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ABSTRACT: Nanotechnology is the branch of science that deals with particles ranging from 1 to
100nm. Nanoparticles become technically advance over their parent material due to their adaptable
characteristics and enhanced performance. They are mostly synthesized by reducing metal ion into
uncharged nanoparticles by using hazardous reducing agents. In recent years, green technology for
nanoparticles synthesis has received great attention due to its efficiency, less toxicity, safety and high
productivity. Green synthesized particles at their nanoscale range are commercially and economically
very beneficial for the environment. Moreover, this paper will discuss the nanoparticles, its types,

synthesis methods, applications and prospects.
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INTRODUCTION

Nanotechnology evolved as an achievement in
the field of science in the 21st century. Nanoparticles
possesses promising applications in various fields like
environment, biotechnology, agriculture, medicines,
food, biomedical, etc. The most important function is the
interaction of atoms with complex molecules by
advanced methods may be in vitro or in vivo efficacy
(McNeil, 2005). Nanotechnology is a new and advanced
level of the invention whose need is increasing globally,
socially, and economically (Adlakha-Hutcheon et al.,
2009).

The nanoparticles are becoming more prevalent
in industrialized procedures, and medical goods, so it is
critical that the employees and end-users should be safe
from harmful NPs Sharifi et al., 2012). Green synthesis of
nanoparticles is easy, cost-effective, environment
friendly, more repeatable, and has well-defined
physicochemical characteristics. Maximum  macro-
molecules and cellular structures can generate NPs in
response to environmental circumstances and sample
treatment. As recently reviewed, the capacity of
biological structures (yeast, fungus, plants, algae, and
bacteria) to generate NPs has been observed in an
extensive range (Duran & Marcato, 2012, Duran &
Seabra, 2012, Devatha and Thalla, 2018). Nanoparticles
oftenly exhibit distinguished size-dependent
characteristics, might be due to their small size and
colossal surface area (Guo et al., 2013).
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Types of nanomaterials

Nano-cage: Nanomaterials were first described in 2002
which comprised of resonating central and spongy wall
with the metallic nanoparticles in them. Their size range
from 15 to 150 nanometers (Sun et al., 2002). They can
be utilized as multi-photon luminescence tracers, contrast
mediators for photoacoustic imaging and multimodal
imaging, photothermal mediators for target Killing of
malignant matter, and drug distribution automobiles for
intelligent discharge in reaction to peripheral incentives
that are near-infrared waves (Xia et al., 2011).

Nano-crystals: Nano- crystal are pure crystals with sizes
in the nanometer range surrounded by a thin coating of
surfactant (Park et al., 2007). The synthesis strategy has
been developed for fabricating singly dispersed
nanocrystals with numerous interactions and possessions
using a wide range of materials such as noble metals,
Semi-conductors, electrically charged magnets, scarce
fluorescent, therapeutic, organic photoelectric conductive
polymers (Suryanarayana and Koch, 2000).

Nano-belt: A nano-belt is a thin, flat sheet of ribbon-like
structures with a dimension of 30-300 nm. The
production of ultra-long nano belts can be distinguished
by a trapezoidal cross-section and very well
crystallographic surfaces (Chen et al., 2016). Lanthanum
hydroxide nano-belts can be made with a composite-
hydroxide-mediated synthesis technique. Nano-belts have
a significant impact on self-powered nano gadgets and
systems. They can be used in FETS, high-sensitivity gas
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and bioelectronics, attenuators, and linear actuators with
nanoscale resolution, among other things (Wang et
al.,2007).

Nanofibers: These are two-dimensional fiber constructed
with a diameter of less than 100 nanometers.
Electrospinning is the most widely used process for
producing NFs from a large range of polymeric materials,
transition metals and oxides of metal, organic compounds
based on carbon, highly ordered heterodimers, and other
materials (Teo and Ramakrishna, 2006). Other
approaches for manufacturing Nanocomposites include
emulsified polymers, assembly, molten blasting, and
phase’s segregation. They can be used in submersible
pumps, implanted devices, biomaterials, medication
delivery mechanisms, and electrical equipment (Ellison et
al., 2007).

Nanoparticles (NP): Nanoparticles are defined by
IUPAC as particles of any shape with diameters between
1.109 and 1.107 nm. (NP). They cab be synthesized by
various methods (Luo et al.,2006). NPs can be utilized for
several purposes, encompassing biological applications
(nanosensors,  synthetic  biology,  pharmaceutical
administration,  biological controllers,  micro/nano
technologies, and so forth), electrical and optical devices,
the food service industry (Joye and McClements, 2014).

Nanotubes (NT) and Nanorods (NR): A nanotube (NT)
is a tiny tube with a diameter measured in nanometers
(often 100 nm). The majority of the nanotubes are
vacuous. Nano Rods are rigid in structure having
parameters ranging from 1 to 100 nm (Dai, 2002).
Electric discharging, plasma treatment, and physical
vapor deposition methods are some of the processes
utilized to manufacture conductive nanostructures and
nanorods (CVD). Another chemical technique for
creating soft nanotube structures is emulsion
polymerization (Volder et al.,2013). Nanotubes have
been identified as potential superconductors and are
being used in medicinal fields (Qi et al., 2016).

Nanowires: Nanowires can be made in two ways as by
top-down and bottom-up approaches (Schmidt et al.,
2009). Nanowires can be made by optoelectronic
chemical vapor deposition, and physical vapor deposition
methods. As nanowires have excellent electrical and
optoelectronic properties, so they may be utilized to make
p—n junctions, semiconductors, photovoltaic cells, and
detectors (Majumdar et al.,2013).

Quantum dots (QD): Quantum dots are semiconducting
nanocrystals that are small in size and exhibit
fundamental mechanical characteristics. The optical and
electrical properties of these are strongly size-dependent.
Within the quantum dot volume, there can be as few as
100 to 1000 [narrow space (1/6-em) 1000 atoms, with a
diameter of 10 to 50 atoms (Dhand et al., 2015).
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Quantum dots can be designed by organometallic
technique, which consists of 3 main parts: antecedents,
natural lubricants, and fluids (Seth et al., 2016). They can
be used in optics, light-emitting semiconductors, assays,
biosensors, and medical diagnostics because of their
excellent optical and electronic features (Jamieson et al.,
2007).

