Understanding and Controlling Crystallisation Across Different Length

Scales

Crystallisation underpins the purification and performance of many pharmaceutical
compounds, yet its outcome remains highly sensitive to molecular interactions, interfaces,
and process conditions. This talk will highlight the Heng group’s current activities in
crystallisation research across molecular length scales, from small organic molecules to
peptides. Emphasis will be placed on how crystal growth, nucleation, and process control
can be better understood and manipulated through a combination of targeted experiments
and enabling technologies.

Conventional process models rarely account for crystal growth following particle breakage,
often leading to unrealistic predictions of crystal size and shape. We have investigated this
limitation by reporting the crystal regeneration phenomenon [1], [2], in which organic
crystals, such as paracetamol, restore their pre-breakage morphology when fractured along
the cleavage plane. These observations reveal a strong coupling between surface
energetics, solute—solvent interactions, and previously unreported growth kinetics [3], [4].
Building on this interfacial perspective, the talk will then examine strategies to control
nucleation in more complex systems, specifically glycine homo-peptides, using
heterogeneous templates such as silica beads [5], [6]. This approach demonstrates how
rationally selected nucleants can overcome kinetic barriers to crystallisation, addressing a
long-standing challenge in (bio)pharmaceutical systems [7], [8].

Finally, current efforts to translate these fundamental insights into more efficient
experimental workflows with the use of fully automated and benchtop semi-automated
platforms will be discussed. Overall, this talk aims to shed light on key challenges and
emerging opportunities in the crystallisation of organic molecules, spanning fundamental
understanding through to advances in pharmaceutical process control.
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