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Abstract

In this work, the active pharmaceutical ingredient (API), L-histidine (L-his), was
used to be the model substance. There are two known polymorphic forms of L-his, the
stable polymorph, A, and the metstable (unstable) polymorph, B. The formation of
polymorphs is usually determined by thermodynamics, crystallization and dissolution
kinetics, and transformation kinetics. This research aims to understand and predict the
crystallization and dissolution kinetics of these polymorphs. The behavior of the
crystallization in aqueous and water-ethanol solutions (anti-solvent crystallization) was
also studied.

Experimental measurements of the growth rate of form A and the dissolution
rate of form B in aqueous solution were performed at 10, 25, and 40 °C. The growth
and dissolution kinetics were measured using desupersaturation and deundersaturation
techniques, respectively. Both the growth and dissolution rates increase with increasing
temperature. At all temperatures studied, the dissolution rate of form B is faster than the
growth rate of form A, indicating that the solution-mediated transformation (SMT) of the
polymorphs of L-his is likely to be controlled by the growth rate of form A.

The nucleation and growth mechanisms of form B in a water-ethanol system
were determined based on the induction time measurements. The induction times were

experimentally determined at different supersaturations. The experimental results of



induction time were correlated using the models of mononuclear and polynuclear
mechanisms. The results showed that the primary nucleation mechanism of form B is
identified as a polynuclear mechanism, and the growth mechanism is identified as two-
dimensional nucleation-mediated growth. Moreover, the formation of the polymorphs
from crystallization in water-ethanol solutions as a function of supersaturation and
ethanol volume fraction was studied. The results showed that form B was obtained
initially at higher ethanol volume fraction and supersaturation. A mixture of forms A and

B was obtained at lower ethanol volume fraction and supersaturation.
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