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Summary

Control of polymorphism is important for many applications and is especially relevant for the pharmaceutical industry. It was recently discovered that epitaxial nucleation of one polymorph on a specific crystal phase of another form can play a role in the formation and conversion of polymorphs. In this thesis a detailed study is presented on this polymorphic epitaxial nucleation for a steroid called 7αMNa that has two known polymorphic forms.  

The influence of a solvent on the morphology of the steroid crystals is treated in chapter 2. The attention is focused on the two opposite {010} faces that, due to their different growth rates when grown from different solvents (like methanol or acetone), determine the polar morphology of the crystals. It is shown that the solvent can hamper or promote the crystallization differently when interacting with two opposite faces. The phenomenon is explained by using results of Molecular Dynamics simulations.  

In chapter 3 the epitaxial nucleation of the metastable polymorph of the 7αMNa steroid on the (010) face of the stable form is studied. It is shown that the 2D barrier of epitaxial nucleation is lowered as compared to the 3D barrier for nucleation. It is also shown that the nucleation of the metastable polymorph on the opposite (010) surface occurs at higher supersaturation as compared to the one needed for the nucleation on the (010) surface, or does not occur at all depending on the solvent.    
By comparing the solubility of the steroid in two different solvents it was observed that the metastable zone width for epitaxial nucleation is a function of the solubility of the compound in different solvents: the higher the solubility, the lower the threshold observed value for the 2D epitaxial growth of the metastable polymorph. The life-time of the metastable polymorph in solution is also affected by the solubility in different solvents: the higher the solubility, the faster the polymorphic transformation into the stable polymorph.   
Chapter 4 deals with the reverse process, that is the epitaxial nucleation of the stable polymorph on a specific face of the metastable polymorph and the complex phenomenon of concomitant polymorphism. It is shown that the 2D barrier for nucleation of the stable polymorph is lowered as compared to that of 3D nucleation, as the stable polymorph is using a specific face (namely the (010) face) of the metastable polymorph as template for crystallization. An important conclusion of this study is that for low supersaturations for the metastable polymorph, Ostwald’s rule of stages in 2D does not hold.    
By studying the life-time of the metastable polymorph in solution, it is shown that both polymorphs can co-exist (i.e. grow) in solution.  A theoretical polymorphic phase diagram is derived and the phenomenon of concomitant polymorphism is explained. Some practical applications of the heterogeneous epitaxial polymorphic nucleation are presented.   
The experimental results presented in the first chapters led to the conclusion that the two opposite {010} surfaces of the polymorphs of the 7αMNa steroid, acting as templates for epitaxial polymorphic nucleation, needed to be analysed closely. Therefore, in chapter 5 the (010) face of the stable polymorph is studied in-situ and ex-situ. It is shown that the (010) face and faces with nearly the same orientation are rough faces, unlike the opposite (010) face. It is concluded that the epitaxial nucleation of the metastable polymorph leads to self-poisoning of the (010) face. The conclusion is strengthened by the results of vacuum experiments that show that the crystals of stable form have a polar habit.   
In chapter 6 the (010) face of the polar crystals of the stable polymorph is studied ex-situ using various techniques. It is shown that this face grows via a spiral growth mechanism. No 2D nucleation was observed to occur on this face, even for relatively high supersaturation.   
The symmetry induced and the accidental interlacing patterns of the spirals are analysed, also taking in consideration the effect of the solvent, the supersaturation and added impurities (in this case inorganic compounds, i.e. NaI). The thickness of the corresponding growth layers and the step directions of the spirals found experimentally agree well with the crystal structure and the directions of the strongest Periodic Bond Chains.
