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Polymer electrolyte membrane fuel cells (PEMFC) are a viable alternative to combustion 
engines and rechargeable batteries for automotive applications. However, the operating tempe-
rature at ambient pressure, using sulfonated fluoropolymers like NAFION®, is limited below 
80 °C, as the proton conduction relies on the presence of water. Operation above 100 °C would 
allow a much more simplified system setup for water and heat management. This requires a 
non-aqueous protic electrolyte. Proton conducting ionic liquids (PIL) are promising candidates. 
[1,2]. However, the fuel cell relevant electrode reactions, oxygen reduction/hydrogen oxidation 
(ORR/HOR), are not as well understood as in aqueous electrolytes. Electrochemical impedance 
spectroscopy (EIS), cyclovoltammetry (CV), chronoamperomery (CA) and steady state current 
measurements are employed to elucidate the double layer properties of the Pt electrode/PIL 
interface, kinetics and mechanism of the ORR. Three PILs with Brønsted-acidic cations 
[HA+][X−], but different acidity are compared. 
The first reduction step, including the proton transfer to the catalytic active sites on the elec-

trode, is rate limiting. The presence of residual water c(H2O), unavoidable at operation also 
>100 °C, is another important parameter, modifying the ordered structure of the electrochemi-
cal double layer. H3O+ is formed by protolysis with the high acidic PIL cations. In high acidic 
PIL, the HA+ cations serve as a proton donor in particularly at low c(H2O), whereas the role of 
H3O+ becomes more prominent at higher c(H2O) [3]. In low acidic PILs, H3O+ is always the 
predominant proton donor. The onset potential/overpotential of the ORR in a PIL based fuel 
cell will depend on both, c(H2O) and the PIL cation acidity. 
According to EIS, at least two differential double layer capacitances are present, depending 

on cell potential U (vs. RHE), c(H2O) and T. The double layer properties of high acidic PILs 
are significantly different compared to low acidic PILs. The differential capacitance is discus-
sed, considering a mean field model, the presence of water and short range ion correlations, to 
provide deeper insights into the double layer structure of the Pt electrode/PIL interface. [4, 5] 
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