaterials is a key to the future success of this new technology and in principle; the approaches to the synthesis of nanomaterials can be divided into two main classes: Top-down approaches and bottom-up approaches. 
1.6.1 Top-down approach 
Top-down approach involves the breaking down of the bulk material into nanosized structures or particles. Top-down synthesis techniques are extension of those that have been used for producing micron sized particles. Top-down approaches are inherently simpler and depend either on removal or division of bulk material or on miniaturization of bulk fabrication processes to produce the desired structure with appropriate properties. The biggest problem with the top-down approach is the imperfection of surface structure. For example, nanowires made by lithography are not smooth and may contain a lot of impurities and structural defects on its surface. Examples of such techniques are high-energy wet ball milling, electron beam lithography, atomic force manipulation, gas-phase condensation, aerosol spray, etc. Many top-down mechanical methods are utilized by industry. Thermal methods form a nebulous category and we try and focus on those that provide heat to a fabrication process. Of these, electrospinning is a means to form nano thread materials. High energy methods are those that require an excessive input of energy– whether in the form of heat, electricity or solar energy. Arc discharge was the first controlled means of making carbon nanotubes. Laser ablation and solar flux also work well. The problem is control of quality and potential upscale. Lithographic methods, as we all know quite well, although energy intensive and requiring expensive equipment and facilities are top-down methods capable of producing for the most part micron-sized features [11]. 
[image: ] 
Fig. 1.6.1Top-Down Approach 
· Ball milling: Ball milling is a mechanical technique that is broadly used to grind powders into fine particles. The reactants are generally broken apart using solvent molecules in the traditional method; but in ball milling, reactants are broken by using mechanical forces. The use of ball milling in the synthesis and reactions of organic compounds have been published in many review articles. The application of solvent-free ball milling in organic synthesis is relatively rare. [12] 
[image: ] 
Fig. 1.6.2 Ball milling process 
 
· Electron Beam Lithography: Electron-beam lithography (often abbreviated as e-beam lithography, EBL) is the practice of scanning a focused beam of electrons to draw custom shapes on a surface covered with an electron-sensitive film called a resist (exposing). The electron beam changes the solubility of the resist, enabling selective removal of either the exposed or non-exposed regions of the resist by immersing it in a solvent (developing). The purpose, as with photolithography, is to create very small structures in the resist that can subsequently be transferred to the substrate material, often by etching. The primary advantage of electron-beam lithography is that it can draw custom patterns (direct-write) with sub-10 nm resolution. This form of maskless lithography has high resolution and low throughput, limiting its usage to photomask fabrication, low-volume production of semiconductor devices, and research and development [13]. 
 
[image: ] 
Fig.1.6.3 Electron beam lithography 
· Gas phase condensation: Gas-phase synthesis characterizes a class of bottom-up methods for producing multifunctional nanoparticles (NPs) from individual atoms or molecules. This review aims to summarize recent achievements using this approach, and compare its potential to other physical or chemical NP fabrication techniques. More specifically, emphasis is given to magnetron-sputter gas-phase condensation, since it allows for flexible growth of complex, sophisticated NPs, owing to the fast kinetics and non-equilibrium processes it entails. Nanoparticle synthesis is decomposed into four stages, i.e., aggregation, shell-coating, mass-filtration, and deposition. The various functionalities for different applications, such as magnetic, plasmonic, catalytic and, gas-sensing, emphasizing on the primary dependence of each type on a different stage of the fabrication process, and their resultant physical and chemical properties[14]. 
[image: ] 
Fig.1.6.4 Gas phase synthesis 
 
 
 
1.6.2 Bottom-up Approach 
The alternative approach, which has the potential of creating less waste and hence the more economical, is the ‘bottom- up’.  Bottom-up approach refers to the build up of a material from the bottom: atom-by-atom, molecule-by-molecule, or cluster-by cluster. Many of these techniques are still under development or are just beginning to be used for commercial production of nano powders. Organometallic chemical route, revere-micelle route, sol-gel synthesis, colloidal precipitation, hydrothermal synthesis, template assisted sol-gel, electrodeposition etc, are some of the well- known bottom–up techniques reported for the preparation of luminescent nanoparticles. 
[image: ] 
Fig.1.6.7 Bottom-Up Approach 
· Hydrothermal method: Hydrothermal method is a standard preparation route, especially for powdery nanostructure. Hydrothermal synthesis refers to the heterogeneous reactions for synthesizing inorganic materials in aqueous media above ambient temperature and pressure. In this case, an aqueous mixture of precursors is heated in a sealed stainless-steel autoclave above the boiling point of water, and consequently the pressure within the reaction autoclave is dynamically increased above atmospheric pressure. This effect of high temperature and pressure provides a one step process to produce highly crystalline materials without the need of post annealing treatment. The hydrothermal synthesis could obtain magnetic nanomaterials with very high crystallinity due to their high temperature and high-pressure reaction conditions. Hydrothermal method has several advantages such as low cost, easy experimental setup, and high yield [15].  As a result of the main thermodynamic and kinetic features of the hydrothermal process, the main advantages of the hydrothermal synthesis are: 
· One step process for powder synthesis or oriented ceramic films. 
· Minimized consumption of energy, particularly for complex and doped oxides. 
· Products with much high homogeneity than solid state processing. 
· Products with higher density than gas or vacuum processing.  
· One of the few methods enabling for obtaining of controlled doped or complex material system. 
 
