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Abstract

The discovery by researchers that the physio-chemical properties of a substance can be influenced
by size led to a realization of the importance of Nano particles. Due to its excellent characteristics,
these materials have been a source of interest for researchers in multidisciplinary fields. The
morphological features of nanoparticles always garner prodigious attention because of the influence
morphology has over most of the Nanoparticles’ properties. This review provides insight to the
morphological characterization and physio-chemical of its properties.
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1.0 Introduction

Nanoparticles (NPs) are materials with at least a dimension under 100 nm, a broad variety of matter
materials included. It is generated by nanotechnology processes [1]. Nanoparticles can be categorized into
four groups based on the global shapes and number of dimensions outside the nanometric scale, namely OD,
1D, 2D or 3D, 0d material is not dimensionable outside the nanometric range, 1D material is 1D outside the
nanometric range, 2D materials have 2D outside the nanometric range, and 3D materials are 3D outside the
nana-metric range. 3D materials 2].[ 4]. Researchers found that a substance could be affected by its
physiochemical characteristics by volume and led to the recognition of the significance of nanoparticles, for
instance optical characteristics, with the use of 20-nm silver (Ag), bronze (Au), palladium (Pd) and platinum
(Pt). The effects and distinctive colours of size and shape have been found. This asset was discovered helpful
by Bioimaging[ 3].

Nanoparticles are not essentially a molecular element in themselves, but composed of three layers: the core,
the shell layer and the surface layer, the core the central part of the NP and the shell layer the core part and
the environment surface[4]. Due to the outstanding features of the NPS these products were a cause of
concern for scientists in multidisciplinary areas. The applications of NPs may be for drug supply[5], for gas
detection[6,7,8], for biological and chemical detection[9], for CO2 captation[10,11], etc.[12].

1.1 Classification of Nano Particles

NPs can be categorized broadly based on size, configuration and chemical properties. Based on the chemical
and physical properties of NPs they can be classified as;
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e Carbon-based NPs

They are mostly Fullerenes, in which allotropic forms of carbon form a globular hollow cage and
Carbon Nanotubes, with applications like nanocomposites for some business applications, for
example for use in ecological remediation as effective gas adsorbents [13], as fillers [14] and used
in different inorganic and organic catalysts as a supporting medium [15]

e Metal NPs

They are produced from purely metallic precursors and due to the renowned LSPR, Metal NPs
possess unique opto-electric properties and the find application in numerous research areas like the
SEM where Gold NPs are used to enhance the electronic stream leading to production of high-
quality SEM images [16].

e Ceramic NPs

These are nonmetallic inorganic solids, blended with the use of heat coupled with progressive
cooling. These ceramic NPs find their place in polycrystalline, amorphous, thick, permeable or
hollow structures [17]. These NPs have generated a lot of interest and have found applications in
photo catalysis, catalysis, imaging applications, and photo degradation of colors [18].

e Semiconductors NPs.

Semiconductor materials possess both metallic and non-metallic properties and naturally have
found applications far and wide in industry [19]. These NPs have shown that with bandgap tuning
there has been significant alteration in their properties due to the wide band gaps possessed by these
NPs so naturally, they are found to have massive impact in photo-optics, electronic and photo
catalysis devices [20] and in water splitting applications [21].

e Polymeric NPs.

Polymeric NPs are made from naturally occurring materials and they are commonly referred to as
polymer nanoparticle (PNP) when talked about in technical writings. The PNPs can be used for a
variety of things and find applications in various fields [22.23]. They are for the most part either
nanocapsulars shaped or nanospheres [24]. The nanospheres are lattice particles which has a strong
overall mass and alternate atoms are adsorbed at the external limit of the circular surface. In
nanocapsulars the strong mass is completely immersed in the particle [25].

e Lipid-based NPs.

These Nano Particles are made up of lipid components and has been found to be effective in many
biomedical applications. Lipid NPs have diameters typically ranging from 1000 to 10 nm with most
of them being spherical in nature. Like polymeric NPs, lipid NPs consist of soluble lipophilic
molecules suspended in a matrix with a solid core consisting of the lipid. They find application in a
lot of areas like use as surfactants in emulsions [26], in the field of Lipid nanotech [27] which
focuses on design of lipid NPs for use in the delivery and transport of drugs [28] and in therapeutic
treatment of cancer as a vehicle for RNA release [29].

