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Abstract:
Researchers have recently improved contemporary technology in the area of lowering the phenomena of pollution arising from them using numerous scientific investigations. The key characteristics, such as mechanical, electrical, and optical properties and their relationships, are determined in this chapter along with the preparation techniques for nanomaterials. High-tech methods, such as scanning electron microscopy (SEM), transmission electron microscopy (TEM), and X-ray diffractions (XRD), were required for the study of nanomaterials, which can range in size from 1 to 100 nm. The employment of diverse types of devices, such as solar cells for creating clean energy, nanotechnologies in coatings for building exterior surfaces, and sonochemical dye decolorization by the process, results in different applications of nanomaterials in environmental improvement.
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Introduction:
By manipulating matter between 1 and 100 nm in size and having the capacity to work at the molecular level, atom by atom, to develop huge structures with fundamentally novel molecular organization, nanotechnology refers to the process of creating functioning material devices and systems. Nanotechnology is the creation, processing, and use of nanostructures or nanomaterials as well as a fundamental understanding of the links between physical characteristics or phenomena and the size of materials. It is a brand-new discipline or area of science. A nanometer (10—9 m) is one billionth of a meter. These materials have at least one dimension in the nanometer range and contain at least 10 hydrogen or five silicon atoms organised in a straight line, roughly equivalent to 1 nm in length.
 The unique optical, magnetic, electrical, and other properties that appear at this size in nanomaterials make them interesting. There is a lot of potential for these emergent qualities to be used in electronics, medicine, and other industries. Nanostructured and nanophase/nanoparticle materials are the two categories of nanomaterials. In contrast to the latter, which are often dispersive nanoparticles, the former relates to condensed bulk materials that are composed of grains with grain sizes in the nanometer size range. A nanoparticle is said to have zero dimensions by this definition if its dimensions are less than 100 nm in length. For instance, although thin films, plates, multilayers, and network nanostructures express two dimensions, wires, rods, and nanofibers have just one dimension. Furthermore, as shown in Figure 1 [2], a sphere or cluster of nanophase materials with zero dimensions is depicted as a point-like particle that is governed by the three dimensions of nanomaterials. Aeronautics, building and construction, chemical industry, optics, solar hydrogen, fuel cells, batteries, sensors, power generation, automotive engineering, consumer electronics, thermoelectric devices, pharmaceuticals, and the cosmetics industry are just a few of the significant applications of nanomaterials [3]. Finding alternative energy sources that are ecologically benign is one of the most urgent concerns of our day. This depends on the usage of nanomaterials in various applications, such as solar cells [4], paints [5], and other uses in the field of green chemistry [6].
1. Prepared nanoparticle
The "top-down" and "bottom-up" procedures, as depicted in Figure 1, are the two fundamental methods for producing nanomaterials in a controlled and repeatable manner, either by breaking or dissociating bulk substances into small particles or by assembling or disassembling a few atoms from them. It is crucial to apply this in a variety of application domains, such as engineering, chemistry, physics, and even medical. The use of earlier methods is crucial in contemporary industry and maybe also in nanotechnology. Generally speaking, there are numerous ways to create nanomaterials, including mechanical, chemical, hydrothermal, sol-gel, chemical deposition in vacuum, pyrolysis, combustion, chemical co-precipitation, etc.
These techniques allow for the retrieval of particles with a specific dimensional shape and distribution.
Top-down
Mechanical techniques provide the most affordable means to generate nanomaterials in bulk (split the particles into nanostructures) among the physical techniques.
[image: Devastated Crops: Multifunctional Efficacy for the Production of  Nanoparticles]

Figure 1. The scheme to prepare nanomaterial.
However, many chemical production techniques, like anodizing, are common industrial processes and are always simple to scale up [7]. Making nanostructures using a top-down technique involves starting with larger structures and breaking them down to nanoscale to create nanomaterials. This method involves fabricating a huge object that is (2–3) orders larger in one or both dimensions than the required nanoscale, and then using nanopatterning techniques to create tiny features. The microelectronics sector actually invented top-down approaches first and has been using them extensively ever since. Thin film deposition and nanopatterning techniques have progressed, pushing this method deeper into the realm of nanofabrication [8].  
