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Abstract  
 

The remarkable progress in nanotechnology in the last several decades has drawn attention to nanoparticles (NPs) and their 

characterization, synthesis, and applications. This phenomenon is caused by changes in the mechanical, chemical, and 

physical properties of the materials on this scale, including their optical properties, thermal conductivity, and melting point. 

Since many procedures for producing metal nanoparticles need high temperatures and harsh chemical conditions, scaling 

them up for large-scale manufacture can be challenging. Generally, there are two primary methods for synthesizing 

nanomaterials: the bottom-up method and the top-down method. A spinning disc reactor (SDR) is used in the spinning-

assisted production of nanoparticles. Carbon fullerenes are spherical cages that contain anything from 28 to over 100 carbon 

atoms. Because of the way they interact with carbon to generate hexagons and pentagons, which result in hollow balls, 

they resemble soccer balls. The chemical or elemental makeup of nanoparticles directly affects their purity and 

functionality. The efficiency of the nanoparticle may decline if there is a rise in secondary or undesired materials present, 

since this might also result in secondary reactions and contamination throughout the process. Although they are commonly 

supplied as dispersions in different media, including glasses or liquid solvents, they may also be produced in the gas phase 

to create aerosols. When gold nanoparticles are exposed to a particular wavelength of light, the light's oscillating 

electromagnetic field causes the free electrons to collectively oscillate coherently. The nanoadsorbents are particularly 

effective in reducing pollutants, and very little nanoadsorbent is needed to absorb the pollutants' components. 

Keywords: Carbon fullerenes, spherical, hexagons, nanoparticle, secondary reactions, contamination. 
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INTRODUCTION 
The scientific achievement of nanotechnology 

came to light in the twenty-first century. This 

multidisciplinary topic deals with the creation, 

manipulation, and use of materials smaller than 100 nm. 

Numerous industries, including biotechnology, 

biomedicine, food, agriculture, and the environment, 

heavily rely on nanoparticles. Wastewater treatment, 

environmental monitoring, functional food additives, 

antimicrobial agents are used nanoparticles [1-2]. 

Because of their cutting-edge properties such as nature, 
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biocompatibility, anti-inflammatory and antibacterial 

activity, effective drug delivery, bioactivity, 

bioavailability, tumor targeting, and bio-absorption, 

nanoparticles (NPs) have found increasing applications 

in biotechnology and applied microbiology. One major 

issue is the production and manipulation of metal 

nanoparticles with precise control over their size and 

structure. Since many procedures for producing metal 

nanoparticles need high temperatures and harsh chemical 

conditions, scaling them up for large-scale manufacture 

can be challenging. To maximize the properties and 

potential applications of metal nanoparticles, it is also 

essential to carefully control the size and shape of the 

particles during production. There is a larger degree of 

interdependence between the optical and electrical 

characteristics of NPs. Noble metal nanoparticles (NPs) 

possess size-dependent optical characteristics and have a 

prominent UV-visible extinction band that is absent from 

the bulk metal's spectra [3-4]. The localized surface 

plasma resonance (LSPR) is the name given to this 

excitation band that arises when the input photon 

frequency remains constant due to the collective 

excitation of the conduction electrons. The wavelength 

selection absorption with very high molar excitation 

coefficient resonance is the outcome of LSPR excitation. 

Ray light scattering along the surface of NPs improved 

spectroscopies and increased local electromagnetic fields 

with an efficiency comparable to 10 fluorophores. It is 

commonly known that the LSPR spectrum's peak 

wavelength depends on the size [1,3,4]. 

 

Generally, there are two primary methods for 

synthesizing nanomaterials: the bottom-up method and 

the top-down method. Physical vapor deposition, 

chemical vapor deposition, electrospinning, 3D printing, 

biological synthesis, and supercritical fluid synthesis are 

some of the technologies that have gained prominence in 

the synthesis of nanomaterials recently. These methods 

are combined with other techniques to increase the 

efficiency of the synthesis. When compared to their bulk 

counterparts, nanomaterials exhibit a number of 

intriguing properties, including greater mechanical 

performance, the potential for surface functionalization, 

a high surface area, and variable porosity. These 

exceptional qualities explain why nanomaterials are the 

ideal choices in the biomedical industry for the creation 

of wound dressings, chemical sensors, biosensors, gene 

therapy, and drug delivery systems [5-6]. 