2.0 Method of Synthesising Nanoparticles
Nanoparticles can be produced using several ways, these ways are grouped into 2 groups mainly, top-down
approach and bottom-up approach. [30].

2.1 Bottom-up syntheses

This approach deals with the build-up of the NP from substances that are relatively simpler, it is also known
as the building up approach. Methods commonly used are spinning, sol gel, biochemical and green synthesis
(31]
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Liu et al. produced monodisperse gold Nanoparticles (nanospheres) using shape conversion induced by laser
irradiation coupled with self-assembly and thereby improving its electromagnetic coupling SERS [32].
Large size single crystal, uniformly sized Au nanooctahedra particles were blended using a polyol-course
and thusly Au nanoparticles were developed to a round shape from octahedron in a fluid in an encompassing
environment by non-centered illumination with laser in brief time. Ultra-smooth gold nanospheres with high
monodispersity can be acquired by essentially advancing the laser flux and illumination time. Photothermal
softening dissipation show was used in improving the comprehension of the morphology change for the
arrangement of laser excitation using nanosecond beat. These Gold NPs were manufactured into intermittent
single-layer clusters without anyone else's input gathering using their high monodispersity and immaculate
circular shape. Significantly, such gold nanospheres clusters exhibited great SERS upgrade identified with
their occasional structure because of presence of numerous SERS problem areas caused by the
electromagnetic coupling between neighboring Au nanospheres in an exhibit. These Au nanospheres and
their self-amassed exhibits have particular synthetic and physical properties. It will make them as a
phenomenal and promising possibility for applying in detecting and spectroscopic upgrade, catalysis,
vitality, and science. The prepared Au nanospheres were tested using the SEM and TEM and it was found
that the Au nanospheres had an average diameter of 75 + 2.6 nm and edge length of 72 + 3.1 nm in Au
octahedral per particle.

Needham et al., (2016) carried out bottom up design of developed NPs using the bottom-up approach for
developing diapeutics for applications in Anti-cancer treatments. They applied solvent exchange to produce
low density lipoprotein (LDL) NPs within specific size limits for drug delivery purposes in treating cancer
medically. The LDLs were created firstly using nucleation then they were grown as it relates to nucleation
of similar compounds especially of hydrophobic drugs. It was shown that same sized particles of 50 nm
were created without phospholipid. The acquired size pursues the expectations of classic nucleation theory
when the suitable qualities for the parameters (surface pressure and supersaturation) at nucleation are
incorporated 33]

Synthesis from low melting-point metals, monodispersed spherical colloids by means of both the top down
and bottom up approaches. The methods applied were solution-based approaches which enabled metals to
be prepared as monodispersed spherical colloids at melting points below 400 °C [22]. Bismuth was the
metal used in this work. The Top-down process was such that, diethylene glycol was boiled and to it molten
drops of bismuth are added and then blended to produce the Nanoparticles while in the bottom-up approach
ethylene glycol was used in boiling bismuth acetate. The nanoparticles obtained in this work had sizes
ranging from 100 nm to 500 nm [23].

Green and biogenic bottom-up synthesis has been a center of attraction for many researchers as a result of
the applicability and low toxicity of these processes. These processes are both good to the environment and
low in cost, the NPs are synthesized using organic systems like using fungi, bacteria, yeast, plant extracts,
tamarind, Aloe vera and even human cells.

Parveen et al., (2016) discussed the green synthesis of NPs: discussing their disadvantages and advantages.
Gold NPs were synthesized from wheat and oat [34].

