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    Nanobiotechnology is gaining tremendous impetus in this era owing to its ability to modulate metals into their nano size, which efficiently changes their chemical, physical, and optical properties. Accordingly, considerable attention is being given to the development of novel strategies for the synthesis of different kinds of nanoparticles of specific composition and size using biological sources. However, most of the currently available techniques are expensive, environmentally harmful, and inefficient with respect to materials and energy use. Several factors, such as the method used for synthesis, pH, temperature, pressure, time, particle size, pore size, environment, and proximity, greatly influence the quality and quantity of the synthesized nanoparticles and their characterization and applications. In recent years, developing efficient green chemistry methods for synthesizing metal nanoparticles has become a major focus of researchers. They have investigated in order to find an eco-friendly technique for the production of well-characterized nanoparticles. One of the most considered methods is the production of metal nanoparticles using organisms. Among these organisms, plants seem to be the best candidates, and they are suitable for large-scale biosynthesis of nanoparticles. Nanoparticles produced by plants are more stable, and the synthesis rate is faster than in the case of microorganisms.




    Moreover, the nanoparticles are more varied in shape and size than those produced by other organisms. The advantages of using plant and plant-derived materials for the biosynthesis of metal nanoparticles have interested researchers in investigating mechanisms of metal ions uptake and bio-reduction by plants and understanding the possible mechanism of metal nanoparticle formation in plants. In this review, most of the plants used in metal nanoparticle synthesis are shown.
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      Abstract




      The emerging properties of noble metal nanoparticles (NPs) are attracting huge interest from the translational scientific community and have led to an unprecedented expansion of research and exploration of applications in biotechnology and biomedicine. An array of physical, chemical and biological methods has been used to synthesize nanomaterials. In order to synthesize noble metal NPs of particular shapes and sizes, specific methodologies have been formulated. Although ultraviolet irradiation, aerosol technologies, lithography, laser ablation, ultrasonic fields, and photochemical reduction techniques have been used successfully to produce NPs, they remain expensive and involve hazardous chemicals. Therefore, there is a growing concern about developing environment-friendly and sustainable methods. Since the synthesis of nanoparticles of different compositions, sizes, shapes and controlled dispersity is an important aspect of nanotechnology, new cost-effective procedures are being developed. Microbial synthesis of NPs is a green chemistry approach that interconnects nanotechnology and microbial biotechnology. Biosynthesis of gold, silver, gold–silver alloy, selenium, tellurium, platinum, palladium, silica, titania, zirconia, quantum dots, magnetite, and uraninite nanoparticles by bacteria, actinomycetes, fungi, yeasts, and viruses have been reported. However, despite stability, biological NPs are not monodispersed, and the rate of synthesis is slow. To overcome these problems, several factors, such as microbial cultivation methods and extraction techniques, have to be optimized, and the combinatorial approach, such as photobiological methods, may be used. Cellular, biochemical and molecular mechanisms that mediate the synthesis of biological NPs should be studied in detail to increase the rate of synthesis and improve the properties of NPs.
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      INTRODUCTION




      Metal NPs have a lengthy preparation, characterization, and use history in several fields. Nanomaterials research is spurred by the desire to understand better the characteristics of noble metal nanoparticles (NMNPs) and to discover how they might be employed in various applications. The high surface-to-volume ratio of NPs, as well as the confinement of electrons, phonons, and electric fields, confer a broad variety of properties on them. NPs have a high surface-to-volume ratio,




      which is partially responsible for this. Because of its high surface energy and substantial curvature, the nanoparticle's surface may become unstable. NPs surfaces have a particularly high proportion of curved regions in the form of edges and corners. Edges and corners are more likely to have hanging bonds, i.e., coordinately unsaturated atoms, than flat surfaces. On the surface, corners, and edges of NPs, there are many atoms with uncoordinated atoms that affect the particle's chemical reactivity and surface bonding. By changing quantum levels and altering transition probabilities, the electron confinement effect in NPs alters the spectrum features of the particle. Particle-particle and particle-environment interactions, as well as volume ratio and confinement phenomena, are influenced by the large surface area. In recent years, scientists have learned how NPs shape affects their properties. Because of their metastable properties, NPs with non-spherical geometries are effectively locked in motion. Morphology controls further alterations in internal structures, surface properties, and orientational confinement [1].


    




    

      NOBLE METAL NANOPARTICLES (NMNPs)




      According to their size and usual structure, NPs may have various characteristics. It is possible to employ NPs in novel ways because of their high surface-to- volume ratio.