Synthesis of nanomaterials: Nanomaterials have gotten
a lot of interest in the last decade because of their wide
range of uses. The subject of fabrication of nanoparticles
has shown to be highly active. Numerous procedures are
used, which include gas convection, chemical vapor
deposition synthesis, structural demoralization, chemical
coagulation, Sol-Gel methodology, electrochemical
methods, transmission electron microscopy, ionized
cluster beam, solvent metal - ligand source, single unit
consolidation, vapor deposition, and gas agglomeration,
coagulation / flocculation in the existence of targeting
ligands, reaction in surfactant micelles, and others. The
method produces nanomaterials are different for different
materials (Rajput, 2015).

The top-down strategy is overwhelmingly
popular in the business world for the manufacturing of
many synthetic or artificial materials, with the electronics
industry representing an improved version, in which
characteristics of metal-oxide-semiconductor transistors
(MOSFETs) are engrained onto a silicon dioxide
substrate using selective laser sintering, a fiber lasers
methodology (Wang et al.,2016).

Nanoparticles of acceptable and regulated
composition are sought for industrialization in a variety
of sectors. There are two fundamental techniques that are
typically used to manufacture nanoparticles:

(1) A top-down method in which production is started
with the corresponding bulk materials, which are released
gradually, resulting in the production of microscopic
nanoparticles. Top-down approaches for commercial
processing of nanoparticles include selective laser
sintering,  electromagnetic lithography,  grinding
processes, electrodeposition, ion and laser ablation, and
others.

(2) A bottom-up approach where the particles of matter
combine or integrate to form a diverse spectrum of
nanoparticles. Bottom-up methods include self-assembly
of  copolymerization of monomers/subunits and
pharmacological or  electromechanical  processes.
Nanostructuring condensation, hydrate polymerization,
beam decomposition, chemical vapor deposition (CVD),
fusion or flare jet production are all examples of bio-
assisted manufacture (Daraio and Jin, 2012).

In general, nano Particles manufacturing
procedures can be distributed in three groups
physical techniques
chemical techniques
Bio-assisted techniques
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Methods of Nanoparticle
Synthesis

Physical Methods

Biological Methods

Chemical Methods

High Energy Ball Milling
Metal NPs (Fe, Co), Inter-metallic NPs (FeCo, CeCoy,
Nd,Fe,,B) , Single Crystal NPs (Sm,Co,) (Metal
Oxides/Ferrites/ Carbonates NPs (ZnO, Fe;0,, CoFe,0,,

LiNbO,, CaCO0,), Carbon NPs (Graphite, Pure Carbon) Metal

Inert Gas Condensation CdTe).

Microorganisms Assisted
Biogenesis
Metal NPs (Au, Ag, Hg, Cu, Pt, Pd),
Metal oxide NPs (TiO,, Si0,, Zr0,),
Sulphide NPs (CdS, PbS),
Magnetite NPs, Quantum Dots (CdS,

| Sol-Gel Synthesis

Metal oxide NPs (ZnO, Sn0O,, Fe,0,, Ta,0;), Ceramic NPs
(TiO,, Si0,), NPs of CdSe, ZnB,, GdVO, and Metal
/Aluminates, Magnetic NPs (Fe-Co)

Microemulsion Technique
Inorganic NPs:- Metal NPs (Au, Ag, Cu, Ni, Pt, Pd, Rh, Ir),

Metal NPs (Cu, Ag, Au, Pt, Mn), Inter-metallic NPs|
(AuPd), Core-Shell NPs (FeAg (core)-Si (shell))

Pulse Vapor Deposition
Sputtering
Metal NPs (Au, Ag, Co, Pt, Fe, Y), Metal Oxide (TiO,,
Zn0), Semiconducting (Ge), Magnetic (Fe-Pt), Hybrid
(ZnS:Mn), Quantum Dots (Ge)

Bio-Templates Assisted
Biogenesis
Metal NPs (Au, Ag, Pt)
Plant Extracts Assisted

Biogenesis
Metal NPs (Au, Ag, Pt, Pd)

semiconducting metal sulphite NPs (CdS, PbS, CuS, Cu,S
and CdSe), metal salt NPs (BaCO,, CaCO; and SrCO;),
metal oxide NPs (ZrO,, TiO,, SiO,, GeO, and Fe,0,),
magnetic NPs ((Mn,Zn)Fe,0,, (Ni,Zn)Fe,0,, ZnFe,0, and
BaFe,;,0,,) and composite nanoparticles (CdS-TiO,, CdS-
ZnS, CdS-Sn0,, CdS-Si0,).

Organic NPs:- Polymers (Latex, Polystyrene, PMMA),

Electron Beam Evaporation
Metal NPs (Au, Ag, Pt), Inter-Metallic (Co-Pt),
Composites (Pt-MWCNT, CoPt-Graphene )

Laser Ablation/Pulse Laser Deposition

Metal NPs (Ag, Fe, Ni, Se), Magnetic NPs (FeCo, FePt),
Metal Sulphide (PbS), Metal Oxides(ZnO)

Vacuum Arc

Metal NPs (Ag, Fe, Au), Metallic Alloys (Mg-Al, Fe-Sn),
Metal Sulphide (PbS), Metal Oxides(ZrO,), Carbon NPs

Laser Pyrolysis
Metal Oxide NPs (TiO,, SiO,, Al,0;, Fe,0,), Non-Oxide
NPs (Si, SiC, Si;N;, MoS,) ,Ternary Composites NPs|
(Si/C/N, Si/Ti/C), Carbon based NPs (CN, C), Quantum
Dots (Si)

Flash Spray Pyrolysis
Ceramic Oxide NPs (TiO,, SiO,, Al,0;, CeO2, MgO, CaO,
'WO,/TiO, ), Ceramic Non-Oxide NPs (BaCO,, CaCO,,
CaSO,) , Metal Doped NPs (Fe Doped CeO,, Pt Doped
Zn,TiO,)

Electrospraying
Metal NPs (Au, Ag, Ti, Ni), Ceramic Oxide NPs (TiO,,
Si0,, Al,0,, Zr0, ), Polymeric NPs (PLGA, PLA, Collagen,
PMMA, PCL, Chitosan etc.)

