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Abstract: Molecular imprinted polymers (MIP) allows the preparation of tailored and high
specific materials able to recognize a specific template. In this work, we simulated the affinity of
a new high selective MIP able to specifically bind the isobutylphenylpropanoic acid (ibuprofen,
template molecule). We have performed a series of molecular dynamics (MD) simulations of
different mixtures in order to undercover the mechanisms occurring during the process of
molecular imprinted polymers. The simulations were performed using the GROMACS 5.0 and
the the OPLS-AA force field were used to parameterize and verifiy the studied molecules. A
single system were simulated representing the pregelification state of the system. The radial
distribution function (RDF) analysis and cluster analysis were used to evaluate the affinity of the
template molecule, ibuprofen, for the gel backbone. Results confirm that the new material is
high-selective and MD simulations are essential to study the molecular imprinting process
because can give a deeper knowledge of the mechanism occurring during the imprinting process.

Keywords: Molecular imprinted polymers (MIP), molecular dynamics (MD), GROMACS,
xerogel, polymers, isobutylphenylpropanoic acid.

1. Introduction

In recent years a new methodology have been
developed to produce new and high selective
polymers. Molecular imprintedpolymers (MIT) is
a breaking through technology which is growing
faster in these last years. For instance, the
MITcan be used to prepare molecular imprinted
polymers (MIP) that can be used to prepare
synthetic receptors able to recognize and bind or

release the template molecules, new HPLC

matrix for selective detection and/or separation

of drugs.In this context, MIPmaterials are
gaining day by day a most relevant role due to
the growing demand for sensitive, accurate and
simple methods and materials able to achieve this
goal. In fact, MIPare widely used because they
are able to recognize small chemicals or large
biological molecules such as, proteins, DNA or

RNA. In addition, MIP can be used to create
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sorbents for specific chiral chromatographic

materials or specific sorbents for high-
performance liquid chromatography-ultraviolet
detection (HPLC-UV). The creation of new drug
release materials is also an application of sol-gel

MIP.

In this short communication, we present a

Molecular Dynamics (MD) simulationof a new

MIP, with a high selectivity for the
isobutylphenylpropanoic acid (ibuprofen,
template molecule). The radial distribution

function (RDF) analysis has been used to
evaluate the affinity between the MIP and the
template molecule. This is a preliminar study to
assess the affinity between the polymer and a
template molecule which is a modification of a

ORMOSIL we have recently published[1].
2. Results and Discussion

The RDF analysis was used to study the affinity
between the template and the polymer. As
referred in the materials and method section, the
RDF was calculated using a specific atom instead
of the center of the mass of the molecule. The
atoms used for the template are the two oxygens
of the carboxylic terminal, while for the polymer
the hydrogen of the dehydroimidazolium; these
atoms have been circle-marked in the Figure 1.
In the Figure 2 we have reported the RDF
analysis between IBU(the template molecule)
and a cationic dehydroimidazolium ORMOSIL
(DHI', [Si303(CH3)4(OH))2-(C3He)]2-C3HsN2").

In the image is clear the affinity between the

template and the polymer; in fact, there are two
sharp and high peaks at a distance of 0.25nm
which clearly confirms the affinity. This peaks in
fact correspond to the two oxygens of the
template interacting with the hydrogen of the
dihydroimidazolium of the ORMOSIL. In
addition, in the same figure we have reported the
RDF of the ORMOSIL with the counter ion, but
in this case there is no relevant affinity. Thus,

this result can confirms that is likely to happen a

successfully imprinting effect.

Figure 1. IBU and ORMOSIL structure

3. Materials and Methods

The MD simulations were performed with
GROMACS 5.0.4.package applying the OPLS-
AA[2,3]. The system under study contained
water, methanol, the anyonic form of Ibuprofen
(the template, IBU"), the dual cyclic silicate

trimer corresponding to a hydrolyzed and
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condensed species derived from the cationic
dehydroimidazolium ORMOSIL (DHI",
[Si303(CH3)4(OH))2-(C3Hs)]2-C3HsN2),in - the
Figure 1 we have reported the ORMOSIL and
the IBU" structures.The initial state of the system
was obtained by inserting into the boxes the
respective number of units at random positions
using the packmol package[4]. The composition
of the model is reported in the Table 1. After
energy minimization using steepest-descent
methods included in the GROMACS package, a
temperature annealing was performed in the NVT
ensemble for Ins, reaching a temperature of 600
K, so as to ensure a proper mixing and gather
three random independent initial configuration.
Then the system were simulated for a total of
20ns in the NpT ensemble for data
collection.Observable properties were sampled
every 2 ps, from which total averages and
standard deviations for each run were
computed.The analysis consisted essentially in
the calculation of radial distribution functions
(RDF). The RDF between different types of

molecules has been calculated as:
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{p(1))
(PB)loc,

gap(r) =
where <pp(r)> refers to the average density of
particle B at a distance r, around the particle A,
and <ps>ioc refers to the density of the particle B
averaged over all spheres around particles A with
a maximum radius (rmay) Which was half of the

box length.

Table 1. Composition of the model
Molecule Number
Ibuprofen 10

Na 20
Water 230
Methanol 1130

Iodum 20

Ormosil 10

4. Conclusions

This is only a preliminary work in order to assess
the affinity between the template and the
ORMOSIL molecule. Considering the reported
results, we can affirm that a molecular imprinting
process in this system is likely to happen. In
addition, this work demonstrates that MD

simulations could be wuseful to undercover

atomistic basis of a imprinted process.
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