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INTERMOLECULAR INTERACTIONS
IN COMPLEX SYSTEMS «POLYAMIDE-SILICA GEL»:
THE QUANTUM-CHEMICAL INTERPRETATION
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The nature of some interaction between aromatic polyamide and silica gel has
not been previously explored. The presence of interaction of these components was
determined indirectly, starting from an increase in the level of physical, mechanical
and thermal properties of polymer composite materials based on aromatic polyamides
and silica gel. Therefore, the main purpose of our research is to determine the nature
of the interaction of silica gel with aromatic polyamide. To solve this problem, it is
necessary to study in detail the features of intermolecular interactions that occur at
the level of individual macromolecule links using the broad capabilities of quantum-
chemical calculation methods.

At the initial stages of the study, the question of choosing typical model com-
pounds that would provide the possibility of adequate reproduction of the structure
and intermolecular interactions occurring in the systems under study, and at the same
time were characterized by such important features as simplicity and convenience in
terms of quantum-chemical calculations becomes very important. In this case, the
primary task is to create such theoretical models that would take into account the
presence of basic structural fragments of macromolecules and characteristic interac-
tions between them without significantly detailing the internal structure of individual
components of super molecular systems.

As evidenced by our previous studies of the structure of polymer composites

based on aramidic binders and fillers, the structure of N-phenylbenzamide (1) is quite
44
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consistent with the composition of the monomer link of polymers of this type. As for
the filler, which was silica gel, the best model compound in the simplest approxima-
tion can be the structure of the composition H4[Si4O10] (2), which is a tetracyclic cage
system built of silicon and oxygen atoms, on the surface of which isolated from each
other four hydroxyl groups are situated. Taking into account the amorphous nature of
silica gel, which is characterized only by local symmetry in certain fragments of the
structure (clusters), this approach to the choice of a modified molecular model, in our
opinion, is justified. On the other hand, the cluster method is effective not only for
modelling localized condition state, but also for numerous surface effects that can be
fundamentally important in the conditions of active intermolecular interactions.

Using a three-parameter hybrid density functional in the B3LYP/6-311++G(d,p)
approximation, we optimized the geometry of model compounds (1, 2) in vacuo
while simultaneously calculating the corresponding sets of vibrational frequencies,
according to which localized stationary points were characterized as minima on the
potential energy surface. The electron density distribution with the determination of
atomic charges for the studied structures was established in the framework of natural

bond orbitals (NBO) theory [1, 2]. The results are shown in Figure 1.
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Figure 1. The structures of model compounds with certain values of NBO

atomic charges as well as some bond lengths (A)

The obtained data have generated great interest both in terms of the structure of
individual sections (structural fragments) of the phenylon polymer matrix, and their
interaction with silica gel with the possible formation of typical hydrogen bonds.
Based on this assumption, we have suggested theoretical models that recreate the di-

rect interaction of N-phenylbenzamide (1) molecules with the tetracyclic cage struc-
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ture of Hy[Si4O10] (2). Splitting the equilibrium geometry of dimers into separate
components with their subsequent optimization in the B3LYP/6-311++G(d,p) ap-
proximation led to the formation of “isolated” structures that were obtained earlier.
The calculation of vibrational frequencies for all intermolecular complexes indicated
the absence of imaginary vibrations, which allowed us to characterize them as mini-
ma on the potential energy surface. When evaluating the energy parameters of local-
ized structures, special corrections for the basis set superposition error obtained ac-
cording to the Boys-Bernardi procedure were taken into account [3]. The calculation

results are shown in Figure 2.
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Figure 2. The structures of complexes in the system “polyamide-silica gel”
with some hydrogen bond lengths (A) as well as electron densities

in (3,-1) critical points

It should be noted that the greatest contributions to the stabilization energy of
structures (3, 4), along with weak interactions of an electrostatic nature, are made by
strong hydrogen bonds formed with the participation of a bridged amide group and a
hydroxyl (~77%), as well as the oxygen atom of the cage fragment (~23%), which
were evaluated in the framework of the atoms-in-molecules (AIM) Bader’s theory
[4]. The calculated stabilization energies are 32.4 and 12.5 kJ/mol, respectively. Con-

siderable attention was also paid to the determination of the general energy effects for
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solvation of unrelaxed geometries of intermolecular complexes using the polarizable
continuum method PCM-B3LYP/6-311++G(d,p)//B3LYP/6-311++G(d,p) (e=78.4)
without any detalization of the structure for individual hydrate shells. In this case, the
energy difference for the structures (3, 4) was at least 12.0 kJ/mol in favor of the first
type interaction.

As a result the quantum-chemical calculations indicate that it is possible to apply
guantum chemistry methods and techniques to study the features of intra- and inter-
molecular interactions at the level of individual sites — structural fragments of mac-
romolecules. The results of calculations are well within the structure of polymer ma-
terials and may be fundamentally important in terms of preliminary assessment of the
affinity of individual components when creating new composites based on them.
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