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Divalent metal ions such as Mg2+, Ca2+, Sr2+, and Ba2+ readily adsorb to anionic surfaces in aqueous solution. This phenomenon is relevant to the adsorption and self-assembly of DNA-based nanoscale materials due to the ion-specific effects observed experimentally. However, the mechanism through which these metal ions induce DNA adsorption and the origin of their ion-specific effects are unclear. One hurdle for improving our understanding of this process is quantitative analysis of how the network of divalent metal ion contacts evolves over time. To address this issue, we use ChemNetworks to extract atomic coordinates from classical molecular dynamics simulations and construct time-dependent graphs of metal ions and their contacts. Our analysis reveals that the connectivity of the ion network across the interface of the anionic surface correlates with experimentally measured ion adhesion forces. This result informs our graph theory analysis of classical molecular dynamics simulations of ion mediated DNA adsorption. From this work, we aim to identify the mechanism of alkaline earth metal ion induced DNA adsorption and the origin of its ion-specific effects. This knowledge may be used to tune DNA adsorption and self-assembly in future nanoscale material applications.