      Additionally, there is an increase in unsaturated bonds, as well as a shift in bandgap energies. In order to make nanomaterials for particular purposes, NPs must be synthesized under strict supervision. These advances allow for the development of nanostructures with specific topological and morphological attributes and specific functional properties. Metallic NPs, polymeric NPs, and magnetic NPs are plentiful. The hydrophilicity or hydrophobicity of NPs and their functionalization greatly impact their practicality. It is possible to use NPs in various applications, such as nanomedicine, drug delivery, sensors, and optoelectronics. The unique physical-chemical features of noble metal NPs (NMNPS) make them extremely versatile. AuNPs, AgNPs, and PtNPs are stable noble metal NPs materials that may be easily synthesized chemically and customized in surface functionalization. NMNPs identify bioactive compounds and pollutants using colorimetry, immunoassays, Raman spectroscopy, and sensors. This paper examines the growing use of noble metallic nanoparticles in food safety. Bioactive compounds and trace pollutants are highlighted in this chapter [2].


    




    

      METHODOLOGIES OF NPs SYNTHESIS




      

        Chemical Methods for the Synthesis of NPs




        

          Chemical Reduction




          Colloidal metal particles can be made using a simple chemical reduction process that does not require expensive equipment. Chemical-reducing agents such as sodium borohydride and citrate are the most commonly used agents. Smaller NPs are produced by powerful reducing agents than by weak reducing agents. Oligomers, clusters, and precipitates are generated from excess surface energy and thermodynamic instability in smaller particles [3].


        




        

          Co-precipitation




          In order to make MNPs, co-precipitation is a simple and effective process. Since 1981, when Massart reported on the creation of MNPs under acid and alkaline conditions, iron oxide MNPs have been made in this manner. To reduce a metallic ion (e.g., Fe2+ and Fe3+) combination, a basic solution (typically NaOH, NH3OH, or N(CH3)4OH) is used in the following chemical process at temperatures below 100°C.
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          Since organic solvents are not required, the co-precipitation process is simple to repeat and inexpensive. However, reaction conditions significantly impact the particle size, shape, and content. Molecularly, light surfactants or functionalized polymers are required for stabilization. To make matters worse, iron oxide particles created in this method are typically unstable.


        




        

          Sol-gel




          Metal alkoxides or their precursors are often used in the condensation and hydrolysis reaction of sol-gel techniques to produce NPs. The intermediates must be heated to achieve good crystallinity in the produced NPs. Precursors for forming oxide particles that interact by van der Waals forces or H-bonding and are dispersed in a “sol” gelled by solvent evaporation or other chemical processes are metal alkoxides, which are used in this procedure. However, the alkoxide precursors are hydrolyzed in a base or acid. This results either in a colloidal gel or a polymeric gel, which can be used as a solvent in general. Condensation and hydrolysis rates greatly impact the final product's properties. Slower hydrolysis yields smaller NPs.




          Magnetic ordering substantially affects the dispersion, formation of phases, volume fraction, and size distribution in a sol-gel system. The main disadvantage of the sol-gel approach is that it introduces contaminants from reaction byproducts, necessitating subsequent treatment [4].


        




        

          Microemulsion




          This kind of dispersion is known as microemulsions (MEs) because it is monophasic; optically isotropic; thermodynamically stable, transparent, and monochromatic. The reflected light from certain microemulsions is white, but the transmitted light is often reddish. Oil, water, and a surfactant mixture are the most common components of microemulsions. A zwitterionic layer may divide water-rich and oil-rich areas in microemulsions. Hoar and Schulman (1943) argued that the microemulsion's properties are uncertain. There is not a clear statement of the many stages and structures involved. Water or oil droplets and bicontinuous structures may form within the microemulsion domains [5]. Because of the surfactant and polar phase (usually water), a thermodynamically stable and homogenous microemulsion is created by mixing water with oil and a surfactant. Surfactant molecules produce an interfacial layer microscopically dividing the polar and nonpolar domains. Microstructures, ranging from oil droplets in a continuous water phase to water droplets in a continuous oil phase, can be found in this interfacial layer. As nanoreactors, the latter creates NPs with minimum polydispersity. For example, many microemulsions, such as sc-CO2 (w/sc-CO2), have been found [6].


        




        

          Hydrothermal




          Powders produced by hydrothermal synthesis have superior features such as purity, phase stability, and controllable morphologies based on advancements in particle technology. At high temperatures (T >251°C) and high pressures (>100 KPa), crystals are formed directly from solutions in aqueous environments. Particle sizes and morphologies can be precisely regulated, and aggregation/aggregation is minimized by using this technique [7].


