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Understanding how the nucleation and growth of specific
polymorphs can be controlled is an important objective in many
fields. In biomineralisation, an enduring issue is how organisms
control which polymorph of CaCO3 (calcite or aragonite)
crystallises [1]. The local structure of amorphous CaCO3 is
known to be important in the mineralisation process [2].
Industrially important minerals like CaSO4 exist in several
phases. Bassanite forms first in aqueous solution and converts to
the more stable gypsum by an unknown mechanism [3].
Heteronucleation of KNO3 has been studied and discussed using
classical nucleation theory [4]. In this work we explore a range
of factors that can control the polymorph selection and
nucleation of mineral phases. To tackle these problems
forcefields have been adapted (CaCO3, CaSO4) or fitted from
scratch (KNO3) and shown to reproduce experimental data,
particularly the solution thermodynamics.

We use new structural analysis methods (based on measures
like the Manhattan distance) to identify clusters within the
system that resemble calcite or aragonite. Results suggest
inhibiting the crystallisation of one polymorph promotes it in the
other. The calculated lifetimes also suggest that aragonitic
clusters are much longer-lived than calcitic ones.

The detailed study of Hamm et al [5] supports the idea that
"good binders are good nucleators". We have therefore
calculated interfacial free energies for mineral/water systems to
identify the most stable surfaces and simulated the ability of
organic molecules and self-assembled monolayers (SAMs) to
form stable interfaces with minerals. We have also examined
how defects and disorder in flexible SAMs can affect the ability
of ions to form clusters.

Finally, we consider whether kinetic or thermodynamic
considerations dominate the choice of mechanism for nucleation
and growth within the context of classical nucleation theory.
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