Nanostructured metal oxides and their modes of synthesis
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1. Introduction
1.1. Nanoparticles
Nanotechnology is an interesting branch of material science.Nanotechnology deals the creation and handling of materials at the nanometer (nm) scale either by scaling up from single groups of atoms or by refining or reducing bulk materials.  A nanometer is 1x10-9 m or one millionth of a millimeter.  Particles in the size range of 1 to 100 nm are called nanoparticles.  The physicochemical and biological properties showed by nanoparticles are significantly different from which we observe in bulk materials.  Bulk materials possess relatively constant physical properties regardless of their size, but nanoparticles sized dependent physical and chemical properties.  Nanoparticles are intermediates between the bulk materials and the atomic and molecular structures. Nanoparticles materials possess unique size dependent property known as specific surface area which is the ratio of surface area to volume.  Smaller the size of particle greater will be the specific surface area.  Larger surface area means more contact with the national switch enhance the reactivity and properties of the nanoparticles.  
Nanotechnology has emerged as an interdisciplinary field combining biology, physics, and chemistryand material science.  The production of nanoparticles can be achieved through two methodologies known as ‘top-down approach’ and ‘bottom-up method’.  In the top-down method, the bulk material is broken down into particles at nanoscale through different processes like grinding, milling etc.,  In the bottom-up approach, the atomsself assemble to form new nuclei which grow into a particle of nanoscale.
Metal oxide NPs is involved high temperature response environments with the energy intensive technique such as laser ablation, ion implantation and chemical deposition.Metal oxides nanoparticles play a very important role in many areas of chemistry, physics and materials science[1].The metal elements are able to form a large diversity of oxide nanoparticles[2]. These can take on a vast number of structural geometries with an electronic structure that can show sharpinsulator nature.In technological applications, oxides are used in the fabrication of microelectronic circuits, sensors, piezoelectric devices, fuel cells, coatings for the surfaces against corrosion.  In the rising field of nanotechnology, a goal is to make nanoparticles with special properties of bulk or single particles[3]. Metal oxide nanoparticles can show unique physical and chemical properties due to their limited size and high density of corner or edge surface sites. Particle size is expected to influence three important basic properties.  The first one compares the structural nature, to be correct the lattice stability and cell parameters[4-9].  Oxides are usually healthy and stable systems with well defined crystallographic structures. Conversely the growing importance of surface free energy and stress with declining particle size must be considered changes in thermodynamic stability associated with size can induce modification of cell parameters are structural transformations and in extreme cases, the nanoparticle can disappear due to interactions with its surrounding environment and at high surface free energy[10].  
 In order to display mechanical or structural stability, nanoparticles must have a low surface free energy.  As a result of this condition, phrases that have a low stability in nanoparticles can become very stable in nanostructures.  Size induced structural distortions associated with changes in cell parameters have been observed, for example,in nanoparticles of zinc oxide, nickel oxide, cobalt oxide and copper oxide.  As the particle size decrease, the increasing ofsurface and line atoms generatestress or strain and concomitant structural perturbations [11].  Beyond this “intrinsic” strain, there may be also “extrinsic” strain associated with a particular synthesis method which may be partially relieved by annealing or calcination.  Alsononstoichiometry is a common phenomenon[12].  On the other hand, interactions with the substrate on which the nanoparticles support can make difficult the situation and induce structural perturbations or phases not seen in the bulk state of the oxide[13-15].  The second important effect of size is related to the electronic properties of the oxide.  In any material, the nanoparticles produce the quantum size or confinement effects which essentially arise from the presence of discreteatom like electronic states.  From a solid-state point of view, these states can be considered as being a superposition of bulk like states with a concomitant increase in oscillator strength[16]. Additional general electronic effects of quantum incarceration experimentally probed on oxides are related to the energy shift of exaction levels and optical band gap.  
An important factor to consider when dealing with the electronic properties of a bulk oxide surface are the longrange effects of the made lung field,which are not present or limited in a nanostructure oxide.Metal oxides show a reorganization of charge when going from large periodic structures to small clusters or aggregate which must be roughly considered to be relatively small for ionic solids while significantly larger for covalent ones[17-20].  The degree of iconicity or covalence in a metal oxygen bond can however strongly depend on size in systems with partial ionic or covalent character,an increase in the ionic component to the metal-oxygen bond in parallel to the size decreasing has been proposed[21]. The incorporation of these techniques has provided a rapid prototyping technique, essential for the commercial development of current minimum feature sized semiconducting integrated circuits.  However, the production of these devices has been achieved at a high price, with the primary challenges currently faced by high fabrication laboratories including the high cost of labourers and instruments, high-temperature reaction conditions.Butmore importantly, manufacturers are progressing in this manner at the expense of the environment, as they accumulate hazardous chemical [22].  For decadesresearch teams in the semiconductor industry have been seeking alternative methods to passivity not only the rate of products but also the cost of spending.  The most accessible resource for the synthesis of functional materials under ambient conditions is found in biology.  From highly ordered nanostructures to genetically controlled reactive surfaces, systems in biology perpetually demonstrate their ability to find effective solutions to multifaceted, real-world problems using a rigorous process of natural selection[23].  
