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Figure S1. The surface-view SEM images of PFSA-NH-Zr-5.
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Figure S2. TGA curves of PFSA membrane and various hybrid membranes.
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Figure S3. (a,c) WUs, SRs, and (b,d) Water contact angle of PFSA membrane and various hybrid membranes.
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Figure S4. Physicochemical properties of PFSA membrane and various hybrid membranes. (a) Proton
conductivity under 100% RH. (b) Arrhenius energy of proton conductivity under 100% RH.
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Figure S5. (a,b) The activation energy of the proton conduction under 40°C and 80°C of PFSA membrane and
various hybrid membranes.
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Figure S6. Proton conductivities at 80 °C and 40% RH of PFSA membrane and various hybrid membranes.
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Figure S7. Polarization curves of PEMFC with test membranes at (a) 40% RH and (c) 100% RH. Current density
of the membranes versus HFR at (b) 40% RH and (d) 100% RH.



