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Calcium carbonate and calcium phosphate are
ubiquitous minerals, found not only in geological settings,
but also in living organisms as the main inorganic
component of seashells, pearls and eggshells (carbonates)
and of vertebrate bones and teeth (phosphates). Despite their
biomedical, ecological and economic relevance, the
pathways by which these minerals nucleate from solution
remain under debate. Recently, the observation of stable
prenucleation clusters for CaCOs [1] has raised the question
as to whether such processes could occur in other
biominerals and lead to a renewed interest in Posner’s
cluster Cas(PO4)s [2], and in other possible calcium
phosphate clusters such as [Ca(HPOs)s]* [3]. However,
while there is growing evidence for the presence of stable
clusters in the early stages of calcium carbonate and calcium
phosphate nucleation, their composition and structure
remain difficult to probe with many experimental
techniques, due to their short lifetime and very small size of
a few nm at most.

Computer simulations offer a valuable complement to
the available experimental information. Classical molecular
dynamics, based on forcefields accurately calibrated against
experimental thermodynamic data, can provide quantitative
information such as free energies and equilibrium constants.
In this contribution, we examine a series of calcium
carbonate [4] and calcium phosphate [2,5] clusters of
interest, such as [CaCOs]s, [Ca(HPO4)2]%, [Cax(HPO4)4]*
and Cag(PO4)s, and use classical molecular dynamics with
Free Energy methods to determine their formation and
solvation free energies. The relative stabilities of these
clusters and their implication for calcium carbonate and
calcium phosphate nucleation pathways will be discussed.
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