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The molecular organization of water at liquid–liquid interfaces plays a central role in interfacial transport, solvation, and electrochemical processes. Molecular dynamics simulations have become an indispensable tool for investigating fluid interfaces, providing molecular-level insights into interfacial structure, hydrogen-bond organization, ion distributions, and transport properties that are often inaccessible experimentally. Recent advances in force-field development and simulation methodologies have significantly improved our understanding of water–oil interfaces, highlighting the crucial role of molecular simulations in deciphering interfacial phenomena [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 electrochemical investigations, a detailed molecular description of the water/TFT interface remains limited.

In this work, classical molecular dynamics simulations are employed to investigate the structural and dynamical properties of water at the water|TFT interface. Density profiles, molecular orientations, hydrogen-bond distributions, and radial distribution functions are analyzed to characterize the interfacial region. Particular attention is devoted to the restructuring of the hydrogen-bond network induced by the proximity of the fluorinated organic phase. In addition, the role of molecular polarization is assessed through a comparison between non-polarizable and polarizable force fields, enabling evaluation of their ability to accurately describe interfacial water structure and dynamics.

The simulations further provide access to dynamical observables, including hydrogen-bond lifetimes, water reorientation dynamics, and residence times within the interfacial layer. These quantities offer valuable insights into the influence of the liquid–liquid boundary on molecular mobility and local intermolecular interactions.

The results contribute to a molecular-level understanding of water behavior at fluorinated liquid–liquid interfaces and provide a framework for future investigations of polarized water|organic systems relevant to electrochemical applications.
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