Melt Mixing
Nanocomposite NPs (Polypyrrole-Polypropylene etc).

Conducting  Polymers  (Polyaniline, Polypyrrole,
Polythiophene), Organic molecules (Cholesterol,
Retinol, Rhodiarome, Rhovanil)

Hydrothermal Synthesis

|Metal NPs (Pt, Ag, Zr), Metal oxide NPs (ZnO, NiO,
Fe,0,, CuO, o-Fe,0,), Metal Sulphide NPs (CdS), NPs of
CoFe,0,, FeWO,, La, ,Sr,CrO,

Polyol Synthesis
Metal NPs (Ag, Pt, Cu, Pd, Pr), metal oxide NPs (ZnO,
Indium-tin-oxide, Gd,0,, Cu,0, Pr,0,,), magnetic NPs
(Fe;0,) and metal hybrid NPs (CoSb,, FeCo).

Chemical Vapor Synthesis
Metal Oxide NPs (CoO, SiO,, ZnO, Fe,0,), WS, NPs, Cu-
Si/SiO, NPs, NPs of Al doped ZnO, fluorine doped tin
oxide and Cr doped ZnO.

Plasma Enhanced Chemical Vapor Deposition
Carbon and Silicon NPs, Silica NPs, GaN NPs

Figure: 2.1 Methods of nanoparticles synthesis

Synthesis of nanomaterials using physical techniques:
Mechanical pressure, increased radioactive isotopes, heat
energy, or electrical potential are used in physical
techniques to cause substance erosion, melting,
vaporization, or precipitation. Some techniques, which
predominantly employ a top-down method, are
advantageous even though they are liquid and produce
homogenous narrow size distribution nanoparticles.
Similarly, the high quantities of waste created during
synthesizing reduces the cost-effectiveness of physical
techniques. Physical processes for creating nanoparticles
include high-energy ball milling, laser ablation, electro
spraying, shielding gas precipitation, mechanical physical
vapour deposition, laser decomposition, lightning
magnetron sputtering, and molten mixing.
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High energy ball milling (HEBM): John Benjamin in
1970, introduced High energy ball milling, to produce
oxides scattering enhanced composites that are strong
enough to withstand high heat and compression, is a
dependable and fuel synthesis technique for generating
Nanoparticles of diverse lengths and diameters (Xing et
al., 2013).

In the HEBM process, the acceleration of the
moveable rollers is transmitted to the ground substance.
As a consequence, one‘s chemical properties are severed,
and the ground components are prolapsed into finer
molecules with recently established substrates. Rotary
media, milling speed, ball-to-powder relative density,
milling type (dry or wet), high energy ball mill type
(vibrator mill, celestial mill, etc.), milling ambiance, and
milling timeframe all influence the extent of radiant
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energy seen between balls and the substance during the
procedure, influencing the external and surface
morphology of the end product. The HEBM mechanism
is characterized as a thermomechanical fabrication
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Surfactan

Particle  Aggregation due to  high
surface energy generated on  the
milled particles during HEBM resulting
in generation of larger particles
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technique since it may incorporate exceptionally high
local heating (>1000 °C) and increased pressure e. g.
multiple G Pa (Salah et al., 2011).
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Surfactant molecules adsorbed on the surface of the generated particles and helps in lowering their
surface energy by creating an organic layer on them and thus preventing them from aggregation. It
leads to the production of nanoparticles with smaller size range with desired surface properties.
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Figure: 2.2 High Energy Ball Milling Techniques

Inert gas condensation (IGC): Inert gas condensation is
a simple process for producing nanoparticles that employ
inert gases (such as He or Ar) and a compressed N,
sample container. The vaporized ingredients are
transported employing inert gases and condensed onto a
compressed nitrogen surface. We used this approach to
manufacture manganese nanoparticles and used the 1GC
(inert gas condensation) process to analyze the effect of
tempering on the morphology of the implanted
nanoparticles. (Ward et al.,2006).
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IGC was revealed to be an extremely effective
method of generating elevated silver and platinum
nanoparticles. A sputtering depositing technique was
used to generate those nanoparticles and also described
the formation of Ag nanoparticles that used the IGC
technique, and observed also that evaporated
temperatures (ranging from 1123 K and 1423 K), as well
as inert gas (He) pressure, had a substantial impact on the
morphological, crystalline structure, and dimension
variation i.e. varying between 0.5 and 100 Torr (Raffi et
al.,2007).
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| s Ee L2
———ETTIY | o o . ot s i
i @ en® ol o, '@ oy I
. Nanocluster = —_— [ S S
@ Beam Silver Target Iron Target Silicon Target
e ~10* mbar ® g @ Fe ® si Ar  ee

%

Step 2: Cluster-Cluster Collisions

o cmm) "o up @

Collision Fe-Ag

Nanoclusters

Si Nanoclusters FeAg @Si
cover FeAg NPs NPs

=
2
3

<

O
o

S
=
@

Step 3: Coalescence

¥

CE s

¥

Residence Time@
Aggregationzone T

Figure: 2.3 Inert Gas Condensation

Physical vapor deposition (PVD): Physical vapor
deposition is a phrase used to describe a collection of
methods to produce nanoparticles and implant thin films
that are generally a few nm to many micrometers wide.
PVD is a sustainable arc discharge technique that consists
of three fundamental aspects:

(1) Solid source vaporization

(2) Vaporized material conveyance

(3) Nucleation and growth to produce thin films and NPs.
For the synthesis of NPs, the most often utilized