        




        

          Solvothermal




          Solution-based nanowire growth using solvothermal nanowire synthesis is a catalyst-free, high-pressure technique. Chemical reactions are carried out in a high-pressure reactor using an organic solution containing semiconductor precursors and surfactants at the boiling point of the solvent. Partial evaporation may induce hundreds of bars increases in liquid phase pressure, encouraging precursor breakdown and crystal nucleation. It is also possible to achieve substantial growth rates by depositing surfactant on the nanowire sidewalls to avoid agglomeration. A hydrothermal synthesis procedure uses water as the solvent. Because it does not use a hazardous or flammable solvent, this method has higher temperatures and pressures. This is known as hydrothermal synthesis when water is used as the solvent.




          For this reason, it may be used at greater temperatures and pressures since there is no dangerous or flammable solvent. Large-scale production is made possible by its ease of use and low-temperature budget. Only thermoelectric materials with highly anisotropic crystal structures and preferred growth orientations, such as PbTe or SbTe, or Bi2Te3, may benefit from this technique [8].


        




        

          Sonochemical Synthesis




          Ultrasound irradiation has been used in electrochemistry operations since the 1930s. However, in the last ten years, sonoelectrochemistry has grown in importance. Microbubbles in the electrolyte may be linked to a wide spectrum of ultrasonic waves' effects on electrochemistry processes. If cavitation occurs near the electrode's surface, what should be done? In this example, a high-velocity liquid microjet travels parallel to the electrode in the direction of the electrode surface. At higher than ultrasonic threshold intensity, shock waves and microstreaming can also cause a bubble's collapse. The diffusion layer's thickness decreases due to all of these events. It is possible to improve the overall flow of mass and reaction speeds and clean and degas the electrode’s surface. There were additional chemical consequences related to radical production from solvent sonolysis. Environmental cleanup and nano powder production have recently increased interest in sonoelectrochemistry.




          The introduction of ultrasonic irradiation into electrochemical systems has been accomplished in various ways. Sonoelectrochemistry cells have been studied using ultrasound probes. An ultrasonic bath was submerged in a typical electrochemistry cell in a fixed place as the first and the most basic setup. In several investigations, this setup was used. However, because the ultrasonic field is not uniformly distributed, the power conveyed in the electrochemistry cell is limited. The outcomes are heavily influenced by where it is placed. If you prefer another method, you may put an ultrasonic probe or horn system straight into an electrochemistry cell. By aiming the ultrasonic waves at the electrode surface, more accurate power management is made feasible.




          They have positioned face-to-face and a certain distance apart in the solution. An alternative is to use the ultrasonic horn as the actual electrode. So-called “sonotrodes” or “solo electric electrodes,” on the other hand, refer to these devices.




          There have been several attempts to study the electrodeposition of copper using a new, novel type of sonoreactor. However, Reisse and colleagues were the first to employ this new method. A sonotrode system utilizing electrolysis and ultrasonic pulses sequentially was employed to generate nano powders. It has also been used to study the electroreduction of benzaldehyde and benzoquinone.




          Reisse et al. present a pulsed sonoelectrochemical reduction system to synthesize metal powders. Fig. (1) depicts the experimental setup. The titanium probe (20 kHz) was used as a cathode and an ultrasonic emitter in these studies. An isolating plastic jacket covers the cylindrical portion of the sonoelectrode immersed in the electrolyte at the horn's bottom. A pulse driver connects an ultrasound probe to a generator and potentiostat. Galvanostatic action requires a two-electrode cell in the original design. Using galvanostatic control to prevent undesirable secondary reactions is a downside of this design. An adaptation was made to counteract this. As a result, a three-electrode configuration, rather than a two-electrode configuration, was implemented in the sonoelectrochemistry system. There are many reasons why galvanostatic conditions have been used for most of these processes. They are less complicated and can be utilized to mass-produce many NPs.
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Fig. (1))


          Schematic of Sonoelectrochemistry setup [9].



          Before doing any sonoelectrochemistry experiment, it is critical to determine the ultrasonic power given to the cell. Nucleation is at the foundation of pulsed sonoelectrochemical production of nano powders, which uses massive nucleation. At cathode, metal nuclei on the surface of the sonoelectrode are decreased, resulting in a thick covering of metal nuclei. The titanium horn is employed as an electrode (TON). Metal particles on the cathode surface are removed by a brief TUS pulse. By whirling the solution, it supplies the two layers with metal cations. To help reestablish the initial conditions at the sonoelectrode surface, a rest time (TOFF) after the two previous pulses may be helpful.




