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Proton conductivity of Nafion membrane has
been investigated in different aqueous environments by
several groups [1]. However, only a few studies were
reported on the conductivity of the membrane in organic
solvents [2, 3]. On the other hand, the use of
perfluorinated ionomer as solid electrolyte in Direct
Alcohol Fuel Cellsis one of the important applications of
the membrane [4]. This type of fuel cells appears to be
the most promising for portable applications such as
cellular phones and laptop computers. Furthermore
Nafion was extensively target by a large number of
experimental  studies using different techniques, and
especidly X-ray, NMR, IR and electron microscopy in
order to explain the microstructure of the membrane.
Many models were given and still suggestions for new
ones continue to be proposed and the real structure of
Nafion membranes is «ill considered as not well
understood. Using scanning probe microscopy, especialy
Atomic Force Microscopy [5, 6], Nafion membrane in
different forms was investigated in different conditions.
Results particularly showed that tapping mode phase
imaging could be used to distinguish between hydrophilic
and hydrophobic domains.

In this work, we report the relationship between
proton conductivity of Nafion membrane and dielectric
constant of different polar solvents including water,
methanol, ethanol, 2-propanol and water-alcohol
mixtures. Conductivity measurements were performed
using Electrochemical Impedance Spectroscopy. We also
investigated the structure of the membrane by means of
atomic force microscopy. All experiments were carried
out in Air at room temperature.

Results showed that for Nafion acid form and
even in pure alcohols (methanol, ethanol and 2-propanal),
the conductivity is still higher than 1x10° S.cm™. In
water-alcohol mixtures, the conductivity increased with
increasing the water proportion irrespective of the nature
of the alcohol. In Figure 1, we presented the dependence
between the conductivity ¢ and the reverse of dielectric
constant (1/€) of medium in which Nafion was previously
stored. By fitting we obtained the following equation:

0 = 0.221exp(-82.375<) (1)

The exponential decay was explained on the basis of the
Arrhenius and Born eguations. Using conductivity and
dielectric constant relationship equation, we could
calculate the activation energies for proton conduction in
different solvents as shown in table I. Values reported in
Table | confirm that activation energy decreases from
medium polar solventsto high polar ones.

Surface analysis of Nafion impregnated with
polar solvents showed that topography considerably
changes when samples absorb water. However,
samples stored in acohols are characterized by flat
surfaces. Surface modification was linked to an
expansion phenomenon during the swelling of the
membrane by solvents. Tapping mode phase images
showed that ionic and cluster domains are
digtinguishable from the surface of samples
impregnated either in water or acohols. Interaction of
Nafion with solvents has been generally investigated in
terms of bulk interaction. However, in this contribution
we discuss the effect of solvents in terms of surface
interaction.
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Figure 1. Proton conductivity of Nafion membrane as
function of the reverse of dielectric constant of water,
alcohols and mixtures.

Table |. Activation energy for proton conduction in
polar solvents calculated from the equation (1).

Water | Methanol | Ethanol | 2-Propanal
Activation
energy Ea, | 2.56 6.14 8.16 10.08
KJ.mol™




