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A consensus is emerging to rule that the classical nucleation theory is not the only pathway of crystallization:
recent works [1] proposed the demonstration of two-stage nucleation for different media, liquid-solid, solid-
solid and vapour-solid, with possible spinodal decompositions.

In the case of the crystallization of an Active Pharmaceutical Ingredient (API) in supercritical CO,, a possible
way to describe a two-step crystallization mechanism involves the apparition of transient metastable liquid
droplets in the vapour phase of the API dissolved in the scCO, before crystallization. In order to find out under
which pressure and temperature conditions such a two-step mechanism could be observed in supercritical
conditions, we proposed a thermodynamical modelling of the stability / metastability / unstability for {(S)-
Naproxen + CO} and {(RS)-Ibuprofen + CO2} vapour binary mixtures at 313K, based on the well-known
Peng — Robinson equation of state.

The binary interaction parameters of the PREOS describing the fluid phases have been fitted using solid
solubility experimental data from literature [2,3]. We have compared two different fugacity models for the
solid phase: the first one is based on a classical subcooled liquid like approximation, whereas the second one
is based on the Lee — Kesler equation to estimate the sublimation pressure of (S)-Naproxen or (RS)-1buprofen
in scCOs..

A classical fugacity approach then shows that the binary vapour can condense in a liquid phase, metastable
relatively to the solid phase, on condition for which moderate supersaturation levels are reached. We have
shown, that the compositions of the predicted metastable
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Phase diagrams have been presented with stable, metastable ;| wiometteopor comem ity © s L
and unstable domains (Figure 1). Finally, we rationalised the g L e e 2 \&\\&
probability of occurrence of two-step crystallisation by : e

- - - - - 80 Unstable vapour domain (IBU + COz) /
estimating the supersaturation ratio required to reach the : e -

.- oy - . 0.992 0.993 0.994 0.995 0.996 0.997 0.998 0.999 1

metastability and unstability limits. XE02. (olar KAEEon)

Figure 1: {(RS)-IBU + CO2} mixtures at 313.1K
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