Multiple ion binding in ionic solutions
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[bookmark: _GoBack]In the last decade there has been growing evidence than stable pre-nucleation clusters are present in ionic solution and that they play a key role in the nucleation of minerals (Gebauer 2008, Gebauer 2018). However, most of the support for the existence of the thermodynamic stability of these species is indirectly inferred from experiments, which do not have the required resolution to directly observe the clusters in situ. Analogously, computational techniques lack the required processing power to study the thermodynamic stability of these species at realistic experimental conditions (Demichelis 2011, Stawski 2019).
Here I will present our recent computational work on the development of new forcefields for calcium carbonate and phosphate species in aqueous solution and their application to the study of the thermodynamic stability of pre-nucleation clusters. Our results, for different Ca-bearing ionic solutions, show that multiple ion associates are indeed (meta)-stable thermodynamic states, which is consistent with many experimental observations. I will also show how we can use computational methods to directly inform surface x-ray reflectivity experiments and obtain an accurate structure of the mineral-water interface with atomic resolution.
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Fig. 1. Instantaneous configuration of a three formula unit CaCO3 cluster as observed in our simulations.
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