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Preface

An atom-thin form of carbon called graphene has been
continuously studied since its discovery due to its versatile
properties, such as exceptional electronics, half-integer
quantum hall effect, ballistic electron transport, optoelectronic
properties, and high crystal quality. Further, graphene offers
truly unique opportunities because, unlike most semiconductor
systems, its two-dimensional (2D) electronic states are not
buried deep under the surface, and it can be easily accessed
directly by tunneling or by other local probes. Until now,
graphene has been considered the strongest and thinnest
material known. Tremendous advancements have been made
for the application of graphene in nanoelectronics. Moreover,
graphene has been used in biological systems for the detec-
tion of DNA, RNA, proteins, and nucleic acids. In addition,
graphene-based nanodevices are available for the detection of
bacteria and pathogens. Presently, graphene holds the key to
everything from small computers to high-storage batteries and
capacitors. Graphene's properties are attractive to physicists,
materials scientists, and electrical engineers for several reasons,
not least of which is that it might be possible to build circuits
that are smaller and faster than what can be built in silicon.
Due to all the properties exhibited by graphene, A. K. Geim
and K. S. Novoselov, the inventors of graphene, were awarded
a Nobel Prize in 2010. In this book, we analyze the recent
advancements in graphene research, such as synthesis, proper-
ties, and important applications in several fields.
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x W Preface

Chapter 1 gives a brief introduction regarding the
history of graphene and its important properties. Chapter 2
discusses the different methods of graphene synthesis
available in the literature. Chapter 3 gives a brief over-
view of a few important characterization techniques that
distinguish graphene from its allotropes. The applica-
tion of graphene in gas sensors is presented in detail
in Chapter 4. In Chapter 5, the application of graphene
in biosensors and energy storage is discussed in detail.
Chapter 6 presents the important photonic device and
optoelectronic device applications of graphene-based
materials.
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Chapter 1

Graphene:
An Introduction

1.1 Graphene: History and Background

The possibility of graphene’s existence or that of a two-
dimensional (2D) allotrope of carbon has been theoretically
studied for 60 years. Often, the term graphene was used to
describe the properties of carbon allotropes [1-3]. However,
after four decades it has been realized that graphene

also provides an excellent condensed matter analogue of

(2 + 1-dimensional quantum electrodynamics [4-7], thereby
exposing graphene to a thriving theoretical “toy” model [7].
Graphene was expected to be unstable due to the formation
of curved structures such as soot, fullerenes, and nanotubes.
Further, graphene was believed not to exist in its free state.
Unexpectedly, in 2004, the prediction of graphene’s existence
became true when freestanding graphene was discovered by
Geim and Novoselov [8,9]. Moreover, the follow-up experi-
ments demonstrated that its charge carriers were indeed
massless Dirac fermions [10,11]. As a result of this phenom-
enon, graphene is indeed the material of choice for numerous
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researchers. Geim and Novoselov shared the 2010 Nobel Prize
in Physics for the discovery of graphene [12-14].

Graphene is considered the flat single layer of carbon
atoms that are tightly packed into a honeycomb-like crystal-
line lattice in a 2D fashion [8-11]. Further, graphene is often
known as the “mother” or the basic building unit of all other
carbon allotropes. For instance, graphene can be wrapped
up to a zero-dimensional (0D) fullerene, rolled to resemble
one-dimensional (1D) carbon nanotubes, or stacked to a
three-dimensional (3D) graphite (see Figure 1.1) [8-11].

To understand 2D graphene in detail, we briefly describe
the 2D crystals [7]. A single atomic plane of graphene is

Figure 1.1 Scheme showing graphene can be wrapped to 0D fuller-
enes, wrapped to form 1D carbon nanotubes (CNTs), or stacked to
form 3D graphite. (Reproduced with permission from A.K. Geim, K.S.
Novoselov, Nat. Mater. 6, 183-191, 2007.)



