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a b s t r a c t

Graphene, a single atomic layer of sp2-hybridized carbon atoms
arranged in a hexagonal structure and the Nobel winning material
in 2010, has attracted extensive research attention in the last few
years due to its outstanding physical, chemical, electrical, optical
and mechanical properties. To further extend its potential applica-
tions, intensive research efforts have been devoted to the function-
alization of graphene. Examples include improving graphene
solubility by attaching different chemical functional groups to its
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basal plane, modulating the charge carrier type and concentration
via surface transfer doping by coating it with various metals films
or organic molecules, improving the bio-selectivity by decorating
it with different p-conjugated organic molecules, and so on. Differ-
ent methods have been developed to functionalize graphene. Among
them, non-covalent molecular functionalization represents one of
the most effective and promising methods. The extended p-conjuga-
tion is largely preserved without creating extensive structural
defects on the graphene sheet, thereby retaining the high charge car-
rier mobility. In this review, a brief summary about different func-
tionalization methods of graphene and its derivatives by covalent
and non-covalent interactions will be presented, with particular
focus on the non-covalent molecular functionalization. A broad
review of the applications of non-covalently functionalized graph-
ene and its derivatives will be presented in detail, including field-
effect-transistors, organic optoelectronics, and molecular sensing.

� 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

Graphene is a single layer of carbon atoms packed into a two-dimensional (2D) honeycomb lattice.
The sp2 hybridized carbon bonds contain in-plane r bonds and out-of-plane p bonds [1]. The p bonds
contribute to the electron conduction of graphene and provide weak interaction between graphene
layers or graphene and the substrate. Graphene has shown exceptional physical properties because
of its peculiar structural characteristics, making it a promising candidate as a building block in next
generation nanodevices.

The charge carriers in graphene behave like relativistic particles and can be described by the Dirac
rather than the Schrödinger equation [2,3]. Due to the two equivalent carbon sublattices in its honey-
comb lattice, cone-like valance and conduction bands intersect at the Fermi level at the K and K0 points
of the Brillouin zone, giving rise to a linear dispersion of the energy spectrum described by E ¼ �hmF K.
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