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Figure 1 Schematic depiction of various types of solid forms™”
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Figure 2 Schematic depiction of packing polymorphism and conformational polymorphismm. (a) Polymorphs A and B for a rigid molecule; (b) a
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Figure 3 Number of molecules in the asymmetric unit of crystal structure of 3-methoxybenzoic acid P2,/c (a) and P2,/n (b) form. (a) Z'=1; (b) Z'=2
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Progress on polymorph control in small organic molecules:
Pharmaceutics as an example
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Crystallization is the process of solid crystal formed, in which solution crystallization is the most common technique in
industry. Two steps are involved in crystallization: (1) Nucleation, which concerns the formation of crystal nucleus and (2)
growth, which concerns nuclei growing into macroscopic crystals. Different crystal structures can nucleate and grow under
different crystallization conditions because of the competition between maximum space filling and utilization of the
strongest possible interactions. This is known as polymorphism that the ability of a compound to crystallize in more than
one crystal structures, each of which displays different packing arrangements and/or conformations. Each polymorph has a
unique structure and hence, in effect, each is a unique material with its own physical and chemical properties, such as
solubility, stability, dissolution, bioavailability and many other properties. The occurrence of crystal polymorphism
significantly influences many fields, such as pharmaceuticals, dyestuffs, pigments, optic-electro materials and explosives.
The precise control of crystallization of polymorphs in each batch is very important to produce crystal products which
perform consistently. One of the main objectives in the production of polymorphic compounds is to design scientific and
reasonable crystallization processes for specific crystal products that meet quality requirements.

Computational crystal structure prediction (CSP) has emerged as a complementary tool for polymorph screening to
determine whether all polymorphs of interest have been found. Last two decades have seen a rapid increase in CSP to aid
solid form discovery of new molecular entities allowing the experimentalist to target the polymorphs with desired
properties. But CSP studies are practically useful to find a range of thermodynamically favored crystal structures for
different packing, being independent of crystallization kinetics. So the gap between such prediction and experimentation
can be vast, because of the latter depending strongly on kinetic processes not accounted for in the computations. This gap is
more evident in examples of so-called “elusive” polymorphs, which are difficult to crystallize.

Polymorph control has been an important issue in chemical industry for over a century. People have made more and more
efforts to understand polymorphism and want to control their crystallization processes, so as to selectively obtain the
required crystal forms or inhibit the undesired crystal growth. Numerous accounts have considered the effect of
crystallization conditions on polymorph selection in solutions. Despite significant work in finding all stable forms of active
pharmaceutical ingredients (API), new polymorphs can still appear or disappear without warning, which means our current
understandings of crystal nucleation and growth are insufficient for precise control over the appearance or disappearance of
a polymorph. This is because achieving the aim depends critically on thermodynamics and kinetics of crystal polymorphs,
thus in a robust crystallization process, it is essential to understand kinetics of crystal nucleation and growth. In recent
years, many methods for polymorph control have been developed, including seed, temperature, solvent, supersaturation,
and additives. As deeply into the study, many new strategies for the control of polymorph formation have emerged later,
such as template, microfluidic, nano-porous matrix and so on. Since polymorphism plays an important role in quality
control of all organic materials, it has become a huge interdisciplinary field of research. In this contribution, we first briefly
introduced the polymorph concept and classification. Then crystallization methods and their successes for polymorph
control over the last few years were particularly summarized. In the end, future study on polymorph control in small
organic molecules was prospected.

crystallisation, polymorph control, concomitant polymorph, disappearing polymorphs
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