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Preface

Nanotechnology and materials science have made remarkable advances in
recent years, revolutionizing several industries and creating new opportuni-
ties for research and development. Nanomaterials, with their distinct physi-
cal and chemical characteristics at the nanoscale, have drawn a lot of
interest and are being investigated for a wide range of applications, from
electronics and energy to medicine and environmental remediation.

However, despite these promising prospects, there is rising worry regard-
ing the sustainability and environmental impact of the conventional syn-
thesis techniques used to create nanomaterials. Conventional methods
frequently employ hazardous chemicals, consume a lot of energy, and pro-
duce a lot of waste, which raises severe concerns about their long-term
effects and ecological imprint.

To overcome these issues and open the door to the manufacture of sus-
tainable nanomaterials, the idea of “green synthesis” has evolved in this
context. Utilizing both ecologically friendly natural resources including
plants, microorganisms, and other natural resources, as well as green syn-
thetic techniques, can be used to create nanomaterials.

Thisbook, Green Synthesis of Nanomaterials: Biological and Environmental
Applications, examines the developing area of “green synthesis of nanoma-
terials” and its potential biological and environmental pollution remedia-
tion applications. It explores the numerous biological sources and fabrication
techniques used for the environmentally friendly production of nanomate-
rials, highlighting their special benefits, constraints, and possible uses.

In addition to highlighting the biological and environmental uses of the
synthesized nanomaterials, the goal of this book is to provide a thorough
and informative overview of the state-of-the-art methods and developments
in green synthesis. The chapters include a wide range of subjects, such
as biosynthesis by employing plants and bacteria, as well as the use of
natural substances like cellulose and peptide for the green synthesis and

xxi
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Preface

biofabrication of nanomaterials and their applications in biomedical as well
as environmental pollution remediation.

Readers will obtain a thorough grasp of the concepts driving green syn-
thesis, the characterization methods used for nanomaterial analysis, and
the wide range of applications in the biological and environmental domains
throughout every chapter of this book. The potential applications of green
nanomaterials are numerous and exciting, ranging from pollutant removal
to antibacterial agents and targeted medication delivery systems.

This book is a useful resource for students, scientists, engineers, and busi-
ness executives alike since the contributing authors leading academics and
authorities in their respective fields have contributed their wealth of knowl-
edge and expertise. Their combined efforts have produced a thorough com-
pilation that not only illuminates the possibilities of green synthesis but
also adds to the continuing discussion about sustainable nanotechnology.

We hope that this book will act as a catalyst for additional study, encour-
aging scientists to delve more deeply into the field of green synthesis and
promoting the creation of brand-new, environmentally friendly nanomate-
rials. We may work towards a better future where scientific progress and
environmental responsibility go hand in hand by harnessing the power of
nature and implementing sustainable practices.

We would like to extend our sincere gratitude to everyone who helped
with the writing, reviewing, and publishing of this book. We would also like
to express our gratitude to the readers for their attention and participation.
We can create the conditions for a sustainable and ecologically conscien-
tious future by working together and exchanging knowledge.



1

Introduction to Advanced and Sustainable
Green Nanomaterial
Aayushi Chanderiya, Atish Roy, and Ratnesh Das

Department of Chemistry, Dr. Harisingh Gour University, Sagar, MP, India

Abstract

A magical period of scientific observation and science-based regeneration is
required to advance human civilization. Technological developments are brim-
ming with deep scientific insight and depth. Today’s sustainability is in the midst
of a significant crisis. Energy and environmental sustainability are critical for the
advancement of human civilization. Sustainable construction is the bedrock of
scientific destiny and profound scientific progress. In this chapter, the authors
primarily concentrated on the success of green sustainability, synthesis, nanosci-
ence’s vast implementation range, and the novel field of specialized and sustain-
able nanomaterials. The other pillars of this scientific endeavor are expansion
efforts. Green and environmental sustainability are today’s human forerunners.

Keywords sustainability; environmental sustainability; scientific progress;
nanoscience; green sustainability; green engineering

1.1 Introduction

Nanotechnology is characterized as the science of the small. It is the
manipulation of materials on a microscopic scale. Atoms and molecules
behave differently when they are little. These particles have distinct charac-
teristics. It has a wide range of extraordinary and intriguing applications,
and research in nanotechnology and nanoscience has exploded across
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various product areas. It allows for the creation and progress of materials,
including medicinal usage, environmental redemption, and so on.
Conventional methods may have reached their limits. However, nanotech-
nology is advancing in a variety of ways. As a result, nanotechnology should
not be considered a singular approach that only affects specific research
fields; instead, it should be viewed as an exploration of all science disci-
plines [1a]. Modern green methods are regarded as one of the best aspects
to prevent and enhance the environment to achieve sustainable improve-
ment. This concept has piqued the interest of scientists in adopting its prin-
ciples about indicators of environmental efficiency by demonstrating the
real benefit in the stages of planning, design, utilization, and sustainability
in multiple vital sectors of the human being [1b, 1c, 2]. Because of their
distinct size-dependent qualities, these materials are exceptional and neces-
sary in a wide range of human activities [3]. Nanotechnology covers a wide
range of subjects, from adaptations of classical equipment physics to revo-
lutionary tactics centered on molecular self-assembly, from developing
products with nanoscale size to determining if we can directly influence
things on the atomic scale/level [4] (Figure 1.1).