The usefulness of biologyincredible portfolio encourages researchers to develop modified synthesis derived from nature. Hence, their findings have been successfully organized into the field of biomimeticor bioinspired research, which encompasses alternative approaches towards developing nanomaterials with technological applications[24-26]. Based primarily on the designs, mechanisms and processes found in nature, biomimetics encompasses the field of structural biology while interfacing engineering, materials science, physics and chemistry[27-30]. Biomimetics infers the manipulating and mimicking of natural architectures and processes of biologically produced minerals to direct the synthesis of non-natural materials.  For instance, the architecture of one of the most abundant biological species on the planet the virus is recently been manipulated to serve as containers for the synthesis of a variety of functional molecular cargoes[31]. In particular, the positively charged interior of the cowpea chlorotic mottle virus (CCMV) has been used as a container for the nucleation of spatially confined metal oxide nanomaterials. On a larger and more complex scale, versatile strategies for substrate adaptation have been developed directly, through inspiration from the surfaceintervene mineralization of bioactive organisms[32].  
The egg shell medium proteins from Chinese soft shelled turtle (composed primarily of aragonite, CaCO3) were isolated and revealed properties that are necessary for embryonic survival[33].It is suggested that the matrix proteins contained pelovaterin peptides as their major unit that self-assembled into micelles, altering the interfacial energy of the eggshell. Applications of such controlled mineralization could be applied to the successful construction of functional two dimensional (2D) reactive surfaces, with reduced nonspecific adsorption[34–37].  In fact, most strategies incorporated by natural systems are not directly applicable to engineered materials, so the need for alternative synthetic routes are required for the incorporation of non-natural elements, such as barium, nickel, copper or aluminium, with functional nanoscale properties[38].  
The details of a wide variety of mediated nanomaterial synthesis, their response to variable parametersand their ability to retain a functionalized, controlled stability over time. Structural and electronic properties obviously drive the physical and chemical properties of the solid.Many oxide nanoparticles have wide band gaps and a low reactivity[39].  A decrease in the average size of an oxide particles do in fact change the magnitude of the band gap, with strong influence in the conductivity and chemical reactivity[40-42]. Surface properties are somewhat particular group included in this subject due to their importance in chemistry.  Solid, gas, liquid chemical reactions can be mainly confined to the surface and sub-surface regions of the solid.  The two dimensional (2D) nature of surfaces has notable structural, typically a rearrangement or reconstruction of bulk geometries and electronic[43-46].  Furthermore, the presence of undercoordinated atoms (like corners or edges) vacancies in an oxide nanoparticle should produce specific geometrical arrangements as well as occupied electronic states located above the valence band of the corresponding bulk material, enhancing in this way the chemical activity of the system[47-50].We will analyse how nanoparticles oxides are synthesized, their most significant physicochemical properties, and will focus the ending part on several, well-known oxides.

2.Metal Oxides in Nature 
To dateas many as  biominerals have been identified as being necessary for the correct function of organisms, and more than 60% of these are reported to be coordinated to either hydroxyl moieties or water molecules, enabling the rapid release of ions in solution[51].  Metal oxides, in particular, provide a fundamental stepping stone for the development of functional nanomaterials. In an oxidative environment, such as the atmosphere of the earth, oxides are the lowest free energy states for most metals in the periodic table and demonstrate applications ranging from semiconductors to insulators[52].   As insulators, SiO2 and Al2O3 are the two most commonly used supports for catalysis, as they are irreducible oxides.  Semiconductors, such as ZnO and SnO2, have high electrical resistivity that provides alternative templates for gas sensors. Surprisingly, the properties associated with metal oxides in technology are not so far removed from what is observed in natural systems.  Through precisely tuned processes, nature is able to synthesize a variety of metal oxide nanomaterials under ambient conditions,the magnetic navigation device found in magnetotactic bacteria is one such example[53]. Here, magnetite nanocrystals are aligned with the Earth’s geomagnetic field and contained within specific organelles known as magnetosomes. Freshwater salmonfor exampleutilizes these magnetic nanoparticles in the nasal cavities of their forehead as a biomagnetic compass during migration[54].
3. Advantages of Nanoparticles 
The advantages of using nanoparticles include the following: 
· Particle size and surface characteristics of nanoparticles can be easily changed to achieve both passive and active drug targeting after parenteral administration.
· They control and sustain release of the drug during the transportation and at the site of localization, altering organ distribution of the drug and subsequent clearance of the drug so as to achieve the increase in drug therapeutic efficacy and reduction in side effects.  
· Controlled release and particle degradation characteristics can be readily modulated by the choice of matrix constituents.  Drug loading is relatively high and drugs can be incorporated into the systems without any chemical reaction; this is an important factor for preserving the drug activity.  
· Site-specific targeting can be achieved by attaching targeting ligands to the surface of particles or use of magnetic guidance.  
· The system can be used for various routes of administration including oral, nasal, parenteral, intraocular etc.Limitations of nanoparticles In spite of these advantages, nanoparticles do have limitations.  
· For example, their small size and the large surface area can lead to particle-particle aggregation, making physical handling of nanoparticles difficult in liquid and dry forms.  
