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Density functional theory (DFT)-based total energy calculations were performed in order to investigate and
understand the mechanisms of the bond-making and bond-breaking between the interfaces of different materials.
Aside from total energies, structural optimization, charge densities, local density of states, band structures were
also obtained with the help of different computational models for different material-surface interface systems.
These are important factors in determining the reaction properties of the interfaces which can be used in
designing possible nanoscale components for electronic and magnetic devices. Different materials such as
thermoplastics and carbon nanotubes on metal surfaces, and gas molecules reacting on a metal oxide surface
were utilized for the material-surface interaction. The study aimed to optimize the reaction properties of
different materials with surfaces to be used in electronic devices, including components for utilizing and
enhancing energy resources. These investigations serve as groundwork to expand and modify nanostructures
that can be very useful to produce nanoscale devices.

A Dbrief discussion on the theoretical basis was described in Chapter 1. The program codes and the
parameters used were summarized, including the approximations used in the study.

Chapter 2 covered the discussion for the thermoplastics. The adhesion strength of polybutylene
terephthalate (PBT) on some metal atoms was investigated using density functional theory-based total energy
calculations. The PBT monomer adhered strongly to an aluminum atom while the aluminum atom placed on
top of a bulk PBT demonstrated the strongest binding energy. The interaction occurred mostly at the s and p
orbitals of oxygen in PBT and the aluminum atom. Moreover, PBT was more stable at the vertical orientation
rather than horizontal manner when placed near the aluminum surface. Among the metal atoms Ti, Ag, and Au,
the Au demonstrated the weakest reaction while Ag shows the strongest bonding with PBT due to the covalent
bonding between O and Ag.

Chapter 3 described the different possibilities of modifying the electronic and magnetic properties of transition

— 492 —



metal-doped single-walled carbon nanotubes (SWNT). The adsorption of Fe and Co on SWNT transformed the
system into a diamond ring-like structure. These formations were caused by the weakening of the C-C bonds as
Fe was adsorbed on the nanotube wall. In addition, the number of bands crossing the Fermi level was increased
by the adsorption of Fe and Co atoms on the SWNT. The stable structures of SWNTs and Fe-filled SWNTs on
Ni(111) and Cu(111) were also examined. The structure and magnetic moment of SWNT-encapsulating Fe wire
adsorbed on Ni(111) were found to be strongly dependent on the adsorption site and the position of the Fe wire in
the SWNT. The SWNTs transformed themselves from tube to arch when Fe wire was placed near the metal
surfaces and Fe became ferromagnetic due to the weakening of C-C bond of the carbon nanotube by the Fe wire
and the metal surface. The Fe wire and the metal surface could act as catalysts for breaking the C-C bonds.
Furthermore, the atoms at the upper portion of the carbon nanotube were observed to be non-metallic and those
near the surface become metallic when Fe-filled SWNT was placed on metal surfaces.

Lastly on Chapter 4, an effective model was provided for the interaction of gas molecules on metal oxide
surface in order to predict beforehand gas combinations that would give favorable reaction to the NiO thin film in
the reactive ion etching (RIE) process. The total energies for the molecule-interaction on metal oxide surface
were calculated. One-layered model and three-layered models were compared and observed that the three
layers gave lower energy results. Moreover, the use of a radical O atom instead of the molecular oxygen gave

more favorable results.
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