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Preface

Two fundamental discoveries have recently started a new era of
scientific research, the discovery of fullerenes and the development
of single-molecule imaging capabilities. The discovery of fullerenes
with their unique properties, highly versatile nature, and many
potential applications in materials science, chemistry, physics,
opto-electronics, biology, and medicine, has launched a new branch
of interdisciplinary research known as “nanotechnology.” This
technology revolutionized the multibillion-dollar field of optoelectronics and is a key to wireless communications, remote sensing,
and medical diagnostics and still has a lot to offer. The development
of single-molecule imaging and investigating capabilities provided
the means for studying reactions of complex material systems and
biological molecules in natural systems.
The real importance of these discoveries is that they, synergized
together, put forward the platform for what can be called “the next
industrial revolution” in human history, “nanotechnology.” Just as the
quantum mechanics work of the 1930s led to the electronic material
revolution in the 1980s, and as the fundamental work in molecular
biology in the 1950s gave rise to the current biotechnology, it is
believed that the emerging work in nanotechnology has the potential
to fundamentally change the way people live within the next two
decades. The ability to manipulate matter on the atomic level and to
manufacture devices from the molecular level up will definitely have
major implications. Among the advances and benefits foreseen for
nanotechnology implementation are inexpensive energy generation,
highly efficient manufacturing, environmentally benign materials,
universal clean water supplies, atomically engineered crops resulting
in greater agricultural productivity, radically improved medicines,
unprecedented medical treatments and organ replacement, greater
information storage and communication capacities, and increased
human performance through convergent technologies. This means
that nanotechnology is expected to revolutionize manufacturing
and energy production, in addition to healthcare, communications,
utilities, and definitely defense. Hence, nanotechnology will
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transform labor and the workplace, medical system, transportation,
and power infrastructures. In short, nanotechnology will transform
life, as we currently perceive it, and hence will have immense impact
on human society.
In this book, we discuss nanotechnology and its attributes based
on the observation that it represents a domain in which conventional
materials perform in an unconventional way. We explain the
phenomenon—the nanophenomenon—based on our current state
of knowledge and try to predict its potentials and challenges.
Nanotechnology is based on certain building blocks that include
fullerenes (in spheroidal, cylindrical, and sheet forms), nanocrystals,
and nanowires and on characterization and imaging techniques
capable of interrogating such building blocks. The book focuses
on the fundamentals of nanoscale science and engineering. The
main purpose is to show the reader that nanoscale systems are not
necessarily small in size but can be huge. It is the thermodynamics
of a system that dictates its behavior as a bulk (classic) or a small
(nanostructured) system. The subject of this book is treated
in eleven chapters. In Chapter 1, we introduce and discuss
nanotechnology. Since social studies indicate that the majority
of the public is not aware of the nature of nanotechnology, we felt
obligated to start the book with a “layperson” level of introduction
to nanotechnology. In the chapter, we show that as far as nature is
concerned, nanotechnology is over 3 billion years old, and as far
as humankind is concerned, nanotechnology was practiced several
thousand years ago. On a more scientific level of discussion, in
Chapter 2, we discuss the nanophenomenon. In this chapter, we
introduce physical phenomena observed in a nanostructured
system that are interesting as well as different from the well-known
behavior of such systems in the classic (bulk) state. In Chapter 3,
we explore nanotechnology and define nanodomain as the domain
in which a system becomes a thermodynamically small system that
can no longer be treated by classical thermodynamic laws originally
observed and developed for bulk or classical systems. We show that
once the size of the system is on the order of certain length-scales,
the system becomes thermodynamically inhomogeneous and its
thermodynamic potentials and functions become indefinable. In
Chapter 4, we discuss such length-scales and show that materials
behavior at such length-scales is unconventional and represents
what can be termed as the “nanobehavior.” We explain in this chapter
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how nanobehavior is related to the system’s size as compared to
thermodynamic inhomogeneity and not just to the system’s physical
dimensions. We also emphasize that unlike conventional bulk
systems, nanosystems are very sensitive to perturbation effects.
We provide evidence and show examples of the fact that significant
changes in the behavior of a nanosystem can be observed as a result
of minute perturbation fields affecting the system.
Since by now the reader should realize that nanostructured
systems are mainly entropy- controlled systems, we have devoted
Chapter 5 to discuss entropic effects and depletion forces as the
major forces affecting the behavior of nanostructured systems. Since
entropy as a great concept is typically related to system symmetry,
we have devoted Chapter 6 to discuss symmetry and symmetry
operations in one-, two-, and three-dimensional systems.
Chapter 7 is dedicated to fullerenes as the most promising
building blocks for nanoscale systems. In this chapter, we present
the history of fullerenes, their original predictions, and their initial
discovery. We classify fullerenes based on their dimensionality into
three classes: zero-, one-, and two-dimensional fullerenes. For each
class we have devoted a chapter (Chapters 8–10), and we discuss
the structure as well as the production and purification methods in
each of them. For zero-dimensional fullerenes, we discuss C60, C70,
and larger, or giant fullerenes. For one-dimensional fullerenes, we
discuss single-, double-, and multi-walled carbon nanotubes. For
two-dimensional fullerenes, we discuss “graphene” in single- and
multi-sheet forms. Nanofilms based on each building block and their
properties are also introduced to the reader and discussed.
Finally, we dedicate Chapter 11 to discuss overview, potentials,
challenges, and ethical consideration of nanoscale science and
engineering, a subject that every scientist and engineer working in
the field must pay attention to. As we mentioned in the beginning,
nanoscale science and technology are destined to impact our way
of living and it is crucial to understand the challenges and societal
effects associated with it.
Maher S. Amer
Dayton, Ohio
July 2021
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