          Ultrasonic horns are made using this titanium alloy. An oxide layer covers the titanium's surface, consisting of TiO2, Ti2O3, and oxygen absorbed from the air. A passivated layer applied to the sonoelectrode surface during an oxidation process can provide insulation. The employment of a sonoelectrode in the reduction process is restricted by this restriction. It is important to polish the titanium sonoelectrode before each experiment to remove any contaminants that may interfere with the nucleation process. Numerous nano powders of pure metals or alloys and semiconductor NPs have been made using this unique electrochemical approach. Pulsed sonoelectrochemistry has also resulted in the creation of conductive polymer NPs. Finely split metal powders have a particle size of 100 nm, a huge surface area, and are chemically pure [9].


        




        

          Microwave Synthesis




          As a result of this interaction, microwave-aided syntheses may be used to synthesize nonpolar solvent molecules. Electromagnetic waves can directly interact with solution/reactants with excellent energy efficiency and reduced synthesis time to create fast and homogeneous heating. MW heating can yield smaller crystals because local superheating leads to the rapid growth of many seeds.




          As a result, microwave (MW) and synthetic ultrasonic (SUS) technologies have become more popular due to their ability to produce high-quality goods in short periods. MW and US techniques provide fast crystallization, homogeneous nucleation, simple morphological control, phase selectivity, particle size reduction, and quick warming. The ability to control particle size distribution is another advantage of MW, as smaller distributions are more common with faster reaction times. Previously, microwave irradiation was used to make larger quantities of MOF-5. Variables such as microwave power, radiation time, temperature, solvent concentration, and substrate composition impacted the final product's crystallinity and shape. Microwave power, irradiation time, temperature, solvent concentration, and substrate type all impacted the product's crystallinity and form. The MW irradiation time and power level are crucial to bear in mind while synthesizing MOFs with smaller dimensions. When the MW irradiation time and power increase, bigger crystals (between 20 and 25 nm) may be produced [10].


        




        

          Spray Pyrolysis




          Aerosols are produced using spray pyrolysis from various precursor solutions, such as metallic salts or colloidal solutions. When the solution droplets have been heated to a predetermined temperature, the solvent is evaporated from the surface, the droplets are dried, and the precipitated solute is dried. High temperatures anneal the precipitate, producing microporous particles with a predetermined phase composition. Solid particles are created, and sintering is completed. Sintering “in situ” is required due to the highly reactive character of the particles formed during thermolysis. Spray pyrolysis calls for uniform and fine droplets of reactants to be prepared, as well as a controlled thermal degradation of those droplets. Other synthetic methods cannot compete with spray pyrolysis in terms of benefits. The spray pyrolysis process uses inexpensive equipment and an experimental setup to save money.




          It is also not necessary to utilize high-quality reagents and formulations. Particle shape and size may be fine-tuned further by adjusting the preparative conditions, including additives, flow rate, and reaction concentration. Continuous methods are also available for morphological control and the creation of fine powders with round particles and the required diameter dictated by the droplet size. Some downsides of spray pyrolysis include: (1) it is difficult to scale up (yields are small), (2) oxidation of sulfur compounds can occur when treated in an air atmosphere, and (3) it is difficult to determine the growth temperature. Low-cost spray pyrolysis can provide high-density packaging and particle uniformity in porous films and films. Powders with tiny particle sizes (less than 1 mm), narrow size distribution (1- 2 mm), excellent purity, and significant surface area may be created utilizing this manufacturing method. System components used in spray pyrolysis include atomizers, precursor solutions, substrate heaters, and temperature controls. Spray pyrolysis has been used to manufacture a wide range of thin films, including solar cells, sensors, and solid oxide fuel cells [11].


        




        

          Laser Pyrolysis




          Continuous-wave CO2 lasers are used to heat gases, triggering molecular decomposition and the production of NPs in a process known as Laser Pyrolysis. Molecular decomposition occurs when the laser beams cross precursor gases, which absorb the laser energy (nuclei). An inert gas moves the NPs to a collection bag when nuclei have reached the critical stage of homogenous nucleation. Coalescence is more intense at high temperatures, resulting in spherical particles, but different shapes can be formed at low temperatures. Process variables may be used to alter the characteristics of NPs. This process yields fine, uniform particles of excellent quality. The approach yields high-purity nanomaterials continuously due to the small number of side reactions [12].


        




        

          Wet Chemical Etching




          The procedure of glass microfabrication that sees the greatest amount of application is called wet chemical etching. Hydrofluoric acid is the most common




          etchant for silicate glass (HF). Other ingredients like HCl, HNO3, and NH4F-buffer can be used. The etching chemical reaction is depicted below:
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          Wet chemical etching results in microchannels with rounded sidewalls and isotropy. During the wet etching process, the use of titanium as a receding mask enables the form and angle of the sidewall to be altered. The etch rate and the etch time define the channel depth. If the mask opening is multiplied by two, the channel's width may be determined. Because of its static nature, gold (Au) is a good masking material for HF etching. Glass wet etching masks are often made of chromium (Cr), gold, or a thin film layer. Photolithography is another common masking method. Plasma dry etching creates an Au Poly-Si layer that is adhered to the glass with the help of Cr. An inexpensive, low-cost masking material may be a thick negative photoresist coating (such as the popular SU-8) for some shallow etchings. Crystalline quartz can be used as a substrate for anisotropic wet glass etching. As a result, Z-cut wafers are the most popular choice since they have the greatest etch rate of any other kind. Microfluidic structures may be built and modified using etching settings [13].


