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L Introduction ] L Methodology ]
* PFSA ion-conducting polymer (ionomer) is used in Fuel Cells . Grazing Incidence Small Angle X-Ray\ . GISAXS
and other Electrochemical Technologies as a membrane Scattering is used to probe the morphology of k_o) k S e
separator and catalyst layer component to conduct ionic ionomer thin-films q
species to and from the active catalyst nanoparticles * |ncident X-Rays are scattered by electrons
* As ionomer thickness is reduced, substrate interactions * Variation in the electron density of a sample
increasingly influence ionomer morphology and resulting will cause non-uniform scattering and
transport properties appears as peaks in the 2D images
* Elucidating the effect of interfacial interactions on the| |e Scattering data can give qualitative and o s .
structure/property relationship is crucial to mitigating guantitative information of a sample’s qg=k —k, 1(q) = Zzbjbkeq'rjk
current catalyst layer limitations  structure including domain shape and spacing) j k
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* The ring is isotropic on SiO,, e Reduced spacing through-plane s

anisotropic on Au and Pt, indicating present regardless of substrate and
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increased substrate interaction
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* Profiles are taken in the g, and q, e Gold and Platinum substrates induce
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directions to examine ordering in- and .| paracrystalline ordering, which is

1.16 1.16 -

I(q)

apparent from the bright red flares in
the 2D GISAXS images
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 Off-Specular Kiessig Fringes are present

g, 114+

z - 1.14 - |
on Platinum and Gold, which arise .| _ * Paracrystalline peak appears at lower ¢
, 113+ - 113+ : ]
from interference of X-Rays, and Wv\\qp\\\w\ on gold, which corresponds to longer
enhance structural information " 05 : 15 ) 2 25 3 o 05 1 5 2| 25 3 % 05 1 15 . 5 25 3 range inter-crystalline spacing
q, nm q, nm | q, nm _
X-Ray Standing Waves and Bragg Analysis Conclusions ]
4 )
Gold Substrate o Kiessig Fringes on Gold _ o) * Jonic domains have smaller d-spacing on all substrates due to confinement
1.17 T I — . .
| | mA = 2A| sinja sin[a] effects of thin films
110oy  Gold and Platinum induce ordering of the paracrystalline peak, which may
I ] 1.2 . . .
1161 160nm Film ] impact transport properties and is relevant to ionomer-catalyst interactions
155} : th 1 in the catalyst layer
115] ] osl 180nm film ] * Gold and Platinum also enhance X-ray standing waves, which can be used
el SO _5 N in-situ to monitor film thickness and may be used to extract additional
114: | Chl =209.5 nm | structural information )
: | | .
0 0.5 - ! 15 0.4 60nm film - ~
. . = 68.11
 Reflections at the surface vs. inside the 0.21 °s.1nm | | ACk_nOWIGdgementS N
film creates differences in path length and t | | | | | | This work was funded by t.he Asslstant Secretary for Energy Efficiency and Renewable
causes X-Ray Standing Waves in the 4 5 6 srn(@)-axsin(i) 9 10 10_;1 Energy, Fuel Cell Technologies Office, of the U. S. Department of Energy under Contract
, | | ’ No. DE-AC02-05CH11231 and by the Army Research Office under award number
Scatte””g .pattern _ . . . . AWDO00000675. Beamline 7.3.3 of the Advanced Light Source is supported by the
* The modified Bragg Equation can be used ¢ Correlation length overestimates film thickness Director of the Office of Science, Office of Basic Energy Sciences, of the U.S. Department
to extract the correlation length and compared to ellipsometry, but has the advantage \of Energy under Contract No. DE-AC02-05CH11231. y

critical angle of the film of being in-situ



