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Annotation: Nanotechnology has become a
frontier of science impacting several domains, co-
existing across physical, chemical, biological, and
engineering systems. This multidisciplinary feature has
witnessed a growing interest in dimensions below
micron to manipulate the properties of materials. The
scale length of solid-state devices has been reduced to
nanometer dimensions. Therefore, developments in
instrumentation and process technologies are based on
nanoscopic sciences, adding a new dimension to the
design and analyze process of these electronic systems.
Nanotechnology materials and structures are redefining
the standard set of tools for analysis, which is becoming
increasingly necessary to consider the dynamics of
these structures. The control of these devices is not
trivial; several effects such as the electronic obstacle
position play an important role. The advent of new
processes and techniques has also allowed the
development of new materials with enhanced
properties, which have had a central role in the
miniaturization process and the increase of the density
of electronic systems. Furthermore, for the first time,
direct observation of movement of electrons within
single atoms has been achieved. Nanoelectronics is
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considered disruptive and is predicted to have
applications by 2025. There is, however, a balance of
challenges to overcome: nanotechnology is facing a
lack of understanding the new physical phenomena;
scalability is still a fundamental issue for the new
technologies to be widely adopted. Asia is considered
leading in nanoelectronics research & development
(R&D). In the future, the potential scope of research and
development of nanotechnology and other science and
engineering is important to cover. This encompasses the
economic importance of applications, which includes
microelectronics, traditional equipment industries, and
new products and processes emerging from convergent
technologies. It also includes the social, ethical, health,
and environmental issues related to nanotechnology,
and the public perception and acceptance challenge for
developed countries.

1. Introduction

The term nanotechnology describes the “technique of creating nanoparticles and of manufacturing
machines whose parts are of the order of nano-meters” [1]. Nanotechnology has broad applications
in various fields such as physics, chemistry, materials science, and biology. Before the introduction
of the term, the relevant field was called “molecular engineering”. In other words, it is a technology
and a knowledge base that deals with the physical and chemical structure of materials.
Nanotechnology is "the creation and use of materials, devices and systems through the control of
material at the nanometer scale™ [2]. With an understanding of the properties of materials as the
size of the materials themselves or their properties changes effectively, it is hoped that a
technology that produces smaller, lighter and stronger materials will be developed.
Nanotechnology is a comprehensive and interdisciplinary study, which includes chemistry,
physics, biology, materials science, etc. Although there are many concepts that are still difficult to
express accurately, many have already become reality. Moreover, it structurally influences energy,
resources, agriculture, and waste management and has led to new technologies with high added
value and significant social implications. [3][4]

Nanotechnology will be first used in coatings, textiles and composites, creating nanomaterials and
composites that revolve around it. New materials, fuels, electronics, text and components will be
formed, which will lead to significant changes in all industries. The systems as applied will be
CNS (Cellular Nanotechnology Systems), with the composition of a number of specialized
nanomachines. It is estimated that its civilian applications will begin with the construction of a
variety of consumer goods ranging from food to materials and electronic products. This will be
followed by the development of telecommunications, IT (Nano-scale Computer), medical
instrumentation, drugs and broadband optical fiber (photonic) networks. Biological and medical
applications are focusing on the following: creating smaller pacemakers, artificial organs, glucose-
measuring microprocessors, and cancer treatment utilizing nanoparticles.

1.1. Definition and Scope of Nanotechnology

Nanotechnology can be defined as the manipulation of materials at a scale of 1-100 nm. Such
materials can be metals, semiconductors, polymers, or composites with properties different from
their bulk counterparts. The manipulation of materials at the nanoscale is often enabled by novel
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toolsets and techniques such as photolithography, self-assembly, and scanning probe microscopy.
However, the definition goes beyond the purview of nanoscale materials to include phenomena,
concepts, and interaction processes envisaged for top-down and bottom-up nanosystems, thereby
going beyond the narrow viewpoint of nanofab [2].

