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In order to understand the electronic behavior in a two-terminal Aharonov-Bohm (AB) interferometer
with a quantum dot inserted in one path of the AB ring, in CHAPTER 1, we study the electronic transport
properties in this system. This interferometer is an important candidate for designing such as charge-spin filters,

and signal amplifiers. Its transport properties are not completely available yet. In this thesis, the electronic
transport properties in and out of the Kondo regime are investigated. The perturbation theory was utilized to
calculate the electron self-energy of the quantum dot with respect to the intradot Coulomb interaction. The
expression of the Kondo temperature as a function of the AB phase together with its dependence on other
characteristics such as the linewidth of the ring and the finite Coulomb interaction and the energy levels of the
quantum dot is shown. It is found that the current oscillates periodically as a function of the AB phase. The
amplitude of the current oscillation decreases with increasing Coulomb interaction. For a given temperature, the
electron transport in the AB interferometer can be selected to be in or out of the Kondo regime by changing the
magnetic flux threading perpendicular to the AB ring of the system. Obtained results are in good agreement
with experimental data.

The study on the proton transport through an aqueous Nafion membrane is the central problem
considered in evaluating the membrane for fuel cell use. In CHAPTER 2, we introduce a new model for proton
transport through a single proton-conducting channel of an aqueous Nafion membrane based on a mechanism in
which protons move under electrostatic effect provided by the sulfonate (-SOs~) groups of the Nafion side
chains, the spin effect of active components, the hydrogen-bonding effect with water molecules, and the
screening effect of water media. This model can describe the proton transport within various levels of
humidification ranging from the low to the high humidity as a function of operating temperature. At the low
humidity, this model approaches to the so-called surface mechanism, while at the high humidity, approaches to
the well-known Grotthuss mechanism. Proton motion is considered as the transfer from cluster to cluster under
a potential energy. A proton-proton interaction is comprised in the calculation. Using Green function method,
the proton current as a function of the Nafion membrane temperature was obtained. It was found that the lower
temperature the higher proton current transfer through the Nafion membrane in low temperatures compared to
the critical temperature 10K, which separates magnetic regime from nonmagnetic regime. The increasing of
proton current at very low temperatures is attributed to the spin effect. While the current decreases as the
membrane temperature higher than 40 °C associated to the loss of water uptake and the polymer contraction.
The results of this study are qualitatively in good agreement with experiments. The expression for the critical
temperature is also presented as a function of structural and tunable parameters, and interpreted by
experimental data.

Another study is on the oxygen reduction reaction (ORR), which takes place at the cathode of proton
exchange membrane fuel cell PEMFC), and has been attracting much attention in the recent decades because of
the desire to elucidate its slow kinetics on the electrocatalyst surface. This slow kinetics is one of obstacles in
achieving a practical usable efficiency in the fuel cell operation. On the other hand, understanding the ORR
mechanisms on a Pt (111) surface, currently known as one of the most practical electrocatalysts of PEMFC,
undoubtedly has also significant implications to designing alternative cathode catalysts, aiming to decrease the
required amount of expensive Platinum and to improve the ORR reaction kinetics. In CHAPTER 3, the ORR on
the Pt surface in the presence of hydronium ion was investigated. The ORR proceeds through two adsorption
pathways: one is through the dissociative adsorption that forms adsorbed oxygen atoms Oad on the surface (“ad”
means in the adsorbed state on the surface), followed by a reductive transition that transits Oad into the
adsorbed hydroxyl (OH)aa. In this pathway, the first electron transfers after dissociation of Oz the other is
through the molecular adsorption on the surface, followed by a reductive adsorption in which first electron
transfers after the Oz adsorption to form the adsorbed end-on intermediate OadOH before continuing the reaction
with another hydronium to form the adsorbed hydroxyl (OH)ada. In both cases, the reaction is completed by the
reductive desorption of (OH)aa to form water molecules. In this work, we focused our study on the reductive
transition in the first pathway and the reductive adsorption in the second pathway. Through adiabatic potential
energy for the hydronium motion to the Pt surface, the isolated state of H3O* from the Pt surface was
determined, simultaneously, the optimized structures for the reaction intermediates (OH)aa and 0.dOH were also
obtained. Comparing the results of non-hydrated and hydrated H30*, it is found that increasing the number of
water molecules stabilizes the (OH)ad in the reductive transition and the 0.dOH in the reductive adsorption.
Simultaneously, water molecules generate the activation barrier for the 0adOH intermediate formation in the
reductive adsorption, also making the system more stable.

In the closing of thesis, some conclusions and outlooks were pointed out for understanding the entire
picture of research topics and its perspectives those shall be carried out as the next steps of above researches.
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