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A B S T R A C T

Over the past several decades, much progress has been made in the development of ion-imprinted poly-
mers (IIPs) with the aid of novel types of tailored polymeric materials (e.g., nanomaterials and hybrid
materials). Because of such efforts, IIPs are now widely employed as advanced analytical tools in a variety
of sectors (e.g., as sorbents for solid phase extraction of metal ions). Recently, due to the advancement
of polymeric materials (PMs), an increased number of studies have been made to expand the practical
applicability of IIPs. In this review, the basic theories involved in the polymerization methods of IIPs are
described along with their synthesis and diverse fields of applications (e.g., solid phase extraction (SPE),
sensors, and membrane separators).
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1. Introduction

Various polymeric materials have been developed and imple-
mented in everyday life. In order to expedite the practical
applications of such materials and to ensure that they perform ad-
equately, consideration of a material’s molecular structure and
synthesis is crucial. One such example is the successful applica-
tion of ion imprinted polymers (IIPs) in different areas of science.
The versatile applications of imprinted polymers, including selec-
tive extraction, separation, and sensing of metal ions in different
media (such as water, wastewater, soil, and food samples), have
opened a new frontier of research, enabling the investigation of many
new scientific challenges. As shown in Fig. 1, both advantages and
disadvantages in the IIP applications have been recognized. Im-
printed polymers have many advantages such as specific sites for
targets, good stability in different media, easy synthesis, and speci-
ficity of natural system; however, they also have some disadvantages
such as poor processibility (after synthesis), diversity of sites, and
complicated nature of sorption/desorption.

Industrial processes use large quantities of ionic species, espe-
cially metal ions in manufacturing processes. In light of the large
quantity of industrial wastes containing metal ions, there is still in-
adequate control and regulation on their discharge which can
adversely affect ecological systems [1]. The presence and accumu-
lation of highly toxic metal ions in ecosystems poses a threat to

humans and other living organisms and can cause various chronic/
acute diseases such as cancer and skin, cardiovascular, and blood
disorders. Therefore, proper control of anthropogenicmetal ion emis-
sions is essential. In the past, various techniques have been proposed
by researchers and implemented in this field. In this respect, ion
imprinted polymers (IIPs) based on molecular imprinted poly-
mers (MIPs) have been recognized as a feasible option for the
amelioration of ion-related environmental concerns with a focus
on ions [2].

The first IIPs were made through bulk polymerization proccess
using a mixture of monomer, initiator, crosslinker, and template.
The resulting polymericmass was ground and sieved to obtain par-
ticles with suitable size for diverse analytical applications [1,2].
Basically, polymerization can be defined as the tailored reaction
between bifunctional or polyfunctional compounds (e.g., olefins, di-
olefins, andother relatedcompounds). Polymerizationcanbeachieved
without the formation of ring or cyclic structures. The functional
groupsutilized inpolymerization strategies are comparativelydiverse:
reactive hydrogen (—H), hydroxyl group (—OH), halogen atom (—Cl,
—Br), carboxyl group (—COOH), amino group (—NH2), isocyanate
group (—NCO), aldehyde group (—CHO), and double bond (C=C) [2].

Ion imprinting is a procedure that can enhance selectivity by syn-
thesizing polymers with tailored binding sites based on specific
ligand structures around an ion template. This may be initiated by
the proper choice of monomers, crosslinkers, and ligands to promote

Fig. 1. Advantages and disadvantages of imprinted polymers.
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