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Understanding the molecular organization of water at electrochemical interfaces is essential for describing ion transfer, charge separation, and interfacial transport processes. Molecular simulations have become a powerful tool for establishing microscopic relationships between interfacial structure, hydrogen-bond dynamics, local electric fields, and spectroscopic observables, providing insights that are often inaccessible experimentally [1–3]. Among liquid–liquid systems, the interface between water and α,α,α-trifluorotoluene (TFT) represents an attractive model platform due to its low mutual solubility, large polarization window, and relevance for studies of electrochemically controlled liquid–liquid interfaces and ion-transfer processes [4–6]. Despite its widespread use in ion-transfer experiments, the microscopic structure of the water|TFT interface remains poorly understood.

In this work, we employ a multiscale molecular simulation strategy combining classical molecular dynamics (MD) and ab initio molecular dynamics (AIMD) to investigate the structural and dynamical properties of water at the water|TFT interface. Classical MD simulations provide statistically converged descriptions of density profiles, molecular orientations, hydrogen-bond distributions, and water residence times across the interface. The simulations reveal the extent of interfacial restructuring induced by the dielectric discontinuity and allow us to quantify modifications of the hydrogen-bond network relative to bulk water.
Complementary AIMD simulations are performed to assess the role of electronic polarization and specific water–TFT interactions that are difficult to capture using conventional force fields. Particular attention is devoted to the local electric fields experienced by interfacial water molecules and to their influence on molecular orientation and hydrogen-bond dynamics. The combination of classical and first-principles simulations provides a detailed molecular-level description of the electrical double layer and highlights the interplay between interfacial structure and electrostatic fluctuations.
These results constitute a first step toward a predictive understanding of polarizable liquid–liquid electrochemical interfaces. Beyond the specific water|TFT system, the methodology developed here can be extended to a broader class of electrified liquid–liquid interfaces relevant to electrochemical energy conversion, ion-transfer processes, and interfacial spectroscopy.
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