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Report:

The main goal was to examine surface-induced orientation and phase-separated morphology in thin films of
FAA and PPO in vapor and under water using GISAXS, similar to previous sucessful observations in Nafion
ESRF experiments [1,2]. The FAA and PPO films belong to the anion-exchange memrbane (AEM) matierals
that are being extensively studied as promising alternatives to more traditional proton exchange memrbanes
(PEMs) such as Nafion [3], yet many questions, including microstructure and misrophase separation in
AEMs are open [4-6]. FFO and PPO ilms 10-70 nm think were prepared on Si wafers (natively hydrophilic
and OTS-treated to render them hydrophilic). F-form was possible to prepare only for FAA, along with
HCO3 and Br forms for both PPO and FAA. Prior to measurments at ESRF, the thickness of all samples had
been evaluated by ellipsometry and was verified by X-ray reflectivity (XRR, from spacing of Kissig fringes)
before GISAXS examination during experiments at ID31 (ESRF), which showed a good agreement.
Evaluation of differnces in swelling at 30 and 88-90% humidity using XRR was also attempted, yet its
sensitivity and accuracy was inferior to ellipsometry [6].

To observe the orientation it was crucial to be able to observe the ionomeric peak of these materials (even
as a shoulder). The data published by Marino and Kreuer [4] showed that the ionomer peak in FAA is around
0.05-0.1 Al (for comparison Nafion has a peak at ~ 0.15 A, more narrow and more sharply phase-
separated). However, Marino and Kreuer’s data indicate that the peak which depends on ion form (OH and F
are best) and gets more pronounced as hydration increases, yet even then it is quite weak and not easily
observed. Apparently, for this reason, it was unfortunately impossible to observe any ionomer peaks in
inherently much noiser GISAXS spectra at 0.05-0.1 A-1 for all samples prepared. The figure shows
representative 2D GISAXS spectra of FAA-F (Q scales in A-1), corrected by subtracting the spectrum of



respective empty cell (mainly, widows). The left spectrum is for vapor environment (RH~88%) and the right
one is under water, at near critical incident angles, at which scattering intensity is maximized. The
appearance of Yoneda peak (a horizontal streak at Q ~ 0.024 A-1 in vapor and ~0.01-0.015 A-1 in water,
well in agreement with calculated theoretical values) confirms the spectra are proper GISAXS. Yet, even in
this highly sensitive Qy range, the ionomer peak expected at Q ~ 0.05-0.1 At was undetectable Apparently,
the microphase-separation and interphase contrast in AEMs used was not sharp enough to observe a well-
pronounced ionomeric peak and infer surface-induced alignment of conductive nanochannels. To verify the
difficulty to observed the ionomeric peak was related to the nature of the samples rather than technical issues,
Nafion spectrum was measured as well and did show a pronounced ionomer peak that agreed with previous
reports [1,2].
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The results were included and discussed in a recently published paper that focuses on the structure and
water uptake thermodynamics of AEMs in thin films, as compared to the same materials in a bulk [6]. Its

abstract is appended below.
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ABSTRACT

Typically, in polymer electrolyte-based electrochemical devices such as electrolyzers and fuel cells, ionomers
in the catalyst layers are present as ultrathin films coating the electrochemically active component. Acidic
ionomer thin films have been extensively characterized over the past decade, yet there are few reports on the
alkaline ionomer thin films. Here, we present a study on anion-exchange ionomers; specifically, we
investigate the water content and conductivity of fluoride, bromide, and carbonate forms of 50 nm thick
FAAS3 and PPO ionomer thin films at 30 °C and 0-90% RH. A thermodynamic analysis was performed to
compute the Gibbs free energy of anionic interaction with water to discuss the impact of anion type on the
anionic mobility. Structural analysis using GISAXS was performed on the anion-exchange ionomer thin
films. Furthermore, conductivity and water content relationships between FAA3 thin films and membranes

and between FAA3 and PPO thin films were compared and discussed in terms of structure and ion clustering.