Bottom-up
The term "bottom-up approach" refers to the process of creating nanostructures from small building blocks like atoms or molecules. The ordering of supramolecular or solid-state designs from the atomic to the mesoscopic scale is accomplished via bottom-up strategies, which employ self-processes. Gas-phase methods and liquid-phase methods are examples of bottom-up techniques. When beginning with a single atom or molecule, two techniques controlled the manufacturing of nanomaterials. Gas-phase techniques include chemical vapour deposition (CVD) and plasma arcing, whereas liquid-phase techniques include sol-gel synthesis, the most widely used technique. In addition, a fresh technique called molecular self-assembly appeared. Nanotechnology is used in a variety of sectors, including photonics, electronics, chemical and biological sensors, energy storage, and catalysis. Functional materials must be created from nanomaterials through manipulation.
1. Nanotechnology applications in the environment
 1. Environmental nanosensors
When pollution detection technology is more widely accessible and less expensive, process control, ecosystem monitoring, and environmental decision-making are all increased [9]. The ability of humans to support sustainable human health and the environment is improved by quick and precise sensors that can identify contaminants at the molecular level [10]. A sensor is essentially a type of energy converter that can identify specific physical, chemical, mechanical, or other qualities or events in its environment and output the information as a signal, typically an electrical or optical signal. As a result, numerous sensors have been created in numerous disciplines and found numerous applications. Nanosensors are currently one of the most widely used sensors. Nanosensors are essentially nanoscale chemical, physical, or biological sensors that have extremely high sensitivity and precision for measuring changes at the nanoscale, either qualitatively or quantitatively. The most significant qualities that have contributed to a very high level of confidence in the data collected from sensors and nanosensors are high sensitivity, high detection power, and the capacity to monitor multiple species at once.
2.  Air pollution
Air pollution is defined as the introduction of any particle, biological molecule, or hazardous solid, liquid, or gas into the atmosphere that endangers the environment, causes sickness in living things, or has an adverse effect on the ecology of a place. There are two primary and secondary categories for this kind of pollution, which can result from either human activity or the use of natural resources. Primary pollutants include things like carbon monoxide, sulphur and nitrogen oxides, volatile organic compounds, and so on. They are typically produced by a normal activity, like the combustion of fossil fuels, or a natural process, like a volcanic eruption. Contrarily, secondary pollutants are created when main pollutants combine with one another, such as peroxyacetyl nitrate, which is created when nitrogen oxides and volatile organic molecules react [11]. These reactions prevent secondary pollutants from entering the atmosphere directly. Continuous monitoring of air pollution is one of the most crucial and fundamental requirements in connection to environmental pollution control [12]. The development of such sensors drew nearer to the point of scientific use with the creation of the first samples of smart dust [13]. The primary goal of creating smart dust is to create a collection of sophisticated sensors in the form of tiny nanocomputers [14]. These nanosensors can effortlessly float in the air for several hours [15]. These small silicon particles have their own wireless capability and can transmit the data gathered to a central base. The prototypes have a data transfer rate of around one kilobyte per second [16].
2.  Adsoption of toxic gases
Nanotechnology allows for the elimination of environmentally harmful gases. Using CNTs that have been treated with gold or platinum nanoparticles as an example [16]. Carbon atoms are arranged hexagonally in CNTs' surrounding graphene layer, which surrounds the tube axis. CNTs are special molecules having one-dimensional structure, thermal stability, and extraordinary chemical properties that can be either single-walled or multi-walled nanotubes [17]. It has been demonstrated that CNTs have excellent potential as superior adsorbents for the removal of different types of organic and inorganic pollutants from the air and aquatic environments.  The porous structure of CNTs and the existence of a variety of functional groups on their surfaces, both of which may be altered chemically or thermally to give them the necessary performance, account for the majority of their adsorption capacity.
