Analytica Chimica Acta 814 (2014) 1-22

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

Contents lists available at ScienceDirect

Analytica Chimica Acta

Review

Electrical field-induced extraction and separation techniques:
Promising trends in analytical chemistry — A review

4 =
@ CrossMark

Yadollah Yamini®*, Shahram Seidi”, Maryam Rezazadeh?

a Department of Chemistry, Tarbiat Modares University, P.O. Box 14115-175, Tehran, Iran
b Department of Analytical Chemistry, Faculty of Chemistry, K.N. Toosi University of Technology, Tehran, Iran

HIGHLIGHTS

® Sample preparation is an important
issue in analytical chemistry.

e Application of electrical potential

reduces time and enhances selectiv-

ity in sample preparation.

Review provides an overview of prin-

ciples and applications of electrical

fields in sample preparation.

® Advantages, disadvantages and point
to the corresponding limitations of
these techniques are discussed.

® Review is interested for readers that
are appreciated to field of electro-
chemically modulated extractions.
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ABSTRACT

Sample preparation is an important issue in analytical chemistry, and is often a bottleneck in chemical
analysis. So, the major incentive for the recent research has been to attain faster, simpler, less expensive,
and more environmentally friendly sample preparation methods. The use of auxiliary energies, such as
heat, ultrasound, and microwave, is one of the strategies that have been employed in sample prepara-
tion to reach the above purposes. Application of electrical driving force is the current state-of-the-art,
which presents new possibilities for simplifying and shortening the sample preparation process as well as
enhancing its selectivity. The electrical driving force has scarcely been utilized in comparison with other
auxiliary energies. In this review, the different roles of electrical driving force (as a powerful auxiliary
energy) in various extraction techniques, including liquid-, solid-, and membrane-based methods, have
been taken into consideration. Also, the references have been made available, relevant to the develop-
ments in separation techniques and Lab-on-a-Chip (LOC) systems. All aspects of electrical driving force in
extraction and separation methods are too specific to be treated in this contribution. However, the main
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assisted emulsification microextraction; LPME, liquid-phase microextraction; wTAS, Micro Total Analysis Systems; MEMS, microelectromechanical systems; ME, microchip
electrophoresis; MEC, microchip electrochromatography; MWCO, molecular weight cut-off; NPPE, 2-nitrophenyl pentyl ether; NPOE, 2-nitrophenyl octyl ether; N.E., non-
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aim of this review is to provide a brief knowledge about the different fields of analytical chemistry, with
an emphasis on the latest efforts put into the electrically assisted membrane-based sample preparation

systems. The advantages and disadvantages of these approaches as well as the new achievements in these
areas have been discussed, which might be helpful for further progress in the future.

© 2013 Elsevier B.V. All rights reserved.
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1. Introduction

Analytes of environmental or biological origin, which usually
occur in complex matrices, are able to disturb the separation and
data analysis stages. With regard to these concerns, a series of steps
are required to remove the interfering substances, preconcentrate
the analytes, and increase the sensitivity. As a consequence, the
development of new analyte extraction methods and technologies
has received major attention from the analytical research commu-
nities around the world.

Shahram Seidi is currently an assistant professor at
the Department of Analytical Chemistry, K.N. Toosi
University of Technology (Tehran, Iran). He got his
bachelor‘s degree (B.Sc.) in applied chemistry from
Arak University (Arak, Iran) in 2006. He received his
master’s degree (M.Sc.) at the National University of
Iran (Shahid Beheshti University, SBU, Tehran, Iran),
under the direction of Prof. Nahid Mashkouri Najafi
and Prof. Alireza Ghasempour in 2008. In 2012, he
obtained his Ph.D. in analytical chemistry from Tar-
biat Modares University (TMU), under the direction of
Prof. Yadollah Yamini. He attended a Postdoctoral Fel-
lowship at TMU in 2012. His research focuses mainly
on the development of miniaturized sample preparation methods, especially
electrically driven ones, as well as separation techniques.

These innovative techniques are derived from traditional sam-
ple treatment methods, namely liquid-liquid extraction (LLE) and
solid-phase extraction (SPE). The benefits, which motivated the
research and development of sample preparation techniques, are
analytical improvement, scaling down the sample sizes, overcom-
ing the sample matrix effects, automation, speed of response, and
lower costs.

In recent years, a number of general reviews on sample prepara-
tion have been documented, covering different aspects of various
methods [1-8]. Electric field-induced extraction is a topic that is
less investigated.

Fig. 1A-D illustrates the number of publications related to
some of the main electrically assisted extraction techniques with
the keywords of “electromembrane extraction”, “electrochemically
solid-phase extraction”, “electroextraction”, and “electrochemi-
cally modulated liquid-liquid extraction” that are limited to the
titles and keywords of articles incorporated in the Scopus database
[9]. Fig. 1E shows the total number of publications in each year,
obtained by summation of publications associated with the men-
tioned techniques in different years. Although this graph is not
an exact criterion for all publications concerning the electrically
assisted extraction methods, it can provide useful insight into these
techniques. Regarding Fig. 1E and the number of citations of elec-
trically assisted sample preparation techniques accessible at online
databases, it can be concluded that these methods are gradually
becoming quite commonplace in analytical chemistry.

The starting point for electrically induced extraction techniques
dates back to the beginning of the 19th century, when the initial
studies on the migration capability of particles in solutions under
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