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The crystallization of pure polymorphs of active pharmaceutical ingredients and biomineralization
phenomena in aqueous natural environments are some of the processes that crucially depend on the nucleation
and growth of the crystal from a dispersed and disordered phase. Despite its importance and multidisciplinary
character, molecular details of the events surrounding the crystallization from solution (separation of solute and
solvent molecules, the formation of clusters and nanophases, interaction at the solid-solution interface) are still
partially understood. This talk will present recent work conducted in my group to theoretically characterize the
mechanism of new phase formation, and the structure and energetics of the intermediates and precursor transient
phases.

Since the process of surface-cation-dehydration governs the kinetics of the reactions occurring at mineral
surfaces, such as adsorption and crystal growth, | will report on the quantification of solvent-exchange processes
occurring at the mineral-water interface, including the effect of surface structure,’ solution composition, 2 and
nanoconfinement® on the reactivity of mineral surfaces.

I will then present analytical macroscopic geochemical models for describing mineral surface reactivity and
predicting growth rates as a function of the surface topography that have been developed by “scaling up”
molecular-level data obtained from molecular dynamics simulations of structurally heterogeneous mineral-
solution interface.”

In the final part of the talk, | will describe a computational protocol to compute the free energy pathway for
the formation of pre-nucleation molecular clusters in different solvation environments.® This methodology has
been applied to rationalize the role of solvent in the self-assembly of meta-aminobenzoic acid, an important
model system in the study of polymorphism and crystallization of active pharmaceutical ingredients.®”
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