Fig.1.6.8 The hydrothermal reaction set up and the Teflon jar and the stainless-steel autoclave with screws 
· Sol-gel Synthesis: The sol-gel process is a more chemical method (wet chemical method) for the synthesis of various nanostructures, especially metal oxide nanoparticles. In this method, the molecular precursor (usually metal alkoxide) is dissolved in water or alcohol and converted to gel by heating and stirring by hydrolysis/alcoholises. Since the gel obtained from the hydrolysis/alcoholises process is wet or damp, it should be dried using appropriate methods depending on the desired properties and application of the gel. The materials obtained from the sol-gel method are used in various optical, surface engineering, and pharmaceutical and separation technologies. The basis of the sol-gel method is the production of a homogeneous sol from the precursors and its conversion into a gel. The solvent in the gel is then removed from the gel structure and the remaining gel is dried[16]. 
1.7 APPLICATIONS OF NANOMATERIALS  
Invisible particles that fight cancer cells, faster microprocessors that consume less energy, batteries that last 10 times longer or solar panels that yield twice as much energy. These are just some of the many applications of nanotechnology, a discipline with all the ingredients to turn into the next industrial revolution. Nanotechnology and nanomaterials can be applied in all kinds 
1.7.1 MEDICAL AND HEALTHCARE APPLICATION 
Nanotechnology is already broadening the medical tools, knowledge, and therapies currently available to clinicians. Nanomedicine, the application of nanotechnology in medicine, draws on the natural scale of biological phenomena to produce precise solutions for disease prevention, diagnosis, and treatment [4]. Below are some examples of recent advances in this area: 
 
[image: ] 
Fig.1.7.1 Application of Healthcare in Nanotechnology 
 
1.7.2 Energy Applications 
Nanotechnology is finding application in traditional energy sources and is greatly enhancing alternative energy approaches to help meet the world’s increasing energy demands. Many scientists are looking into ways to develop clean, affordable, and renewable energy sources, along with means to reduce energy consumption and lessen toxicity burdens on the environment :Nanotechnology is improving the efficiency of fuel production from raw petroleum materials through better catalysis. It is also enabling reduced fuel consumption in vehicles and power plants through higher-efficiency combustion and decreased friction. Nanotechnology can be incorporated into solar panels to convert sunlight to electricity more efficiently, promising inexpensive solar power in the future. Nanostructured solar cells could be cheaper to manufacture and easier to install, since they can use print-like manufacturing processes and can be made in flexible rolls rather than discrete panels. Nanotechnology is already being used to develop many new kinds of batteries that are quicker-charging, more efficient, lighter weight, have a higher power density, and hold electrical charge longer.  
1.7.3 Environmental Remediation 
In addition to the ways that nanotechnology can help improve energy efficiency, there are also many ways that it can help detect and clean up environmental contaminants :Nanotechnology could help meet the need for affordable, clean drinking water through rapid, low-cost detection and treatment of impurities in water. Nanoparticles are being developed to clean industrial water pollutants in ground water through chemical reactions that render the pollutants harmless. This process would cost less than methods that require pumping the water out of the ground for treatment [7] . 
1.7.4 Future Transportation Benefits 
Nanotechnology offers the promise of developing multifunctional materials that will contribute to building and maintaining lighter, safer, smarter, and more efficient vehicles, aircraft, spacecraft, and ships. In addition, nanotechnology offers various means to improve the transportation infrastructure: As discussed above, nano-engineered materials in automotive products include polymer nanocomposites structural parts; high-power rechargeable battery systems; thermoelectric materials for temperature control; lower rolling-resistance tires; high-efficiency/low-cost sensors and electronics; thin-film smart solar panels; and fuel additives and improved catalytic converters for cleaner exhaust and extended range. Nano-engineering of aluminum, steel, asphalt, concrete and other cementitious materials, and their recycled forms offers great promise in terms of improving the performance, resiliency, and longevity of highway and transportation infrastructure components while reducing their life cycle cost. New systems may incorporate innovative capabilities into traditional infrastructure materials, such as self-repairing structures or the ability to generate or transmit energy[5]. 
1.7.5 NANOSCALE SENSORS 
Nanoscale sensors and devices may provide cost-effective continuous monitoring of the structural integrity and performance of bridges, tunnels, rails, parking structures, and pavements over time. Nanoscale sensors, communications devices, and other innovations enabled by nanoelectronics can also support an enhanced transportation infrastructure that can communicate with vehicle-based systems to help drivers maintain lane position, avoid collisions, adjust travel routes to avoid congestion, and improve drivers’ interfaces to onboard electronics.  
1.8 COBALT OXIDE NANOPARTICLES 
In materials in electric battery research cobalt oxide nanoparticles usually refers to particles of cobalt oxide of nano metre sized with various shapes and crystal structures. Cobalt oxide nanoparticles have potential applications in Lithium-ion batteries and electronic gas sensors. 
Cobalt oxide nanoparticles appear as a white powder with spinal crystal structure. They have an important magnetic material and are p-type semiconductors. When nano cobalt oxide is exposed to the hydrogen flame are heated to 900 ℃, it changes into metal cobalt. It can be synthesised by different methods include hydrothermal method, thermal decomposition and can synthesised from anchored precursors. It is also prepared using a precipitation- oxidation method at mild reaction conditions. The nanoparticles had spherical shapes and sizes that ranged from 4.6 nm to 19.4 nm as determined by TEM and XRD. It is a fine dark grey to black powder. Its melting point is 895℃ and boiling point is 900℃. It is also widely used in microelectronics and further more as a magnetic nanoparticle with numerous uses in micro batteries, nanowires and catalyst applications. Nano cobalt oxide particles are also available in passivated and high purity and carbon coated and dispersed forms. They are also available as a dispersion through the AE nano fluid production group [2]. 
 