PVD methods include (a) plasma sputtering, (b) electron

beam evaporation, (c) pulsed laser deposition, and (d)

vacuum arc technique. The schematic figure is given

below:
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Figure: 2.4 Schematic Diagram of Physical VVapour Deposition

Chemical methods for the synthesis of nanomaterials
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Sol-gel method: The sol-gel manufacturing approach has
2 kinds of components 'sol,’ which is a colloidal
suspension of granular suspended particles, and 'gel,’
which seems to be polymeric materials comprising liquid.
As a consequence, such a mechanism generates 'sols' in
the liquids, which subsequently combine to create a
network of suspended particles or web polymerization.
The fundamental phases of the sol-gel procedure are
hydrolyzed and condensed, whereby the latter
consumption of water separates the molecules of the
originator, while the latter stage is the first stage in the
development of the gel state. This one is proceeded via
condensing, which leads to the development of
nanostructures, whereupon the additional water is
evaporated to predict the overall strength of the sample
(Zha and Roggendorf, 1991).

Microemulsion technique: Microemulsions are stable
chemical, morphologically homogenous, optically
transparent, and isolated system colloidal carriers
consisting of at least three aspects: polar phase (often
water), non-polar phase (typically hydrocarbon liquid or

Polar Head Group Aqueous Phase Organic Tail

Oil Phase

Reverse Micelle

Microemulsion with Reactant A

Microemulsion with Reactant B

Microemulsion with Reactant A

One Microemulsion Method

Collision & Coalescence of Droplets
Followed by Intermicellar Exchange Process

Or Reaction Triggering agent

oil), and stabilizer. Emulsifiers produce an interfacial
layer between both the organic and aqueous phases,
lower surface tension between emulsification and the
additional phase, and serve as an electrostatic obstruction
to protect particles in aggregating (Solanki & Murthy,
2011).

A microemulsion framework comprises narrow-
size distribution circular drops (diameters stretching from
600 nm to 8000 nm) with water-in-oil (w/o) or oil-in-
water (o/w) based on the emulsifier used. The w/o reverse
micellar technique provides an efficient relevant to the
target for the nanoparticle synthesis. As shown in the
picture following, a reverse micelle is a water-in-oil
microemulsion whereby the surfactant's hydrophilic head
of the groups creates the wet core and stays within, while
the organic tails of the solvent molecules are pointed
outwards:

(a) Typical reverse micelle system,

(b) Different steps take part in one microemulsion
process and

(c) Sequence of reactions involved in the 2 micro
emulsion nanoparticles synthesis.

Add Reactant B'

Diffusion of Reactant B across
Microemulsion Interface/Triggering agent
Initiates the nucleation process

Chemical Reaction, Molecular Nucleation and
Growth resulting in Nanoparticles Formation

Two Microemulsion Method

Figure: 2.5 Two Micro emulsion Method

Hydrothermal synthesis: This process is used to create
oxide of metals, ferric oxide, and lithium iron phosphate
nanoparticles by maintaining hold across particle
characteristics by changing the properties of relatively
close or extreme water at different temperatures and high
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settings. It is possible to accomplish it in two ways:
batching hydrothermal and continuously hydrothermal.
The latter can carry out a system with the required
proportion stages, but the latter can generate a quicker
rate of response in less time (Hayashi & Hakuta, 2010).
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Polyol synthesis: The polyol procedure is a metal-
containing molecule synthesis technique that employs
poly (ethylene glycol) as that of the reaction mixture,
acting as a solvent, capping agent, and interfacial
operator simultaneously, with soluble stabilizing or
protective agents (Rahman & Green, 2009). This
electrochemical method was used to create a diverse
range of metallic-based Nanoparticles (Ag, Pt, Pd, Pr,
Cu), metallic oxides nanoparticles (ZnO, indium-tin-
oxide; 1TO, Gd,0Os;, Cu,0), magnetically nanoparticles,
and metal hybrid NPs. Researchers utilized the polyol
method to create Pt nanoparticles with varying NaNO;
and H,PtClg molar ratios. They also reported tailoring the
dimensions, surface characteristics, and crystalline
structure of nanomaterials by decelerating the reduction
of Pt(Il) and Pt(1V) species (attained by ethylene glycol)
facilitated by variable concentrations ranging of nitrate
ionic species, that have a high binding affinity stable
compounds with Pt(Il) and Pt(IV) (Herricks, Chen, &
Xia, 2004). The morphology advancement of oxides of
nanoparticles in polyol processes using two different
polyols.

Chemical vapor deposition (CVD) & chemical vapor
synthesis (CVS): Chemical vapor deposition (CVD) and
chemical vapor synthesis (CVS) are two processes for
depositing solid coatings from the vapor stage using
chemical reactions that occur at enormously elevated
temperatures. Ultra-minute particles can be discovered in
thin films made by the CVD process under specific
conditions.

As a consequence, whenever the conventional
methods are adjusted such that the CVD technique
requires nanoparticles instead of thin metallic sheets, the
altered technique is known as CVS. The phrases
chemically vapor reactivity (CVR), chemical vapor
precipitate (CVP), and chemical vapor condensation
(CVC) all refer to the same phenomenon (CVC). The
three types of predecessors (solid, liquid, and gas) are
produced in the furnace as vapors under circumstances
that need molecules would go through the crystallization
processes.

CVS additionally employs a variety of substrates
to produce multi-component or hybridized Nanoparticles.
Erbium (Er) has just been merged into Si nanoparticles
by the use of substrates such as organometallic Erbium
and di-silane compounds, and composites Nanoparticles
are created by enclosing one material inside another (e.g.
silicon tetrachloride in reaction with sodium chloride that
consequence in the production of sodium chloride-
enclosed silicon particles (Vallejos et al., 2011).

