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Fluorinated alcohols are attractive model systems for probing how fluorination, a key structural motif of environmentally
persistent per- and polyfluoroalkyl substances (PFAS), reshapes intermolecular organization and dynamics in the liquid state.
Here, we examine a series of fluorinated butanols to determine how the degree and pattern of fluorination influence their liquid
structure and dynamics. Molecular dynamics (MD) simulations were performed using the OPLS-AA force field, while small-
and wide-angle X-ray scattering (SWAXS) experiments were carried out for the investigated compounds. Theoretical scattering
intensities were calculated from the simulation results using the complemented system approach for direct comparison with the
experimental data [1-3]. As shown in Fig. 1, the resulting calculated SWAXS intensities are in good agreement with the
experimental data, supporting the validity of the employed molecular models. Increasing fluorination leads to a shift of the main
scattering peak towards lower g values, indicating an increase in characteristic correlation lengths associated with the
polyfluoroalkyl segments. Partial scattering contributions show that this feature arises primarily from correlations between
fluorinated hydrophobic moieties. Radial and spatial distribution functions reveal that fluorination affects the hydrogen bond
network, particularly when substitution occurs near the hydroxyl group. Intramolecular conformational analysis indicates
reduced molecular flexibility with increasing fluorination. The dynamic properties obtained from MD simulations reflect the
combined influence of hydrogen bond strength and conformational preferences. Overall, the results reveal that fluorination
reshapes liquid butanol structure and dynamics, primarily through changes in hydrophobic correlations, hydrogen-bond
organization, and conformational constraints, providing insight into structure—property relationships relevant to PFAS-related
systems.
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Fig.1. Experimental and calculated SWAXS curves for studied fluorinated butanols.
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