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h i g h l i g h t s g r a p h i c a l a b s t r a c t

� This paper reviews the use of gra-
phene for the electroanalysis of haz-
ardous ions.

� The use of graphene for As(III), Cd2þ,
Pb2þ, Hg2þ, Cr(VI), etc. analysis is
reported.

� Graphene is interesting for sensors
due to: their conductivity and high
surface area.

� Graphene can be easily functional-
ized with nanoparticles or other
chemicals.

� Selectivity of the electrodes can be
improved with the use of organic
materials.
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a b s t r a c t

The use of graphene in the field of electrochemical sensors is increasing due to two main properties that
make graphene and derivatives appealing for this purpose: their conductivity and high surface area. In
addition, graphene materials can be easily functionalized with nanoparticles (Au, Pt, etc.) or organic
molecules (DNA, polymers, etc.) producing synergies that allow higher sensitivity, lower limit of
detection as well as increased selectivity. The present review focuses on the most important works
published related to graphene-based electrochemical sensors for the determination of hazardous ions
(such as As(III), Cd2þ, Pb2þ, Hg2þ, Cr(VI), Cu2þ, Agþ, etc.). The review presents examples of the use of
graphene-based electrodes for this purpose as well as important parameters of the sensors such as: limit
of detection, linear range, sensitivity, main interferences, stability, and reproducibility. The application of
these graphene-based electrodes in real samples (water or food matrices) is indicated, as well. There is
room for improvement of these type of sensors and more effort should be devoted to the use of doped
graphene (doped for instance with N, B, S, Se, etc.) since electrochemically active sites originated by
doping facilitate charge transfer, adsorption and activation of analytes, and fixation of functional moi-
eties/molecules. This will allow the sensitivity and the selectivity of the electrodes to be increased when
combined with other materials (nanoparticles/organic molecules).

© 2016 Elsevier B.V. All rights reserved.

* Corresponding author.
E-mail addresses: jamopue@doctor.upv.es (J. Molina), fjcases@txp.upv.es (F. Cases), moretto@unive.it (L.M. Moretto).

Contents lists available at ScienceDirect

Analytica Chimica Acta

journal homepage: www.elsevier .com/locate/aca

http://dx.doi.org/10.1016/j.aca.2016.10.019
0003-2670/© 2016 Elsevier B.V. All rights reserved.

Analytica Chimica Acta 946 (2016) 9e39

mailto:jamopue@doctor.upv.es
mailto:fjcases@txp.upv.es
mailto:moretto@unive.it
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aca.2016.10.019&domain=pdf
www.sciencedirect.com/science/journal/00032670
www.elsevier.com/locate/aca
http://dx.doi.org/10.1016/j.aca.2016.10.019
http://dx.doi.org/10.1016/j.aca.2016.10.019
http://dx.doi.org/10.1016/j.aca.2016.10.019


Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2. Determination of different ions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

2.1. Arsenic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.2. Cadmium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.3. Mercury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
2.4. Lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
2.5. Other metal ions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

2.5.1. Chromium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
2.5.2. Copper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
2.5.3. Silver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
2.5.4. Zinc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
2.5.5. Thallium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

3. Conclusions and perspectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
Role of the funding source . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

1. Introduction

Graphene, often regarded as the new “miracle material” [1], has

emerged as a revolutionary material since its isolation in 2004
by K.S. Novoselov and co-workers [2]. Such consideration arises
fromproperties such as high electronmobility at room temperature
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poly-p-ABSA poly(p-aminobenzene sulfonic acid)
po-G Partially oxidized graphene
PPAA Plasma polymerized allylamine
PPy Polypyrrole
PS Polystyrene
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