Fig. 1.8.1 cobalt oxide nanoparticles 
1.8.1 STRUCTURE OF COBALT OXIDE NANOPARTICLES 
It appears as a white powder with spinal crystal structure. They are an important magnetic material, and are p type semiconductor. It has normal cubic structure with Co2- ions in tetrahedral interstices and Co3+ ions in the octahedral interstices of the cubic close-packed lattice of oxide ions. When it is reduced to the nanometer scale co3o4 is found to have optical, magnetic, electrochemical properties etc. Precipitation is facile and convenient and low cost. It is used in sensors and catalysts. When nano cobalt is exposed to hydrogen oxidation. The atomic structure of water oxidizing nanoparticles (10-60 nm) formed from flame and heated to 900℃ it changes in to cobalt.  It has an atomic structure active in light driven catalysis of water cobalt salts and methylene diphosphonate(M2P) are investigated. These amorphous nanoparticles are of high interests for production of solar fuels. They facilitate water oxidation in a directly light and driven process [17]. 
[image: ] 
Fig. 1.8.3 Atomic structure of cobalt oxide nanoparticles 
 
1.8.2 PROPERTIES OF COBALT OXIDES 
Cobalt oxide (Co3O4) is a p-type semi-conducting material and a transition metal oxide. It is antiferromagnetic and possesses a spinel crystal structure. Co3O4 nanoparticles also have optical bands between 1.48–2.19 eV, within which Co3O4 can be used as a photocatalyst when excited with visible light. Cobalt occurs in two oxidation states that are readily available, namely Co2+, Co3+, and Co4+, making it attractive for several industrial applications. Cobalt oxide is abundant in nature, with Co3O4 being the most stable form. Other forms of cobalt oxide are cobalt (II) oxide (CoO) and cobalt (III) oxide. In this review, our focus is on cobalt (II, III) oxide (Co3O4). Co3O4 nanoparticles have been used for applications such as energy storage, solar cells, capacitors, gas sensors, field emission materials, magneto-resistive devices, field effect transistors, and rechargeable Li-ion batteries. They have also been used as photocatalysts for the degradation or adsorption of dyes and organic pollutants, as well as antimicrobial, antioxidant, and anticancer applications. The remediation potential of Co3O4 nanoparticles is encouraging, since they are efficient in degrading pollutants that they have an affinity for and are also alternatives to the more expensive noble metals. Although not as popular as the noble metals, some metal nanoparticles, and other metal oxide nanoparticles, Co3O4 nanoparticles are promising for the remediation of antibiotic-resistant and/or pathogenic bacteria in waste water. Excellent reviews exist that address the biomedical and catalytic applications of Co3O4 nanoparticles, which cover applications of Co3O4 nanoparticles with respect to dye degradation, treatment of malignant cells, antimicrobial activity, and anti-proliferative activity on cancer cells. Antibiotic resistance is a concerning global environmental and health threat. The discovery and use of antibiotics quickly led to relief from certain diseases. However, factors such as the misuse of antibiotics for clinical and animal production uses, global migration, and selection pressure of microbes contributed to the increased incidence of antibiotic resistance in society. The role of the environment in the incidence of antibiotic resistance has also been recognized. For example, wastewater treatment methods do not eliminate all antibioticresistant bacteria or antibiotic-resistant genes in wastewater. Thus, there has been an impetus for investigating alternative methods for combating antibiotic-resistant bacteria and particularly genes in wastewater. Nanoparticles may destroy bacteria membranes, gain access to cellular content, and inflict further damage. Metal oxides, including Co3O4 nanoparticles, have antibacterial or inhibitory effects on bacteria. Increased attention is being given to Co3O4 nanoparticles in this regard due to their antibacterial effect and availability. However, there is a lack of a comprehensive review on nanoparticles in wastewater bacteria remediation applications, specifically the potential of Co3O4 nanoparticles for bacteria remediation applications, to the best of our knowledge. Therefore, this review examines the research progress that has been made in recent years with respect to using Co3O4 nanoparticles for the remediation of antibiotic-resistant and/or pathogenic bacteria in wastewater. In addition, we discuss current challenges of using Co3O4 nanoparticles for bacteria remediation in wastewater treatment and an outlook of future research directions [18]. 
 