2.2 Top-down syntheses

This approach involves the synthesis of NP from larger complex substances, it is also known as the
destructive approach. Beginning with the bigger molecule, from which littler units are gotten by breaking
the large molecule down with the smaller units being transformed into reasonable Nanoparticles.
Pounding/processing, physical vapor deposition (PVD), CVD and other deterioration procedures are
examples of Top-Down synthesis processes[35]. Synthesis using the top down approach of coconut shell
NPs from coconut shell powders and accessed the effect on properties and particle sizes of coconut shell
nanoparticles of duration of milling was carried out [32]. The coconut shell powder used for the process
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was gotten from the grinding of coconut shells with a disc grinder and a hardened steel crusher, resulting in
particles of about 37 um. The powder was then milled using a planetary ball mill for a maximum of 70 hours
at 5 hours per day. Samples were taken at 16, 46 and70 hours and analyzed using ultra violet—visible light
(UV-vis) spectrophotometer, Scanning Electron Microscope (SEM) with attached energy dispersive X-ray
spectroscopy (EDS) model JENWAY 6800, and an Analytical Empyrean X-ray diffractometer with Pixel
detector. Analysis using SEM revealed max sizes of 281.4, 170.01 and 154,03 nm; minimum sizes of 4.52,
4.09 and 6.85 nm and average sizes of 49.847+0.48, 72.17+0.22 and 119.27+0.85 nm at 70, 46 and 16 hours
of milling respectively which were corroborated by the XRD. This revealed that lengthier milling duration
led to the production of smaller particle sized NPs. It was also observed that the longer the duration, the
more X-rays with low wavelengths were absorbed by the particles and that synthesis of coconut shell
nanoparticles was achieved using mechanical milling.

One investigation revealed that round magnetite NPs union can be formed using characteristic iron oxide
(Fe203) metal by best top-down destructive methodology with an estimated molecule size ranging from
approximately 20 to 50 nm when exposed to natural oleic corrosive. An elementary top-down approach was
used to create within a control measure, round colloidal carbon particles. The combination approach was
based on the constant adsorption of polyoxometalate carbon interfacial (POM) surface compounds.
Adsorption transformed the total carbon particles into usually lighter, round, with a strong traveling limit
and dissemination in thin sizes[36]. It also found that the carbon particle size decreased with the moment of
exposure to ultrasonic acoustics during the sonication phase. A combination of sonification and pounding
of top-down structures from their valuable mass rocks was used to integrate a development of transition of
the dichalcogenid metal nanodots (TMD-NDs). Virtually all TMD NDs less than 10 nm showed an
incredible distribution due to the reduced circulation of their size. [37].

Recently, deeply photoactive dynamic Co304 NPs are produced using the highest down-to-earth laser
fracture. The unbelievable laser lighting has developed NPs which have an excessive level of oxygen[ 19].
In 5.8 nm = 1.1 nm, ordinary Co304 size was determined to exist.

Biswas et al., (2012) did a study comparing top-down and bottom-up synthesis methods with advantages
and disadvantages. Some of the techniques reviewed include; Optical lithography a top down approach with
advantages like it’s a long-standing, set up miniaturized scale/nanofabrication tool particularly for chip
creation, adequate dimension of goals at high throughputs with a disadvantage being that the tradeoff
between the resistance process sensitivity and its resolution, makes the operations complex leading to the
requirement of use of expensive state-of-the-art clean room. It was further discovered that the lithography
infrastructure with dimensions of 193 nm has already been established as a matured and sophisticated
approach to creating NPs, and it is an approach that can be further applied in extreme ultraviolet (EUV)
sources to reduce the dimension with more work needed to be done in the future to reduce the mask set’s
cost [38].

E-beam lithography, a top down approach with advantages like its popularity in research environments as
an effective nanofabrication tool for nanostructure fabrication of NPs with dimensions less than 20 nm with
desired shape with its disadvantages being that the process is expensive, it’s a slow process (serial writing
process) and has low throughput, difficult for <5 nm nanofabrication, It was also discovered that e-beam
lithography is capable of producing periodic nanostructures over and above the diffraction limit of light.
Improvements in the lithography method, such as various electron beam methods, would be necessary in
future to boost parallelism and performance[10].

They also considered the underlying techniques like atomic deposition layer with benefits such as enabling a
digital thickness control at the lowest accuracy level i.e. the atomic point, to be carried out with a single
atomic layer deposited at the same moment and a absence of pinhole over big regions of nanostructured
film, and due to the occurrence of chemicals with excellent adhesion and reproductivity.
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Molecular self-assembly with advantages like it allows self-assembly of molecules with width <20 nm deep
molecular nanopatterns and with the large pattern stretches, this leads to nanosystems with atomic precision
but with this process comes the difficulty in designing and fabricating nanosystems unlike mechanically
directed assembly. Other processes reviewed include Sol gel nanofabrication, chemical and physical vapor-
phase deposition, DNA-scaffolding, scanning probe lithography, Block co-polymer lithography and Soft
and nanoimprint lithography [33].