Bio-assisted methods for the synthesis of
nanomaterials: To manufacture and create NPs, bio-
assisted methods, also called biosynthesized or green
synthesis, provide environmentally approachable, low-
toxicity, low-cost, and economical approaches. In the
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manufacture of metal and metallic oxide nanoparticle
synthesis, these approaches use natural systems such as
bacteria, fungus, viruses, yeast, actinomycetes, plant
extracts, and so on. Three types of bio-assisted
approaches can be distinguished:

(i) Microorganism-based biogenic production

(ii) Biomolecules as templates for biogenic production
(iii) Herbal extract-based biogenic synthesis

Biogenic Synthesis Using Microorganisms: Prokaryotic
microbes, actinomycetes, fungi, phytoplankton, and yeast
are among the bio-reactors used to manufacture
nanoparticles. This technique for generating a diverse
spectrum of NPs required significant scientific effort (Ag,
Au, Pd, TiO2, CdS, etc.). Microscopic creatures gather
target ions in their atmosphere and employ enzymes
generated by cellular processes to transform the metallic
ions into the constituent of metal.

Nanoparticles can be distinguished as
intracellular or extracellular based on where it is
produced. In the intracellular method, metal ions are
carried inside the microbiological cell to produce
nanoparticles in the presence of catalysts. Extracellular
nanoparticle synthesis necessitates the capture of metallic
ions in the extracellular environment as well as ion
reduction in the presence of protein (Zhang et al., 2011).

Biomolecules as templates to design nanoparticles: To
make NPs, several biomolecules such as nucleic acids,
membranes, viruses, and diatoms were employed as
templates. DNA is recognized as a good biomolecular
template with a great affinity for transition metal ions. It
was demonstrated that a DNA hydrogel could be
produced and crosslinked before transition metal ions
(e.g. gold, Al (111) metal ions) were merged into DNA
macromolecules, consequential in the manufacture of Au
nanoparticles. A reduction of Al(IIl) occurs, resulting in
the creation of Au atoms and metal clusters, which evolve
into Al nanoparticles on the DNA chain (Zinchenko,
Miwa, Lopatina, Sergeyev, & Murata, 2014).

Characterization of nanoparticles: Characterization is
the study of many facts like the structure of nanoparticles,
the material from which nanoparticles can be formed, and
many other properties. There are different techniques for
the characterization of nanoparticles. These techniques
are atomic force microscopy, particle size analysis,
scanning electron microscopy, X-ray diffraction,
transmission, electron microscopy Fourier transform
infrared spectroscopy, X-ray photoelectron spectroscopy
Raman spectra, etc. SEM and TEM are the essential
techniques. SEM depends upon the electron scanning
method. TEM depends on electron transmittance
properties and XRD is based on the structural properties.
The characterized biosynthesized nanoparticles
by SEM and XRD exposed the crystalline structure and
spherical geometry. XRD and SEM analysis indicates the



Pakistan Journal of Science (Vol. 75 No. 4 December, 2023)

magnitude of the particles was found to be about 60-70
nm in range. The size of the particle is approximately 100
nm measured by the PSA of synthesized Aluminum oxide
powders. The triumphant structure of Aluminum oxide
nanoparticles was confirmed by retaining SEM-EDX,
XRD, and PSA analysis.

The characterization of synthesized Al,O3
nanoparticles UV-Vis spectroscopy was used. The
crystalline nature of the biosynthesized nanoparticle was
exposed by X-ray Diffraction (XRD) and confirms the
size of the nanoparticle as 25.7nm. EDX with SEM was
used to confirm the shape, composition, and size of
green-manufactured Al,O3; nanoparticles.

Different techniques are used for
characterization. For crystalline size X-ray diffractometer
(XRD), for geometrical studies Field Emission Scanning
Electron Microscope (FESEM), to analyses the
absorption patterns UV-Visible spectroscopy (UV-Vis),
for analyzing the functional groups Fourier Transform
Infrared (FTIR) spectroscopy is used which take part in
the reaction. The development of Aluminum oxide nano-
particles was checked by comprehensive characterization
techniques. Fourier transform Infrared (FT-IR) spectral
data analysis is used for the confirmation of the presence
of metal oxides and biomolecules. The surface geometry
that is of Al,O3 particles observed by Scanning electron
microscope (SEM) showed the hexagonal-shaped Al,O;
crystallites. The formation of pure cubic Al,Os crystalline
nanoparticles is shown by X-ray diffraction (XRD). The
surface geometry of Al,Oz; nanoparticles observed by
Scanning electron microscope (SEM) showed the
hexagonal-shaped Al,O; crystallites.

Conclusion: Nanoparticles possess potential applications
in various fields like energy storage, catalysis, medicine
and electronics. However, major challenge is the
synthesis method. As the size and shape of nanoparticles
have high impact on its properties. The chemical methods
can cause toxicity, so green method is becoming popular
because of its harmless nature. There is ongoing research
on metal NPs in medicine, including cancer therapy and
drug delivery.

REFERENCES

Adlakha-Hutcheon, G., Khaydarov, R., Korenstein, R.,
Varma, R., Vaseashta, A., Stamm, H., & Abdel-
Mottaleb, M. (2009). Nanomaterials,
nanotechnology Nanomaterials: risks and
benefits (pp. 195-207): Springer.

Abbas, G., S. Jaffery, A. H. Hashmi, A. J. Tanveer, M.
Arshad, M. Arshad, Q. A. Amin, M. |. Saeed,
M. Saleem, R. A. M. Qureshi, A. A. Khan, M.
A. Alvi, A. Mustafa, S. H. Qamar, T. A. Igbal,
S. B. Shabbir, M. Ashrafl, F. Ahmad, A. Igbal,
S. Abbasl , U. Mahboob15 , M. U. Hassanl , R.

787

U. Khanl3, H. Abbas9 , Z. Sultan10, D. K. Al-
Taey, M. S. Rehman, M. Tayyab, B. Shaukat
and M. R. Zafar. (2022a). Prospects and
challenges of adopting and implementing smart
technologies in poultry production. Pakistan
Journal of Science. 74 (2):108-127.

