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SERMSIRI CHAIWONGWATTANA : THEORETICAL STUDIES OF
MOLECULAR CLUSTERS IN SOLUTIONS: BENZOIC ACID AND
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KRITSANA SAGARIK, Ph.D. 143 PP.

BENZOIC ACID DIMER/PHENOL CLUSTERS/BENZENE SOLUTIONS/T-

MODEL/ MOLECULAR DYNAMICS SIMULATIONS

The interplay between H-bond and n—m interactions in non-aqueous
environment was theoretically studied using clusters of benzoic acid (BA) and phenol
(PhOH) in benzene (Benz) solutions as model systems. MD simulations on (BA), and
the BA-H,O m : n complexes, mand n =1 - 2, showed that, since the solute-
solvent and solvent-solvent interactions are moderate in the BA systems, the solvation
shells around the solute clusters are weak and mobile, especially at room temperature.
This allows the thermal energy and the structure of the solvation shells to play
important roles in determining the structures and stability of the BA clusters. It was
also illustrated that, due to the solvent effects, some microhydrates not particularly
associated in the gas phase appeared with long lifetime in the course of MD
simulations.

The MD results showed two types of the H-bond exchange in the BA systems
namely, the mutual and non-mutual ones. Both H-bond exchanges were detected since
the dynamic behaviors were taken into account in the present theoretical model. For
the PhOH systems, (PhOH),, n = 1 — 3, based on the T-model potentials, MD

simulations showed at least three Benz molecules solvate at the O-H group, and



PhOH could act both as proton donor and acceptor towards Benz molecules. The
average potential energy landscapes and cross section plots obtained from MD
simulations indicated that the size and shape of the average potential energy wells are
determined nearly exclusively by the average solvent-solvent interactions. Since the
average potential energy barriers to solvent exchanges at the O-H group are quite
high, Benz molecules at the O-H group could form part of quite strong local solvent
cage.

Investigation on the H-bond exchange diagrams revealed that, Benz molecules
at the O-H group of PhOH could exchange through large-amplitude nuclear motions
and the solvent exchanges seem to favor the associative-interchange scheme. The
lifetimes of the PhOH-Benz complex were approximated and in reasonable agreement
with 2D-IR vibrational echo experiment. It appeared that, due to weak interaction and
the thermal energy fluctuation at 298 K, the O-H..O H-bond in (PhOH), was disrupted
in MD simulations, whereas cyclic H-bonds in (PhOH); were only opened in
[(PhOH)3]genz; the O-H..O H-bonds in (PhOH);3 are quite well protected by the three
PhOH molecules, therefore not easily accessible by Benz molecules as in the case of
(PhOH),. This suggested that, the competition between solute-solute and solute-
solvent interactions could be studied only when explicit solvent molecules are taken

into account in the model calculations.
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