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1.1 Nanoparticles and Their Functions

Since the past century, nanotechnology has been an advanced research area. RP Feynman
coined the term ‘nanotechnology’ during his famous speech [1]. Nanotechnology devel-
oped different types of nanoscale materials. A limited class of one-dimensional materials
<100 nm [2] are nanoparticles (NPs). Depending on the form [3], such materials may be
0D, 1D, 2D, or 3D. The importance of these materials showed that the physicochemical
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2 1 Nanotechnology and Nanoparticles

properties of a substance, e.g. the optical properties, can be influenced by size. The red wine,
yellowish-grey, black, and deep green are the distinctive colours of the 20 nm gold (Au),
platinum (Pt), silver (Ag), and palladium (Pd) NPs. These NPs exhibit distinctive colours
and properties of various sizes and shapes that can be used in bioimaging applications. [4].
Owing to differences in aspect ratio, nanoshell thickness, and Au concentration, the solu-
tion’s colour varies. Changing each of the elements mentioned above affects the absorption
characteristics of the NPs and is therefore observed in different absorption colours. Usually,
NPs consist of three layers: (i) a layer-functionalized surface with several tiny molecules,
metal ions, surfactants, and polymers; (ii) a shell layer – a chemically separate core sub-
stance; and (iii) a centre – an integral part of the NP and typically refers to the NP itself [5].
Researchers gained immense interest in multidisciplinary fields because of these excep-
tional features. NPs may be used for the delivery of drugs [6], chemical and biological
sensing [7], gas sensing [8], CO2 capture [9], and related uses [10].

1.2 Classification of NPs

NPs are commonly classified according to morphology, size, and chemical properties in
different classes. NPs are classified according to physical and chemical characteristics as
follows.

1.2.1 Carbon-Based NPs

Two key NP groups based on carbon are fullerenes and carbon nanotubes (CNTs).
Fullerenes contain globular hollow cage nanomaterials, similar to allotropic carbon
forms. Their electrical conductivity, high power, structure, electron affinity, and flexibility
have created considerable commercial interest [11]. Pentagonal and hexagonal C- units
were arranged in these materials while each carbon was hybridized. The illustration in
Figure 1.1 shows some of the well-known 7.114 and 7.648 nm C60 and C70 fullerenes. The
long, tubular CNTs have a diameter of 1–2 nm [12]. This can be predicted as metallic or
semiconducting based on their telicity diameter [13]. Single, double, or multiple walls
may be rolling sheets labelled single-walled nanotubes (SWNTs), double-walled nanotubes
(DWNTs), or multi-walled carbon nanotubes (MWNTs), respectively. They are commonly
synthesized by carbon precursor deposition, particularly atomic carbons, which are
vaporized by a laser or electric arc through metal particles. Recently, they have been
synthesized using the chemical vapour deposition (CVD) technique [14]. Because of their
specific physical, chemical, and mechanical characteristics, these materials are widely
used in industrial applications, not only in pristine form but also in nanocomposites such
as fillers [15], active gas adsorbents for the remediation of the environment [16], and, in
general, for various inorganic and organic catalysts [17].

1.2.2 Metal Nanoparticles

Metal NPs comprise metal-made precursors. Because of the well-localized surface plasma
resonance (LSPR) characteristics, such NPs have distinct optoelectronic properties. In the
visible region of the solar electromagnetic spectrum, the NPs of alkali and noble metals
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(a) (b)
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Figure 1.1 Description of fullerenes or buck balls (a) C60 and (b) C70. Source: From Khan et al. [2].
© 2017, Elsevier.

such as Cu, Ag, and Au have broadband absorption. In today’s cutting-edge materials, the
facet, size, and shape-controlled synthesis of metal NPs are critical [4]. Metal NPs are find-
ing applications in many research fields because of their advanced optical properties. The
coating of gold NPs is widely used to enhance electronic streaming for scanning electron
microscopy (SEM) sampling, thus helping to accomplish good SEM images.

1.2.3 Ceramic NPs

NPs from ceramics are inorganic non-metallic solids synthesized by heat and cooling. They
are used in amorphous, polycrystalline, solid, porous, or hollow [18] forms. Because of their
use in catalysis, photocatalysis, colour photodegradation, and imaging, these NPs offer sub-
stantial interest from researchers [19].

