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ABSTRACT
Lipid-thin films and inorganic nanoparticles have extensive use across several disciplines,
including medical, electronics, catalysis, and energy sectors. A comprehensive
comprehension of fabrication procedures and synthesis methodologies is essential in order to
customize these materials for particular applications, augment their usefulness, and propel
advancements in diverse sectors. The successful development of materials with specific
qualities requires a comprehensive comprehension of manufacturing and synthesis
techniques. The examination of various factors and methodologies on the properties of lipid-
thin films and inorganic nanoparticles has the potential to facilitate the development of new
materials that possess customized features. This, in turn, may provide unigque solutions to
existing difficulties. This work serves to establish a connection between two separate but
interrelated disciplines, namely lipid self-assembly and nanoparticle production.
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I.  INTRODUCTION WM e} ManMade
The natural world exhibits sophisticated %’\/#ﬂ“ - 1 "_“’:” r %immmm
and innovative mechanisms for producing / | N et | r";'“’. .
highly efficient, tiny useful materials. The W(a / gw_ - - ‘
recent increase in researchers' interest in P (‘ ;mgﬁr -
nanoscience and nanotechnology may be Tﬁ‘!‘ - b
attributed to their persistent efforts to iy "_”
emulate nature's ability to construct useful . § ::' __fl
tiny structures. The topic in question was hE .

first introduced by Richard Feynman
during his influential lecture titled "There's
plenty of room at the bottom" [l].
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Figure 1. 1 illustrates a visual
representation of the comparative sizes

Significant progress has been made in the
development of miniaturized structures,
allowing for the everyday fabrication of
micron and nanoscale structures (Figure
1.1). However, the objective of achieving
complex structures that mimic those found
in nature remains a challenge that has not
yet been fully realized. In order to attain
this objective,

of several naturally occurring
objects/species with man-made
materials.
This information is derived from a paper
on Nanotechnology authored by Josh
Wolfe, which can be found on the website
www.forbeswolfe.com.
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II. BIOLOGICAL MEANS FOR

SYNTHESIZING
NANOMATERIALS.

The mechanism in which biological

systems produce inorganic materials with

specific dimensions and regulated shape in

a consistent and supportive environment is

beyond adequate

fundamental characteristics of biological

explanation.  The

systems have attracted the interest of
nanotechnologists, who want to enhance
their abilities in the exact manufacturing of
nanoparticles. There are several instances
within biological systems that showcase
the proficient synthesis of macro materials
such as bones and teeth, characterized by
exact placement. Additionally, these
systems exhibit the ability to create useful
structures at the micro- and nanoscale
levels. Two notable instances are the
visually  striking siliceous structures
produced by diatoms and radiolarians [44],
as well as the synthesis of calcareous
structures by  coccoliths in  micro
dimensions [45]. Additionally, the creation
of magnetite nanoparticles in
magnetotactic bacteria has been seen [46].
The phenomenon of mineralization of
silica and calcium carbonate, which results
in the formation of diverse porous shell or
aligned structures, has been attributed to
the influence of the geometric arrangement
of vesicles inside the cells [47]. The
process of biosilicification is believed to
be facilitated by polycationic peptides,
such as silaffins and silicateins, in the case
of mineralization in diatoms and sponges,
respectively. Other peptides, including
frustulins and pleuralins (previously
known as HF-extracted proteins or HEPs),
have also been found to play a significant
role in this process. The researchers
successfully established that silaffins and
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silicateins have the ability to promote the
synthesis of silica via the process of
hydrolyzing dissolved silicic acid [52].
Calcite crystals that have been mineralized
by holococcoliths often exhibit
extracellular characteristics and are seen in
relatively straightforward rhombohedral or
prismatic forms [53]. On the other hand,
heterococcoliths give rise to more intricate
and species-specific morphologies, which
occur intracellularly [541]. Limited
knowledge exists on the molecular
mechanism behind the transportation of
Ca2+ ions and HCO3 or C032- ions, which
are essential for the process of calcite
mineralization. Previous studies have
shown that calcite crystals have a coating
of polyanions and some acidic
polysaccharides (reference 55).

I1l.  SHAPE CONTROLLED
SYNTHESIS OF METAL
NANOPARTICLES.

From a synthesis perspective, recent
efforts have focused on shaping
nanoparticles rather than just manipulating
their size, for which many techniques
already exist. Nanoparticles have been
synthesized in a wide variety of
anisotropic shapes, including rods/wires
[98], tubes [99], dumbbells [100], cubes
[1011, tetrahedrons [102], decahedrons
[104], multipods [105], star-shaped [106],
discs [107], triangles [108], dendrites
[109], etc. Several methods have been
used to successfully synthesize metal
nanoparticles with an anisotropic form.
Synthesis in micellar/surfactant solutions,
synthesis using soft and stiff templates,
and physical confinement of nanoparticle
development are the standard approaches.
nanosphere lithography, vacuum vapor
deposition, direct synthesis in solution
with or without additives, and heat,
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photoimidiation, or ion irradiation to alter
the morphology of preformed
nanoparticles are all examples of physical

processes.
V.  THIN FILMS OF INORGANIC
NANOPARTICLES.