· In addition, small particle size and large surface area readily result in limited drug loading and burst release.  These practical problems have to be overcome before nanoparticles can be made commercially available.  The present review details the latest development of nano particulate drug delivery systems, surface modification issues, drug loading strategies, release control and potential applications of nanoparticles.
4. Properties of Metal Oxide nanoparticles
Physical and chemical properties of nanoparticles that may change at the nanoscale include.
· Color.
· Melting tempe	rature.
· Crystal structure.
· Chemical reactivity.
· Electrical conductivity.
· Magnetism.
· Mechanical strength.
Oxides are becoming a very promising n-type oxide semiconductor.  In the past decade, global research interest in wide band gap semiconductors is attracted towards oxide due to its excellent properties as a semiconductor material. The high electron mobility, high thermal conductivity, good transparency, wide direct band gap 3.37 ev, large exaction binding energy and easiness of growing it in the nanostructure form make metal oxide suitable for optoelectronics, transparent electronics, lasing, sensing and a wide range of applications.[55-59]
4.1Mechanical properties
Main mechanical properties concern low yield (stress and hardness) and high (super plasticity) temperature observables. High heat capacity, high heat conductivity, low thermal expansion high melting point (1300oC) and Soft material with an approximate hardness of 4.5 mohs scales.[60-65]
4.2 Chemical properties
Metal oxides are used for both their redox and acid/base properties in the context of absorption and catalysis. They are used as additive to concrete, sunscreens, skin care lotions, antifungal properties, food additive, vulcanization of rubber, natural rubber related polymer converting more durable materials adding sulphur (accelerator) forming cross-links.
Doping refers to the intentional introduction of impurities into a material and is applied in many semiconductor industry fields[66-69].  Introducing impurities is fundamental to controlling the properties of bulk semiconductorsand this has stimulated similar efforts to dope semiconductor nanocrystals[70-74].  Much work has been done to explore how dopants can influence semiconductor nanocrystals, crystallites a few nanometres in scale with unusual and size-specific optical and electronic behaviour[75]. The promise of nanocrystals as a technological material, for applications including solar cells, bioimaging and wavelength-tuneablelasers, may ultimately depend on tailoring their behaviour through doping.
Impurities can strongly modify electronic, optical and magnetic properties of bulk semiconductors[76].  For instance, it is reported that a substitution impurity with one more valence electron than the host atom it replaces can be ionized by thermal energy and donate its extra electron to the semiconductor (n-type doping).  These electrons or holes are then available as carriers of electrical current. For nanocrystals, where applications often require thin conducting films, the ability to introduce these carriers is essential.  Besides, dopants can also strongly influence the optical behaviour of materials.  Take Co, Se nanocrystals are an example, the lasing threshold in these quantum dots can be reduced threefold by adding extra electrons[77].  As for the bio-imaging applications, fluorescent dopants may mitigate toxicity problems by producing visible or infrared emission in nanocrystals made from less harmful elements than those currently used.  Moreover, carriers whose spins are aligned one way are conducted preferentially, while others are blocked, an effect that could be used in future spintronic devices[78].
In chemical vapour deposition (CVD), substrates are heated to high temperatures and exposed to precursor materials in the gaseous state.  The precursors react or decompose on the substrate surface to form nanomaterial[79].  In chemical vapour synthesis (CVS) approach, within a flow reactor pure metal or metal–organic salts are by heating transformed into the vapour phase and introduced into a hot-wall reactor where they react with the oxidizing agent under conditions that favour the chemical[80-83].  Usually an inert gas, such as Ar, is used to carry the gaseous reactants to the reaction zone where nucleation and crystal growth occur.  Finally, the product that is also in the gas phase is carried to a much cooler zone where it due to such temperature gradient transforms into a solid state and can get collected. 
These methods are extensively employed to produce uniform and contamination-free metal oxide nanoparticles and films, such as ZnO nanowires, films and defect free ZnO nanoparticles nanocubes and nanospheres of magnetite, CuO, MgO and CaO, CoO[84].  When multi-metal oxides are considered, this technique allows for the production of B-dopedZnO, europiumLi-doped MgO, Ca-doped.  Moreover, via CVS technique Zn2+cations may selectively replace Mg2+ surface cations preferentially at the edges and corners of MgOnanocubes that resulted in unique optical and chemical surface properties of ternary ZnxMg1−xOnanoparticles.Reproducibility is another advantage associated with this method[85].  Careful choice of experimental parameters such as for instance the nature and concentration of the oxidizing agent used has a major effect on the nucleation process and consequently affects the average size of the particles.  This has been reported for ZnO nanoparticles which could be produced via CVS technique in the average size ranging from 3, 5 or 11mm depending whether N2O or O2 or dry air were used as the oxidizing agent.
Control over particle size can be also realized by varying the reaction temperature since the nucleation and growth kinetics can be controlled by manipulation of temperature and reactant concentration[86].  Reactant delivery, reaction energy input and product separation may also affect the characteristics and quality of the product.  These techniques can be modified to obtain desirable attributes in the nanoparticles and eliminate limitations associated with volatility of the reactants and degree of agglomeration.  Some examples are laser assisted, electrospray assisted, thermally activated paralytic, metal organic, plasma-assisted and photo CVD methodologies.For instance, electrospray assisted chemical vapour deposition is employed to synthesize no agglomerated spherical titanium and zirconium oxide nanoparticles[87].  Winterers have used a laser assisted technique to synthesize Ni and Co doped with ZnO magnetic semiconducting nanoparticles.
