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Poly- and perfluoroalkyl substances (PFAS) are extremely persistent molecules (“forever chemi-
cals”) that pose a global threat due to their toxicity and widespread contamination in water resources. As a
class of anionic surfactants, PFAS tend to accumulate at the air—water (A/W) interfaces, making foam frac-
tionation an effective remediation strategy. Recent work has shown that the surface accumulation of PFAS
can be enhanced by forming “ion-pair amphiphiles” or “catanionic surfactants” by mixing PFAS with other
cationic surfactants.!”> However, the fundamental understanding of the synergism between anionic fluori-
nated and cationic hydrogenated surfactants remains limited.

Previous studies show that mixed monolayers of long-chain anionic hydrocarbons and perfluoro-
carbons typically phase-separate at the A/W interface due to chain incompatibility.*~ The headgroup inter-
actions are also important, especially in mixed oppositely charged hydrocarbons and perfluorocarbons, and
these interactions are poorly understood. Here, we investigate a simplified model system consisting of in-
soluble, long-chain fluorinated fatty acid and oppositely-charged, hydrogenated fatty amines using syn-
chrotron-based liquid surface scattering techniques. The mixture forms Langmuir monolayers over a range
of compositions. Grazing-incidence X-ray Diffraction (GIXD) revealed that the 1:1 mixed monolayer ex-
hibits a stable binary phase with hexagonal packing, with the composition of the binary phase reaffirmed
by X-ray reflectivity (XR). The average area per molecule (APM) measured by GIXD lies between the
APMs of individual components, consistent with the APM from Langmuir isotherms. Across different stoi-
chiometric ratios, the binary phase persists with systematic changes in the average APM, despite weak
overall repulsive interactions.

This strong miscibility arises from balanced intermolecular forces between the headgroups and tails
that dictate surface structure and interfacial phase behavior of the co-assembled films. These insights into
molecular-level interactions and synergistic assembly provide a deeper understanding of mixed PFAS/sur-
factant systems and offer guidance for the rational design of improved PFAS remediation strategies using
cationic surfactants.
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