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Calcium Carbonate Formation in Marine Environments

The largest global scale CO, sink Increasing ocean acidification reduces
supersaturation of CaCO, A[COz,
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Atmospheric CO, deposits into the ocean,

forming the shells of corals, pteropods,

and molluscs. 150
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Metastable aragonite is 50% more
soluble than calcite.

Biomineralized aragonite (Corals,
Molluscs, Pteropods) more vulnerable
to ocean acidification

What are the solution conditions that
promote the kinetic preference for
Aragonite?



Free-Energy of Particle

Two Phases in Competitive Nucleation

A metastable phase with
lower surface energy
= lower nucleation barrier
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*Surface energy
calculations from
HT surfaces work

*Bulk Thermodynamic driving
forces from Pourbaix formalism
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Calculate steady-state
nucleation rates!



The role of agueous Mg?* in inhibiting calcite nucleation
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BULK MINERAL-SOLUTION EXCHANGE THERMODYNAMICS
xMg** (ag) + CaCO,(s) — Ca, ,Mg,CO,(s) + xCa** (aq)
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Equilibrium Mg?* concentration in Calcite
vs. Solution Mqg/Ca ratio
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High enthalpy of Mg2+ incorporation into Aragonite can not be
stabilized by any Mg/Ca ratio. (Empirically known, theoretically confirmed)



Mg-CALCITE SOLUBILITY
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We predict a 30% increase of increase of Mg-calcite solubility from 10848 to 10836 at ~7% MgCO;,
in close agreement with experiment.

This corresponds to only 0.3 RT/mol reduction in bulk driving force. Typical nucleation driving forces
are an order of magnitude higher.



Surface energy of calcite increases with MgCO, in solid-solution

Nucleus Surface Energy J/m?
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Steady-State Nucleation Rates (J ) of Aragonite and Mg-Calcite
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Mg/Ca Ratio in Solution
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o Aragonite + Calcite

1# Ocurrence of calcite in
50 Aragonite + Calcite mixtures
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(Mg/Ca),,
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