Nanoparticle metal oxides represent a new class of important materials that are increasingly being developed for use in research and health-related applications.  Highly ionic metal oxides are interesting not only for their wide variety of physical and chemical properties but also for their antibacterial activity.  Although the in vitro antibacterial activity and efficacy of regular zinc oxides have been investigated, little is known about the antibacterial activity of nanoparticles of ZnO.  Preliminary growth analysis data suggest that nanoparticles of ZnOhave significantly higher antibacterial effects on staphylococcus aureus. 
Metal oxide nanomaterials like ZnO and CuO have been used for several purposes, a common feature that these nanoparticles exhibit is their antimicrobial behaviour against pathogenic bacteria.  The antimicrobial activity of ZnO, CuO, and Fe2O3 nanoparticles against Gram-positive and Gram-negative bacteria. The nanosized particles of pure ZnO, CuO, and Fe2O3 were synthesized by the sol-gel combustion method.  Furthermore, the antibacterial activity of all the three synthesized nanomaterials is compared and varied considerably.  Antimicrobial activity increased with increase in surface to volume ratio due to a decrease in particle size of nanoparticles.Here, ZnO nanoparticles showed excellent bactericidal potential, while iron oxide nanoparticles had the least bactericidal activity. Our results indicate that nanomaterials were most effective against Gram-positive bacterial strains compared to Gram-negative bacterial strains [88].
ZnO is currently being investigated as an antibacterial agent in both microscale and nanoscale formulations.ZnO exhibits significant antimicrobial activities when particle size is reduced to the nanometer range, then nanosized ZnO can interact with bacterial surface and with the bacterial core where it enters inside the cell, and subsequently exhibits distinct bactericidal mechanisms [89-96].
ZnO nanoparticles have a wide range of antibacterial effects on a number of other microorganisms. The antibacterial activity of ZnO may be dependent on the size and the presence of normal visible light.  The data suggest that ZnO nanoparticles have a potential application as a bacteriostatic agent in visible light and may have future applications in the development of derivative agents to control the spread and infection of a variety of bacterial strains [97]. 
The antibacterial activity of ZnO nanoparticles with various particle sizes.  ZnOis prepared by the base hydrolysis of zinc acetate in a precipitation method using Zn(NO3)2 and NaOH. Bacteriological study showed the enhanced biocide activity of ZnO nanoparticles compared with bulk ZnO in repeated experiments.  This demonstrated that the bactericidal efficacy of ZnO nanoparticles increases with decreasing particle size.  It is proposed that both the abrasiveness and the surface oxygen species of ZnO nanoparticles promote the biocide properties of ZnO nanoparticles [98].New materials with good antibacterial activity and less toxicity to other species attract numerous research interests.  Taking advantage of zinc oxide (ZnO) and graphene oxide (GO), the ZnO and GO composites were prepared by a facile one-pot reaction to achieve superior antibacterial properties without damaging other species. In the composites, ZnO nanoparticles, with a size of about 4 mm, homogeneously anchored onto GO sheets.The typical bacterium Escherichia coli and HeLa cell were used to evaluate the antibacterial activity and cytotoxicity of the ZnO and GO composites, respectively. The synergistic effects of GO and ZnOnanoparticles led to the superior antibacterial activity of the composites.  GO helped the dispersion of ZnOnanoparticles, slowed the dissolution of ZnO, acted as the storage site for the dissolved zinc ions, and enabled the intimate contact of E. coli with ZnOnanoparticles and zinc ions as well.  The close contact enhanced the local zinc concentration pitting on the bacterial membrane and the permeability of the bacterial membrane and thus induced bacterial death. In addition, the GO doped ZnO composites were found to be much less toxic to HeLa cells, compared to the equivalent concentration of ZnOnanoparticles in the composites.  The ZnO and GO composites are promising disinfection materials to be used in surface coatings on various substrates to effectively inhibit bacterial growth, propagation, and survival in medical 
devices [99].
The antibacterial properties of zinc oxide nanoparticles were investigated using both Gram-positive and Gram-negative microorganisms.These studies demonstrate that ZnO nanoparticles have a wide range of antibacterial activities toward various microorganisms that are commonly found in environmental settings. The antibacterial activity of the ZnO nanoparticles is inversely proportional to the size of the nanoparticles in S.aureus.Surprisingly, the antibacterial activity did not require specific UV activation using artificial lamps; rather activation is achieved under ambient lighting conditions. Northern analyses of various reactive oxygen species (ROS) specific genes and confocal microscopy suggest that the antibacterial activity of ZnO nanoparticles might involve both the production of reactive oxygen species and the accumulation of nanoparticles in the cytoplasm or on the outer membranes. Overall, the experimental results suggest that ZnO nanoparticles could be developed as antibacterial agents against a wide range of microorganisms to control and prevent the spreading and persistence of bacterial infections [100].