        




        

          Electro-explosion




          Electrical energy is stored for a long time before being released in a burst using high-power pulse technology. High voltage, high current, and a powerful pulsed discharge are created in the process.




          Marx energy storage module, bipolar charge power supply, a high-voltage pulse trigger, wire, and discharge protection switch are used to replicate an electric explosion in this experiment.




          To begin with, a bipolar charge power source is used to recharge the Marx energy storage module. An electric explosion source's three-electrode switch is activated by a signal sent by the control system when charging is complete. The circuit for discharging waste is now active. The wire undergoes a transformation from a solid to a plasma state. The voltage and current supplied to it cause it to expand fast. Specimen fragmentation occurs due to the wire explosion converting electrical energy into shock wave energy. There is a total capacity of 4 F, a charging voltage of 60 kV, and an energy capacity of 7.2 kJ in the electric explosion system [14].


        




        

          Thermal Decomposition




          Temperature, reactant concentrations, stabilization agents (surfactants), and surfactants all play a role in establishing a controlled nanometric size for a given reaction time. According to Palacious-Hernandez and Kino's research, the solventless thermal decomposition process is a simple and moderate route that requires no raw materials. The biological method generated just a small number of NPs, on the other hand, as noted by Tran et al., heat breakdown produced far more NPs. The injection of a precursor into a heated surfactant solution as part of the approach was also highlighted by Tran et al. Small, uniformly sized NPs with limited size distributions were rapidly generated due to this process. They are also known as homogenous NPs because of their homogeneity. Thermal breakdown happens at different temperatures and pressures depending on the nature of the metal ions and the ligands in coordination compounds.




          Coordination chemicals can be both thermodynamically and kinetically inert. The thermal breakdown does not necessitate the use of a stabilizer. Carboxylic acids and alkylamines have been shown to influence the production of monodispersed NPs derived via thermal breakdown by Rao and colleagues. The influence on nanoparticle synthesis results from the total effect [15].


        




        

          Ultrasonication




          Another approach for preparing nano emulsions with high control over emulsion properties is ultrasonication. It is possible to use it to create a nano emulsion in real-time, as well as to reduce the size of an emulsion that has already been produced. Cavitation happens when ultrasonic waves flow through an emulsion, causing microbubbles/cavities to form, expand, and collapse. Cavitation happens when ultrasonic waves flow through an emulsion, causing microbubbles/cavities to form, expand, and then collapse. An emulsion is cavitated when ultrasonic waves pass through it. This causes microbubbles/cavities to sprout, expand, and explode. A localized hotspot with temperatures up to 5000K and pressures up to 1000 bar results from these transitory collapse settings. Emulsion processes might benefit from cavitation conditions of this intensity. There are two methods for ultrasound-based emulsification. The acoustic field is where the first generation of droplets is generated. Asymmetric cavity collapse causes high turbulence and microjets, which break up and disperse droplets during the continuous phase. Numerous studies have shown ultrasound to produce nano emulsions with droplet sizes as small as 100 nanometers. Emulsions with smaller droplet sizes are more stable over time. As a consequence, ultrasounds are better able to manage particle size distribution and increase emulsion stability. An additional popular approach for emulsification is high-pressure homogenization in industries like pharmaceutical, food, and biotechnology.




          High-pressure homogenizers combine the oil, surfactant, and water in a shear flow field with high and high turbulence. There are droplets smaller than 100 nm in the dispersed phase that is broken up by the turbulent flow. The dynamic equilibrium between breaking and coalescence is controlled by the relative velocities of the droplets, resulting in homogeneous droplets with increased shelf life and texture [16].


        


      




      

        Physical Methods for the Synthesis of NPs




        

          Laser Ablation




          Laser ablation (LA), a time-consuming procedure, removes tissue. Depending on the wavelength and refractive index of the target material, the laser penetrates the sample surface to varying degrees. To extract electrons from bulk material, laser light creates a strong electric field. Free electrons are generated, and energy is transferred when they come into contact with other atoms in the bulk sample via collision. Thus, vaporization occurs on the surface as a consequence. All kinds of material—atoms and molecules in particular—will transition from their normal state to a plasma state when the laser flux is strong enough. The seed plasma expands and cools rapidly because of the pressure difference between it and the atmosphere. In a vacuum or a gaseous atmosphere, LA can take place. Pulsed LA is a combination of LA with a tube furnace. This approach allows for more exact temperature, gas type rate, and pressure control during growth [17].