1.2.4 Semiconductor NPs

Semiconductor materials have properties between metals and non-metals, and because of
this property, they find different applications in the literature [20]. Semiconductor NPs have
large band gaps, demonstrating significant modifications to their properties with band gap
tuning. Items of great significance also include photocatalysis, photo-optics, and electronic
devices [21]. Because of their appropriate band gap and band edge positions, the range of
semiconductor NPs is considered exceptionally efficient in water splitting applications [22].

1.2.5 Polymeric NPs

These substances are used for a wide range of commercial applications, such as fillers [15],
effective adsorbents of environmental remedial gases [16], and as a support medium for
various inorganic and organic calculators because they give specific physical, chemical, and
mechanical characteristics [23].
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1.2.6 NPs Based on Lipids

In many biomedical applications, they are used, and they contain lipid molecules. Usually,
the lipid NP is spherical, 10–1000 nm in diameter. Similar to polymeric NPs, lipid NPs have
a solid lipid core and lipophilic molecules within the matrix. The external centre of these
NPs has been stabilized by surfactants or emulsifiers [24]. Lipid nanotechnology [25] is a
specific field that focuses on the design and synthesis of lipid NPs for various applications,
such as drug carriers and delivery [26] and the release of RNA cancer therapy [27].

1.3 Synthesis of Nanoparticles

Various techniques can be used for the synthesis of NPs. Nevertheless, these approaches are
generally divided into two main categories, i.e. (i) top-down approach and (ii) bottom-up
approach [28, 29] (Figure 1.2). These methods are further divided into different subclasses
based on process, reaction state, and adopted protocols.

1.3.1 Top-Down Synthesis

The larger molecules are disintegrated into smaller units by a destructive process, and
these units are transformed into useful NPs, for example, grinding/milling, CVDs, physical
vapour deposition, etc. [29]. This approach is generally used to synthesize NPs from
coconut shells (CSs). The milling method is used, whereby raw CS powders were finely
milled using ceramic balls and a well-known planetary mill at different time intervals. Via
other characterization techniques, the influence of the milling period on the overall size of
the NPs is shown.

Furthermore, as time increases, the size of the NP crystallite (Scherrer equation)
decreases. In this process, it was also found that the brownish colour faded away
with the increment of each hour because of the reduced size of the NPs [30]. Various

Biological synthesis

Bottom-up

process

Nanoparticle synthesis

Top-down process

i. Spinning

ii. Template support

iii. Plasma or flame

synthesis

iv. Laser pyrolysis

v. CVD

vi. Atomic or molecular

condensation

i. Chemical etching

ii. Mechanical milling

iii. Sputtering

iv. Laser ablation

v. Electro-explosion

Figure 1.2 The synthetic models of NPs: top-down and bottom-up approach. Source: Modified
from Iravani [29].
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characterization techniques demonstrated the effect of milling time on the overall size of
the NPs. The synthesis of spherical magnetite NPs from natural iron oxide (Fe2O3) ore
was shown in the presence of organic oleic acid by a destructive top-down method with a
particle size ranging from 20 to 50 nm [31]. To synthesize spherical particles of colloidal
carbon using a control scale, a primary top-down route was used. The synthesis technique
was based on the continuous chemical adsorption of polyoxometalates on the carbon
interfacial surface. Adsorption has transformed black carbon aggregates into relatively
smaller spherical particles with a high dispersion capacity and a narrow distribution of
size [32]. Microstructures have found that the quantity of carbon particles is lower during
the sonication period. Combined grinding and top-down sonication techniques synthe-
sized a sequence of transition metal dichalcogenide nanodots (TMD-NDs) from their
crystallites. Every TMD-ND with a size of less than 10 nm shows excellent dispersion and
is demonstrated by the narrow distribution of the measure [33]. Highly photoactive Co3O4
NPs have recently been produced by top-down laser fragmentation, i.e. a top-down process
with an average size of 5.8± 1.1 nm. Powerful laser irradiations produce well-uniformed
NPs with adequate oxygen vacancy [34].