3.0 Characterization of Nanoparticles

Different classification methods find application in the analysis of the Nanoparticles’ various chemical and
physical properties. These methods include X-ray photoelectron spectroscopy (XPS), SEM, TEM, X-ray
diffraction (XRD), particle size analysis, Brunauer—Emmett—Teller (BET) and infrared (IR) [15].

3.1 Morphological characterizations

The morphological characterizations of NPs usually garner prodigious attention because of the influence
morphology has over most of the Nanoparticles’ properties. Different methods exist to characterize NPs for
studying their morphology, but techniques that entail the use of microscopy such as SEM, TEM and
Polarized Optical Microscopy (POM) constitute the most substantial methods. The Scanning Electron
Microscope method depends on the electron examining rule, and it gives at nanoscale level all accessible
data about the NPs. Writing is widely accessible, where individuals utilized this method to discover the
characteristics of their nanomaterials, as well as the scattering of NPs in the mass or lattice. The SWNTs
which are scattered in the polymer lattice made up of nylon-6 and poly(butylene) terephthalate (PBT) was
discovered using this method [39]. A similar group additionally gave investigation of their materials using
the POM, and it was found that the materials had spherulities which were star like shaped, whose size
reduced with the increase in the amount of SWNTs present in the lattice. The major characteristics of ZnO
altered metal natural structures (MOFs) were investigated using SEM strategy, which reveals the
morphologies of MOFs at various response conditions and demonstrates the scattering of ZnO NPs [40].
Essentially, TEM depends on the standard of electron transmission, so when exposed to currents from low
to higher amplification, it can provide characteristic information about the mass content. Through this
procedure, the various morphologies of gold NPs are considered. TEM micrographs have been produced
showing different characteristics of gold NPs, arranged using different techniques [ 41]. TEM also provides
basic data on materials with at least two layers, such as in the Co304 NPs where the empty quadrupolar
shell structure is made visible by TEM. In Li-particle batteries, it was found that these NPs can be used
efficiently as anode. Permeable multishell structure prompts shorter Li+ spreading distance with satisfactory
space abrogated to cradle the volume extension, high cycling performance, more noteworthy rate limit and
explicit limit [42]

3.2 Particle size and surface area characterization

The size of NPs can be estimated using a variety of techniques, which include TEM, AFM, XRD, SEM, and
dynamic light dispersing (DLS). While the first 4 gives a better estimate of size than the DLS, [43] the NPs
size can be estimated at incredibly low dimensions only with the zeta potential size analyzer/DLS. In one
study, the DLS method was used to study silica NPs size variation with serum protein absorption rate. The
results showed that the size of the NPs expanded with protein layer. But in the event of agglomeration and
hydrophilicity, DLS may demonstrate inability to accurately measure during which the Differential
Centrifugal Sedimentation (DCS) high-resolution technique is considered [44].

In addition to DCS, a comparatively fresh and unique technique for tracking nanoparticles (NTA) is
available for the analysis of proteins, DNA and other organic systems. NPs in liquid media are analyzed and
visualized in NTA strategy by comparing the rate of Brownian motion to the size of the NP thereby allowing
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the size distribution profile of the nanoparticle to be located in a fluid medium with diameters ranging from
10 to 1000 nm [45]. The NTA technique was found to produce very good results when contrasted with DLS
and was also found to be very accurate with far better peak resolution when used in sizing monodisperse
and polydisperse samples. The polymer and protein sample concentration and particle size suspended
differentially sized NPs were performed and an overview was provided for further study on the effect of
data evaluation and experimental parameters [46].

Large areas of nanomaterials offer exceptional opportunity for several uses and BET is the top way to decode
NP surfaces. This operation is based upon the Brunauer—-Emmett-Teller (BET) hypothesis and the
adsorption and disorption rules. This is why nitrogen gas is used regularly. Four kinds of isotherm are
produced explicitly by Wager, Type I, Type LIl and Type IV[47].