        




        

          Mechanical Milling




          Mechanical milling is the most basic top-down manufacturing approach, whether or not a chemical reaction occurs in the solid state of materials. The milling method (ball or attrition miller), power employed, milling medium (e.g., tungsten carbide ball), process control solution (e.g., toluene), speed (revolutions per minute), and duration all affect ENM product properties in basic mechanical milling.




          Metal, oxide, or complex metal NPs are produced in mechanochemical milling once the milling process has been completed. It is used in this process to create the desired nanomaterial composition by combining metals, alloys, and other powder mixtures with appropriate reactants to aid or complete the solid-state reaction, along with surface modifying agents (e.g., carboxylic acid or other acids) and process control solutions such as stearic acid or toluene to achieve the desired results. Rather than being used for specific/precision applications, these end products are more commonly used for bulk nano-grained materials or nanocomposites because of the broad size dispersion and varied shape. To produce NPs or nanowires, solid-state processes can be carried out in joule furnaces at high temperatures (e.g., 850 °C) without milling. Nonylphenol ethers and other nanomaterials need a precursor material, solutions that help form these compounds, and a process control solution. There must be a thorough blending of the precursor materials to ensure that the final result is homogeneous [18].


        




        

          Sputtering




          In order to vaporize an object, an object must be bombarded by atom-sized particles that are powerful enough to vaporize the object's atoms physically (rather than thermally). This particle is often an ionized gaseous material charged in an electric field. Sputtering and sputter deposition have a long and illustrious history [19]. Sputtering is a thin-film manufacturing technique in various industries, including semiconductor processing, surface finishing, and jewelry fabrication. Metal deposition is the most common industrial application, but it has also been utilized to make insulating materials. To remove atoms from a surface, an ionized atom must be accelerated into the surface. A thin film of the ejected material may be created by condensing the atoms onto a sample. This process is referred to as sputter deposition (sputtering).




          The same physical procedure can eliminate an undesired material from a sample. The expelled atoms might be gathered on the shielding of the chamber. Sputter etching is the name for the latter method [20].


        




        

          Electron Beam Evaporation




          Electron beam evaporation evaporates the source material by directing a strong beam of electrons with high energy. The thermionic emission of electrons from a heated filament may be used to speed and accelerate the evaporation of any substance. Typically, 1 A of emission is accelerated by a voltage drop of 10 kV to generate 10 kW. In an electric magnetic field (E), the Lorentz force (F) on an electron is given by:
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          Where F is in N, qe in C, E in V/m, B in webers/m2 5 teslas, and the electron velocity v is in m/s. The cross-product vector, FB, is perpendicular to both v and B. electrons are accelerated away from the filament or cathode according to equation (3). According to the second force term, when electrons cross the magnetic field lines at this speed, they are deflected sideways. For the second force to be equal, electrons' centrifugal force must be equal [21].


        




        

          Electro Spraying




          In certain ways, electrospray and electrospinning are both forms of the electrohydrodynamic process. A high-voltage power supply, a syringe filled with a precursor solution (typically polymer solution) and metallic needle, a syringe pump regulating the solution feeding rate, and a ground collector are utilized. Electrospray generates Taylor cones stabilized by liquid surface tension, electrostatic forces, and gravitational pulls. Spherically shaped jetting beads are created by an electrostatic force acting as a counterbalance to the surface tension of emitting droplets.




          Particulate rather than fibrous products may be produced using electrospray rather than electrospinning because of a lower degree of electrostatic stretch. Electrospray requires a certain concentration (and viscosity) of polymer solution to establish the geometry of the electrospray products. As a result, the polymer concentration in the electrospray polymer solution is low. Once they reach the collection, droplets of a low-viscosity solution are still liquid. Intermittent fiber production will result from the solution's high viscosity.




          Simple electrospray and coaxial electrospray are two types of electrosprays that use different spinnerets. Coaxial electrospray is more difficult since it involves two incompatible liquids. When two immiscible liquids mix in the spinneret, electrostatic forces and solution surface tension generate a conically formed cone-jet. To account for the different tangential electrostatic forces exerted by each immiscible liquid, the fastest electrical relaxation liquid (typically water phase) is the principal driving force behind deforming compound jets during coaxial electrospray. This liquid is referred to as the primary driving phase. It is possible to create core-shell structures using coaxial electrospray with the driving liquid within. Core-shell particles with a definite structure may be generated in other ways except via coaxial electrospray. Electrospray with a water-in-oil emulsion produces microparticles with numerous cores, as well. Because of their simplicity and adaptability, microparticles with adjustable architectures may be easily and quickly created [22].