1.3.2 Bottom-Up Synthesis

This reverse approach is used to synthesize NPs from relatively more straightforward
substances and is also called an approach to building up. Examples include sedimentation
and reduction techniques. It encompasses sun-freezing, green synthesis, spinning, and
biochemical synthesis [29]. Mogilevsky et al. [35] used this technique to synthesize TiO2
anatase NPs to the graphene domains. Alizarin and titanium isopropoxide precursors
have been used to synthesize the photoactive composite for methylene blue photocat-
alytic degradation. The X-ray diffraction (XRD) framework has verified the anatase
form [35]. Well-uniform spherical shaped Au nanospheres have been synthesized with
monocrystalline using top-down laser irradiation technique [36, 37]. Recently, the solvent
exchange method has been used to deliver medical cancer drugs to achieve limited-size
low-density lipoprotein (LDL) NPs. The standard approach followed by growth, i.e. up
process, is nucleation in this technique. The LDL NPs were obtained without phos-
pholipid use and had high hydrophobicity, which is a prerequisite for drug delivery
implementation. [38]. The monodispersed spherical bismuth (Bi) NPs, with top-down
and bottom-up approaches, are synthesized with excellent colloidal properties [39]. In
bottom-up ethylene glycol, bismuth acetate was melted, although bismuth was converted
into a molten state in the top-down process. In boiled diethylene glycol, the molten drop
then has been emulsified for NPs. Both methods generated different NPs in size from 100
to 500 nm [39] (Figure 1.3a,b). Green and biogenic bottom-up processing is cost-effective
and environmentally sustainable, where biological processes, such as using plant extracts,
achieve the synthesis of NPs. For the synthesis of NPs, bacteria, yeast, fungi, Aloe vera,
tamarind, and even human cells are used. Au-NPs were synthesized from wheat biomass
and oat [40] and used as a reduction agent by microorganisms and plant extracts [41, 42].
Figure 1.3 demonstrated the bottom-up (Figure 1.3a) method: decomposing a molecular
precursor into simple metal atoms, which transform into colloids and the top-down
(Figure 1.3b) method.
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(a)

(b)

Figure 1.3 Illustration of synthesis of nanoparticles: (a) top-down method and (b) bottom-up
method. Source: From Wang and Xia [39]. © 2004, American Chemical Society.

1.4 NPs and Characterization

For the analysis of other physicochemical properties of NPs, different methods of charac-
terization have been used, such as XRD, X-ray photoelectron spectroscopy (XPS), infrared
(IR), SEM, transmission electron microscopy (TEM), and Brunauer–Emmett–Teller (BET).
Advanced methods are applied for the analysis of the particles.

1.4.1 Morphological Characterization

The morphological characteristics of NPs are still of great importance as morphology still
affects most of the NP properties. Various characterization techniques exist for morpholog-
ical research, but microscopic methods exist, such as polarized optical microscopy (POM),
SEM, and TEM.

1.4.1.1 SEM Technique
The SEM technique is based on the electron scanning principle and provides all the
nanoscale NP data available. This technique is used to study the morphology of their
nanomaterials and the dispersion of NPs in the bulk or matrix. This technique [15] showed
the distribution of SWNTs in polymer matrix poly(butylene) terephthalate (PBT) and
nylon-6. The morphological characteristics of ZnO-modified metal–organic frameworks
(MOFs) were studied using the SEM technique, which indicates the dispersion of ZnO-NPs
and MOFs’ morphologies under different reaction conditions [43].

1.4.1.2 TEM Technique
It is based on the electron transfer principle, so that it can provide descriptions of the bulk
content from very low to greater magnification. In addition, it is commonly used for the
analysis of different morphologies of the Au-NPs [44]. TEM also provides essential infor-
mation about two- or more layer materials; the quadruple hollow shell structure of Co3O4
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NPs is observed by TEM, for instance. In Li-ion batteries such as the anode, these NPs have
proven themselves to be exceptionally efficient. The porous multi-shell structure induces
shorter Li+ diffusion path lengths with ample annulled space for buffer volume expansion,
good cycling efficiency, higher speed capacity, and essential capacity [45].

