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Abstract

Proton transfer reaction in condensed phase represents one of the most
important problems in electrochemistry, especially in connection with the
development of alternative energy sources such as fuel cells (FC). Since the basic
operations in fuel cells depend upon the transportation of protons (H") generated at
anode across proton exchange membrane (PEM) to cathode, it is vital to understand
elementary reactions and dynamics of proton transfer processes in liquid, solid and
aqueous solution. Although some theoretical and experimental information has been
accumulated, precise mechanisms of proton transfer in PEMFC, especially in
hydrogen bond (H-bond) complexes, are not completely known. In the present work,
elementary reactions, energetic and dynamics of proton transfer were studied using
three model systems namely, protonated water clusters, the CH,OH -H;0"-H,0 and
CF3S03H-H30"-H,O complexes. The H-bond complexes were investigated using
quantum chemical methods and Born-Oppenheimer Molecular Dynamics (BOMD)
simulations. The investigations began with searching for equilibrium structures at low
hydration levels using the DFT method at the B3LYP/TZVP level, from which the H-
bonds susceptible to proton transfer were characterized and analyzed. The analyses of
IR spectra showed characteristic asymmetric O-H stretching frequencies of the
transferring proton at vO ~ 1000 cm? and the threshold frequencies for proton
transfer (v°") in the range of 1700 and 2200 cm™. However, these cannot be
definitive, due to the neglect of the thermal energy fluctuation and dynamics in
B3LYP/TZVP calculations. BOMD simulations at 350 K revealed an additional v
at higher frequency. The low- and high-frequency bands can be associated with the
oscillatory shuttling and structural diffusion motions of the transferring proton in H-
bond, respectively. The present results concluded that, due to coupling among various
modes of vibrations, the discussions on proton transfer reactions cannot be made
based on static proton transfer potentials. In order to study proton transfer reactions,
thermal energy fluctuations and dynamics must be included in the model calculations,
as in the case of BOMD simulations. The present work provided insights into
vibrational behaviors of the transferring protons, as well as suggested theoretical
methods and criteria to monitor and improve the efficiency of proton transfer in more

complex systems.





