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Ethanol–water mixtures are among the most familiar liquid systems, yet their microscopic structure remains non-trivial. Although ethanol and water are fully miscible at the macroscopic level, their hydrogen-bonding networks, surface composition, and local solvation environments vary strongly with concentration [1–4]. In this talk, I will discuss how cylindrical micro-jet photoelectron spectroscopy, combined with theoretical simulations, provides a molecular-level view of ethanol–water mixtures from the dilute aqueous limit to nearly pure ethanol [1,2]. 

The results show that the mixture is far from microscopically uniform. In the bulk, at ethanol concentrations up to approximately 10 mol%, ethanol oxygen atoms tend to accept an additional hydrogen bond from surrounding water molecules [1,2]. Around 20 mol%, the data indicate the formation of a clathrate-like ethanol structure [1,2]. At the liquid–vacuum interface, ethanol is strongly surface-active and forms a closely packed surface layer between roughly 5 and 25 mol% [4]. At high ethanol concentrations, above approximately 85 mol%, evidence suggests that water becomes enriched at the surface, providing an atomistic explanation for the ethanol–water azeotrope [3]. 

We compared our findings with predictions from other spectroscopic techniques and highlighted the importance of an integrated approach. The ethanol-water solvation around the environmentally relevant Mg+2 will be discussed via intermolecular Coulombic decay [5].
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Figure 1: Ethanol-water mixtures, bulk and surface constitution revealed by a combination of experimental and theoretical calculations
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