1.4.2 Structural Characteristics

The structural characteristics of the structure and function of the bonding materials are of
primary importance for studying. It gives details about the bulk properties of the subject
material. XRD, energy-dispersive X-ray (EDX) spectroscopy, XPS, IR, Raman spectroscopy,
BET, and Zieta size analyser are the techniques used to study the structural properties
of NPs.

1.4.2.1 XRD
One of the essential characterization techniques is to reveal the structural properties of
NPs. The crystalline phase of NPs is provided with sufficient data. It also provides a rough
image of the particle size through the Debye–Scherrer [8] formula. In the identification of
single and multiphase NP [46] schemes, this approach worked well. However, in smaller
NPs with a size smaller than hundreds of atoms, the acquisition and accurate measurement
of structural and other parameters may be difficult. Besides, the XRD diffractogram can be
affected by NPs with different interatomic lengths having more amorphous characteristics.
To obtain accurate data, the diffractograms of bimetallic NPs must be contrasted with those
of the corresponding monometallic NPs and their physical mixtures in this case. The best
way to make a substantial difference is to measure the simulated bimetallic NP structural
model with the spectra of XRD [47] observed.

1.4.2.2 Energy-Dispersive X-ray (EDX)
To understand the elementary composition with a rough idea of per cent weight, a usually
fixed field emission scanning electron microscopy (FE-SEM) or TEM system is commonly
used. The electron beam centred on a single NP through SEM or TEM through the soft-
ware functions to obtain the insight knowledge under observation from the NP. NP consists
of constituent elements and, by irradiating electron beams, each of these releases X-ray
energy characteristics. The real X-ray intensity is directly proportional to the explicit part
of the particle’s concentration. Researchers in preparatory materials commonly use this
technique to help SEM and other processes to validate their components [48]. The elemen-
tal composition of ultra–sonochemically synthesized BiVO4 NPs in pseudo-flower form
[49] was calculated using the EDX technique. Similarly, a similar approach was used to
perform the indispensable confirmation and graphene impregnation of Ln2O3/graphene
heterostructure NPs, which showed C, Ln, and O as contributing elements synthesized by
the traditional hydrothermal method [50].

1.4.2.3 XPS
It is a surface-sensitive tool and can be used to consider the overall composition and the
compositional variance with in-depth profiling studies. XPS is based on the basic principles
of spectroscopy. The typical XPS spectrum consists of the number of electrons on the Y -axis
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plot versus the X-axis electrons’ binding energy (eV). Each element has its fingerprint value
for energy binding and thus gives a particular set of XPS peaks. Corresponding peaks, such
as 1s, 2s, 2p, and 3s, come from the electronic configuration [51]. To research the dispersion
of Boron NPs (10 nm size) during functionalization with polyethylene glycol (PEG), a depth
profile analysis was given with Ar+ ions at 1.4 keV and 20 nm. It has been shown that the
concentration of NPs increases from 2% to 5% with depth. This offered strong evidence that
within the bulk of functionalized PEG, boron NPs are effectively dissolved [52]. In a related
analysis, core–shell Au/Ag showed similar behaviour through XPS scope profiling [53].

1.4.2.4 FT-IR and Raman Spectroscopies
The vibration characterization of NPs is typically studied by FT-IR and Raman spectro-
scopies. These techniques are the most evolved and feasible compared to other simple
analytical methods. The critical range for NPs is the fingerprint region, which provides the
details for the material signature. In one sample, Pt-NP (1.7 nm) functionalization and its
interaction with the alumina substrate were analysed using FT-IR and XPS techniques.
FT-IR confirms the functionality as it showed signature vibrational peaks of carboxylated
C–O 2033 cm−1, in addition to a broader O–H peak of 3280 cm−1, respectively [54, 55].
Because of its signal-enhancing capability via SPR phenomenon, recently improved
surface-enhanced Raman spectroscopy (SERS) is emerging as a vibrational conforming
tool [56, 57].

