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Perfluorosulfonic-acid  (PFSA) ionomers are
commonly used as the proton-exchange membrane (PEM)
in most solid-state energy-conversion and storayécds
due to their exceptional ionic conductivity and doo
permselectivity. lonomers have multiple functiotia in
PEM fuel cells; in addition to their role as thenio
conducing membrane, they form a nanometer-thick
electrolyte film within the catalyst-layers (CLs)herein
the electrochemical reactions océunteractions of the
ionomer with the CL interface as a membrane antimit
the CL as a thin film, result in highly complex rmaal
behavior that is highly dependent on the envirortalen
conditions, ionomer thickness, and the material
interactions, i.e., carbon, platinum, etc. Thus,
characterization of the role of ionomer in fuelta@atalyst
layers requires an understanding the transporteptieg
and water-uptake behavior throughout a wide thiskne
range.

Recent studies have shown that transport and uptake
properties of Nafion thin films (< 200 nm thick)tekit a
significant deviation from bulk membran&s.Many of
these studies found a decrease in water content (or
swelling) when the ionomer is confined to nanometer
thick films, even though the magnitude of thesenges
depends on the processing conditions, thicknesd, an
substrate. In any case, reduced water content &biNa
thin-films was found to be in agreement with thetava
content of the ionomers in fuel-cell CEsuggesting that
thin-film ionomers can serve as model systems wdyst
and elucidate the transport phenomena in CL ionsmer

In this work, we investigate the morphology and
swelling of PFSA ionomers with various chemical
structures (e.g., side-chain length, ion-excharagacity)
in an effort to expand our understanding of CL imeo
films. Time-resolved, small- and wide-angle Grazing
incidence X-Ray Scattering (GISAXS/GIWAXS)
technique is employed to study the nanostructurahges
in PFSA films due to environment, time, and hunyidit
Moreover, the swelling of the films under the same
conditions and parameters are measured using
ellipsometry to generate a structure-swelling reteghip.

It will be shown how the film thickness and humdit
affect the phase-separation and swelling behavioenwv
the chemical structure of the ionomer is alteredir O
findings suggest that the confinement-driven stmadt
reorganization of the water domains could changé wi
the PFSA chemistry, which provides insight into the
observed changes in the properties of fuel-cell .CLs
Finally, we analyze our results for PFSA films lire light

of our previous findinds on the structure-function
relationship of bulk PFSA ionomers, and discussrtie

of side-chain length and ion-exchange capacity in
controlling the humidity-dependent structure-praper
relationship of PFSA ionomers throughout a wide
thickness range (micrometer to nanometer). Thiskwor
also provides a perspective for studying and madete
transport phenomena at the membrane/electroddaoger
and has implications on CL optimization.
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