 

 
Fig-1: Shows the structure of nanoparticles with potential types 

 

For the past fifty years, material scientists have 

been thoroughly studying the applications of 

nanoparticles and nanostructured materials across a 

range of industries. Nanotechnology is the use of a 

material's unique properties at the nanoscale. As 

scientific breakthroughs are debated, nanotechnology 

has always taken center stage and garnered a lot of 

attention. Because nanotechnologies enable the 

development of better-designed, more durable, safer, 

cleaner, and intelligent goods for use in everyday life, 

health, agriculture, communications, and other 

industries, they have had a significant influence on 

almost every aspect of society and industry [7-9]. 

Numerous fields have adopted the name 

"nanotechnology," which is quickly developing as a 

result of the creation of nanoproducts with unique size-

related physicochemical characteristics that set them 

apart from bigger matter. The main objective of 

nanotechnology is to process, divide, and combine 

different materials. Because of their tiny sizes, 

nanoparticles can pass through living things' 

physiological barriers and trigger undesirable biological 

responses. It is known that nanoparticles may enter the 

human body through the skin, gastrointestinal system, or 

lungs. They can also induce cardiac issues, inflammation 

in the lungs, and brain toxicity. In fact, because of their 

size and makeup, certain nanoparticles have been 

discovered to permanently harm cells through oxidative 
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stress and organ injury. The harmful impact of carbon-

based nanoparticles on lung cancer cells. It has been 

proposed that variables like the nanoparticle's size, 

surface area, and composition how hazardous radiations 

can affect it [10-11]. 

 

Table1: Shows types nanoparticles with structural nature and applications 

Nanoparticles 

type 

Roles mechanism Usage/applications 

Fullerenes 

based 

spherical cages, their physical 

characteristics make them more 

valuable. 

They expand when exposed 

to high pressure, but they 

return to their original 
structure when the pressure is 

released. 

Because of their eminent 

properties, it is used in the 

electrical field. 

Carbon 

nanotubes 

Carbon nanotubes, often known as 

CNTs, long hexagonal networks of 
carbon atoms. 

Highly stable are carbon 

nanotubes 

Their compact size and unique 

physical, mechanical, and 
electrical characteristics set them 

apart from others.  

Magnetic based Cell destiny regulation and 

molecular level cell signaling have 
been shown to benefit from the 

capacity to apply a mechanical 
stress inside the cells. 

heat-induced magnetic field 

generation or externally 
controlled 

Applications for medication 

release, illness treatment, and 
remote control of single cell 

operations have made advantage 
of these capabilities 

 

Structural organization of typical nanoparticles 

The remarkable progress in nanotechnology in 

the last several decades has drawn attention to 

nanoparticles (NPs) and their characterization, synthesis, 

and applications. This phenomenon is caused by changes 

in the mechanical, chemical, and physical properties of 

the materials on this scale, including their optical 

properties, thermal conductivity, and melting point [12-

13]. As per the definition of a nanoscale, nanomaterials 

(NMs) are described as "materials with small dimensions 

with building units sized between 1 and 1000 nm in at 

least one dimension. Beyond only a few dimensions, 

nanoparticles vary in forms and sizes as well. One 

nanoparticle can be dimensional, meaning that its length, 

breadth, and peak are all constant at a single factor. 

Examples dimensional nanoparticles are nano dots. One 

dimensional nanoparticle can have only one parameter, 

like graphene. Two dimensional nanoparticles have size 

and breadth, like carbon nanotubes. Three dimensional 

nanoparticles have all the parameters, like length, 

breadth, and peak, like gold nanoparticles [13-15]. 