 
 
 
 
 
 
 
 
LITERATURE REVIEW 
Wang et al synthesised Cobalt oxide nanorods by a hydrothermal method. Transmission electron microscopy analysis showed that the individual Co3O4nanorods have nanoporous structure, consisting of the textured aggregation of nanocrystals,optical properties of Co3O4 nanorods were characterised by Raman and UV spectroscopy.Magnetic property measurement showed that Co3O4 nanorods have a low transition temperature of 35K. We observed quite significant exchange bias for nanoporous Co3O4 nanorods, indicating the existence of magnetic coupling between the nanocrystals in Co3O4 nanorods. When applied as electrode materials in supercapacitors, Co3O4 demonstrated a high capacitance of 280 F/g [19] 
Kailas et al deals the synthesis of cobalt oxide and explored as a catalyst. Photocatalytic degradation studies are carried out for water-soluble eosine blue (EB) dye using cobalt oxide, and Fe2+- and Ni2+- doped cobalt oxide nanoparticles in aqueous solution. Diferent parameters such as initial dye concentration, dose of catalyst, contact time and pH have been studied to optimize reaction conditions. It is observed that photocatalytic degradation is a more efective and faster mode of removing EB dye by cobalt oxide, and Fe2+- and Ni2+doped cobalt oxide nanoparticles than work done before. The TEM and XRD studies are carried for morphological feature characteristics of synthesized cobalt oxide, and Fe2+- and Ni2+-doped cobalt oxide nanoparticles. Pseudo-frst-order kinetic has been investigated for both pure and doped cobalt oxide catalysts. Almost 95% dye degradation has been observed for doped cobalt oxide nanoparticles[20] . 
Ravi Dhasa et al studied the Cobalt oxide (Co3O4) nanoparticles were prepared by simple, facile and cost effective sol–gel route. Triethanol amine (TEA) was used as surfactant to reduce the size of the particles. The XRD patterns reveal that the crystallite size of the sample prepared without surfactant yields 69 nm and with different surfactant concentrations (5 ml, 10 ml, and 15 ml), the estimated crystallite sizes were reduced to 64 nm, 52 nm, and 32 nm respectively. The morphological and elemental composition of the samples was investigated by SEM and EDS. The optical studies revealed the possible electronic transitions which are responsible for an occurrence of two energy band gap in cobalt oxide. The photoluminescence probe for the presence of defects and the results obtained specified that the defects get reduced with the addition of surfactant TEA. Photocatalytic degradation of dyes (Rhodamine B and Direct Red 80) was investigated under visible light using cobalt oxide nanoparticles as catalyst[21] 
Abdelhak Lakehal et al reported Nickel doped Cobalt oxide thin films prepared on glass substrates using sol- gel based dip coating process. The synthesized samples were characterised by Ultraviolet visible analysis, X-ray diffraction, Fourier transform infrared spectroscopy and Complex impedance spectroscopy to depict the optical, structural, vibrational and electrical properties. structural results show that the obtained samples were composed of (Co3 O4 ) polycrystalline with spinel-type preferentially oriented in the (311) plane. Optical results show that the films have high transparency over the visible region.. FTIR spectra confirms the presence of Co2+-O and Co3+-O vibrations in the spinel lattice[22]  
Salah et al prepared CO3O4 nanoparticles and its structural optical and morphological properties are investigated. The structure and morphology of Co3O4 nanoparticles were characterized by X-ray diffraction, Fourier transform infrared spectroscopy, Transmission electron microscopy and the N2 adsorption–desorption techniques. The results indicate the formation of a single crystalline Co3O4 phase with a high surface area, mesoporous structure and particles size that depends on the calcination temperature [23] 
Vijayakumar et al analysed the supercapacitor effect of CO3O4 nanoparticles prepared by microwave assisted synthesis technique. XRD analysis reveals the cubic phase of the synthesized nanoparticles. TEM image indicate uniform distribution of the nanoparticles. The blue shift of the band gap energy as obtained through optical absorption studies confirms the quantum confinement effect. PL spectra recorded at room temperature exhibit a broad emission in the UV/Violet region. Maximum specific capacitance of 519 F/g was obtained from charge–discharge studies [24] 
Nagajyothi et al investigated Ni-doped Co3O4 catalysts with various Ni concentrations (0.01, and 0.015 M) were synthesized using a simple, cost-effective hydrothermal route. The synthesized samples are denoted as Co3O4-1 and Co3O4-2. Structural and morphological properties of as-prepared samples were characterized by XRD, FTIR, XPS, SEM, and HRTEM techniques [2] 
 