1.4.3 Particle Size and Surface Area Characterization

Various techniques can calculate the size and surface area of the NPs. These include dispers-
ing SEM, TEM, XRD, AFM, and dynamic light scattering (DLS). It is possible to increase the
particle size of SEM, TEM, XRD, and AFM, but the zeta theoretical analyser/DLS should
be used to find the NP size at a weak stage. In one study, DLS was used to analyse silica
NP size differences while consuming serum proteins. With the acquisition of the protein
layer, the findings showed that the size increased. However, in the case of aggregation
and hydrophilicity, DLS might prove incapable of accurate measurement, so in that case,
we should focus on the high-resolution technique of differential centrifugal sedimentation
[58–60].

1.4.4 Optical Characterizations

Optical characteristics are of great concern in photocatalytic applications, and photo-
chemists have therefore gathered a good understanding of this approach to reveal their
photochemical processes [61, 62]. These are based on the common law of Beer–Lambert
and the basic principles of light [63]. These methods include information about the
absorption, reflectance, luminescence, and phosphorescence of nanomaterials. Metallic
and semiconductor NPs have various colours and are thus ideally suited for photo-related
applications. To understand each application’s primary mechanism, it is often essential to
see the importance of absorption and reflectance of these materials. UV–vis and photolu-
minescence are the most common optical devices used to study the optical properties of
NP materials (PL, Null Ellipsometer). The Diffuse reflectance spectroscopy (DRS) UV/vis
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is a fully designed optical absorption, transmission, and reflection measurement unit.
The first two are extra, while DRS is mostly a unique technique for the samples sold. It
is imperative to use the method for measuring NP band gaps as well as other NPs. MMT,
LaFeO3, and LaFeO3/MMT nanocomposite synthesis and differences in their absorption
of electromagnetic radiation by UV–vis DRS to identify their optical characteristics were
studied [64]. In the case of nanocomposites, a significant red shift was observed compared
to pristine MMT and LaFeO3 NPs. Instead of a broad absorption band from 400 to 620 nm,
LaFeO3 and LaFeO3/MMT revealed a reduction in their band gap. These NPs are significant
for photocatalysis by solar light [64]. To investigate the optical properties of photoactive
NPs and other nanomaterials and UV, PL considers useful technologies. This technique
gives further information on the absorption or emission potential of the materials and
their effects on the picture’s overall excitement period. It thus provides valuable details
about the charging hybridization and half-life of the exciting material on their conducting
bands for all photo- and image applications.

1.5 Physicochemical Properties of NPs

Different physicochemical features such as the large surface are discussed; as previously
mentioned, mechanically robust, optically active, and chemically reactive NPs are unique
and ideal for multiple uses. Some of its essential properties are discussed in the following.

1.5.1 Mechanical and Optical Properties

There is greater interdependence between the optical and electronic properties of NPs. The
noble metal NPs, for example, display full UV–visible extinction bands not available on
the bulk metal spectrum and have visual properties that are dependent on size. When the
conduction electrons’ mutual excitation is aroused, this band of enthusiasm results in a
continuous photon occurrence, known as the LSPR. LSPR excitation results in wavelength
selection absorption with a large Ray light scattering coefficient of molar excitation reso-
nance with an efficiency equal to that of 10 fluorophores and enhanced local electromag-
netic fields near the surface of NPs, which strengthened spectroscopy. It is well known that
the absorption spectrum of the LSPR spectrum relies on the size, shape, and interparticle
spacing of the NPs, as well as its dielectric and local characteristics, such as substrates, sol-
vents, and adsorbents [65]. The rusty colours seen in the door/windows of blemished glass
are gold colloidal NPs responsibility, while Ag NPs are usually yellow. The free electrons
on the surface are easily transportable via the nanomaterial in these NPs (d electrons in Ag
and gold). For Ag and gold, the mean open path is 50 nm, more than the size of these mate-
rials in NPs. Thus, no scattering is required from the bulk after weak interaction. Instead,
in these NPs, they set up standing resonance conditions responsible for LSPR [66, 67].

1.5.2 Magnetic Properties

For researchers from various disciplines, including heterogeneous and homogeneous catal-
ysis, biomedicine, magnetic fluids, data storage for magnetic resonance imaging (MRI), and
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environmental remediation such as water decontamination, magnetic NPs are of consider-
able interest. The literature indicates that NPs work better when the size is smaller than the
critical value, i.e. 10–20 nm [68]. Effectively controlled at such a low scale, the magnetic
properties of NPs make these particles priceless and can be used in different applications
[31, 68, 69]. In NPs, the uneven electronic distribution causes the magnetic property devel-
opment [70, 71].