 

Methods and developmental synthesis 

A spinning disc reactor (SDR) is used in the 

spinning-assisted production of nanoparticles. It has a 

revolving disk within a chamber or reactor that can adjust 

body temperature and other factors. Nitrogen or other 

inert gases are usually pumped into the reactor to 

eliminate internal oxygen and prevent chemical 

reactions. The liquid, or precursor and water, is poured 

into the disc as it is rotating at a distinct speed. The atoms 

or molecules are driven to fuse together by the spinning, 

which causes them to precipitate, accumulate, and dry 

[16-17]. The characteristics of the nanoparticles 

synthesized from SDR are determined by a variety of 

operating factors, including the liquid glide rate, disc 

rotation speed, liquid/precursor ratio, proximity to feed, 

disc surface, etc. One economical way to convert bulk 

materials into nanoscale materials is by mechanical 

milling. Blends of various phases may be produced 

efficiently using mechanical milling, which also aids in 

the creation of nanocomposites. Aluminum alloys 

enhanced by oxide and carbide, wear-resistant spray 

coatings, aluminum, nickel, magnesium, and copper-

based nanoalloys, and several other nanocomposite 

materials are all made via mechanical milling. Ball-

milled carbon nanomaterials are thought to be a unique 

kind of nanomaterial that offers the chance to meet the 

needs of energy conversion, energy storage, and 

environmental cleanup [17-18]. 

 

Carbon fullerenes are spherical cages that 

contain particles from 28 to over 100 carbon atoms. 

Because of the way they interact with carbon to generate 

hexagons and pentagons, which result in hollow balls, 

they resemble soccer balls. Their physical characteristics 

make them more valuable than others in the class. They 

expand when exposed to high pressure, but they return to 

their original structure when the pressure is released. 

Those molecules were not thought of as lubricants since 

they lacked affinity with one another. Because of its 

electrical properties, it is used in the electrical field. 

Thus, solar cells are utilized in data storage. Comparably 

sized biologically active molecules inserted into its 

empty structure [19-20]. Carbon nanotubes, often known 

as CNTs, are 1 nm to 100 nm long hexagonal networks 

of carbon atoms. There are two varieties of carbon 

nanotubes (CNTs): multi-walled carbon nanotubes 

(MWCNTs) and single-walled carbon nanotubes 

(SWCNTs). Their compact size and unique physical, 

mechanical, and electrical characteristics set them apart 

from others. The molecular absorption capacity of 

carbon nanotubes is greater. Highly stable are carbon 

nanotubes [21-22]. 
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For nanoparticles used in heat-induced 

magnetic field generation or externally controlled 

hyperthermia, magnetic characteristics are crucial. 

Biological items can be moved and transported by use of 

the magnetic force. Cell destiny regulation and molecular 

level cell signaling have been shown to benefit from the 

capacity to apply a mechanical stress inside the cells. 

Applications for medication release, illness treatment, 

and remote control of single cell operations have made 

advantage of these capabilities [23-24]. In the past, 

producing magnetic nanoparticles was an essential first 

step in any research aimed at enhancing their 

characteristics and determining if they could be used in 

real-world applications. Many of these nanomaterials are 

now readily accessible commercially, eliminating the 

need for individual teams or laboratories to synthesis 

these particles, which guarantees greater repeatability of 

conducted studies. In spite of this, the synthesis of 

nanoparticles continues to be a crucial stage in research 

aimed at deeper analysis, and it is unquestionably 

essential for the creation of novel particle kinds and 

synthesis techniques. One of the main physical 

characteristics of magnetic nanoparticles that may be 

used to customize other characteristics like magnetism 

and surface area is their size [24-25]. For instance, 

smaller particles have been produced via organic-phase 

synthesis. 