 
 
CHAPTER 2 
SYNTHESIS AND CHARACTERIZATION TECHNIQUES 
There are several synthesis procedures for the preparation of ultra-line oxide nanoparticles such as sol-gel, spray pyrolysis, chemical vapour deposition, green synthesis, hydrothermal method etc. Here we use hydrothermal method for the preparation of Co3O4 nano material. The main parameters of hydrothermal synthesis which define both the processes kinetics and the properties of resulting products, are the initial pH of the medium, the duration and temperature of synthesis and the pressure in the system.  All chemicals were analytical grade reagent purchased from Sigma-Aldrich. In a typical synthesis of Co3O4 nanorods, 1.2 g of cobalt chloride (CoCl2) and 0.06 g of urea (CO(NH2)2) were dissolved in 40 mL of distilled water to form homogeneous solutions, respectively. The urea solution was then added dropwise to the CoCl2 solution with stirring. The mixture was then transferred to a 100 mL Teflon-liner autoclave, which was sealed and heated to 150 °C for 3 h. After the autoclave was cooled to room temperature, the resulting pink precipitate was separated by centrifugation, washed several times with distilled water and ethanol, respectively, and dried in a vacuum oven. The dried product was then sintered at 600 °C for 1 h. The final black powders were then obtained. Same procedure is repeated for Ni doped Co3O4 nanorods (2%) with addition of Ni precursor [19]. 
2.2 CHARACTERISATION TECHNIQUES 
There are some important techniques in order to characterise the nanoparticles to analyse the properties, structural and morphological aspects and to estimate the size and dimension of the materials in nano range. This can be done using photons, electron, scanning probes, ions, atoms etc…Some of the most extensively used characterisation techniques is discussed below. 
2.2.1 X-Ray diffraction (XRD) 
X-Ray diffraction is an important tool for materials characterization. XRD provides information regarding the crystalline structure, nature of the phase, lattice parameters and crystalline grain size. The lattice parameter is estimated by the Scherrer equation using the broadening of the most intense peak of an XRD measurement for a specific sample. The Scherrer equation is given by 
                                                                    𝐷 =𝑘𝜆/𝛽𝑐𝑜𝑠𝜃………… (1) 
Where: 
 K -dimensionless shape factor with a value close to unity, 𝜆 - X-ray wavelength, 𝜃 - Bragg angle. 
Principle: The materials are made of using atoms and those are arranged into a crystal structure. When the X-ray beams are fall on the surface of a crystal of a crystal plane(sample) with an angle called glancing angle(θ). The X-ray beams are reflected from the atomic plane, called as a diffracted beam. If the reflected X-ray wave undergoes constructive interference, they are said to be diffracted by the crystal plane.  The intensity of diffracted X-ray beam is the function of incident angle 2θ, then it produces a diffraction pattern. 
       nλ = 2d sinθ …………………where, 2n -integer, λ - wavelength of X-ray radiation, d - spacing between the set of crystal planes, θ - glancing angle between the radiation and surfaces. 
        X-ray diffraction interpretation by Bragg’s law. 
	[image: ]	 
Figure 2.2.1 Diffraction of X-rays from the crystal plane. 
The incident X-rays have fixed values of wavelength and interplanar distance d is constant. The diffraction occurs at several angles of incidence such asθ1, θ2, ,θ3,… corresponding to n=1,2,3,…the order of reflection. If the pathlengths difference is zero or an integral multiple of wavelength.  So, these two waves are completely in same phase and there occurs a pattern of constructive interference and when the difference between the two rays is λ/2 then these waves are out of phase therefore destructive interference pattern formed. Furthermore, the crystalline structure of any substance scatters X-ray wavelength in its own unique diffraction pattern known as fingerprint of its atomic and molecular structure. 
Instrumentation: X-ray diffractometers consist of three fundamental parts which are an Xray tube, a sample holder, and an X-ray detector. The X-rays are produced in a cathode ray tube by heating a filament to generate electrons, accelerating the electrons towards a target by applying a particular amount of voltage and bombarding the target material with these electrons. The characteristic X-ray spectra are produced, when these electrons have sufficient energy to dislodge the electrons in the inner shell of the target material. So that these spectra consist some components like Kα and Kβ. Kα consist of Kα1 and Kα2. Kα1 is slightly shorter wavelength. Specific wavelengths are characteristic of the target. It is essential to produce monochromatic X-rays for diffraction there used filtering techniques or crystal monochromators is required. These produced X-rays are collimated and directed to sample. Moreover, the sample and detector are rotated, the intensity of the reflected X-rays is recorded. The geometry of the incident X-rays impinging the sample satisfies the Brag equation, constructive interference and a peak in intensity occurs. A detector records this Xray signals and converts the signal to a count rate which is then to a output device like computer monitor. 
