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POLYMORPHISM/THERMODYNAMICS/CRYSTALLIZATION KINETICS/

SOLUTION-MEDIATED TRANSFORMATION/pL-METHIONINE

There are three known polymorphic forms of bpr-methionine (pL-met),
a-pL-met, B-pL-met and y-pr-met. The formation of polymorphs is usually determined
by thermodynamics, crystallization and dissolution kinetics, and transformation
kinetics. This thesis aims to understand and predict the thermodynamics and kinetics
of the two commonly found polymorphs of pL-met (a-pL-met and y-pr-met). The
behaviors of the crystallization and the solution-mediated transformation (SMT) of
a-DL-met into y-pL-met in aqueous solutions were also studied.

The solubility of a-pL-met in water is higher than y-prL-met. The melting
temperature and enthalpy of fusion of y-prL-met are higher than those of a-pL-met. The
Gibbs free energy of a-pL-met is higher than y-pL-met. These properties of the two
polymorphs strongly suggest that the system is a monotropic polymorph system where
y-pL-met is the stable polymorph and a-pr-met is the metastable polymorph under the
range of conditions useful for industrial crystallization.

The crystallization and dissolution kinetics were measured and these were
used to describe the behavior of the SMT and used in simulations involving the
population balance equation (PBE) model. The secondary nucleation threshold (SNT)
was determined to ensure that growth was measured under convenient non-nucleating

conditions. The nucleation rates of y-pL-met increase exponentially with respect to the
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supersaturation of pL-met and increase with increasing temperature. The measured
nucleation kinetics can be described by the classical nucleation theory (CNT) and
allow approximate interfacial energies to be estimated by fitting the measured data to
CNT. The growth rates of both polymorphs were a linear function of the relative
supersaturation and the dissolution rate of y-pL-met was a linear function of the
relative undersaturation. The growth and dissolution rate constants increase with
increasing temperature and follow an Arrhenius relationship.

The SMT of a-pL-met into y-pL-met in water at 25 °C was studied via a seeded
batch crystallization process. The change of the solute concentration and the fraction
of y-pL-met with time during the crystallization process were used to describe the
behavior of the SMT. The SMT process consists of the dissolution of a-pL-met and the
crystallization (nucleation and growth) of y-pL-met; the transformation is a dissolution
controlled process. Models of the SMT process were developed based on the PBE
models. The results showed the PBE models did not satisfactorily describe the SMT
process of pL-met when the measured crystallization and dissolution kinetics were
used; there were large mismatches between the simulation and experimental results.
Improving the model of the dissolution kinetics of a-pL-met (which in fact appear
different to those of the y-form) enabled these mismatches to be lowered, and this was

done by re-estimating only a single dissolution kinetic parameter, Kp,.
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