1.5.3 Mechanical Properties

Researchers can find new applications in a wide range of necessary sectors, including tri-
bology, surface engineering, and nano-making, thanks to its distinct mechanical properties.
A mechanical study of the automated nature of the NPs involves elastic modulus, hardness,
stress, vibration, adhesion, and friction. Coagulation and lubrication also help improve
the mechanical characteristics of the NPs and this parameter [72]. NPs exhibit different
mechanical properties in contrast with microparticles and their bulk materials. Further-
more, comparing the steepness between NPs and the external contact surface checking
on a lubricated or grated contact reveals that the NPs operate in a communication setup.
Decent checks and interactions between the NPs’ mechanical characteristics and any sur-
face shape are critical for improving surface quality and enhancing material elimination. In
these areas, a strong understanding of the fundamental mechanical aspects of NPs, includ-
ing the elastic module and the hardness, motion, friction, and input, typically requires good
performance [72].

1.5.4 Thermal Properties

The thermal conductivity of NP metals is known to be higher than that of stable fluids.
For example, the thermal copper conductivity is about 700 times higher than water and
approximately 3000 times higher than engine oil at room temperature. In addition, alumina
oxides (Al2O3) are thermally more thermally capable than water. Fluids containing solids
suspended with higher thermal conductance should therefore be substantially higher than
conventional heat transmission fluid. Dispersing the nanometric scales solid particles into
liquid such as water, ethylene glycol or oils produces nanofluids. Dispersed nanometric
scale nanofluids are supposed to exhibit superior propensities compared to conventional
heat transfer fluids and fluids containing microscopic particles. As this thermal transfer
occurs on the particles’ surface, it is essential to use particles with a large overall surface
region. The wider total area also improves the stability of the suspension [73]. It has recently
been shown that advanced thermal conductivity is exhibited by nanofluids consisting of
CuO or Al2O3 NPs in water or ethylene [74].

1.6 Functions of NPs

The NPs find their application in almost every day-to-day utility, and some of the significant
applications are discussed as follows:
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1.6.1 Drugs and Medications

The basic physical and chemical properties of single or multiple nano-sized inorganic parti-
cles are becoming an increasingly valuable commodity in developing novel nanoequipment
used in many different physical, biological, biomedical, and therapeutic products [75].

Throughout every medicine market, the importance of NPs in delivering drugs in the
best dosage range has improved. This has sometimes resulted in an improvement in the
medicines’ clinical efficiency, weakened side effects, and improved patient compliance [76].
Iron oxide particles such as magnetite (Fe3O4) or its oxidized form of maghemite (Fe2O3)
are most widely used for biomedical applications [77]. For biological and cell imaging appli-
cations and photothermal therapeutic applications, the option of NPs to achieve efficient
contrast is based on the optical properties of NPs [78]. Over the past few years, hydrophilic
NP development as a drug carrier has represented a significant challenge. Polyethylene
oxide (PEO) and polylactic acid (PLA) NPs were established as an excellent method for
intravenous drug administration among the different approaches [79]. For various in vivo
applications, such as MRI contrast enhancement, tissue repair and immunoassay, detoxi-
fication of biological fluids, hyperthermia, drug delivery, and cell separation, superparam-
agnetic iron oxide NPs with good surface chemistry can be used [80]. Antibodies labelled
with fluorescent dyes, enzymes, radioactive compounds, or colloidal Au [67] can be used
to detect analytes in tissue parts via antigen–antibody interactions.