 

 
Fig-2: Applications targeted the field of nanotechnology emphasizes different potentials 

 

The chemical or elemental makeup of 

nanoparticles directly affects their purity and 

functionality. The efficiency of the nanoparticle may 

decline if there is a rise in secondary or undesired 

materials present, since this might also result in 

secondary reactions and contamination throughout the 

process. Composition measurements are frequently 

performed using the X-ray photoelectron spectroscopy 

(XPS) method [26-28]. Under certain techniques, the 

particles undergo chemical digestion first, followed by a 

wet chemical analysis using techniques including mass 

spectrometry, atomic emission spectroscopy, and ion 

chromatography. Particles in the gaseous phase can be 

collected using wet chemical procedures, spectrometric 

methods, filtration, or electrostatic methods. The amount 

of nanoparticles scattered throughout the gaseous phase 

must be measured in order to determine the air or gas 

concentration required for the operation. By taking into 

account variables like the concentration, size, and 

dispersion of nanoparticles in a certain volume of air or 

gas, performance may be evaluated in terms of its 

efficacy. To perform the concentration measurements, a 

condensation particle counter is often used (CPC) [28-

29]. 

 

Novel applications and usage in various 

industrialization  

Nanoparticles are potential prospects for a 

variety of applications due to their special qualities [11]. 

In addition to their capacity to scatter and absorb light, 

gold nanoparticles (AuNPs) also use surface chemistry 

and nonradiative electron relaxation dynamics to 

transform optical energy into heat. Furthermore, gold 

nanoparticles are highly desirable and adaptable since 

they may be utilized as medication carriers. AuNPs have 

several desirable properties in biomedicine, including 

good stability and biocompatibility, low toxicity, ease of 

surface functionalization, and drug transferability. 

Additional characteristics, such size and form 

adaptability, have undoubtedly attracted attention to the 

application of gold nanoparticles in several industries. 

These nanoparticles are similar in size to a large number 

of biomolecules [30-31]. When gold nanoparticles are 

exposed to a particular wavelength of light, the light's 

oscillating electromagnetic field causes the free electrons 
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to collectively oscillate coherently. This leads to a charge 

separation with respect to the ionic lattice and the 

formation of a dipole oscillation that runs parallel to the 

direction of the light's electric field. The oscillation's 

greatest amplitude occurs at a particular frequency 

known as surface plasmon resonance (SPR). The 

maximum extinction of the SPR Band varies from 517 

nm to 532 nm in the visible range as the size of gold 

nanoparticles increases from 10 nm to 50 nm. This 

suggests that the concentration and particle size of gold 

nanoparticles affect both the fluorescence intensity and 

the absorption band. Furthermore, SPR amplifies the 

radiative [31-32].  

 

Supported bimetallic gold-silver nanoparticles 

have been documented in phenol degradation 

photoreaction and a variety of CO oxidation processes. 

When it comes to mixed oxides, the amounts of the 

mesoporous support have a significant impact on the 

catalytic activity in addition to the chemical interaction 

between the metals. Numerous studies that altering the 

shape or structure of the support surface can enhance the 

catalytic activity while CO is being oxidized. The 

processes involved in altering nanoparticle systems with 

these features necessitate a thorough examination of the 

physicochemical characteristics of the relevant 

materials, Au-Ag nanoparticle alloys, which are a system 

that is now being investigated for oxidation system [33-

34]. The silver nanoparticles (AgNPs) can boost 

agricultural yields, plant growth, and seed germination. 

They also affect how the plant grows in response to both 

positive and negative influences. The addition of AgNPs 

alters the bacterial diversity in the soil and has an impact 

on plant development. The functional variety of bacteria 

varies according to AgNP concentrations. The complex 

interactions between microorganisms and plants with 

silver nanoparticles may be simplified by controlling the 

concentration of AgNPs, which can boost plant growth 

potential without negatively impacting the environment. 

Furthermore, AgNPs dramatically improve fresh and 

dried seedling weights as well as the potential for seed 

germination, index, mean germination time, and seed 

vigor index. The colloidal AgNPs contain significant 

characteristics of stabilized and well-dispersed 

characteristics showing more adhesive agents [35-36]. 

  

For the final quality assessment, 

thermogravimetric analysis (TG), X-ray photoelectron 

spectroscopy (XPS), and infrared spectroscopy are often 

employed to specifically confirm the existence of the 

functionalization processes of carbon nanotubes. 