Similar to how nanoparticles differ from
their bulk counterparts in a number of
ways, thin films of nanoparticles display
remarkable collective behaviors.
Nanocrystais on planar suraces may have
their electrical, magnetic, and optical
characteristics modified by adjusting their
size and packing density [141]. Thin films
have important commercial applications
because of their characteristics and other
functional qualities that make them
appropriate for device manufacture.
High-density magnetic media, biosensors,
solar  cells, and  optical  and
electronic/oploelectronic devices are just
a few of the many places thin filrns have
found success [142]. Chemical vapor
deposition [143], metalorganic chemical
vapor deposition [144], molecular beam
epitaxy [145], fast ion beam etching
[146], sputter deposition, and other
physical processes [147] have all been
used frequently to create thin for these
purposes. Lithographic methods, such as
X-ray lithography 1148], electron beam
lithography [149], and microcontact
printing [150], are also wused to
manufacture thin, patterned fillilS. When
compared to the aforementioned
physicals approaches, solution based
methods for producing thin films may be
inore cost effective. Self-assembly or
two-dimensional synthesis of
nanoparticles is crucial to solution-based
approaches to thin-film manufacturing.
Solvent  evaporation, electrophoretic
deposition,  the  Langmuir-Blodgett
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method, and layer-by-layer assembly
have all been used to accomplish two-
dimensional assembly. Assembling or
synthesizing nanoparticle thin films
utilizing templates like self-assembled
monolayers (SAM) and multilayers,
polymers, lipid thin films, and biological
molecules is also possible.

Thin films of inorganic nanoparticles,
often referred to as nanoparticle films or
nanocomposite films, are a class of
materials that have gained significant
attention in various fields of science and
technology due to their unique properties
and potential applications. These films
are typically composed of inorganic
nanoparticles (nanoscale particles made
of various materials) that are deposited
onto a substrate to form a thin, continuous
layer. Here's an overview of thin films of
inorganic nanoparticles:

1. Nanoparticles: Inorganic
nanoparticles are extremely small
particles with dimensions typically
ranging from 1 to 100 nanometers (nm).
They can be made from various materials,
including metals (e.g., gold, silver),
semiconductors (e.g., silicon, quantum
dots), oxides (e.g., titanium dioxide, zinc
oxide), and more.

2. Fabrication Techniques: Several
techniques can be wused to deposit
inorganic nanoparticles as thin films,
including:

e Chemical Vapor  Deposition
(CVD): In CVD, precursor gases
are used to form a thin film of
nanoparticles on a substrate
through chemical reactions at high
temperatures.

e Sol-Gel Method: This involves the
synthesis of nanoparticles in a
solution, followed by depositing
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the nanoparticles on a substrate
and allowing the solvent to
evaporate.

e Spin  Coating: Nanoparticle
suspensions are applied to a
substrate, which is then spun to
spread the particles evenly,
followed by drying.

e Langmuir-Blodgett (LB)
Technique: This method involves
transferring monolayers of
nanoparticles from the air-water
interface onto a substrate.

e Electrodeposition: Nanoparticles
are deposited on a substrate by
applying an electric current.

3. Properties and Applications:

e Optical Properties: Nanoparticle
films can exhibit unique optical
properties due to quantum
confinement effects, plasmonic
resonances, and other phenomena.
They find applications in sensors,
optical coatings, and photovoltaic
devices.

e Electronic Properties: Inorganic
nanoparticle films can be used in
electronic devices, such as thin-
film transistors and memory
devices, when nanoparticles with
semiconducting properties are
used.

e (atalysis: Nanoparticle films can
act as efficient catalysts due to
their high surface area-to-volume
ratio, making them valuable in
chemical reactions.

e Sensors: Thin films of
nanoparticles can be employed in
gas sensors, biosensors, and other
sensing applications due to their
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responsiveness to changes in the

surrounding environment.

e Energy Harvesting:
Nanocomposite films can be
integrated into energy harvesting
devices, such as solar cells and
thermoelectric generators.

e Protective Coatings: Nanoparticle
films can enhance the durability
and corrosion resistance of
materials when used as coatings.

4.  Challenges:  Fabricating  and
controlling the properties of thin films of
inorganic nanoparticles can  be
challenging due to issues like
nanoparticle aggregation, film uniformity,
and stability over time.

In summary, thin films of inorganic

nanoparticles are a versatile class of

materials with a wide range of potential
applications in electronics, optics,
sensing, catalysis, and more. Researchers
continue to explore new ways to tailor
their properties and integrate them into
various technologies.

V. CONCLUSION

The primary goal of the research reported

in this thesis was to show that plant

extracts may be used as a greener
alternative to toxic chemicals in the
production of metal nanoparticles, and that
thin films of inorganic nanoparticles can
be  fabricated  utilizing  thermally
evaporated lipid films. Some of the topics

discussed in this thesis are as follows: 1)

Synthesis of gold and silver nanoparticles

utilizing extracts from various sections of

the plant geranium and employing neem
leaf extract; Studying the growth of gold
nanotriangles via the citric acid reduction
method as a model system, as well as the
effect of halide ions on their formation and
on preiorformed gold nanotriangles; 2)
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synthesis and the study of the formation of
triangular and hexagonal gold particles
using lemongrass leaf extract; and 3) 5),
creating thin films of inorganic
nanoparticles by entrapping the charged
nanoparticles or the precursor metal ions
in thermally evaporated lipid films, and 4)
modifying the shape of gold nanotriangles
in response to Easer irradiation.
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