The effect of zinc oxide (ZnO) nanoparticles prepared by mechanochemical method on the antibacterial activity of different antibiotics is evaluated using disk diffusion method against Staphylococcus aureusand Escherichia coli.  Although ZnO nanoparticles (500μg) decreased the antibacterial activity of amoxicillin, penicillin G, and nitro furcation in S. aureus, the antibacterial activity of ciprofloxacin increased in the presence of ZnO nanoparticles in both test strains.  A total of 27% and 22% increase in inhibition zone areas is observed for ciprofloxacin in the presence of ZnO nanoparticles in S. aureus and E. coli, respectively.  The enhancing effect of this nanomaterial on the antibacterial activity of ciprofloxacin is further investigated at three different contents (500, 1000 and 2000 μg/disk) against various clinical isolates of S. aureus and E. coli.
The enhancing effect of ZnO nanoparticles on the antibacterial activity of ciprofloxacin is concentration-dependent against all test strains. The source of toxicity of copper oxide nanoparticles with respect to its leaching characteristic and speciation.Complexionmediated leaching of CuOnanoparticles by amino acids is identified as the source of toxicity toward Escherichia coli, the model microorganism used in the current studies.  The leached copper–peptide complex induces a multiple-fold increase in intracellular reactive oxygen species generation and reduces the fractions of viable cells, resulting in the overall inhibition of biomass growth.  The cytotoxicity of the complex leachate is however different from that of equivalent soluble copper salts (nitrates and sulphates).  A pH-dependent copper speciation during the addition of copper salts gives rise to uncoordinated copper ions, which in turn result in greater toxicity and cell lysis, the latter of which is not observed for CuOnanoparticles even at comparable pH.  Since leaching did not occur with micrometer-sized CuO, no cytotoxicity effect is observed, thus highlighting the prominence of materials toxicity at the nanoscale[101].ZnO nanoparticles have been synthesized with and without the use of surfactants under different reaction conditions [102].
Nanoknowledge is the creation and use of materials at the smallest possible scale.  Nanotechnology can be useful in investigative techniques,drug delivery, sunscreens, antimicrobial bandages, disinfectant, a friendly manufacturingprocess that reduce waste products (ultimately leading to atomically precise molecular manufacturing with zero waste), a catalyst for greater efficiency in current manufacturing process by minimizing or eliminating the use of toxic materials, to reduce pollution (e.g. Water and air filters) and an alternative energy production (e.g. Solar and fuel cells)[103].  Bio nanotechnology is the integration between biotechnology and nanotechnology for developing biosynthetic and environmental friendly technology for the synthesis of nanomaterials[104]. Nanoscale particles have emerged as novel antimicrobial agents owing to the high surface area to volume ratio, which is coming up as the current interest in the researchers due to the growing microbial resistances against metal ions, antibiotics and the development of resistant strains.  The recent growth in the field of porous and nommetric materials prepared by non-conventional processes has stimulated the search of new applications of ZnOnanoparticulate[105].  Zinc oxide is an interesting semiconductor material due to its application on solar cells, gas sensors, ceramics, catalysts, cosmetics and visitor[106].
Chemical method is used to the preparation of ZnO nanoparticles[107].  Nano materials obtained were thermally treated at various temperatures.  The influence of temperature on structural, textural, and morphological properties of the materials is studied by powder X-ray diffraction, infrared spectroscopy, scanning electron microscopy, nitrogen adsorption and thermal analysis[108].  Certain chemicals can interfere directly with the proliferation of microorganisms at concentrations that can be tolerated by the host.  The antimicrobial activity of zinc oxide nanoparticles is well known[109].  Hence we make use of this property to inhibit growth ofBacillus subtitles,Escherichia coli using disc diffusion method[110].  These two bacterial strains were selected as they are highly contagious; thence we can evaluate the potential antimicrobial activity of zinc oxide nanoparticles.
The transition metal oxide is greatly attracted towards a wide range of application in durable solar absorber lithium-ion battery as an electrode material, super capacitor sensor[111].  Among the transition metal groups, cobalt oxide is one of the most important materials because of its fascinating properties and thermal stability[112].  The Co structure of p-type semiconducting materials stability at high temperature, high mechanical strength and direct band gap1.48-2.19eV.  The cobalt oxide nanoparticles show good conductivity due to the existence of Co3+[113].  Reported the synthesis of CoO nanoparticles at 450oC using a solgel method.
Nanostructure materials have been widely investigated for the fundamental scientific and technological interests in accessing new classes of functional materials with unprecedented properties and applications[114].  CoO is a very important material extensively used in catalysis, gas sensors, electrochromic films, battery cathodes, heterogeneous catalytic materials and magnetic materials[115].
Cobalt oxide nanoparticles exhibit interesting properties and applications when compared with their bulk, such as lithium storage[116].  The most stable phase of cobalt oxides with a direct band gap of 1.48- 2.19 eV, is used as a p-type semiconductor and received considerable attention[117].  Various methods have been developed to synthesize CoO nanoparticles, including the hydrothermal, microwave assisted and reverse micelles[118].  However, the hydrothermal method is green and less expensive.  Synthesis of CoO nanoparticles via hydrothermal method generally requires reducing and precipitating agents.  Until now, various nanoparticles of CoO have been prepared by different methods[119].  Therefore, development of a facile and rapid method to prepare high purity CoO nanoparticles having various morphologiesis highly desirable[120].  Herein the report synthesis, characterization and possible growth mechanism of CoO nanoparticles by hydrothermal method.
