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1. Introduction

Highly developed analytical instrumentation (i.e., chromatographic techniques cou-
pled to mass spectrometry) is now available in most analytical laboratories; thus, it is
possible to determine any kind of organic compound. However, the direct analysis of
crude sample extracts negatively affects the quality of the obtained results in terms of
both precision and accuracy, and potentially damages the detection equipment. Therefore,
an adequate sample preparation should be performed before final determination in order
to reduce the matrix effect during the subsequent measurement step. Moreover, sample
preparation allows an increase in the concentration (trace enrichment) of target analytes,
which in turn allows researchers to reach the low-detection limits necessary to meet the
current stringent regulations established by national and international authorities. Other
sample-preparation objectives–such as reducing both the sample size and the amount
of organic solvents and glassware to be used, facilitating automatization, and increasing
sample throughput—have been established during the last decades. The pursuit of these
objectives has led to the development of improved analytical methods in terms of accuracy
and precision, as well as a decrease in hazardous wastes in accordance with the Ten Princi-
ples of Green Sample Preparation [1]. Accordingly, the development of new miniaturised
analytical techniques/devices and new adsorbent materials have been research areas of
great activity during last years. Several microextraction techniques, such as micro solid-
phase extraction (µ-SPE), solid-phase microextraction (SPME), stir bar sorptive extraction
(SBSE), and liquid-phase microextraction (LPME), have been developed in order to fulfil
the objectives mentioned above. Alongside these developments, a great variety of new
sorbents, such as restricted access materials, carbon-based sorbents (carbon nanotubes and
graphene), metal organic frameworks, coated magnetic nanoparticles, among others, have
shown excellent adsorption capacity for target analytes from a complex matrix [2,3].

Irrespective of the sorbent to be used, the extraction process is mainly governed by
non-selective interactions between analytes and functional groups present on the sorbent.
Such lack of selectivity makes necessary an extensive optimization of the typical steps
involved, but, even after careful optimization, some matrix components are co-eluted with
target analytes. In order to improve the selectivity of the extraction process, molecularly
imprinted polymers appear to be a good choice.

Molecularly imprinted polymers (MIPs) are tailor-made materials able to selectively
bind a target analyte in preference to other closely related compounds and under certain
experimental conditions [4,5]. MIPs are obtained by polymerizing functional and cross-
linking monomers around a template molecule, a process that leads to a highly cross-linked,
three-dimensional network polymer. The monomers are chosen by considering their ability
to interact with the functional groups of the template molecule. Once polymerization has
taken place, the template molecule is extracted, and binding sites with shape, size, and
functionalities complementary to the target analyte are established. Thus, the resulting
imprinted polymers are able to rebind a target analyte, leading to extraction methods
with improved selectivity [6]. Moreover, by clever (and rather simple) modifications of
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polymerization procedures, MIPs can be incorporated into current sample-preparation
micro-extraction techniques without affecting their inherent selectivity and stability [7,8].

Accordingly, the present Special Issue collects several papers dealing with recent
developments on the incorporation of MIPs into sample-preparation methods.

2. Summary of Published Articles

MIPs have been widely used as sorbents in conventional solid-phase extraction, so-
called molecularly imprinted solid-phase extraction (MISPE), allowing the performance
of a customised sample treatment step prior to final determination, and today this is
by far the most developed strategy for the use of MIPs in sample preparation. This
statement is nicely demonstrated in the paper by Bosman el al. [9], published in this Special
Issue. Bosman et al. examine the development and application of MIPs for the selective
extraction of chlordecone in bovine serum. The widespread use of chlordecone (CLD),
an organochlorine pesticide, to protect banana crops in the French West Indies, a practise
that lasted until the 1990s, led to significant pollution of water and soil and, subsequently, of
bovine intended for human consumption. In order to allow for pre-slaughter controls, a new
MIP was synthesised and fully optimised to be used in solid-phase extraction associated
with the final determination of chlordecone by LC/MS-MS. The proposed method provides
quantitative recoveries leading to cleaner extracts than those achieved by a conventional
C18 sorbent. The great selectivity provided by the MIP cartridge allows the simplification
of the serum pre-treatment step (a single acetonitrile-precipitation step), leading to a limit
of quantification of the global analytical procedure of 4.4 ng L−1, which is 5 to 180 times
lower than those provided by conventional methods.

