Effective computational model of the electrochemical double-layer
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Electrolyte solvation is omnipresent in biological systems and technical applications such as
electrocatalysis and batteries. To model such processes, efficient yet accurate solvation
models need to be devised that can describe the behavior of the electrolyte solution for
varying ionic strengths. The Poisson—Boltzmann model is a numerical realization of the
phenomenological Gouy—Chapman—Stern model and a suitable implicit solvation approach
for quantum-chemical investigations. We implemented such a solvation model with
correction terms for the Stern-layer thickness and different ion sizes in the Q-Chem
electronic-structure package.!"!

Such implicit solvation models do not incorporate subtle changes in the water network
structure at metal-electrolyte interfaces. In a joint experimental-theoretical study, we
therefore investigated the properties of a sodium chloride electrolyte solution at a gold
electrode at low bias potentials with THz spectroscopy, electrochemical analyses, molecular-
dynamics simulations and quantum-chemical calculations.?! In this contribution we show how
the preferred hydration modes of the two ions in combination with the interfacial water
network lead to an asymmetric behavior close to the interface, elucidating the structure of
the electrochemical double-layer in such systems. We will demsonstrate how we incorporate
these findings into an effective model of the EDL at metal-electrolyte interfaces.
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