Different harmful pollutants that are present in the air in industrial locations include benzoene dioxin, benzene, toluene, ethyl benzoene, and -xylene [18]. The two benzene dioxin rings and the nanotube's surface are intimately connected. The overlap between the dioxin molecule and the entire surface of the nanotube is also connected by a porous wall with a diameter of 2.9 nm, which raises the pore's potential for adsorption. Additionally, CNTs' excellent resistance to oxidation makes them useful for regenerating adsorbent at high temperatures [19].
3. Water and wastewater treatment
Ceramic and polymer membranes are currently produced using nanotechnology for water purification [20]. These nanoscale membranes include bio-inspired membranes, organic-inorganic hybrid nanocomposite membranes, and ceramic membranes covered with catalytic and zeolite nanoparticles. Membranes made from biopolymers that incorporate protein molecules, carbon nanotube membranes, and block copolymer membranes with a comparable porosity are all examples of bio-mimic membranes. Based on water permeability, selectivity of contaminating molecules, and mechanical strength, these membranes function better. Despite outstanding performance, biomimetic membranes generally have very little marketing potential. While nanocomposite membranes are now mass-produced and have a high level of water treatment efficiency. There is very limited application for zeolite and catalytic membranes in water treatment, save from slight to moderate enhancements in the functionality of conventional membranes.
4. Nano biomaterials
 One of the main drivers for the creation of novel environmental systems with alluring applications has always been the development of new materials [21]. These materials have the ability to remove obstacles from earlier processes, leading to the creation of applications with potential worldwide advantages [22]. Less than 6-10 or 9-10 nanoscale materials (those whose properties may be regulated at a level less than micro) are known as nanoscale materials [23]. Because the characteristics of materials with these dimensions and sizes are radically different from those of traditional materials, research into nanomaterials is gaining momentum every day [24].  Nanoparticles are colloidal, solid particles with complex surface chemistry that range in size from 10,000 to 100 nm and contain macromolecular components. Nanoparticles can be in the shape of nanospheres or nanocapsules, depending on the manufacturing process. Nanospheres and nanocapsules are vesicular and matrix structures, respectively [25]. Nanoparticles called nanocapsules have an outer shell and an empty interior that can store and transport the needed components. In an aqueous medium, phospholipids with hydrophilic and hydrophobic heads combine to create capsules with the hydrophilic head on the exterior and the hydrophobic head on the interior. Nanocapsules can also be created using polymers like lipids and proteins [26].
5. Porous nanopolymers
Water-insoluble solid particles readily take up hydrophobic organic contaminants that are introduced to the soil by water, separating them from the water [27]. The phenomenon of such pollutants' adsorption and disposal from water to soil and from soil to air is extremely complicated and is influenced by a number of variables, including their solubility in water, the presence of water in the soil network, and the rivalry between various soil components to absorb these particles [28]. The pollutant molecules bind to the body that has the highest chemical similarity to them when there are multiple hydrophobic molecules present in the environment. Because of this, porous nanopolymers—which resemble pollutant molecules—are the best method for removing this class of organic pollutants from soil and water. The separation of organic contaminants from drinking water and the treatment of industrial unit effluents, such as nuclear power plants, for reuse of treated effluents are the main environmental uses of these nanostructures [29]. water sources that have been cleaned of petroleum contamination. removing organic contaminants from groundwater resources [30]. The expenses of treatment are significantly lower since porous nanopolymers are frequently used [31].
6. Environmental catalysts
One of the most significant water contaminants is halogenated organic compounds (HOCs). Pharmaceuticals is one of the sectors where these chemical compounds are useful as additives and solvents. These substances are toxic and hazardous, and they have been linked to diseases including cancer. Therefore, it is crucial that these chemicals are completely decomposed from water and wastewater [32]. Additionally, nanocatalysts made of palladium and magnetite have been created to efficiently remove halogenated organic contaminants from effluents. Palladium/magnetite nanocatalysts function dependably under a range of water conditions, as demonstrated by numerous investigations. Additionally, they benefit from the ability to be recovered using magnetic separation technology from the needed water or effluent [33].