        


      




      

        Electrochemical Methods for the Synthesis of NPS




        Electrochemical methods have generated various metallic, semiconducting, and oxide NPs. In the future, electrochemical synthesis has the potential to be inexpensive and high-yielding. Furthermore, electrochemical synthesis techniques allow for both batch and continuous operations.




        Fig. (2) shows a diagram of the electrochemical production of metallic NPs stabilized by tetraalkylammonium ligands. Each electrode's reactions are listed below:




        Anode: Mbulk → Mn+ + ne-




        Cathode: Mn+ + ne- + stabilizer → Mnp stabilizer




        Where Mbulk and Mnp refer to bulk and NP metals, respectively. The tetraalkylammonium salt (R4N+X-), where X =Cl, Br, or I and R = n-C mH2m+1), is used as an NP stabilizer. Many factors influence the electrochemical synthesis process' particle size selectivity, including the polarity of the solvent, the density of the current, the charge flow, the distance between electrodes, and the temperature.




        
[image: ]


Fig. (2))


        Schematic design of an electrochemical setup used to synthesize R4N+X- stabilized transition metal colloids [23].



        Temperature, charge flow, and current density variable factors are employed to tune NP size from one to five nanometers in the case of Pd. To create bimetallic NPs, such as Ni–Pd, Fe–Co, and Fe–Ni, the method has also been utilized to synthesize NPs. Cobalt NPs were electrochemically synthesized at 2 to 7 nm with adjustable average particle size. An average current density of roughly three mA/cm2 yields the tiniest particles. As the current density decreases, the average particle size increases. The yield and scalability of this method remain undetermined. Electrochemical methods are also used to deposit these NPs into the substrate, resulting in a variable film. A low-cost pulsed electrodeposition technique is used to manufacture various metallic NPs of varied sizes. It can modify the NPs' physical characteristics by altering the pulse shape, organic additives, bath temperature, or pH [24].




        

          Inert Gas Condensation




          Nanostructured materials may be synthesized bottom-up using inert gas condensation (IGC). Initially, the material is vaporized, then swiftly condensed to get the appropriate particle size.




          At a certain temperature, evaporation takes place in a crucible heated by a graphite heater. An oil diffusion pump in this device evacuates the chamber to a pressure of around 2×10-6 Torr. Typically, the pressure range is between 0.01–0.4 Torr, and the crucible is heated fast. There are low-pressure leaks of inert gas entering the chamber after evacuation (usually of He, Xe, or Ar). A water-cooled surface is used to create, cool, and collect ultra-fine metal particles.




          Carbon-coated electron microscope grid connected to a water-cooled surface in the center may collect powder particles and be examined in a transmission electron microscope. It was feasible to sample particles on the grid less than a monolayer thick with a shutter.




          The collected nanophase particles are condensed in a compactor powder pellet available in diameters ranging from 8–9 mm and a thickness ranging from 0.1–0.5 mm, depending on the manufacturer. Compaction equipment is not necessary if you are just interested in nanostructured powders. It is a common practice to cool down cluster collecting devices with liquid nitrogen to enhance heat transfer and produce a significant temperature differential. A low-pressure, high-purity inert gas may be back-filled to a vacuum of less than 10-5 Pa using a turbo-molecular pump. The metal is evaporated in the process.




          During the collision of metal atoms with inert gas molecules, loose powder crystals are created. This process results in particle production, nucleation, and high supersaturation levels. There are convection currents that move fine powder from the crucible region to the collecting device due to the evaporation source (cold finger) heating and cooling inert gas [27].


        




        

          Vapor Deposition




          The bottom-up method known as chemical vapor deposition (CVD) might produce graphene nanostructures. In order to manufacture materials based on graphene, research has been conducted on CVD and other surface precipitation techniques. Substrates are typically exposed to a volatile precursor in a CVD process of this type. When the precursor reacts or decomposes, it leaves behind the desired product, then applied to the substrate. In order to synthesize graphene using the CVD method, the first step is to pyrolyze the precursor material to obtain carbon, which is then used to make graphene. It is feasible to minimize the creation of carbon soot in the gas phase by using metal catalysts. Although this process requires high temperatures, it is still within one's control. When working with substrates based on transition metals, an acidic solution may dissolve the newly created graphene, which can then be transferred to a different substrate.