[image: ] 
                              Figure 2.2.2 Bruker’s X-ray Diffraction 
It reveals that the geometry of such diffractometer such that the sample rotates in the path of collimated X-ray beam at a particular angle θ when the detector is mounted on an arm to collect the diffracted X-rays and further rotates an angle 2θ. The instrument  named goniometer is used to maintain the angle and rotate the sample. It helps to measure the purity of sample. Characterisation of crystalline material and to identify the unknown crystalline material such as inorganic compounds and minerals.  Also, Powerful and rapid technique for the identification of unknown mineral units is widely available and in majority cases.It has some demerits such that it must have access to standard reference file of inorganic compounds and homogeneous and single-phase material is best for identification of an unknown [25]. 
2.2.2 UV-Visible Spectroscopy 
Ultraviolet-Visible spectroscopy is one of the widely used techniques to characterize organic and inorganic nanoparticles. UV- Visible absorption uses electromagnetic radiation of a range of 200-800nm. And this radiation is divided between ultraviolet (200-400 nm) and visible (400-800m) range. This spectroscopy is also known as electronic spectroscopy because the absorption of UV radiation or visible radiation by molecules, leading to the transition between electronic energy levels of the molecules. This spectroscopy obeys Beer Lambert law. The Beer Lambert law states that when a beam of monochromatic radiation is passed through solution of an absorbing material, the rate of decrease in intensity of radiation with the thickness of absorbing solution is proportional to the incident radiation as well as the concentration of the solution. The absorbance is given by A=log (Iₒ-I) =Εcl. Where, A = absorbance, I = intensity of light leaving sample cell, C = molar concentration of solution, L = length of sample cell, ɛ = molar absorptivity. The molecules have non-bonding or pie electrons which can absorb energy in the form of UV-visible radiation and excite 3 electrons to higher energy states. UV –Visible spectrophotometers are of two types; single and dual beam spectrometers. The necessary requirements of these spectrophotometers are source, monochromator, sample holder and the detector. The sample handling is done by the cuvette. Cuvette are just optically transparent cells that hold the material under study and are used to introduce sample in to the light path. For eliminating the zero source of error, reference measurements are done in the cuvette with same path length and not containing the pure solvent does not absorb in the spectral region under consideration. The UV-visible spectra are also used for the calculation of band gap of semiconductor nanomaterials. For this a monochromatic light is passed through the sample and reference. After transmission they are reflected back into the detectors where they compare the difference. 
[image: ] 
Figure 2.2.3 Schematic diagram of UV-Visible spectrophotometer 
1)  Determination of optical band gap : The band gap energy of a nanoparticle can be obtained from Tauc plot using equation, 
(𝛼h𝜗)1/n =𝐶 (h𝜗 −E g) ………….(2) 
Where ‘𝛼’, ‘𝜗’,’C’ and ‘Eg’ are known as the molar absorption coefficient, frequency of light, an arbitrary constant and the band gap of the nanoparticles respectively and n is the power factor of the transition mode, which depends upon the nature of material. The exponent value denotes the nature of the electronic transition, whether allowed or forbidden and whether direct or indirect. For direct allowed transitions: n= ½, For direct forbidden transition: n= 3/2, For indirect allowed transitions: n=2, For indirect forbidden transitions: n=3. Generally, the allowed translations dominate the basic absorption processes, giving either   n=1/2 or n=2 for direct and indirect transitions respectively. The plotting of (𝛼h𝜗) 1/n verses the photon energy (h𝜗) gives a straight line in a certain region. The extrapolation of the straight line will intercept the (h𝜗) axis to give the value of the optical energy gap (Eg). Some of its applications are it is useful in the structure elucidation, of organic molecules, such as in detecting the presence or absence of unsaturation, the presence of hetero atoms[26] . 
2.2.3 Scanning Electron Microscope (SEM) 
