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General Introduction




Chapter 1, General Introduction

1.1. INTRODUCTION

Nanotechnology is a novel scientific area that has the ability to create new and innovative
materials. Nanotechnology deals with creating, assembling, measuring, and
understanding nanoscale materials at sizes ranging between 1-100 nanometers (nm),
with unique properties and novel applications. Nanomaterials have evolved as a
fascinating class of substances that are in tremendous demand for a variety of commercial
applications. The research and development involved in the design, synthesis,
characterization, and use of devices and materials whose smallest functional organization

is at least one dimension on the nanoscale scale or one billionth of a meter, is called

nanotechnology (Silva GA 2004.)

The ability to convert nanoscience theory to useful applications that began in the
early times of the 21% century has resulted in the development and progress of
Nanotechnology and nanomaterials. The word ‘nano’ is derived from Greek prefix
meaning ‘dwarf’ or something very small and depicts one thousand millionth of a meter
(10~ m). A nanometer is one-billionth of a meter and one-millionth of a millimeter,
about four times the diameter of an atom. It has been very clearly stated by Professor
Mauro Ferrari a nanoscientist that at the nanoscale level, there is no barrier between the

various disciplines like chemistry, physics, engineering, mathematics, biology, etc.

It is difficult to trace the exact history of human use of nanosized materials.
However, the history of nanomaterial utilization is from ancient times, and
humans utilized nanoscale materials for numerous applications unintentionally for quite
some time. The first evidence for nanoscience development can be traced to the 5th
century B.C, by the Greeks and Democritus. Unknowingly, the early use of
nanotechnology can be credited to the medieval artists who made stained glass articles
between 500 and 1450 AD. Some of the well-known applications were the use of asbestos
nanofibers to strengthen ceramic mixes around 4500 years ago (Florian et al., 2013) and
lead sulfide (PbS) nanoparticles by the ancient Egyptians some 4000 years ago in an

ancient hair colouring process (Walter et al., 2006; Jeevanandam et al., 2018).

The concept and the origin of nanotechnology were initially put forward in 1959
by renowned physicist Richard Feynman in his presentation “There's Plenty of Room

at the Bottom”, in which he proposed the prospect of synthesis of nanoparticles by direct
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manipulation of atoms. Norio Taniguchi a Japanese scientist coined the term "nano-
technology" in 1974, although it was not generally recognized at the time. The term
“‘nanometer’’ was first proposed by Richard Zsigmondy, the 1925 Nobel Prize Laureate
in chemistry. The concept and idea of nanotechnology were first introduced in public by
Richard Feynman, an American physicist and Nobel Prize laureate in 1959. Based on the
contributions of Feynman, Kim Eric Drexler published the book “Engines of Creation:
The Coming Era of Nanotechnology” in 1986 and developed a concept of molecular
nanotechnology. In this book, Drexler proposed the concept of using molecular structures
at the nanoscale to serve as machines to guide and activate the synthesis of large
molecules like robots that would form the basis of molecular manufacturing technology,
enabling to literally build anything, atom by atom and molecule by molecule. Drexler
also co-founded The Foresight Institute (with which he is no longer involved) in 1986 to
assist and promote public awareness and comprehension of nanotechnology principles

and consequences.

Although contemporary nanotechnology is relatively new, nanometer-scale
materials have been extensively utilized for centuries. Early in the fourth century, artists
from Rome observed that combining gold and silver with glass produced a striking
result: the glass resembled slate green when lit from the outside but blazed red being lit
from the inside. Gold and silver nanoparticles have been suspended in the glass solution,
colouring it. The most renowned existing example of this method is the “Lycurgus
Cup”, a ceremonial cup. The dichroic effect phenomenon of exhibiting two different
colours of the cup was explained and analyzed by scientists using Transmission electron
microscopy (TEM) in 1990. Dichroism is observed due to the presence of Ag: Au alloy
nanoparticles with a diameter of 50-100 nm. X-ray analysis showed the alloy ratio of
Ag: Au at approximately 7:3 and also containing 10% copper (Cu) dispersed in a glass
matrix. Au nanoparticles produce red colour due to absorption at ~520 nm and red-purple
colour due to absorption of bigger particles while light scattering by Ag colloidal
nanoparticles attributes green colour with size >40 nm. Most of the late medieval church
windows also exhibit comparable effects of a gleaming dazzling red and yellow tint due

to the integration of Au and Ag nanoparticles into a glass (Bayda et al., 2019).

In 1986, K. Eric Drexler published the first book on nanotechnology “Engines of
Creation: The Coming Era of Nanotechnology”, which led to the theory of “molecular
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