The preparation of MIPs requires a large amount of the template, which sometimes is
difficult to find, expensive, unstable, or it represents a hazard to health or safety. Moreover,
the complete removal of the template from the imprinted polymer is not easily achieved;
thus, template residues slowly leach out and contaminate the samples in the solid-phase
extraction process. To overcome these drawbacks, the “mimic template” or “dummy
template” approach has been proposed, although a large amount of the dummy template
is still required. As an alternative, the synthesis of nanoMIPs by solid-phase synthesis has
been proposed [10,11]. In this approach, since the template molecules are covalently grafted
onto glass beads, no residual template molecules are present in the resulting nanoMIPs,
avoiding the bleeding effect entirely. Furthermore, because functionalized glass beads
require a small amount of the template and can be reused many times, this approach allows
the use of expensive templates.

NanoMIPs have proven to be very versatile, but to date only limited attention has
been paid to their use in solid-phase extraction; thus, the paper by Chiarello et al. [12] of
the present Special Issue focuses on the ability of nanoMIPs to extract fluoroquinolone
antibiotics from human urine by MISPE. Several nanoMIPs were prepared in water with
polymerization mixtures of different compositions, and the polymer with the highest
affinity towards ciprofloxacin was then grafted onto a solid support and used to set up
a solid-phase extraction–HPLC method with fluorescence detection. It was observed that
the nanoMIPs were suitable for direct extraction of the target antibiotics from the urine
samples at the µg mL−1 concentration level. Without preliminary treatments (just a dilution
with a buffer), recoveries of up to 85%, with precision in the range of 3% to 4.5% and without
interference from the matrix, were achieved. These results demonstrate the feasibility of the
use of nanoMIPs in the development of MISPE procedures and open new areas of research
in the molecular imprinting field.

As mentioned above, MIPs can be incorporated into other sample-preparation micro-
extraction techniques. For example, the incorporation of MIPs to Dispersive (Micro)Solid
Phase Extraction (D-µ-SPE) has received special attention in recent years, and it is reflected
in this Special Issue in the comprehensive review by Thilini Madurangika Jayasinghe and
Moreda-Piñeiro [13] and in the article by Mpayipheli et al. [14] devoted to the develop-
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ment of a Vortex-Assisted Dispersive Molecularly Imprinted Polymer-Based Solid Phase
Extraction method for the determination of acetaminophen from water samples.

Molecularly Imprinted-D-µ-SPE consists of dispersing the imprinted polymer particles
(a few milligrams) into the sample or the sample extract by shaking (oscillators and vortex)
or sonication or by magnetic stirring when magnetic sorbents are used. Dispersion of the
sorbent in the sample maximizes disaggregation of sorbent particles, thus increasing the
surface area available. This approach enhances target analytes adsorption on the sorbent
and represents a rather simple but effective alternative to traditional SPE. Furthermore, the
great variety of MIPs for D-µ-SPE (magnetic and non-magnetic composites) has allowed
the development of several applications based on the use of quite different MIP-based
sorbents for the trace enrichment and clean-up of target analytes in environmental, food,
and bio-samples.

3. Conclusions

The papers included in this Special Issue demonstrate that the use of MIPs provides
a simple way for the development of simple, robust, flexible, and highly selective (mi-
cro)extraction methods with improved analytical characteristics. Moreover, it is possible to
adapt MIP preparation to be incorporated into (micro)extraction and solventless techniques.

In spite of the relevant advances in the molecular imprinting field achieved during
last two decades, there is still room for improvement in terms of MIP performance and
in widening the fields of application. In this regard, the refinement of the use of MIPs in
well-established sample-preparation techniques as well as the development of formats and
devices with some degree of automatization will bring new selective, simple analytical
methods in the near future.
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