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Acetic  acid  is  considered  as  a  simple  organic  acid  and  an  important  substance  in  biochemistry.  Molecular
association in this carboxylic acid has been a subject of extensive investigations. Diffraction techniques as well as
spectroscopic measurements and computational methods have also been used to investigate the liquid state of acetic
acid (AA).  According to the neutron diffraction data, it has been suggested that cyclic dimer clusters yield a good
description of the liquid structure [1]. In contrast, molecular dynamics (MD) and Monte Carlo simulations suggest that
acetic acid molecules prefer chain structures via hydrogen-bond (HB). The same results have been deduced using large-
angle  x-ray  scattering  [2].  Raman  spectroscopy  and  ab-initio  calculation  lead  to  the  conclusion  that  acetic  acid
molecules form a chain structure by inter-molecular HB between the hydroxyl hydrogen atom and the carbonyl oxygen
atom. Similar experiments suggested that the equilibrium in AA at 20 °C is comprised mainly of cyclic dimers, with
some linear dimers, chain polymers, and monomers also present [3].

Measurements  of  1H NMR of  acetic  acid  and  cyclohexane  binary  solutions  showed  a  very  interesting  non-
monotonic  evolution  of  the  chemical  shift  of  acetic  acid  protons  by  changing  the  concentration  of  the  solution
components [4]. This evolution reflects the peculiarities of the association of acetic acid in these systems, which until
now have not been thoroughly investigated. The formation of acetic acid dimers or higher order associates and the
change in the cis-trans conformational equilibrium are only some of the processes at the molecular level that could be
sensitive to the measured NMR spectral parameters. In order to explain the results of NMR parameters of acetic acid
and  cyclohexane  binary  solutions,  we  performed  the  simulation  of  the  structure,  dynamics  and  NMR  spectral
parameters of these systems. For this, we used the classical molecular dynamics simulations and combined QM/MM
methods for calculating NMR chemical shifts. 

In this work, we have performed detailed structural investigations of acetic acid and cyclohexane binary solutions.
To describe the intermolecular associations in liquid acetic acid, we have considered three different structures, involving
only the trans conformers (Fig. 1). We have performed classical molecular dynamics simulations for these systems,
using  OPLS-AA and  AMBER based  force  field  for  acetic  acid  and  cyclohexane  molecules.  Detailed  information
concerning local structure was obtained by analyzing relevant radial distribution functions (RDF). A detailed trajectory
analysis was performed to estimate the populations of cyclic dimers, cyclic trimers and chain dimers in the pure acetic
acid system. Having recorded the trajectories of the systems, we turned to the combined quantum mechanics/molecular
mechanics (QM/MM) based calculations of the 1H NMR parameters. 

Detailed account of the results will be presented at the conference.

Fig. 1. Structures of the cyclic dimer, chain dimer and cyclic trimer

Computations were performed on resources at the High Performance Computing Center “HPC Sauletekis” in Vilnius
University Faculty of Physics.
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