Certainly, in the execution of the nanowork many fields, disciplines, and application domains are
and will interact with the interesting convergence and cross-fertilization. In this scenario,
nanotechnology is a multidisciplinary arena across physics, materials science, biology, chemistry,
and biochemistry among others. As far as materials are concerned, metals, polymers, ceramics,
semiconductors, biomaterials, and composites are mostly employed, being the focus on thin films,
thick films, and multi-layers. Traditional photolithographic patterning often in association with
reactive ion etching defines most of the systems envisioned. Intrinsically nanostructured materials
as especially porous silicon are intensifying the recent investigation. Ferromagnetism at room
temperature in diluted magnetic semiconducting materials is another example for such an
unexpected interest in the potential applications of nanosize systems. In addition, some emerging
interdisciplinary concepts such as nano-spheres, easy potential applications namely in
biomedicine, are described, while three long-standing and conceptually-oriented phenomena the
appearance in the nanosystems scale are discussed. [5][6]

2. Fundamental Concepts in Nanotechnology

Nanotechnology is a branch of science and technology focused on the design and manipulation of
matter on the nanometer scale. The nanoscale typically ranges from 1 to 100 nm, where many
materials begin to exhibit unique properties not observed in bulk. One such property is the
increased surface area that results from reducing material size, meaning that nanomaterials are
often more reactive and have excellent catalytic activity. In addition, when materials are that small,
quantum effects begin to dominate material behavior, which also leads to novel applications and
behavior. Nanotechnology is very diverse and can be divided into physical and biologic types. It
draws on many disciplines, including chemistry, biology, physics, and engineering, to create
structures and materials with new properties [7].

Advanced studies in nanotechnology require both theoretical and experimental multidisciplinary
approaches. Theoretical models are often mathematically complex, whereas experimental design
relies on state-of-the-art fabrication capabilities. In practice, an understanding of both theoretical
concepts and their experimental realizations is needed to comprehend the importance of a specific
study. This chapter serves as a bridge between the abstract theoretical models and their advanced
practical designs and will also describe experimental techniques to be used for characterizing
nanomaterials. The utilization of the same theoretical framework for different nanotechnology
approaches is described as a good means of collaboration between physics and engineering. In the
end, an emphasis on experimental techniques is placed, essential to the control, manipulation, and
behavior analysis of nanomaterials. [8][9]

2.1. Bottom-Up vs Top-Down Approaches

Nanotechnology is typically understood through two primary fields: physics and engineering.
Within this understanding, research is discussed in terms of the bottom-up or top-down approach.
A third important field is also briefly emphasized: biological research. This field has great potential
for applications in physics and engineering, particularly in the formation of complex, hybrid
nanomaterials useful in areas such as nanoelectronics and mechanical engineering. Researchers in
these three fields generally fall into one or more of these categories, creating three relatively unique
perspectives although applications often overlap. However, the simple division provided is a good
starting point to give a solid yet basic understanding of nanotechnology. Since the understanding
provided is rather limited, a number of basic concepts, techniques, and applications common to all
three fields are also covered [10].
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3. Applications of Nanotechnology in Physics

One of the most important potential applications of nanotechnology is in the realization of
advanced and specialized materials. Efforts in this area are not limited to miniaturization or seeking
to create smaller and smaller electronic devices, higher strength and performance materials, or the
use of nanosized particles for pigmentation and other traditional applications. The objective is
material development at a more fundamental level, where materials are created in a more chip-like
fashion. This is particularly true, of course, of biopolymers, components in the complex network
of information pathways we call life. Most biopolymers and complex molecular structures
generally have evolved or adapted through symbiotic relationships over millions of years.
Algorithms are beginning to emerge for chemically synthesizing new molecules and materials
whose structures suggest that they may have useful properties.

Breakthroughs in the processing of molecular structure have particular relevance to
nanotechnology. As we scale down to the nanometer level, material properties, including
electronic behavior, become strongly dependent on atomic structure. This is of course already
important in traditional materials such as various polymers, for example, diamond, graphite, and
carbon nanotubes, or various metals and ceramics. For a small number of materials, process
schemes exist for guiding self-assembly on a molecular scale. The difficulty of working on
individual molecules or molecular structures at all levels leads naturally to the development of
adaptive strategies, where the final result is not fixed but is adaptively specified as a function of
intermediate results. There is currently great excitement about nanotechnology and biotechnology
and their impact. This excitement is substantially based on the many examples of nanotechnology
and advanced materials of the highest degree of sophistication, such as fragile molecular
nanoparticles of intricate structure. Yet, these tantalizing examples are invisible.