A nanoparticle is prepared in aqueous KOH solution with stabilizing agents by hydrothermal method[121].  Have been studied electrical conductivity of cobalt oxide at the different temperature.TheCo method is a simple process for the formation of nanoparticle and size of nanoparticles controlled by using this method[122].  The composites of different metal oxide can be prepared using this method and modified particle surface by doping other nanoparticles.
Magnetic cobalt nanoparticles, exhibit unique phenomena such as super par magnetism, high coercively, high saturation field and exchanged anisotropy due to a thin layer of antiferromagnetic oxide formed around the ferromagnetic core of the nanoparticles because of their subsequent exposure to air.  These phenomena are attributed to size and surface effects that dominate the behaviour of magnetic particles in nanosized range[123-125]. Co is a well-known ferromagnetic material which is commonly used as an alloying element in permanent magnets.  In recent years, many efforts have been devoted to the synthesis of CoO nanostructures with different morphologies such as nanoparticles, hollow spheres, nanorods, nanoplates, nanowires, nanotubes and nanocubes and nanoporous structures have been prepared[126].
CoO nanoparticles have been prepared by various physical and chemical techniques such as combustion method, microwave irradiation, hydrothermal and solvothermal method, solgel process, chemical spray pyrolysis, sonochemical method, polyol method.  Most of these methods need some special instruments, harsh conditions and relatively high processing temperature higher than 350°C.  In addition, these methods are either time-consuming or require expensive instruments[127].
Among various soft chemical methods for preparing nanoscale materials, the thermal decomposition method is widely used due to the process simplicity[128-130].   This technique offers several unique advantages over other methods including easy work-up, low-temperature processing, short reaction time and production of inorganic nanomaterials with narrow size distribution.  In recent years, several precursors have been used to synthesize CoO nanoparticles via the thermal decomposition technique[131].  However, the most important issue in this technique is to design a precursor which would allow the synthesis of nanomaterialsat a low temperature.
Applicationssuchascatalysts, gas-sensors, electrochromic film, fuel cell, magnetic materials, an anode of the organic light emitting diodes and thermoelectric materials, considerable attention has been focused on the production of nanostructured metal oxide materials such as NiO nanoparticles.  Nickel oxide (NiO) is an important transition metal oxide with the cubic lattice structure.  It has attracted increasing attention owing to potential use in a variety of applications such as catalysis, battery cathodes, gas sensors, electrochromic films and magnetic materials.  It can also be extensively used in dye sensitized photocathodes.  It exhibits anodic electrochromism, excellent durability and electrochemical stability, large spin optical density and various manufacturing possibilities[132].  Also for low material cost as an ion storage material, NiO semiconductor becomes a motivating topic in the new area of research.  Because of the volume effect, the quantum size effect, the surface effect and the macroscopic quantum tunnel effect, nanocrystallineNiO is expected to possess many improved properties than those of micrometre-sized NiO particles.
Presently, microbial resistance to antibiotics has been reaching a critical level.  In exploring various options to address this problem, inorganic nanomaterials, like metal oxide nanoparticles, have emerged as promising candidates since they possess greater durability, lower toxicity and higher stability and selectivity when compared to organic ones. Nanostructured metal oxides have already been extensively studied for their promising use in technology.  This has resulted in the development of numerous reproducible procedures for the synthesis of nanoparticles with desired characteristics like size, shape, morphology, defects in the crystal structure, mono disparity providing a rich background for research relevant to antibacterial applications.  Characterization of these nanoparticles can be helpful in modifying and tuning their antibacterial and cytotoxic effects.  For instance, it has been established that the antibacterial activity increases with decreasing the particles size[133].  Recent achievements in nanotechnology of metal oxides include an elaboration of nanostructured oxides consisting of two or more metallic components. 
Their potential applications are immense due to their unique electronic, optical, magnetic and other physicochemical properties[134].  Multi metal oxide nanoparticlesare being studied extensively as potential antimicrobial agents owing to the beneficial synergistic effects of their components.  These nanoparticles have shown promising solutions to problems seen in pure metal oxide nanoparticles, like high cytotoxicity or agglomeration.  We have discussed the existing synthesis routes and the antibacterial activity of metal oxide nanoparticles with a particular focus on polymetallic oxides.  Additionally, a strong emphasis has been given to their cytotoxic nature.

5. Different methodologies for the synthesis of metal oxide nanoparticles
Mainly two methodologies have been used for the synthesis of nanomaterials.  Top–down and Bottom–up are the two approaches.  Top–down method involves mainly physical methods where abulk material is cut into pieces till the desired size is achieved.  Lithographic techniques, laser induced chemical etching and ball milling fall in to this category.  However, these methods are effective only down to the micrometer level.  Reaching nanometer scale makes these methods more expensive and technically difficult.  The Bottom–up method mainly involves chemical and biological approaches to make nanoparticles. These involve controlled condensation of solute molecules that is formed during a chemical reaction.  The restriction of the condensation or the growth leads to the formation of particles of desired size and shape.  However unlike the chemical synthesis of molecules of a desired structure, the synthesis of nanomaterials with uniform size and shape is difficult.  Thus, large scale synthesis of nanomaterials remains a challenge [135].