The fresh Type I isotherm 7Cu3Ce / ZSM-5 stated the standard amount of nitrogen intake. It was discovered
that the quantity of N2 adsorption has increased dynamically with relative weight to the stage where the
particular limit means pores ' availability. This material had a specific BET surfaces of 133 to 144 m2/g,
compared to a total of 0.112 to 0.185cm3/g.. However, the pores volume and the BET area decreased to
0.096cm3 and 110m2/mg respectively after sulphidation. [48].

3.3 Optical characterizations

The optic property is a major feature governing photo-catalytic application of NPs, which means that
photochemists must understand the techniques employed for optical characterization which find their root
in the law of beer-lambert and the principles of light to reveal the mechanism behind photochemical
proceedings [49]. The techniques of optical characterisation are used to gather information on NPs '
reflectivity, absorption, luminescence and phosphorescence properties. NPs with various colours,
particularly semiconductor and metallic NPs, are commonly known and are therefore best used in
photographic applications. Knowledge of the absorption and reflection values of these documents comes
from an understanding of each application's fundamental mechanism. The well-known optical instruments
include the UV, photoluminescence and none ellipsometers and are relevant for the identification of optical
properties of NPs. The optical instruments are also known as UV-visibles [17].

The UV / Diffuse Reflectance Spectrometer (DRS) is majorly arranged contraction capable of evaluating
optical transmission, intake and reflection. The past two are useful to each other, while the last referred
(DRS) is an exceptional use of strategy for precedents usually sold. The procedure for validating np
bandgaps and distinctive nanomaterials is particularly commendable. The photoactivity and conductance of
the materials are essential for packaging the bandgap. The carbon nanodot-carbon nitride (C3N4) was
regarded for the metal-free water part as a photocatalyst. The photographic boundaries of this material are
explicitly associated with the estimate of the UV—-VIS Spectroscopy (2.74-2.77 eV) bandgap.
Furthermore, this framework also provides for the movement of absorption in the event of a doping event,
a composite action or a heterostructure of NP materials. The association of nanocomposites LaFeO3, MMT
and LaFeO3/MMT analyzed their range of electromagnet UV absorption in order to investigate their optical
properties. their assortment. Strong red movement checked whether a nanocomposite occurred when the
MMT and LaFeO3 NPs were immaculate. LaFeO3/MMT and LaFeO3 showed a quite wide osmosis range
of between 400 and 620 nm. In their bandgap. Photocatalysis of these driving forces for sunlight is made
wide in this possession [46].

PL is also regarded as an essential technology for examining photoactive NPs and various nanomaterials '
optical properties despite their UV effects. This method gives additional information about maintaining or
breaking the radiation point of the material and its effect on general photoexcitons of the excitation time . It
therefore provides enormous information on the load re-connectionand half-presence in their leading belt of
the reinforced materials that are useful for all photography and applications of imaging. The PL range may
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be registered as release relying on the study. A typical PL scope is developed with flawless and balanced
7ZnO NPs and from this scope it is apparent that impeccable ZnO NPs have high PL control when ZnO NPs
have changed to CdS. The Gold-introduced composite CdS / Au / ZnO displays the lowest power[23]. In
the past case, a reduction in the rate of recombination charge and a longer lifespan of photoexcitons may be
attributed to this stifling decrease from CdS / Au / ZnO to unadulterated ZnO. This framework is also used
to select the thickness of the layer, the doping measure [ 48,49] of the material in NP and the confirmation
of the opening oxygen|[ 49].

Wan et al. also used spectroscopic ellipsometry methods to select refractor rundown and end coefficient
estimates for void gold NPs (HG-NPs). They organized a HG-NP move to resolve the optical constants with
different morphologies and plasmonic characteristics. Differentiate between the characteristics and optical
continuous estimates of solid gold NPs, showing exceptional signs of using these materials in applications
for compound identification, given their sensitivity as shown by ellipsometric values[50].