The specific benefits of liposomes, including the capability to shield drugs from degrada-
tion, target them at their active sites, and minimize harmfulness and other side effects, are a
possible carrier instead of traditional dosage types. The polymeric NPs provide some signifi-
cant advantages over the liposomes of these materials. NPs, for example, help improve drug
ratability and provide convenient, controlled drug release properties. The extreme absorbed
light is effectively converted into localized heat by Au-NPs, which can be used for targeted
laser photothermal cancer therapy [81, 82]. Besides this, to prevent tumour development,
the antineoplastic effect of NPs is also effectively used. Compared to organic compounds
that are comparatively toxic to biological systems, the antimicrobial properties of inorganic
NPs add more potency to this essential feature [83–85]. To selectively overcome the micro-
bial cells, the NPs are engaged with various classes. Because of their adequate antibacterial
efficacy, TiO2, ZnO, BiVO4, and Cu- and Ni-based NPs have been used for this reason [86].

1.6.2 Materials and Manufacturing

The NP manufacturer displays physicochemical characteristics that induce specific elec-
trical, mechanical, optical, and imaging properties that are highly sought for applications
in the medical, commercial, and ecological sectors in particular [87]. NPs focus on biolog-
ical and non-biological characterization, design, and engineering of <100 nm structures,
exhibiting new and unique characteristics. Many producers at high and low levels have
reported the potential benefits of nanotechnology. Mass production of marketable products
such as microelectronics, aerospace, and pharmaceutical companies are now underway
[88]. Many industries have indicated that nanotechnology is the next development, includ-
ing food processing and packaging. RET (organic dye molecules and noble metals) has been
considered in the recent interest in biophotonics and materials science [89]. The plasmon
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resonance arising from the reciprocal oscillation of electrons at the surface of the NP [89, 90]
is distinctly coloured in NP metals, such as noble metals, such as Au and Ag.

1.6.3 Environment

The release of these materials to the atmosphere contributes to commercial and domes-
tic engineered nuclear power plants [91]. The use of engineering materials would increase
soil and groundwater NP concentrations, which provide the most significant exposure path-
ways for assessing environmental risk [92]. During the formation of natural NPs, the surface
of NPs can be consumed, co-precipitated, or stuck with the accumulation of NPs contain-
ing toxins adsorbed to their bodies by a vast specific-to-mass proportion of natural NPs.
NP pollutants’ interaction depends on the characteristics of NPs, such as scale, composi-
tion, morphology, porosity and aggregation, and structure [93]. The following attributes of
NPs make the ideal theme candidate for environmentally friendly goods, sanitation of toxic
substance-contaminated materials, and ecological stage sensors [10]. Superparamagnetic
iron oxide NPs are a valuable sorbent material for this harmful soft material [94, 95].

NP photodegradation is also a generalized method, which includes the use of several
nanomaterials. For photodegradation, Rogozea et al. revealed in a tandem fashion that
modified silica NiO/ZnO has been productive because of the minimum size of the high
NP surface (<10 nm) [96].

1.6.4 Electronics

In recent years, there has been rising interest in printed electronics production because
printed electronics offer the potential for low-cost, large-area electronics for flexible dis-
plays and sensors appealing to conventional silicon techniques. As a mass manufacturing
process for new forms of electronic equipment, printed electronics with various functional
inks containing NPs such as metallic NPs, organic electronic molecules, CNTs, and ceramic
NPs are expected to flow quickly [97, 98]. An excellent example of the synergies between
scientific discovery and technological growth is the electronic industry. The findings of new
semiconducting materials have led to a revolution from aspirated tubes to diodes and tran-
sistors and finally to miniature chips [10, 99]. The critical characteristics of NPs that make
nanotechnology benchmarks [100] possible for NP to be used in electrical, electronic, or
optical applications, including bottom-up or self-assembly frameworks, are easy handling.

1.6.5 Energy Harvesting

Because of their large surface area, optical behaviour, and catalytic nature, scientists are
changing their research strategies to produce renewable energies from readily available
resources at low cost. NPs are the best candidate for this reason. NPs are widely used to
generate power from photoelectrochemical (PEC) and electrochemical water splitting [48],
especially in photocatalytic applications. Electrochemical CO2 reduction in fuel precursors,
solar cells, and piezoelectric generators also provided advanced energy generation options
in addition to water splitting [34]. NPs are often used in energy storage applications to
reserve animations in various ways at the nanoscale level [101, 102]. Nanogenerators have



�

� �

�

References 13

recently been developed to transform mechanical energy into electricity using piezoelectric
power, an unconventional approach to power generation [103].
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