[image: ]
Fig.1.Top-Down and Bottom-Up Approaches for Synthesis 
6. Nanoparticles
The development of systematic studies for the synthesis of oxide nanoparticles is a current Challenge and essentially the corresponding preparation methods may be grouped  in two main streams based upon the liquid-solid and gas-solid nature of the conversions.  Liquid-solid conversions are possibly the most broadly used in order to control morphological characteristics with certain “chemical” versatility and usually follow a “Bottom-up” method.
7. Liquid phase synthesis 
Precipitating nanoparticles from a solution of chemical compounds can be classified into five major categories:
· Co-Precipitation method.
· Sol-Gel method.
· Micro emulsion method.
· Solvothermal method.
· Chemical Vapor Deposition method.
· Ball milling.
· Green Chemical Synthesis.
7.1 Solution precipitation
The precipitation of nanometersized particles with in a continuous fluid solvent.  An inorganic metal salt, such as nitrate and so on is dissolved in water.  These hydrates are added with basic solutions, such as KOH.  The hydrolyzed species condense and then washed, filtered, dried and calcined in order to obtain the final product.

7.2Co-Precipitation method
The Co-precipitation Method involves dissolving a salt precursor in water (or other solvent) to precipitate the hydroxide form with the help of a base.  However, the use of surfactants, Sol-gel method and high-gravity reactive precipitation appear as novel and viable alternatives to optimize the resulting solid morphological characteristics.
7.3 Sol-gel method
The Sol-gel method provides a highly useful means of preparing inorganic oxides.  It is a wet chemical method and a multistep process involving both chemical and physical processes such as hydrolysis, polymerization, drying and densification.  The name sol-gel is given to the process because of the distinctive viscosity increase that occurs at a particular point in the sequence of steps.  
Most of the so-gel literature deals with synthesis from all oxides.  The sol-gel techniques have better advantages such as homogeneity compared to the traditional methods, high purity, lower processing temperature and more uniform phase distribution in multicomponent systems, better size and morphological control, the possibility of preparing new crystalline and nanocrystalline materials.  The various steps in the sol-gel technique may or may not be strictly followed in practice.  Thus, many complex metal oxides are prepared by a modified sol-gel route without actually preparing metal all oxides e.g. a transition metal salt solution is converted into a gel by the addition of an appropriate organic reagent.
7.4 Micro emulsion method
Micro Emulsions represent an approach based on the formation of ternary mixture containing water, surfactant and oil.  Metal precursors on water will precede precipitation as oxo-hydroxides within the aqueous droplets, typically leading to monodispersed materials with size limited by the surfactant-hydroxide contact.
7.5 Solvothermalmethod
In solvothermal method, metal complexes are decomposed thermally either by boiling in an inert atmosphere or using an autoclave with the help of pressure.  A suitable surfactant is usually added to the reaction media to control particle size growth and limit agglomeration.  The solvothermal method uses a solvent under pressure and temperature above its critical point to increase the solubility of solids and to speed up reactions of solids.  Most materials can be made soluble in the proper solvent by heating and pressurize the system near to its critical point.  Lower supersaturation state can be achieved by this method.
7.6Chemical Vapor Deposition (CVD) method
There are a number of CVD processes used for the formation of nanoparticles, some of them are classical, metal-organic, plasma-assisted and photo Chemical Vapor Deposition (CVD) methodologies.  The advantages of this methodology consist of producing uniform, pure and reproducible nanoparticles and films although requires a careful initial setting up of the experimental parameters.
7.7Pechiney method
This method is named after its American inventor, MaggioPechiney.Wet chemical powder preparation techniques (the Pechiney method and the glycine-nitrate method) are investigated in order to obtain powders with characteristics appropriate for cathode fabrication.  In the field of electroceramics, synthesis of ceramic powder is a crucial factor since the powder characteristics can affect the subsequent processing steps and influence the properties of the final sintered body.  Pechiney method is easy to perform and yield pure fine powders with a good chemical homogeneity.  The Pechiney method is based on the ability of certain alphahydroxyl carboxylic acids to form the polybasic acid chelate with metallic ions.  This process is completed by calcing ash products at higher temperature.
8. Green Synthesis of nanoparticles
Nanoparticles can be synthesized by physical, chemical and biological paths.  The conventional physical and chemical methods for nanoparticle production have some adverse aspects like critical conditions of temperature and pressure, use of expensive and toxic chemicals, long reflux time of reaction, toxic by-products etc.
Biosynthesis of nanoparticles employs a biological system or its components for the formation of nanoparticles.  The biological entities may vary from simple microorganisms like bacteria or fungi and plants.  The plant-mediated synthesis, usually called as the ‘green synthesis’ is safe and a one-step protocol towards the synthesis of nanoparticles.  The unique property of metal tolerance of plants has been exploited in the green synthesis of nanoparticles.  Green synthesis is a kind of bottom-up approach wherein the bioactive phytochemicals derived from plants are utilized for the production of nanoparticles.