Major air contaminants include carbon monoxide, hydrocarbons, and nitrogen monoxide. Catalytic converters can lower these pollutants' emissions. The air-to-fuel ratio in modern catalytic converters must match a specific stoichiometry, and these converters require pricey metal catalysts. There is a tremendous need to create low-cost, high-efficiency catalysts because of this [34].
7. Nano-coatings
Modern nanostructured coatings are effective at adhering to many different surfaces, including metals, glass, ceramics, and plastics. The thickness of these coatings is merely a few microns. The enhanced anti-corrosion property of these nano-coatings is their defining characteristic [35]. Therefore, one of the uses for these coatings is to make light metals like aluminium and magnesium more corrosion-resistant [36]. These coatings can endure temperatures of up to 700 degrees Fahrenheit and are extremely heat resistant [37]. By lowering the use of raw resources, this sort of coating will preserve the environment by preventing metal corrosion [38]. As a result, the liquid only leaves behind droplets on the covered surface before being quickly removed. The drying process is accelerated by this. It is clear that environmental pollution is avoided and detergent use is significantly decreased [39].
8 . Role of nanomaterial in the environment
Two major environmental applications of nanotechnology can be identified:
Nanotechnology-based environmental pollution monitoring: Continuous monitoring of environmental pollution is one of the most crucial and fundamental requirements in regard to environmental pollution control. Data about the amount of pollution in each place, its type, and how widely it has spread will be gathered, and from there, the best course of action will be decided. In order to control pollution, environmental organisations nowadays have developed environmental rules and standards for businesses and food. It takes a lot of work, effort, and time to continuously regulate pollution-causing sources. These days, nano-sensors enable large-scale, low-cost point-by-point monitoring of the pollution status of the target areas. Nanosensors use less energy, can run for extended periods of time at low voltage without a direct power source, and can wirelessly communicate data [40].
Nanotechnology is being used to reduce environmental pollution, which is the major environmental concern. These pollutants, which have detrimental short- and long-term consequences on the ecosystem and public health, include air, soil, and water contamination. Due to their diversity, it is particularly difficult to remove contaminants from the environment. On the other hand, it's crucial to get rid of pollution where it comes from and the sources of contamination. Numerous techniques have been employed in several nations to lessen environmental contamination of the air, water, and land. By using nanotechnology, it is feasible to minimise soil pollutants, treat industrial and urban effluents as effectively as possible to prevent water pollution, and reduce various air pollutants in cities and industry to a manageable level [41].
Conclusion
The study of how to arrange atoms to generate novel molecular structures and new materials is known as nanotechnology. Provides. The classification of nanotechnology into many divisions and disciplines has more to do with how its products are used in each field. The chemical and energy industries can benefit greatly from the application of nanotechnology in these fields. Carbon nanotubes have the ability to selectively absorb gas from a stream of different gases. Nanotubes have the capacity to be employed for a variety of industrial applications, including the removal of environmentally harmful contaminants and toxic gases. Molecular gas sensors can be created and have their performance enhanced using carbon nanotubes. It has already been demonstrated that nanotube sensors could be used to detect several gases, including etc. It is possible to use carbon nanotubes to store hydrogen effectively. These are essentially tiny, low-diameter carbon tubes that are used to store hydrogen in the tiny crevices on the tubes and within the tube structure. The building's performance efficiency can be improved by using fuel cells inside the structure in addition to nanotubes' capacity to store hydrogen. Due to its capacity to function at low pressures, nanofiltration is a membrane technology that is more cost-effective than the RO process. Nanotechnology can be applied to the creation and utilisation of NF and RO membranes. The separation mechanism is the same in both procedures, and the effective dimensions, which are the size of the cavities, are nanoscale in both methods.
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