Several science policy publications show significant potential and value
in offering green nano methods that produce nanomaterials and products
without pollutants that impair the environment or human health at the
management, design, production, and methodology phases. As a result,
nanotechnology may help to alleviate issues about safe, sustainable devel-
opment, such as environmental, human health, and safety issues, as well as
assist in a sustainable environment in terms of energy, water, food supply,
raw substances, environmental issues, and so on [5].

Sustainable

* Methodology for the nanomaterials
synthesis

* Environmental health
concern

* Characterization
techniques

* Application in various
field

* Future prospects

N

Figure 1.1 Sustainable nanomaterials.
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e Advanced nanomaterials are the intelligent materials of today’s human
society. Advanced nanomaterials may be characterized in a variety of ways.
The most extended term refers to any materials that reflect advancements
above conventional materials that have been utilized for hundreds, if not
thousands, of years. Consider materials early in their product and technol-
ogy life cycles for a better understanding description of innovative materials.

e What is a sustainable nanomaterial?

Sustainability is concerned with the needs of the current and coming years’
decades. Nanomaterials are at the cutting edge of nanotechnology, which is
continually evolving. Because of their distinctive size-dependent qualities,
these materials are exceptional and necessary in many human activities.

o Sustainable and green nanomaterial
Nanoparticles are particles with diameters ranging from 1 to 100nm [6].
Depending on the shape, nanoparticles can be 0D, 1D, 2D, or 3D [7]. The
relevance of these nanoparticles became apparent when researchers dis-
covered that particle size might alter the physiochemical characteristics of
substances, such as optical qualities. The nanoparticles are divided into
many categories based on their morphology, size, and form (Figures 1.2-1.4).

Organic
nanomaterial

Ceramics
nanomaterial

Inorganic

. Nanomaterials
nanomaterial

Biological
nanomaterial

Figure 1.2 Types of nanomaterials.

Classification

based on
dimentions
|

1-Dimensional 2-Dimensional 3-Dimensional

Figure 1.3 Classification based on dimensions of nanomaterials.
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nanomaterials

Carbon Carbon
nanofiber black

Figure 1.4 Carbon-based nanomaterials.

1.2 Synthesis Methods of Nanomaterials

Metal nanoparticles may be created in a variety of methods. There are two
types of conversion methodologies: top-down and bottom-up. Several nano-
particle synthesis processes have been developed, and they are suitable for
synthesizing nanoparticles of various sizes and shapes. The top-down tech-
nique is destructive, breaking down large molecules into tiny parts before
changing them into the desired nanoparticles. Decomposition methods
such as chemical vapor deposition (CVD), grinding, and physical vapor
deposition (PVD) are used in this procedure. Milling is used to remove
nanoparticles from coconut shells, with the size of the crystallites decreasing
with time. This method produced iron oxide, carbon, dichalcogenides, and
cobalt (IIT) oxide nanoparticles.

Bottom-up strategy method includes the gradual synthesis of nanoparti-
cles from basic materials. It is least harmful to the environment, more prac-
ticable, and less expensive. Typically, the materials used in reduction and
sedimentation techniques include green synthesis, biochemical, spin coat-
ing, sol-gel, and so on. This method has been used to create titanium diox-
ide, gold, and bismuth nanoparticles (Figure 1.5).

Nanoparticle synthesis might potentially utilize chemical or biological
mechanisms [8]. Some chemical synthesis strategies for nanoparticles
include the sol-gel method, wet chemical synthesis, hydrothermal method,
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Synthesis methods of nanomaterials
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Figure 1.5 Synthesis methods of nanomaterials.

thermal decomposition, microwave method, and so on [9]. In contrast,
biological processes contain enzymes, bacteria, plant extracts, and fungi.

1.3 Green Synthesis

Green chemistry and its ideas and environmental efficiency metrics are
frequently viewed as fundamental to creating long-term profitability.
Green chemistry principles include prevention, atom economy, less haz-
ardous chemical synthesis, safer compound development, energy-efficient
design, employing renewable fuel sources, catalysis, and constructing for
decay. Green nanomaterial synthesis is an environmentally friendly
method of nanomaterial synthesis that employs nontoxic, biodegradable
ingredients. This method may be used to mass-produce nanomaterials on a

5
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Figure 1.6 Advantages of green synthesis.

considerable scale. In green synthesis, the external experimental conditions
should also be ambient, such as nil or low energy requirements and pres-
sure, which leads to an energy-saving procedure. Nanotechnology is an
essential aspect of putting the earth on a sustainable path because it com-
bines all of the rewards of the present technology with compact goods that
consume minimal energy and resources to run, produce, and integrate the
possibility of recycling (Figure 1.6).

1.4 Biosynthesis of Nanoparticles from Plants

Bacteria, fungi, and plants all synthesize different types of nanoparticles [10].
Plants are better suited to the production of nanoparticles (NPs) than bacteria
or fungi because metal ion reduction requires less incubation time. Plant tissue
culture (PTC) and downstream processing approaches promise to generate
metal and oxide NPs on a bigger scale. It has been shown that plants exhibit an
innate ability to reduce metals via their particular metabolic pathways [11].
Stampoulis et al. [12] investigated the effects of ZnO, Cu, Si, and Ag NPs on
root elongation, seed germination, and biomass production in Cucurbita pepo
cultivated hydroponically. Compared to the untreated standards, test results
showed that root length is reduced by 77% and by 64% when subjected to bulk
Cu powder when seedlings are exposed to Cu nanoparticles.



