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Crystal polymorphism, i.e. the ability of a molecule to crystallise in
multiple lattice arrangements, is a real-world problem to the
pharmaceutical industry due to the inherently varied physico-chemical
characteristics of the different crystal forms. The pathway, through
which molecules interact and come together in order to form a stable
crystal nucleus, will play a crucial role in determining the resulting
lattice arrangement. This step will be influenced not only by the
method of crystallisation, but also by the solvent used and
supersaturation levels.
In order to better understand and thus control the formation of different
crystal forms, this project will investigate the drug-drug and
drug-solvent interactions before the crystallisation event. As the first
step, the student will extensively characterise model compounds by
solid-state analytical techniques. This will give a holistic understanding
of the crystallisation behaviour from solution and the melt as well as
an insight into the stability of the resulting crystal forms. On parallel,
the student will use NMR and IR spectroscopic techniques in highly
controlled solution titrations to gain information about the dominant
interactions in the crystallisation environments. The compounds will
also be investigated with the use of neutron total scattering techniques
and connected reverse Monte-Carlo simulations to give a structural
snapshot of the amorphous phase. Connecting the gathered
knowledge on the solid state and the amorphous phases will enable
us to generate a better understanding, and thus control, of the factors
leading to the crystallisation of multiple crystal forms.
The student will gain expertise in pre-formulation, the standard solid
state techniques along with solution based spectroscopy. Training will
be provided in (thermo-) microscopy, DSC, TGA, X-ray and neutron
diffraction, IR and NMR spectroscopy, crystal structure determination
and total scattering techniques.
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