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Mid-infrared (mid-IR) sensing systems using Fourier Transform Infrared (FTIR) sources or Laser sources
(e.g., quantum cascade lasers - QCLs) provide high molecular sensitivity for trace detection in freshwater
and marine environments'. While effective for water-soluble inorganic species, detecting poorly water-
soluble organic compounds, including pharmaceuticals and polycyclic aromatic hydrocarbons, requires
preconcentration via functionalized polymer coatings in attenuated total reflectance (ATR) or fiber-optic
evanescent wave (FEW) setups®. However, prolonged water exposure (e.g., marine deployments over 30
days) challenges these coatings, leading to swelling, distortion, and partial delamination, thus affecting
mechanical and spectroscopic performance in extended marine deployments.

This study evaluated polyisobutylene (PIB), polydimethylsiloxane (PDMS), polyethyleneimine (PEI),
polystyrene-co-butadiene (PSCB), poly(acrylonitrile-co-butadiene) (PAB), and poly(methyl methacrylate)
(PMMA) for swelling behavior, spectral stability, and morphological resilience. ATR-FTIR spectroscopy
was used to track spectral changes over 24-hour immersion in Milli-Q and artificial seawater.
Polyisobutylene, polystyrene-co-butadiene, and poly(acrylonitrile-co-butadiene) showed minimal
perturbations, achieving mid- to low-ppm detection limits.

Atomic force microscopy (AFM)? evaluated morphological stability of polymer-coated silicon wafers after
5, 10, and 30 days water-immersion. PIB and PAB showed progressive degradation, whereas PSCB retained
topographical integrity without delamination. These observations were supported by molecular dynamics
simulations, which identified PSCB as having the highest resistance to water penetration.
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