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Solubility of Drug-Like Molecules in Pure, Mixed and
Supercritical Solvent Systems with the CPA EoS

Mota EL.", Queimada A.J.", Pinho S.P°, Macedo E.A."
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Most of the active pharmaceutical ingredients (API) are purified by crystallization being
solubility a key property, and it also affects their efficacy, release, transport and
absorption in the organism [1]. Although of extreme importance, data involving drug-
like molecules are still scarce.

In recent years, efforts have been made towards the development of predictive tools to
calculate phase behaviour of the API’s. Thermodynamic models are important tools, and
namely activity coefficient based models have been applied for that purpose. Still, these
frequently cannot describe with the desired accuracy broad temperature and pressure
ranges, various solvent compositions or multifunctional molecules. Despite the success
of the cubic-plus-association (CPA) equation of state (EoS), only very recently it was
applied to model the phase equilibria of drug-like molecules, explicitly accounting for
the number and nature of associating sites [2-3].

In this work, the quality of the solubility estimates provided by the CPA EoS for a set of
drug-like molecules in aqueous, pure and mixed organic solvents, and supercritical
fluids will be presented, being the experimental data obtained from literature. Molecules
containing different and/or multiple associating groups such as acetylsalicylic, adipic,
ascorbic and stearic acids, acetamide, hydroquinone, ibuprofen and paracetamol were
studied both in aqueous and organic systems in a wide temperature range [2-3]. In
water, the solubility of acetanilide, bisphenol A, camphor, dibenzofuran,
hexachlorobenzene, nicotinic and terephthalic acids, piperazine, sorbitol and vanillin
were additionally predicted [2]. Mixed solvent systems of ascorbic, nicotinic, stearic
and terephthalic acids, acetanilide, hexachlorobenzene, ibuprofen, paracetamol, sorbitol
and vanillin in a wide range of compositions were also studied.

Generally, modelling results are within the experimental uncertainties using a single
temperature independent binary interaction parameter. The good results found for some
of the compounds in water are presented in Fig. 1(a), and for paracetamol in organic
solvents in Fig. 1(b).

Besides the importance of the studies at ambient pressure conditions, in the
pharmaceutical industry some operations are performed in supercritical conditions,
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being the equations of state particularly useful for these studies. Therefore, the solubility
of drug-like molecules in supercritical solvents using CPA EoS was estimated, namely
for acetylsalicylic, adipic, ascorbic, nicotinic and stearic acids, acetamide, camphor,
dibenzofuran, hexachlorobenzene, hydroquinone, ibuprofen showing again that this EoS
is particularly useful for that kind of systems.
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Figure 1. (a) Aqueous solubilities (o, acetylsalicylic; ¢, nicotinic; m, terephthalic acids; e,
acetamide; ¢, bisphenol A; +, camphor; x, dibenzofuran, o0, hydroquinone; V,
hexachlorobenzene) and CPA results. (b) Summarized results for paracetamol in: e, ethanol; o,
methanol; ¢, 2-propanol; 0, acetone; m, acetonitrile; O, ethyl acetate; A, propylene glycol; [J, 1-
propanol; x, 1-butanol.
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