3.1. Quantum Mechanics and Nanotechnology

Nanotechnology is not just some new application or other of one of the established areas of science
or engineering. It requires a broader view that takes in the whole of molecular nanostructure and
keeps a lot of knowledge from a wide range of disciplines alive. Nanotechnology has been
influenced by a variety of new theories, of which the most important have been the laws of
quantum physics. The realization of the possible operational implementation of this theory has
been the main conceptual leap in the form of a new experimental technology. Not unlike how
microelectronics and microphotonics technologies are based on quantum mechanics,
nanotechnology also finds in this theory a natural basis for new developments, so that progress
depends greatly on the properties of the quantum world, which are different from our usual
macroscopic world.

4. Applications of Nanotechnology in Engineering

The growing application of nanotechnology presents vast implications not just for the realm of
physics, but also for engineering as a whole. It is potentially reshaping how traditional engineering
methodologies are approached. One area that this paper focuses on is the application of
developments within the field of nanotechnology to engineering, highlighting the perspectives on
nanoengineering and engineering nanotechnology. It is indicated that the continued development
could complement and even supersede existing methods of engineering design, and it is shown
that it can be leading to both more efficient and smarter engineered systems.

Engineering is a traditional discipline, relying on processes honed through centuries of specific
methodologies and evaluation. However, this does not mean its immutable; engineering examines
the performance and potential improvement of the existing system of products and infrastructures,
leading to development of more efficient paradigms and their integration into new complex
system.

The concept of innovation is discussed in relation to nanoengineering, and attention is drawn to
the physics society reviewing process, where it is indicated that the technological aspects dominant
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engineering designs. It is stated that by embedding nanomaterials within existing components,
their performance and durability can be significantly improved. It is shown that this enhances
traditional approaches in wide range of different environments and consumer products, described
as well in other sectors such as electronics and energy generation and general use. In addition, it
is outlined how diverse sectors apply nanoengineering to enhance the performance of their
products and designs. Examples of these applications include the use of nanotechnology in use
such as drilling fluids in the extraction of oil and gas, filling structures in civil engineering to
increase strength and resilience, and the integration of nanomaterials in drug eluting stents in
biomedical engineering to create a more controlled and targeted release of pharmaceuticals.
[11][12]

4.1. Nanomaterials in Structural Engineering

Materials are the foundation and backbone of all constructions and are the omnipresent part of the
infrastructure. Nanotechnology is a developing field related to the engineering of nanosized
particles. Such unique engineering of nanomaterial may effectively address the many limitations
of conventional materials raised from durability, strength to environmental pollution problems in
the construction industry. The physical theory to derive such applications will essentially involve
the quantum mechanics and mass transport on the nanometer scale and such is really the focus and
challenge. It will provide the materials for the invention of device and designing purpose for the
safety and relief provisions of the structures of the construction and infrastructure. And this
technology will, on the other hand, promote the marvels of the construction with which more eco-
efficient and environmentally friendly atmosphere in the day-to-day environment will be expected
in the future. Ecological consequences including leaching of heavy metals, alteration in toxigenic
bacterial community, and changes in speciation of heavy metals as a consequence of STI-NP
exposure which leads to release and bioavailability of heavy metals have also been documented
[13].

Nanotechnology is reshaping a lot of sectors and industries including physics and engineering.
Nanotechnology exposes and manipulates materials at the scale of about a hundred-billionth
(10—7) of a meter. Materials at this scale, typically between 1-100 nm (1 nm = 10—9 meter), exhibit
very novel physical, chemical, mechanical, and optical properties compared to those of bulk
materials. These improved properties can be manipulated to design and deliver improved
performance in construction materials, medicines, biodiagnostic, waste containment and
treatment, environmental cleanup, electric components, textiles, and membranes. These
applications of nanotechnology are quickly emerging owing to the boom in nanotechnological
research [14]. Structurally, nanomaterials made of long chains of atoms form the particle up to the
size of a few nanometers which thus change the properties.

