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Lecture Notes in Nanoscale Science and Technology (LNNST) aims to report latest
developments in nanoscale science and technology research and teaching — quickly,
informally and at a high level. Through publication, LNNST commits to serve the
open communication of scientific and technological advances in the creation and
use of objects at the nanometer scale, crossing the boundaries of physics, mate-
rials science, biology, chemistry, and engineering. Certainly, while historically the
mysteries in each of the sciences have been very different, they have all required
a relentless step-by-step pursuit to uncover the answer to a challenging scientific
question, but recently many of the answers have brought questions that lie at the
boundaries between the life sciences and the physical sciences and between what
is fundamental and what is application. This is no accident since recent research
in the physical and life sciences have each independently cut a path to the edge of
their disciplines. As both paths intersect one may ask if transport of material in a
cell is biology or is it physics? This intersection of curiosity makes us realize that
nanoscience and technology crosses many if not all disciplines. It is this market that
the proposed series of lecture notes targets.
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Preface

Carbon-based nanocomposites continue to play a transformative role in the advance-
ment of materials science, offering sustainable, scalable, and multifunctional
solutions across a wide range of applications. This volume brings together interdisci-
plinary contributions from researchers and practitioners working at the intersection of
nanotechnology, health care, environmental science, and materials engineering. The
book begins by exploring the use of carbon-based nanocomposites in drug delivery,
cancer therapy, and tissue regeneration, highlighting the material’s tunable properties,
biocompatibility, and effectiveness in targeted treatments. These chapters demon-
strate how carbon nanostructures are revolutionizing modern medicine through their
enhanced therapeutic delivery, biosensing, and regenerative capabilities.

The next section covers the electronics and photonics domain, covering innova-
tions in sensing technologies, actuators, electromagnetic shielding, photonic devices,
and shape memory and self-healing materials. These developments showcase how
carbon-based nanocomposites are reshaping the landscape of flexible, smart, and
adaptive electronic materials.

The final part of the book focuses on catalysis, discussing recent progress in
catalytic conversion, electrocatalysis, and environmental catalysis, including sustain-
able energy solutions. These chapters demonstrate how carbon nanocomposites
enhance the efficiency, selectivity, and stability of catalytic systems essential for
green chemistry, pollution mitigation, and renewable energy technologies.

We sincerely thank all the contributing authors and reviewers for their high-quality
inputs and thoughtful collaboration. This book will inspire further research and devel-
opment in sustainable nanotechnology and spark interdisciplinary dialogue among
researchers and industry professionals.

Mohali, India Virat Khanna
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Smart Carbon Nanomaterials:
Transforming Technology and Industry

Arshya Hashim and Faria Fatima

1 Introduction

Carbon nanomaterials (CNMs), also known as carbon-based nanomaterials, are
nanoscale materials composed primarily of carbon atoms. They have gained immense
attention due to their unique properties and versatile applications in various fields
such as biomedicine, energy, electronics, and environmental science (Fatima &
Wahid, 2022). Carbon is the strongest, thinnest, and most electrically and ther-
mally conductive material in the universe. Carbon nanotube is a one-dimensional
tube or cylindrical nanocarbon (Surendranathan, 2023). It is simply a rolled
graphene nanosheet with sp?-bonded carbon atoms. Depending upon the numbers of
rolled overlapping cylinders, carbon nanotube can be named as single-walled carbon
nanotube (SWCNT), double-walled carbon nanotube, and multiwalled nanotube
(MWCNT) (Rathinavel et al., 2021). Secondly, graphene a form of carbon nanomate-
rials, is currently the thinnest nanomaterial, having thickness of 0.34 nm. With a C—C
bond length of about 0.142 nm, graphene has a remarkably stable structure. Itis a two-
dimensional carbonaceous material with a hexagonal honeycomb crystal structure.
The strength, flexibility, lightness, and resistance of graphene are noteworthy. This
substance is thought to be five times lighter and 200 times more resistant than steel.
The fields of energy, building, health, and electronics may all benefit from graphene’s
advantages. Thirdly, carbon quantum dots (CQDs) are small, quasi-spherical carbon-
based nanoparticles with sizes typically less than 10 nm (Guan et al., 2023). They

A. Hashim
Department of Biotechnology, Dr. D. Y. Patil Arts, Commerce and Science College, Pune,
Mabharashtra, India

F. Fatima ()
Department of Agriculture, IIAST, Integral University, Lucknow, Uttar Pradesh, India
e-mail: fatimafaria45 @gmail.com

211