Abbas, G., S. Jaffrery, A. H. Hashmi, M.Arshad, S. J.
Usmani, M.S.Imran, A. J.Tanveer, M. Tariq,
M.Saleem, Q. Amin, A. A. Khan, M. A. Alvi, S.
B. Shabbir, R. A. M. Qureshi, A. Mustafa, T. A.
Igbal, A. Igbal, M. Hassan, S. Abbas, W. Abbas,
H. Abbas, S. G. Mohyyuddin, W. Ismail, D. K.
A. AL-Taey, & B. Shaukat. 2022. Current
prospects of nanotechnology use in animal
production and its future scenario. Pakistan
Journal of Science, 74 (3): 203-222.
doi.org/10.57041/pjs.v74i3.789.

Ahsan, S., Shah, A., Tanira, M., Ahmad, M., Tarig, M.,
& Ageel, A. (1990). Studies on some herbal
drugs used against kidney stones in Saudi folk
medicine. Fitoterapia, 61(5), 435-438.

Akhtar, J., Siddique, K. M., Bi, S., & Mujeeb, M. (2011).

A review on phytochemical and

pharmacological investigations of miswak

(Salvadora persica Linn). Journal of Pharmacy

and Bioallied Sciences, 3(1), 113.

K., & Sivaramakrishnan, V. (1992).
Anticarcinogenic effects of some Indian plant
products. Food and Chemical Toxicology,
30(11), 953-956.

Asif, H. M., Sultana, S., & Akhtar, N. (2014). A
panoramic view on phytochemical, nutritional,
ethanobotanical uses and pharmacological
values of Trachyspermum ammi Linn. Asian
Pacific Journal of Tropical Biomedicine, 4,

Aruna,

S545-S553.
Bairwa, R., Sodha, R., & Rajawat, B. (2012).
Trachyspermum ammi. Pharmacognosy

reviews, 6(11), 56.

V. K., & Agrawal, P. (2015). Studies on

phytochemicals, antioxidant, free radical

scavenging and lipid peroxidation inhibitory

effects of Trachyspermum ammi seeds. Indian J

Pharm Educ Res, 49, 58-65.

Baratta, M. T., Dorman, H. D., Deans, S. G., Biondi, D.
M., & Ruberto, G. (1998). Chemical
composition, antimicrobial and antioxidative
activity of laurel, sage, rosemary, oregano and
coriander essential oils. Journal of Essential Oil
Research, 10(6), 618-627.

Bukero, G., & Philipos, M. Experimental Study on Cost
Benefit Analysis of Lemon Verbena (Lominat)
Cultivation for Herbal Production: The Case of
Wondo Genet District, Southern Ethiopia.

Bajpai,


https://doi.org/10.57041/pjs.v74i3.789

Pakistan Journal of Science (Vol. 75 No. 4 December, 2023)

Chandra Mouli, P., & Parthiban, S. (2012).
Nanotechnology in dentistry-a review. Int J Biol
Med Res, 3(2), 1550-1553.

Chen, F., Zhang, X. H., Hu, X. D., Zhang, W., Zeng, R.,
Liu, P. D., & Zhang, H. Q. (2016). Synthesis
and characteristics of nanorods of gadolinium
hydroxide and gadolinium oxide. Journal of
Alloys and Compounds, 664, 311-316.

Choudhury, S., Ahmed, R., Kanjilal, P. B., & Leclercq, P.
A. (1998). Composition of the seed oil of
Trachyspermum ammi (L.) Sprague from
Northeast India. Journal of Essential Oil
Research, 10(5), 588-590.

Claeson, U. P., Malmfors, T., Wikman, G., & Bruhn, J.
G. (2000). Adhatoda vasica: a critical review of
ethnopharmacological and toxicological data.
Journal of Ethnopharmacology, 72(1-2), 1-20.

Dai, H. (2002). Carbon nanotubes: synthesis, integration,
and properties. Accounts of chemical research,
35(12), 1035-1044.

Daraio, C., & Jin, S. (2012). Synthesis and patterning
methods for nanostructures useful for biological
applications Nanotechnology for biology and
medicine (pp. 27-44): Springer.

De Volder, M. F., Tawfick, S. H., Baughman, R. H., &
Hart, A. J. (2013). Carbon nanotubes: present
and future commercial applications. science,
339(6119), 535-539.

Devatha, C. P., & Thalla, A. K. (2018). Green synthesis
of nanomaterials Synthesis of inorganic
nanomaterials (pp. 169-184): Elsevier.

Dhand, C., Dwivedi, N., Loh, X. J., Ying, A. N. J,
Verma, N. K., Beuerman, R. W, . . .
Ramakrishna, S. (2015). Methods and strategies
for the synthesis of diverse nanoparticles and
their applications: a comprehensive overview.
RSC Advances, 5(127), 105003-105037.

Drexler, K. E. (1981). Molecular engineering: An

approach to the development of general
capabilities  for  molecular  manipulation.
Proceedings of the National Academy of

Sciences, 78(9), 5275-5278.

Durédn, N., & Marcato, P. D. (2012). Biotechnological
routes to metallic nanoparticles production:
mechanistic aspects, antimicrobial activity,
toxicity and industrial applications Nano-
antimicrobials (pp. 337-374): Springer.

Duran, N., & Seabra, A. B. (2012). Metallic oxide
nanoparticles: state of the art in biogenic

syntheses and their mechanisms. Applied
microbiology and biotechnology, 95(2), 275-
288.

Ellison, C. J., Phatak, A., Giles, D. W., Macosko, C. W.,
& Bates, F. S. (2007). Melt blown nanofibers:
Fiber diameter distributions and onset of fiber
breakup. Polymer, 48(11), 3306-3316.

788

Ernst, J. V. (2009). Nanotechnology education:

Contemporary content and approaches. Journal

of technology studies, 35(1), 3-8.

H. (2003). Polymer nanocomposites: from

fundamental research to specific applications.

Materials Science and Engineering: C, 23(6-8),

763-772.

