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KHONGVIT PRASITNOK : EXAFS AND MOLECULAR SIMULATION
STUDIES OF ATOMIC STRUCTURE OF FUEL CELL MEMBRANE
BASED ON SULFONATED IONOMERS. THESIS ADVISOR :

ASST. PROF. VISIT VAO-SOONGNERN, Ph.D., 193 PP.

SPS/SPEEK/SULFONATED IONOMERS/EXAFS/MOLECULAR DYNAMICS

SIMULATIONS

The local atomistic structure of sulfonated polystyrene (SPS) and sulfonated
poly (ether-ether-ketone) (SPEEK) ionomers were investigated mainly by EXAFS
and molecular modeling techniques. Calcium and potassium cations were chosen to
dope the sulfonate ionomers and the change in structure and properties were studies.
SPS and SPEEK with 3.4% and 25.0% sulfonate groups, respectively, were obtained
by the sulfonation reaction of these polymers with concentrated sulfuric acid. Then,
both SPS and SPEEK ionomers were neutralized with a stoichiometric amount of
potassium and calcium ions via an ion-exchange process between the hydrogens of
sulfonate groups and the cations of metal salts. EXAFS results revealed that
sulfonated groups of ionomers were induced by cations to from an ionic aggregation
structure. The first solvation shell of Ca-SPS consists of six oxygen atoms, while Ca-
SPEEK was coordinated by five oxygen atoms. The best structures for both Ca-SPS
and Ca-SPEEK in the EXAFS fittings contain four oxygens from the sulfonate groups
surrounding calcium ion with the remaining two and one water of hydration,

respectively. For the systems of monovalent cation, the best-fit structure for K-SPS

and K-SPEEK was tetrahedrally rather than octahedrally coordinated. It was indicated




v

from EXAFS that potassium atoms in K-SPS and K-SPEEK were surrounded by two
water molecules and two sulfonate anions.

Next, an atomistic morphous model of PS and PEEK were simulated via MD
simulation technique. The predictions of neutron and X-ray structure factor, solubility
parameters, surface energy and diffusion of water molecules were in good agreement
with the experimental observations. Then, the atomistic models of sulfonated
ionomers with estimated amount of molecular species obtained from TGA experiment
were performed via MD simulation. It was evident from the RDFs of MD simulation
that the first coordination shell distance between Ca-O and K-O agreed very well with
the EXAFS fits. Coordination number obtained by an integration of the RDF peak
revealed one water and three anions in the first coordination shell of the probed for
both Ca and K-ionomer. Both experimental and simulation techniques revealed that
sulfonate anions can be induced by cations to from an ionic aggregation and one or
two water molecules must be present in order to satisfy the coordination needed by
the metal cation at the aggregated boundaries where the repeat structure terminates.
Moreover, the diffusion coefficients of proton through the ionomers were estimated
by MD method. It was found that the diffusion coefficients of proton through Ca and

K-ionomers were comparable to the one found in H-form ionomer.
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