The scanning electron microscope (SEM) uses a focused beam of high – energy electrons to generate a variety of signals at the surface of solid specimens. The signals that derive from electron – sample interactions reveal information about the sample including external morphology (texture), chemical composition, and crystalline structure and orientation of materials making up the sample, In most applications, data are collected over a selected area of the surface sample, and a 2-dimensional image is generated that displays spatial variations in these properties. Areas ranging from approximately 1 cm 5 microns in width can be imaged in a scanning mode using conventional SEM techniques. The SEM is also capable of performing analyses of selected point locations on the sample; this approach especially useful qualitatively or semi – quantitatively determining chemical compositions (using EDS), crystalline structure, and crystal orientations (using EBSD). The design and function of the SEM is very similar to the EPMA and considerable overlap in capabilities exists between two instruments  
[image: ] 
Figure 2.2.4 A typical SEM instrument, 
 Principle: Accelerated electrons in an SEM carry a certain amount of kinetic energy, and this energy is dissipated as a variety of signals produced by electron – sample interactions when the incident electrons are decelerated in the solid sample. Also, these signals include secondary electrons (that produce SEM images), backscattered electrons (BSE), diffracted backscattered electrons (EBSD) that are used to determine crystal structures and orientations of mineral), visible light (cathodoluminescence- CL), and heat. Secondary electrons and backscattered electrons are commonly used for imaging samples: secondary electrons are most valuable for showing morphology and topography on samples and backscattered electrons are most valuable for illustrating contrasts in composition in multiphase samples such as rapid phase discrimination. X- ray generation is produced by inelastic collisions of the incident electrons with electrons in discrete orbitals of atoms in the sample. As the exited electrons return to lower energy states, they yield X – rays that are of a fixed wavelength that is related to the difference in energy levels of electrons in different shells for a given element. 
Thus, characteristic X -rays are produced for each element in a mineral that is “excited “by the electron beam. SEM analysis is considered to be “non – destructive”, that is, X- rays generated by electron interactions do not lead to volume loss of the sample, so it is possible to analyse the same materials repeatedly. 
 Instrumentation:  Essential components of all SEMs include the following:  Electron Source (“Gun”), Electron Lenses, Sample Stages, detectors for all signals of    interest and display/Data output devices. Infrastructure requirements are power supply, vacuum system, cooling system, vibration – free floor and Room free of ambient magnetic and electrical fields. SEMs always have at least one detector which is normally a secondary electron detector, and most have additional detectors. The specific capabilities of a particular instrument are critically dependent on which detectors it accommodates. 
 Working : The SEM is an instrument which produces a largely magnified image by using electrons instead of light to form an image. A beam of electrons is produced at the top of the microscope by an electron gun and that electron beam follows a vertical path through the microscope, which is held within a vacuum. This beam travels through electromagnetic fields and lenses which focus the beam down towards the sample 
[image: ] 
                            Figure 2.2.5 Typical diagram of SEM 
Once the beam hits the sample, electrons and X- rays are objected from the sample. Detectors collect these X- rays backscattered electrons, and secondary electrons and convert them into a signal that is sent to a screen similar to a television screen and we get the final image. The SEM is mostly used to generate high- resolution images of shapes of objects (SEI) and to show spatial variations in chemical composition: Compositional maps based on differences in trace element “activators” which is typically transition metal and Rare Earth Elements using CL. The SEM is also wildly used to identify phases based on qualitative chemical analyses and / or crystalline structure Discrimination of phases based on mean atomic number using BSE. Some of the merits are modern SEMs generate data in digital formats, which are highly portable. Most SEMs are comparatively easy to operate with user- friendly 
“intuitive” interphases. And the limitations involved are, for most instruments’ samples must be stable in a vacuum on the order of 10 -5to 10-6 torr. Maximum size in horizontal dimensions is usually on the order of 10 cm, vertical dimensions are generally much more limited and rarely exceed 40 mm [27] 
 