          Product purity and fine structural regularity are two of the CVD method's advantages. Newer CVD methods have been developed to deal with extreme heat. For a uniform product coating, CVD procedures like ultra-high-vacuum CVD or low-pressure CVD decrease the requirements and eliminate undesirable reactions [28].


        




        

          Arc Discharge




          The anode and cathode electrodes, made of high-purity graphite, are kept at short distances in a helium atmosphere while conducting an arc discharge. A hard cylindrical deposit is formed on the cathodic rod due to carbon evaporating from the anode and re-condensed under these circumstances. The arc-evaporation process relies heavily on the amount of current being used. The greater current application results in a hard, sintered material with few free nanotubes. Consequently, it is recommended that the current be minimized. Arc discharge can create nanotubes up to a few hundred microns in length. When scaling up the arc discharge process, a limited number of metal catalysts are required, which boosts nanotube yields. The final product also has amorphous carbons, non-tubular fullerenes, and catalyst particles. Because of this, extra purifying methods are needed. High temperatures are also required for this procedure. Arc discharge requires a temperature of 600-1000°C. Therefore, the tubes may have different lattice layouts. Nanotube chirality and diameter may be challenging to regulate, as well [29].


        


      




      

        Green Methods for Synthesis of NPs




        

          Bacteria




          In commercial biotechnological applications, including bioremediation and genetic engineering, bacteria species have been used. In nanoparticle synthesis, bacteria are excellent choices because they can decrease metal ions. Various bacterial species are used to prepare metallic and other new NPs. Prokaryotic bacteria and actinomycetes have frequently produced metal/metal oxide NPs. The simplicity with which bacteria may be manipulated has led to the widespread use of bacterial nanoparticle production. Escherichia coli, Lactobacillus casei, and Aeromonas sp. are examples of microorganisms. They have been widely employed to manufacture bio-reduced silver NPs with various size/form properties. SH10 Antarctica, Phaeocystis, Enterobacteriaceae, Geobacteriaceae, Arthrobacteriaceae, Corynebacteriaceae SH09, and Shewanella oneidensis are all examples of microbial species that may be found in the guts of humans and other animals. They all have a role in the digestion of food and the removal of waste. E. coli, Bacillus subtilis, and Shewanella algae, in addition to Desulfovibrio desulfuricans, have all been employed extensively in producing gold NPs. There have also been experiments with Rhodopseudomonas capsulate and Plectonema boryanum [30].


        




        

          Fungi




          Monodispersed metal/metal oxide nanoparticles may be produced through a fungi-mediated synthesis of metal/metal oxides. Their various intracellular enzymes make them superior biological agents for producing metal and metal oxide NPs. Competent fungi than bacteria more readily produce NPs. Enzymes and proteins/reducing components on the surface of fungi provide them various advantages over other species.




          If metallic NPs may be formed within the fungal cell wall or inside the fungal cell itself, the most likely mechanism is enzymatic reduction (reductase). It is possible that a wide variety of fungi make use of metal and metal oxide NPs (including silver and gold) [30].


        




        

          Yeast




          Eukaryotic cells include single-celled microorganisms called yeasts. Different types of yeasts may be found in various sizes, shapes, and colors. Different species are used to make a huge number of metallic NPs. Many research groups have employed yeast to manufacture NPs and nanomaterials effectively. Biosyn-


          


          thesis of silver and gold NPs was carried out using a Saccharomyces cerevisiae broth and a silver-tolerant yeast strain [30].


        




        

          Plants




          Heavy metals can accumulate in numerous parts of a plant's body. Due to the ease and cost-effectiveness of plant extract, biosynthesis procedures have been deemed a good alternative to conventional nanoparticle production methods. In the “one-pot” synthesis technique, metallic NPs can be reduced and stabilized using various plants. Plant leaf extracts are being used more and more in metal/metal oxide nanoparticle production studies as a green synthesis approach. Metal salt can be reduced to NPs by plant biomolecules (such as carbohydrates, proteins, and coenzymes). Extracts from plants were the first to investigate gold and silver metal NPs, just like other biosynthetic processes. Various plants (including aloe vera, oat, alfalfa, Tulsi, Lemon, Neem, Coriander, Mustard, and lemongrass) have been utilized to synthesize silver and gold NPs. There are ways to make metal nanoparticles from soluble salts that have been absorbed by plants in living organisms. In this type of research, NPs have been synthesized ex vivo.




          As well as in vivo NPs of zinc, nickel, copper, and cobalt were found in alfalfa and sunflower. Plant leaf extracts such as coriander, crown flower, copper leaf, China rose, Green Tea, and aloe leaf broth extract have also been used to make ZnO NPs. Iravani's study provides a detailed look at the plant materials that may be utilized to create NPs [30].
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