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a b s t r a c t

As a novel single-atom-thick sheet of sp2 hybridized carbon atoms, graphene (GR) has attracted extensive
attention in recent years because of its unique and remarkable properties, such as excellent electrical
conductivity, large theoretical specific surface area, and strong mechanical strength. However, due to the
π-π interaction, GR sheets are inclined to stack together, which may seriously degrade the performance
of GR with the unique single-atom layer. In recent years, an increasing number of GR-based electro-
chemical sensors and biosensors are reported, which may reflect that GR has been considered as a kind
of hot and promising electrode material for electrochemical sensor and biosensor construction. However,
the active sites on GR surface induced by the irreversible GR aggregations would be deeply secluded
inside the stacked GR sheets and therefore are not available for the electrocatalysis. So the alleviation or
the minimization of the aggregation level for GR sheets would facilitate the exposure of active sites on GR
and effectively upgrade the performance of GR-based electrochemical sensors and biosensors. Less ag-
gregated GR with low aggregation and high dispersed structure can be used in improving the electro-
chemical activity of GR-based electrochemical sensors or biosensors. In this review, we summarize recent
advances and new progress for the development of electrochemical sensors based on less aggregated GR.
To achieve such goal, many strategies (such as the intercalation of carbon materials, surface modification,
and structural engineering) have been applied to alleviate the aggregation level of GR in order to enhance
the performance of GR-based electrochemical sensors and biosensors. Finally, the challenges associated
with less aggregated GR-based electrochemical sensors and biosensors as well as related future research
directions are discussed.

& 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Two-dimensional (2D) materials with atomic thickness are
considered as a kind of ideal building blocks for the design of
various novel functional materials because of their novel electro-
nic, optical, and mechanical properties (Guo et al., 2015). The
atomically thick 2D materials not only inherit the properties from
their corresponding bulk samples but also exhibit many totally
different properties (Dubertret et al., 2015). Because of their un-
ique physical and chemical properties, such 2D materials have
been attracted much attention for both of the fundamental sci-
entific research and practical applications (Chhowalla et al., 2015;
Chia et al., 2015; Dubertret et al., 2015; Yang et al., 2015b). Gra-
phene (GR), a monolayer of sp2-bonded carbon atoms arranged in

honeycomb lattice, is a typical 2D material for carbon materials
(Mas-Balleste et al., 2011). In 2004, Geim and co-workers at the
University of Manchester developed a very simple methodology
(the so called scotch-tape technique) to isolate the GR, which al-
lowed them to first produce and characterize few-layers GR on
silicon wafers (Novoselov et al., 2004). Following this pioneering
work, several physical and chemical methods have been devel-
oped for the production of GR, including the intercalation and
chemical exfoliation of graphite, unrolling of carbon nanotubes
(CNTs), chemical vapor deposition (CVD) or epitaxial growth, re-
duction of graphene oxide (GO) and other organic synthetic
methods (Avouris and Dimitrakopoulos, 2012; Brownson et al.,
2012; Cai et al., 2012; Cao et al., 2014; Chen et al., 2012a; Edwards
and Coleman, 2013; Guo and Dong, 2011; Hummers Jr and

Fig. 1. Electrochemical sensors or biosensors based on NPs/GR (A), heteroatom-doped GR (B), redox mediators/GR (C), biomolecules/GR (D), recognition system/GR (E), MIP/
GR (F), polymer/GR (G), and GR QDs (H).
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