3.4 Physicochemical properties of NPs

The optical and electronic characteristics of NPs are becoming more and more essential between wards. For
example, good metal NPs have subordinate visual characteristics and show a robust band clear of UV’s, a
band that is missing in the mass metal scope. The outcome of this excitation band is the Limited Surface
Plasma Resonance (LSPR) when the repeat photon event is compatible with the complete conductive
electron’s excitation. The LSPR zenite spectrum is defined to be slim depending on the dimensions, shape
and interparticle which differentiates the NPs equally from one type of dielectric and adjacent features,
including substrates, solvents, and adsorbents[41]. The mean free route for Ag and silver is approximately
50 nm, higher than the NP density of these products. As such, the LSPR in these NP's locations a standing
resonance state, instead of dispersing light participation, is typical of the mass [52]. For experts from a
multitude of fields that fuse heterogeneous and homogeneous catalysis, biomedicine, attractive liquids,
magnetic resonant imaging (MRI) data storage, and biological remediation, for instance, have interest in
developing magnetic NPs suitable for water purification with the critical size for which the NP’s must not
be larger than is 1020 nm[53]. Such a small scale efficiently governs the appealing characteristics of NPs
that render these atoms boundless and can be used in various applications[54]. Induced by irregular
electronic dispersion in NPs is seductive property. Similarly, these characteristics rely on the tradition
constructed and a range of methods generated for their status such as solvothermal[55], co-precipitation,
low-scale emulsion, hot breakdown, and fire spray mix[56]. Specific properties (Mechanical) of NPs allow
researchers to search for new method and applications in multiple key fields, including tribology, surface
design, nano-manufacturing and nanomaterials. The mechanical watchfulness of the NPs can be determined
by examining certain mechanical parameters, such as flexible parts, strength, strain, connection and tension.
In addition to these parameters, coagulation and petroleum additionally contribute to the mechanical features
of NPs [57] (see Scheme 4). When they stand out from microparticles and their mass fabrics, NPs
demonstrate distinct mechanical characteristics. Furthermore, the complexity of the force between NPs and
the outer layer in a lobed up or lobed touch checks if the NPs indented on the surface of the match scheme
or bent when the touch pressure is usually important. This fundamental data may show how the contact
procedure is performed by the NPs. Normal inspections of the mechanical characteristics and its
involvement with any form of surface are essential in enlightening surface efficiency and boosting the
material removal[60].

For good results in these areas it is usually required to know much about mechanical characteristics of nps,
such as adaptable components and strength, advanced law, disintegration and interfacial attachment and the
features of the size group. [57].

There is no question that in strong framework, metal NPs have greater hot conductivities than liquids. For
example, copper's hot conductivity at room temperature on separate occasions is greater than water and on
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countless occasions more unmistakable than engine oil. Indeed, for instance, even oxides, alumina (AI203)
has greater hot conductivity than water. Thus, liquids comprising suspended strong particles are needed to
demonstrate considerably enhanced hot conductivity compared to the usual warmth trading liquids.
Nanofluids are generated by distributing strong particles of a nanometric scale into liquids like water,
ethylene glycol or oils. Nanofluids are dependent on displaying preferential characteristics compared to
those of usual warmth trading liquids and liquids that are assessed to contain minor particles. Since the light
trade happens outside the cells, using the particles with important complete surface region is appealing. A
safety suspension is also produced by the huge difficult and quick surface area[58]. From early on, it has
been shown that nanofluids in water or ethylene, including CuO or AlI203 NPs, demonstrate hot
conductivity[59].

4.0 Conclusion

Nanoparticles are of widespread use due to an emerging and prevailing understanding of their potential
impact on particulate additives, human health and environmental sustainability, and due to the increasing
use and production of man-made nanoparticles in the environment. These are used and created by many
different processes in many different applications. Measuring and characterizing its properties poses an
interesting analytical challenge to its kind of process and development. It is challenging to assess
morphological characteristics and physiochemical properties of nanoparticles. It is not only necessary to
properly characterize the nanoparticles, but also to evaluate their biological effect. To do this, it is necessary
to explore and evaluate all relevant exposure routes.

In order to cope and compensate with the modification of its properties, it seems reasonable to characterize
nanoparticles materials by its surface charge, functional groups and catalytic activity.
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