5. Challenges and Future Directions

Rapid technological advancements, particularly in nano-materials engineering, have led to new
perspectives and approaches in the field of physics. Although a very new research area has
emerged under the title of nanophysics, nanotechnology has attracted growing interest from people
from various sectors such as academics, business, politics, society, at national and international
levels. Nanotechnology aims for new and innovative ways to create more precise, controlled, and
complex structures; move beyond the currently used domination-inhibitive approaches for
functioning such structures; and enhance production at atomic, molecular, and mesoscopic levels
for further improved tools and systems. On the other hand, however, dealing with an enabling
technology that spans multiple sectors and disciplines, it also brings several challenges. Risks,
currently unknown or unpredictable, have become a matter of concern, especially regarding
nanomaterials. Uncertainty and lack of information about potential risks add complexity to
decision-making, and there is a growing demand for international cooperations and integrated
approaches requiring a comprehensive understanding of the problem domain.

Yet, at the same time, nanomaterials also offer opportunities for novel products and new
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approaches in the field of environmental applications. A great challenge for researchers,
practitioners, and policymakers is to find effective ways to structure nanotechnology development
in order to ensure the benefits and social demands in a safe and ecologically sound way, and to
avoid morally disputable attitudes, making a contribution of the field to ethical principles [15].

5.1. Ethical Considerations in Nanotechnology

In the future practically all products will be affected by nano-technology, consequently its impacts
will be equally ubiquitous. However, nano-technology is not value-free, but poses a challenge to
societal values and ethical norms in a variety of ways. The main promise of nano-technology is to
massively increase the efficiency and capabilities of information processing devices, and embodies
a vision of the development of radically novel products and complex systems. The wide range of
potential applications of nano-technology has been emphasized, ranging from the production of
ultralight and super-strong materials to highly efficient water purification technologies, through
the prospect of novel drugs and personalized medicine. A vision of nano-technology becoming
widely diffused and ultimately leading to a ‘graceful integration of nano-systems with life and
environment’ has been described. However, the realization of the promise of nano-technology is
contingent on overcoming numerous fundamental scientific, technical, economic, environmental,
and societal obstacles, e.g. understanding and controlling the vastly increased rates of diffusion
and reactivity in nano-structured materials. Environmental, health, and safety issues are considered
one of the main barriers to the further progress and success of nano-technology. Problems of
ethical and societal concern posed by nano-technology have been outlined, such as the new range
of risks posed by the engineered nano-materials due to the vastly increased rates of reactivity and
mobility relative to the passive counterparts. The possible emergence of a knowledge gap has been
highlighted about the actual risks and behavior of nano-materials, preventing an adequate risk
evaluation and control. Uncontrolled growth of already strongly financed nano-scientific research
has been predicted, fostering the commercial exploitation of nano-technology and stimulating the
antagonistic reactions of the existing social protest [15].

6. Conclusion

In conclusion, while still far from being fully understood, nanotechnology is expected to
disruptively affect quite a number of technologies and industries, opening the way to a host of
innovative human activities and hopefully a wealth of societal benefits. Not surprisingly, a great
number of nanotechnology initiatives has been undertaken worldwide in the last two decades, by
advanced industrialised countries as well as by transitioning and developing ones. Countries have
the choice to support their research capabilities on nanotechnology either by regular R&D policies
or by ad hoc plans, which are country-driven ‘mission-oriented’ strategies. A convergence is
taking place among different disciplines and sectors around nanotechnology, including
information technology, biotechnology, space, and materials sciences, with consequences on such
diverse sectors as agriculture, medicine, textiles, construction, electronics, transport, security,
environment, and defence. The convergence plays, in turn, a great impact on the organisation of
R&D structures and funding schemes. Nanotechnology proprietary rights, ranging from scientific
publication to patenting and licensing technology, have begun to play a growing role in science,
industrial application law and business. With the rapid proprietary rights evolution, it is likely that
in the near future a debate over the most suitable legal arrangements regarding the protection of
nanotechnology intellectual assets will take place worldwide. Safe and environmentally friendly
production and commercialisation of nanoscale devices, in terms of human health as well as for
the safeguard of safety of the workers and end-users, will pose a number of technical and ethical-
responsive concerns strictly linked with international cooperation and involving a tight
coordination among the actors: firms, Government and institutional bodies.
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