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1. PALS setup

The o-Ps lifetime was determined at various times at 80% RH in order to determine the minimum time necessary to

achieve a complete saturation of the vapor-equilibrated membranes. A full PALS spectrum was collected every 2 hours for

a total run of 36 hours. As shown in Figure 1, the o-Ps lifetime increased gradually with the exposure time until 20 h and

then remained constant. The same procedure was used for other membranes and operating conditions.

S1: Evolution of the o-Ps lifetime and free volume, Vh, with time during the setup of the PALS measurements of the copolymer PEMs at 80% RH.
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2. Thermal expansion coefficient

The thermal expansion coefficient of PEMFC components must be closely controlled to reduce strains produced by

differential thermal expansion. The thermal expansion coefficient associated to the free volume of the membranes can be

calculated as

β =
1

Vh,o

∆Vh

∆T
(1)

where Vh,o is the o-Ps hole size corresponding to the intercept with the y-axis. As shown in Figure 2, the thermal expansion

coefficients of the copolymer PEMs are β1 = 1.37 × 10−3 ◦C−1 (SPES 1), β2 = 2.18 × 10−3 ◦C−1 (SPES 2) and β3 =

2.95 × 10−3 ◦C−1 (SPES 3).

S2: Variation of the o-Ps lifetime and free volume, Vh, with temperature, T . The thermal expansion coefficient, β, can be determined from the almost

linear relationship Vh-T .
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3. Bilinear interpolation

The contours of the characteristic pore radius, rc, and the standard deviation, σ, of the fitted log-normal distributions

of the copolymer membranes as a function of relative humidity, RH, and temperature, T , are shown in Figure 3. The

distributions were determined using bilinear interpolation from the measured PALS data. rc and σ increases with RH and

T , especially in the case of SPES 3.
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Characteristic radius, rc / nm Standard deviation, σ / nm

S 3: Variation of the characteristic pore radius, rc, and the standard deviation, σ, as a function of relative humidity, RH, and temperature, T , of the

copolymer membranes.
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4. Proton concentration and surface charge density

The volume average and the fluid average proton concentration, C f
H+ and Cavg

H+ = φvC
f
H+ , and the surface charge density,

σ, as a function of RH predicted by the bundle-of-tubes model are shown in Figure 4. C f
H+ in the hydrated tubes remains

almost constant with RH due to the electroneutrality condition. However, Cavg
H+ increases with RH due to the overall increase

of the water volume fraction (i.e., higher number of hydrated ionic tubes per unit volume). Consequently, σ increases with

RH (i.e., it becomes more negative) due to the decrease of the hydrated specific surface area per unit of fluid volume, a f ,

caused by the growth of the average pore radius. Note that C f
H+ ∼ −σa f /F ∼ const.

S 4: Variation of the volume average and the fluid average proton concentration, CH+ , and the surface charge density, σ, as a function of relative

humidity, RH, predicted with the bundle-of-tubes model for the three copolymer membranes.
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