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Carboxylic acids play a pivotal role in crystal engineering, owing to their ability to form hydrogen-bonded cyclic dimers, which route
the crystallization process. Benzoic acid (BZA) is the prototype of aromatic carboxylic acids. Recent results from our group [1] point
out that several intermolecular recognition modes are present in the liquid phase, where the cyclic dimers that are found also in the
P2,/c crystal — the only known to date — are overcome by trimeric structures with almost trigonal symmetry, and coexist with greater
and more complex HB clusters. Thus, a question arises — when and why does the structure of the liquid change, so that nucleation of
BZA dimers can occur?

To gain insights on the problem, we investigate liquid benzoic acid as a function of 7' by means of molecular dynamics with the free
MiCMoS platform [2-5]. We propose novel structure-free energy-based criteria to highlight relevant supramolecular clusters that
show a detectable cohesion and, for this reason, have lifetimes significantly longer than thermal fluctuations [6]. Our tool allows to
single out nanoscale inhomogeneities that impact on the average structure of the liquid, in what is the nano-equivalent of bulk de-
mixing within a binary system. We find clusters up to 17 molecules large that persist by more than 100 ps in undercooled BZA, and
display an inner structure that is somewhat intermediate between the liquid and the crystal. Thus, they might lie on the path to the
ripening of critical clusters or semi-liquid crystal embryos. Large aggregates still lack a definite inner symmetry and are highly
dynamic and fluxional, as we expect. We hypothesise that, on longer time scales, persistent nanoscale inhomogeneities could set up
a favourable environment that enhances the probability of nucleation, in agreement with non-classical theories [7].
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Figure 1. Benzoic acid cyclic dimer, trimer, tetramer and catemeric 8-mer.
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