Gilani, A., Jabeen, Q., Ghayur, M., Janbaz, K., & Akhtar,
M. (2005). Studies on the antihypertensive,

Fischer,

antispasmaodic, bronchodilator and
hepatoprotective  activities of the Carum
copticum seed extract. Journal of

Ethnopharmacology, 98(1-2), 127-135.
Hawrelak, J. A., Cattley, T., & Myers, S. P. (2009).
Essential oils in the treatment of intestinal
dysbiosis: A preliminary in vitro study.
Alternative Medicine Review, 14(4).

H., & Hakuta, Y. (2010). Hydrothermal
synthesis of metal oxide nanoparticles in
supercritical water. Materials, 3(7), 3794-3817.
Herricks, T., Chen, J., & Xia, Y. (2004). Polyol synthesis

of platinum  nanoparticles:  control  of

morphology with sodium nitrate. Nano Letters,

4(12), 2367-2371.

Igbal, P., Preece, J. A., & Mendes, P. M. (2012).
Nanotechnology: The  “Top-Down”  and
“Bottom-Up”  Approaches.  Supramolecular
chemistry: from molecules to nanomaterials.

Iravani, S. (2011). Green synthesis of metal nanoparticles
using plants. Green Chemistry, 13(10), 2638-
2650.

Ishwar, S., & Singh, V. (2000). Antifungal properties of
aqueous and organic solution extracts of seed
plants against Aspergillus flavus and A. niger.
Phytomorphology, 50(2), 151-157.

Jabbar, A., Igbal, Z., & Khan, M. N. (2006). In vitro
anthelmintic activity of Trachyspermum ammi
seeds. Pharmacognosy Magazine, 2(6), 126.

Jamieson, T., Bakhshi, R., Petrova, D., Pocock, R.,

Imani, M., & Seifalian, A. M. (2007). Biological

applications of quantum dots. Biomaterials,

28(31), 4717-4732.

J., & McClements, D. J. (2014). Biopolymer-

based nanoparticles and  microparticles:

Fabrication, characterization, and application.

Current Opinion in Colloid & Interface Science,

19(5), 417-427.

Kostyukovsky, M., Rafaeli, A., Gileadi, C., Demchenko,
N., & Shaaya, E. (2002). Activation of
octopaminergic receptors by essential oil
constituents isolated from aromatic plants:
possible mode of action against insect pests.
Pest Management Science: formerly Pesticide
Science, 58(11), 1101-1106.

Lin, S.-Y., Wu, M.-T., Cho, Y.-l., & Chen, H.-H. (2015).
The effectiveness of a popular science

Hayashi,

Joye, |I.



Pakistan Journal of Science (Vol. 75 No. 4 December, 2023)

promotion program on nanotechnology for
elementary school students in I-Lan City.
Research in Science &  Technological
Education, 33(1), 22-37.

D. R, Rokaya, M. B., Timsina, B., &
Miinzbergova, Z. (2014). Medicinal plants used
by the Tamang community in the Makawanpur
district of central Nepal. Journal of
Ethnobiology and Ethnomedicine, 10(1), 1-11.
Luo, X., Morrin, A,, Killard, A. J., & Smyth, M. R.

Luitel,

(2006). Application of nanoparticles in
electrochemical  sensors and  biosensors.
Electroanalysis:  An International Journal

Devoted to Fundamental and Practical Aspects
of Electroanalysis, 18(4), 319-326.

Majumdar, D., Singha, A., Mondal, P. K., & Kundu, S.
(2013). DNA-mediated wirelike clusters of
silver nanoparticles: an ultrasensitive SERS
substrate. ACS applied materials & interfaces,
5(16), 7798-7807.

McNeil, S. E. (2005). Nanotechnology for the biologist.
Journal of leukocyte biology, 78(3), 585-594.

Nikalje, A. P. (2015). Nanotechnology and its
applications in medicine. Med chem, 5(2), 081-
089.

Ozin, G. A. (1992). Nanochemistry: synthesis in

diminishing dimensions. Advanced Materials,
4(10), 612-649.

Park, 1.-K., Kim, J., Lee, S.-G., & Shin, S.-C. (2007).
Nematicidal activity of plant essential oils and
components from ajowan (Trachyspermum
ammi), allspice (Pimenta dioica) and litsea
(Litsea cubeba) essential oils against pine wood
nematode (Bursaphelenchus xylophilus).
Journal of nematology, 39(3), 275.

Park, J., Joo, J., Kwon, S. G., Jang, Y., & Hyeon, T.
(2007). Synthesis of monodisperse spherical
nanocrystals. Angewandte Chemie International
Edition, 46(25), 4630-4660.

Prabhakar, R., & Samadder, S. (2018). Low cost and easy
synthesis of aluminium oxide nanoparticles for
arsenite removal from groundwater: a complete
batch study. Journal of Molecular Liquids, 250,
192-201.

Qi, M., Zhang, K., Li, S., Wu, J., Pham-Huy, C., Diao,
X., ... He, H. (2016). Superparamagnetic Fe 3
O 4 nanoparticles: synthesis by a solvothermal
process and functionalization for a magnetic
targeted curcumin delivery system. New Journal
of Chemistry, 40(5), 4480-4491.

Raffi, M., Rumaiz, A. K., Hasan, M., & Shah, S. I.
(2007). Studies of the growth parameters for
silver nanoparticle synthesis by inert gas
condensation. Journal of Materials Research,
22(12), 3378-3384.

789

Rahman, P., & Green, M. (2009). The synthesis of rare
earth fluoride based nanoparticles. Nanoscale,
1(2), 214-224.

N. (2015). Methods of preparation of
nanoparticles-a review. International Journal of
Advances in Engineering & Technology, 7(6),
1806.

Ramaswamy, S., Sengottuvelu, S., Sherief, S. H.,

Jaikumar, S., Saravanan, R., Prasadkumar, C., &

Sivakumar, T. (2010). TRACHYSPERMUM

AMMI FRUIT. International Journal of Pharma

and Bio Sciences, 1, 1.