The use of plants in the synthesis of nanoparticles has become one of the popular alternatives over the conventional methods.  They are several advantages of green synthesis over other procedures.
Abstract research on nanomaterials has been revolutionized in the last few years because of the attractive properties they have in comparison to the bulk phase of similar materials. These are physical, chemical, catalytic and optical properties. Among these nanomaterials, the metal oxide nanostructures have become of particular interest to scientists for the development of different optical, biochemical and biomedical nanodevices. In the present research work using the advantageous features of nanotechnology, high performance nanodevices for optoelectronics with a wide band gap compound nanostructure and highly sensitive sensor devices have been demonstrated. The nanotechnology is used to fabricate sensitive and precise nanodevices based on nanomaterials for the application of sensing. Among the metal oxide nanostructures, ZnO, CuO and NiO are attractive materials because of their unique properties, their high surface area to volume ratio, their energy band gap of 3.37 eV, 1.2 eV and 3.7 eV, respectively, biocompatibility, high electron mobility, fast electron transfer rate and they are envirommentalfriendly in many applications. When used in sensor devices, nanomaterials have indicated high selectivity for possible use to detect the various analytics even in small volumes. Metal oxide nanostructures have shown to be good for optoelectronic nanodevices because of their electrical characteristics, high optical absorption and low processing temperature. The synthesis of different morphologies of metal oxide semiconductor nanostructures and their composite using the hydrothermal method are demonstrated for various applications. ZnOnanorods using different concentrations of composite seed layer of inorganic and organic materials when using the hydrothermal growth method is presented. The effect of the composite seed layer on the abstract aligmment, density and optical properties of the grown ZnOnanorods. Utilizing the advantage of ZnO nanostructure, a comparative study of ZnOnanorods and thin films for chemical and biosensing application is carried out. The ZnOnanorods and thin films were functionalized with strontium ionophore membrane, immobilized the galactose oxidase and lactate oxidase for determining the strontium ions, D-galactose and L-lactic acid. The effects of different urea concentrations on the morphology of CuO nanostructures is studied as described, CuOnanoflowers were functionalized with cadmium ion ionophore for the detection of Cd ions, while CuOnanosheets were grown by the low temperature growth method and were used for the development of a nonenzymatic glucose sensor, composite nanostructures of CuO doped with ZnO and NiO doped with ZnO were applied to develop dopamine sensor and fast sensitive UV photodetectorrespectively. A nanohybrid of CuO doped with ZnO nanostructure is used as a non-enzymatic electrode to detect dopamine by cyclic voltametry and amperometric techniques UV absorption from ZnOnanosheets achieved by the supra molecules assisted growth solution using the hydrothermal method. The synthesized nanomaterial is used in the fabrication of UV photodetector based on p-NiO doped n-ZnO hetero structures.
8.1 Merits of green synthesis
· Simple and fast.
· Inexpensive and cost effective.
· Good stability of nanoparticles.
· Non-involvement of toxic chemicals.
· Non-toxic byproducts.
· Eco-friendly.
· Safe to handle.
· Easy availability of variety of sources (renewable reducing agents).
· Suitable for large scale production at lower cost.
· Compatible for pharmaceutical and biomedical applications.
	The green synthesis process involves two basic mechanisms namely, “reduction”and “stabilization”capping).  The bio-molecules present in the plants such as proteins, amino acids, vitamins, polyphenols, polysaccharides, terpenoids, organic acids are responsible for the synthesis of nanoparticles.  These bio-molecules mediate the synthesis by reducing metal ions into neutral atoms as well as stabilize the growth of nanoparticles formed with desired size and shape.
· Raw materials used (extracts of leaves, flowers, seeds, fruits, stems, roots whole plants, etc.)
· Phytochemicals present in the extract
· Choice of solvent medium (water, methanol, ethanol, hexane, etc.)
· Extraction procedure (drying, boiling, filtering, centrifugation)
· Temperature of reaction process and incubation
· pH of the reaction medium.
One of the plant materials is given as an example that is militiapinnate belongs to the family pea family, Fabaceae, native in tropical and temperate and is one of the important pulse crops of India.  It is a source rich in proteins containing up to 25%.  Alkaloids, amino acids, polyphenols, glycosides, terpenoids and steroids have been identified as major phytochemicals present in Indian Beach.  The sprout of germinated seeds of Indian Beach is well known for its high content of proteins which play the vital role in the stabilizing mechanism of the green synthesis of nanoparticles.  Similarly, green tea is a rich source of polyphenols, amino acids, proteins, terpenoids, etc.  Which are critically important for the efficient green synthesis of nanoparticles.
9. Conclusion
The metal oxide is non-toxic material and is listed as ‘generally recognized as safe’ (GRAS) by the United States food and drug administration.  Due to the antimicrobial properties metal oxide has been used as linings and coating in food containers.  Metal oxide nanoparticles, owing to their small size and larger specific surface area exhibit enhanced antimicrobial activities. Several mechanisms of antimicrobial activity have been proposed by several authors.
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