Therefore, by adjusting the CVD preparation parameters 

and reactants, such as time, pressure, temperature, 

substrate, catalyst, carbon precursor, and gas flow rate 

assisted with various characterization and 

functionalization techniques, one can obtain the 

optimized carbon nanotubes for numerous practical 

applications [37-38]. In the treatment of water and 

wastewater, nanoadsorbents such as carbon nanotubes 

and nanocomposites have been created to remove 

organic and biological pollutants, heavy metals, and 

other contaminants from the water. The nanoadsorbents 

are particularly effective in reducing pollutants, and very 

little nanoadsorbent is needed to absorb the pollutants' 

components. Therefore, nanoadsorbents be used as novel 

purifying techniques as nanotechnology advances. It is 

feasible to select the best adsorbent by comparing the 

effectiveness of nanoadsorbents and assessing how they 

work to remove contaminants. It should be mentioned 

that the wide range of uses for nanoadsorbents in water 

treatment stems from their high specific active surface 

and selectivity for absorbing the components of 

pollutants and poisons [38-39]. 

 

Ever since their discovery, fullerenes have 

drawn interest from scientists in a variety of domains. 

Their peculiar qualities and attributes are what set them 

apart from other materials and give them significance. 

Different applications of fullerene have been found in the 

industry. It may be used to create molecular networks, 

conductive devices, and surface coatings, among other 

things. Furthermore, in the sphere of medicine, a water-

soluble fullerene has demonstrated efficacy against is 

even useful as an antioxidant [40-41]. The remarkable 

structure of fullerenes accounts for their particular uses. 

It will become challenging to do spectroscopic 

examination of products, purification, separation, and 

purity evaluation due to its limited solubility in typical 

organic solvents. In order to exploit fullerene-based 

macromolecules for biological applications, conjugation 

has emerged as a key tactic for getting beyond the innate 

hydrophobic barriers that fullerenes face. There is still a 

lot of research being done on the use of fullerenes in 

many physicochemical and pharmacological domains, 

and new developments and uses are always being found. 

Working on a small scale is a result of fullerenes' high 

cost and limited availability. Nanotubes with concentric 

cylinders made of spirally organized carbon atoms are 

flawless crystals that are thinner than the whiskers of 

graphite [42-43]. 

 

Since it permits further reactions with 

biomolecules, linkers, or dyes that have been 

functionalized with aldehyde or NHS ester, amine 

modification is frequently employed. For amine surface 

treatment, aminopropyltrimethoxysilane (APTMS) and 

aminopropyltriethoxysilane (APTES) are the most 

widely used, reasonably priced, and readily accessible 

chemicals. When the nuclei are produced, the 

aminoalkoxysilane is added during the final stages of 

polymerization within the Stöber process, allowing for in 

situ NP surface treatment. The aminoalkoxysilane 

reagent is usually employed excessively in these 

situations, and any unreacted molecules are eliminated 

during the purification processes [44-45]. Researchers 

now have fresh hope for curing hazardous dyes because 

of nanotechnology. Since dyes are one of the pollutants 

that must be removed from water bodies, nanoparticles 
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such as zinc oxide, titanium, iron oxide, and silver are 

ideal for treating dyes present in water because they 

exhibit fast oxidation, photocatalytic activity, and 

antibacterial activity. Because of the distinct 

physiochemical characteristics of nanoparticles, the 

quickly expanding field of nanotechnology has 

demonstrated potential in the treatment of waste water 

over time [44-46]. 

 

CONCLUSION 
The scientific community realized the need for 

innovative chemistries for nanoparticle synthesis, 

purification, and post synthetic alterations since many 

basic investigations and technology applications 

required nanoparticles with homogeneous sizes and 

shapes. Numerous techniques may be used to create 

nanoparticles. Although they are commonly supplied as 

dispersions in different media, including glasses or liquid 

solvents, they may also be produced in the gas phase to 

create aerosols. Using several characterization methods, 

including TEM, XRD, and SEM, it was discovered that 

NPs varied in size from a few nanometers. Moreover, 

control over the morphology is possible, NPs have a vast 

surface area because of their small size.  
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