N. R., Muller, A., & Cheetham, A. K. (2006).
The chemistry of nanomaterials: synthesis,
properties and applications: John Wiley &
Sons.

Roco, M. (1999). Nanoparticles and nanotechnology
research. Journal of nanoparticle research, 1(1),
1.

Salah, N., Habib, S. S., Khan, Z. H., Memic, A., Azam,
A., Alarfaj, E., . . . Al-Hamedi, S. (2011). High-
energy ball milling technique for 2ZnO
nanoparticles as  antibacterial  material.
International journal of nanomedicine, 6, 863.

Schmidt, V., Wittemann, J. V., Senz, S., & Gosele, U.
(2009). Silicon nanowires: a review on aspects
of their growth and their electrical properties.
Advanced Materials, 21(25-26), 2681-2702.

Seth, S., Mondal, N., Patra, S., & Samanta, A. (2016).
Fluorescence blinking and photoactivation of
all-inorganic perovskite nanocrystals CsPbBr3
and CsPbBr2l. The journal of physical chemistry
letters, 7(2), 266-271.

Sharifi, S., Behzadi, S., Laurent, S., Forrest, M. L.,
Stroeve, P., & Mahmoudi, M. (2012). Toxicity
of nanomaterials. Chemical Society Reviews,
41(6), 2323-2343.

Singh, G., Maurya, S., Catalan, C., & De Lampasona, M.
(2004). Chemical constituents, antifungal and
antioxidative effects of ajwain essential oil and
its acetone extract. Journal of agricultural and
food chemistry, 52(11), 3292-3296.

Solanki, J. N., & Murthy, Z. V. P. (2011). Controlled size
silver nanoparticles synthesis with water-in-oil
microemulsion method: a topical review.
Industrial & engineering chemistry research,
50(22), 12311-12323.

Srivastava, K. (1988). Extract of a spice—Omum
(Trachyspermum ammi)-shows antiaggregatory
effects and alters arachidonic acid metabolism in
human platelets. Prostaglandins, Leukotrienes
and Essential Fatty Acids, 33(1), 1-6.

Sun, Y., Mayers, B. T., & Xia, Y. (2002). Template-
engaged replacement reaction: a one-step
approach to the large-scale synthesis of metal

Rajput,

Rao, C.



Pakistan Journal of Science (Vol. 75 No. 4 December, 2023)

nanostructures with hollow interiors. Nano
Letters, 2(5), 481-485.

Suryanarayana, C., & Koch, C. (2000). Nanocrystalline
materials—Current research and future directions.
Hyperfine interactions, 130(1), 5-44.

Taylor, A., Jones, G., & Pearl, T. P. (2008). Bumpy,
sticky, and shaky: nanoscale science and the
curriculum. Science Scope, 31(7), 28-35.

Teo, W. E., & Ramakrishna, S. (2006). A review on
electrospinning design and nanofibre
assemblies. Nanotechnology, 17(14), R89.

Tretter, T. R., Jones, M. G., Andre, T., Negishi, A., &
Minogue, J. (2006). Conceptual boundaries and
distances: Students' and experts' concepts of the
scale of scientific phenomena. Journal of
Research in Science Teaching: The Official
Journal of the National Association for
Research in Science Teaching, 43(3), 282-319.

Vallejos, S., Stoycheva, T., Umek, P., Navio, C.,
Snyders, R., Bittencourt, C., . . . Correig, X.
(2011). Au nanoparticle-functionalised WO 3
nanoneedles and their application in high
sensitivity gas sensor devices. Chemical
Communications, 47(1), 565-567.

Wang, X., Ruditskiy, A., & Xia, Y. (2016). Rational
design and synthesis of noble-metal nanoframes
for catalytic and photonic applications. National
Science Review, 3(4), 520-533.

Wang, X., Song, J., & Wang, Z. L. (2007). Nanowire and
nanobelt arrays of zinc oxide from synthesis to
properties and to novel devices. Journal of
Materials Chemistry, 17(8), 711-720.

Ward, M., Brydson, R., & Cochrane, R. (2006). Mn
nanoparticles  produced by inert gas
condensation. Paper presented at the Journal of
Physics: Conference Series.

790

Wesley, S. J., Raja, P., Raj, A. A., & Tiroutchelvamae, D.
(2014). Review on-nanotechnology applications
in food packaging and safety. International
Journal of Engineering Research, 3(11), 645-

651.
Xia, Y., Li, W., Cobley, C. M., Chen, J., Xia, X., Zhang,
Q., . . . Brown, P. K. (2011). Gold nanocages:

from synthesis to theranostic applications.
Accounts of chemical research, 44(10), 914-924.

Xing, T., Sunarso, J., Yang, W., Yin, Y., Glushenkov, A.
M., Li, L. H., ... Chen, Y. (2013). Ball milling:
a green mechanochemical approach for
synthesis  of  nitrogen  doped  carbon
nanoparticles. Nanoscale, 5(17), 7970-7976.

Zha, J., & Roggendorf, H. (1991). Sol-gel science, the
physics and chemistry of sol-gel processing, Ed.
by CJ Brinker and GW Scherer, Academic
Press, Boston 1990, xiv, 908 pp., bound—ISBN
0-12-134970-5: Wiley Online Library.

Zhang, X., Yan, S., Tyagi, R., & Surampalli, R. (2011).
Synthesis of nanoparticles by microorganisms
and  their  application in  enhancing
microbiological reaction rates. Chemosphere,
82(4), 489-494.

Zinchenko, A., Miwa, Y., Lopatina, L. I., Sergeyev, V.
G., & Murata, S. (2014). DNA hydrogel as a
template for synthesis of ultrasmall gold
nanoparticles for catalytic applications. ACS
applied materials & interfaces, 6(5), 3226-3232.

Guo, D., Xie, G., and Luo, J. (2013). Mechanical
properties of nanoparticles: basics and
applications. J. Phys. D 47:013001.

Hasan, S. (2015). A review on nanoparticles: their
synthesis and types. Res. J. Recent Sci.
2277:2502.



