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Figure S1. XPS spectrum in the F1 region for PFPE-GO.
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Figure S2. Cross-sectional SEM images of SPAES and coposite embrans: (a) SPAES, (b)

SPAES/PFPE-GO-0.1, (c) SPAES/PFPE-GO-0.5, (d) SPAES/PFPE-GO-1.0 and

(¢) SPAES/PFPE-GO-2.0.

The cross-sectional morphology of the SPAES/PFPE-GO membranes was analyzed by JSM-
6700F (JEOL, Japan) using a field emission scanning electron microscope (FE-SEM). The
samples for the FE-SEM measurements were prepared by cutting the membranes after

quenching using liquid nitrogen.

The SPAES membrane shows a relatively uniform and smooth surface without any pinholes,
while as the filler content increases, the composite membranes show much rougher surface
images with wrinkles and/or agglomerated domains due to the mutual interaction between the

SPAES matrix and the GO derivatives [1,2]. The agglomerated domains are observed from



the SPAES/PFPE-GO membranes when the filler contents are larger than 1.0 wt.% due to the

poor dispersion of the PFPE-GO nanosheets.
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Figure S3. Stress versus strain curves of SPAES and SPAES/PFPE-GO-1.0 membranes

at 50 °C under different humidity conditions of 50% and 90% RH.



Table S1. Oxidative and hydrolytic stability of SPAES and composite membranes.

. . a . . b
Membrane Residual weight Residual weight

(%) (%)

SPAES 82 100
SPAES/PFPE-GO-0.1 83 100
SPAES/PFPE-GO-0.5 88 100
SPAES/PFPE-GO-1.0 85 100
SPAES/PFPE-GO-2.0 80 100

# Obtained by Fenton’s test.

® Obtained by hydrolytic stability test.

The oxidative stability of the membranes was investigated by measuring the residual weight
of the membranes after 1 h of immersion in Fenton’s reagent (3 wt.% H2O> aqueous solution
containing 4 ppm Fe?") at 80 °C. Table S1 shows that the composite membranes are more
stable than the linear SPAES membrane when the PFPE-GO contents are smaller than 1.0
wt.%. The oxidative stability of the SPAES/PFPE-GO membranes initially increases with the
PFPE-GO content due to the radical scavenging ability of GO [3,4]. However, when the
PFPE-GO content is larger than 1.0 wt.%, the oxidative stability of the SPAES/PFPE-GO
decreases due to the possible phase separation of the GO domains in the SPAES matrix that
can decrease the radical scavenging ability of GO in the polymer matrix and due to the defect

structures formed in the polymer that can further deteriorate the oxidative stability.

The hydrolytic stability of the membranes was investigated by changes in weight of the
membranes after immersion in deionized water at 100 °C for 24 h. The SPAES composite

membrane as well as the linear SPAES membrane exhibit negligible changes in weight




because of relatively low ion exchange capacity (1.97 mequiv. g') and well-known

hydrolytic stability of SPAES [5].
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