 
 
 
 
 
CHAPTER-3 
RESULTS AND DISCUSSION 
 
3.1 Structural Analysis 
[image: ] 
Figure 3.1.1 XRD spectra of pristine and Ni doped Co3O4 
The phase purity and crystalline nature of pure and Ni-doped Cobalt Oxide nanostructures were investigated using powder X-ray diffraction analysis, as shown in the fig (3.1.1) . The results of XRD pattern reveal that the synthesized Co3O4 nanoparticles show cubic crystal structure with the space group of Fd3m.  XRD pattern shows peaks at 2𝜃 = 19.02°, 31.25°, 36.86°, 38.49°, 44.80° , 55.57°, 59.37°and 65.22° corresponding to (111), (220), (311), (222), (400), (422), (511) and (440) planes respectively. This results are in perfect agreement with standard JCPDS data (card no. 43–1003) [19]. The diffraction peak intensity shows sharp and high intensity which highlights the crystalline formation of nanoparticles Co3O4. No other additional peaks were identified in the powder XRD pattern of Co3O4. This indicate that the nickel dopant is incorporated to the lattice site of Cobalt oxide without distorting its crystal symmetry .The average crystallite size of synthesized Co3O4 was calculated using 
Debye Scherrer formula (d = Kλ/β cos θ nm), from the prominent diffraction peaks, where K is equal to 0.9 which is a constant value, λ is the wavelength of Cu K α radiation, β is the full width at half-maximum (FWHM) of the maximum diffraction peak and θ is the Bragg angles and the corresponding crystallite size estimated to about 36.8 nm for pristine and 37nm for doped sample. No another diffraction peaks shown any impurity peaks which show the cleanness of the synthesized samples. 
3.2 SEM ANALYSIS 
 
A
 
B
 

Figure 3.2.1 a) Sem images of CO3O4 b) Ni doped CO3O4 
Morphology of the prepared samples are analysed using Sem analysis. From the Sem   images it is clear that the pure Co3O4 is exhibit in quasi speherical like structure. Also the Co3O4   spheres are observed to be  closed together. After Ni doping there is a significant change is happent in the morphology of the sample. More number of spheres are observed after Ni doping. Thus, the presence of Ni significantly influences the morphology of Co3O4 nanostructures, which confirms that the addition of Ni effectively changes the surface morphological characteristics of pure Co3O4. 
3.3 EDAX  ANALYSIS 
 
Fig 3.3 Edax spectra of Co3O4and Ni doped Co3O4 
 EDAX spectra validating the presence of Cobalt and Oxygen in prepared Co3O4 nanoparticles. The absence of other peaks implying the purity of the as prepared samples. In case of Ni doped Co3O4 nanoparticles the presence of Ni, Co and O are confirmed. This also emphasize the purity of the samples. So from this analysis it is concluded that ni doping is successfully happent into Co3O4. 
3.4 UV-VISIBLE ANALYSIS 
Optical Analysis is done using UV-Visible Spectroscopy. The band gap is estimated using Kubelka Munk Function. The band gap is obtained for pure and doped one is 2.35eV and 2.25eVrespectively. Ni-doped Co3O4 show slight decrease in the band gap compared to pure Co3O4   
[image: ]                
Figure 3.4.1 UV-Visible spectra of pristine and Ni doped CO3O4 
This behavior may be due to the network distortions caused by the introduction of nickel ions in the Co3O4 matrix and the formation of impurity energy levels (acceptor level) within the band gap. On the other hand, nickel contributes to the creation of holes and increases its role by the number of charge carriers (holes) which contribute to the conductivity knowing that Co3 O4 is a P type semiconductor [19]. 
 
 
 
 
 
CHAPTER-4 
CONCLUSION AND FUTURE SCOPE 
➢ CONCLUSION 
In the present work, pure and Nickel doped cobalt oxide nanoparticle were prepared through hydrothermal method with controlled morphology. The phase purity and crystalline nature of pure and Nickel doped Co3O4 nanostructures were investigated using powder X-Ray diffraction analysis. The XRD results reveals the synthesized Co3O4 nanoparticles show cubic crystal structure with the space group of Fd3m. Morphology of the Co3O4 and Ni doped Co3O4 nanoparticles has been observed from the SEM image. From this it is clear that the pristine exhibit road like structure which is observed to be closed together. The optical properties of cobalt oxide nanoparticles and the presence of vibrational bands are identified through Raman and uv visible spectroscopy. Raman bands are identical with reported papers. The phonon symmetries of the Raman peaks are caused by the lattice vibrations of the spinel structure. Band gap is calculated from UV visible spectroscopy. Luminescence properties of prepared samples are also investigated. 
 
➢ FUTURE SCOPE 
 
· We can employ different synthesis methods for the preparation of Co3O4 nanoparticles. 
· Different temperature and time conditions can be applied in order to tune the morphological  properties in hydrothermal method. 
· Different dopants and double doping can be used instead of Ni . 
· Various applications can be done like energy storage, nonlinear, antibacterial studies etc. 
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