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The field of nanoscience is considered one of the key research issues of this century. The challenge is to
precisely control and manipulate properties of nanostructures in order to pave the way for new functionalities.
Thus, the goal of the research in nanoscience is at first to obtain a deep understanding of the interaction
of nanostructures with each other and with the macroscopic world. The most promising properties for potential
applications include magnetic properties (for recording and signaling), electronic transport behavior (for
integrated circuits), mechanical properties (for sensing) and new emerging functionalities based on the

combination of the afore-mentioned properties. Since all these quantities are tightly linked, it is mandatory
to study them in a comprehensive and fundamental way on a well-chosen selection of model systems. In this
thesis, by using first-principles calculations within the framework of density functional theory, I study
the electronic structures and electron—transport properties of low—dimensional systems comprising of: (1)
graphene with absorbed transition—metal adatoms, (2) carbon/boron-nitride nanotubes, (3) carbon—incorporated

gold nanowires, and (4) thiol-terminated zinc porphyrin wires. The thesis is organized as follows.

Chapter 1 gives a general introduction about low—dimensional systems and their interest in nanoscience and

nanotechnology.

Chapter 2 describes the computational methods which are employed in this thesis. The basic ideas behind density
functional theory, pseudopotentials, and real-space finite—-difference formalism are briefly reviewed and
presented. This chapter also includes techniques for studying the electron—transport property, the treatment

of spin—orbit coupling and magnetic anisotropy energy.

Chapter 3 is dedicated to the electronic structures and magnetic properties of graphene with an absorbed Fe,
Co, or Ni adatom. Recent scanning tunneling microscopy experiment reported the deposition of single Fe, Co
or Ni adatom on graphene, which can tune the electronic structures and realize the spin texture of the graphene
at the same time. The experimental observation found that both the Fe and Co adatoms prefer an out—of-plane
easy magnetization axis. On the other hand, previous density functional theory studies suggested that the
Co adatom exhibits an out—of—-plane easy axis, whereas the Fe adatom shows an in-plane easy axis. The number
of theoretical studies is limited and do not provide sufficient results to discuss the discrepancy with the
experiment in detail. By inclusion of spin—orbit coupling, electronic structures and magnetic anisotropy
energies of graphene with adsorbed Fe, Co, or Ni adatom are investigated. The results show that spin
polarizations are observed in the case of the Fe and Co adsorption. In the case of Ni adsorption, the Rashba
effect is realized with a k—-dependent energy shift at the bottom of the Fermi surface of = bands. The calculated
magnetic anisotropy energies indicate that the Fe adatom exhibits an in—plane easy axis, in contradiction
with experiment, whereas the Co adatom favors an out—of-plane easy axis, in agreement with experimental
observation. It is found that the occupation of £;orbitals, which comprises of d,, and d,, orbitals, is important
to explain the magnetic anisotropy in the Fe and Co adatoms. This results are expected to stimulate the interest

in the usage of graphene as magnetized medium in magnetic storage

Chapter 4 discusses the electronic structures and electron—transport properties of carbon/boron-nitride

nanotubes. At the zigzag carbon edges of graphene nanostructures and carbon nanotubes, localized edge states




are usually observed which act as a source of magnetism and spin—dependent transport. By laser
vaporization method, carbon/boron—nitride nanotube in which carbon and boron—nitride nanotubes are alternately
placed along the tube axis was fabricated. This structure is of interest because from first—principles
calculations, it was found that magnetic ordering could be realized by carrier doping. In addition, the magnetic
ground states are associated with edge states at the zigzag edges of carbon nanotube. However, carrier doping
is not practical when this material is connected to electrodes. Furthermore, the rotational symmetry mismatch
between the conducting and edge states of a zigzag carbon nanotube prevents electron transport. Therefore,
the spin—-dependent transport through the carbon/boron-nitride nanotubes has not been investigated so far.
By first-principles calculations, the electronic structures and electron—transport properties of
carbon/boron—nitride nanotube are studied. It was found that edge states emerge at zigzag boundary between
carbon and boron—nitride nanotubes. The variation of the occupation number of the edge states gives rise to
the spin polarization by p-type substitutional doping at the zigzag carbon nanotube edge. The o-=x
hybridization due to the curvature pulls down the energetically dispersive states, resulting in the nonmagnetic
ground-state electronic structure in the case of m—type doping. Although it has been reported that the electron
transport through the edge states in the undoped nanotube is suppressed by the rotational symmetry mismatch
between the edge and carbon nanotube states, the calculations point out that the alternation of the symmetry
due to doped atom leads to the spin—dependent resonant tunneling through the edge states. The results suggest

the use of this nanotube as channel material in a spin field-effect transistor.

Chapter 5 investigates the electronic structures of gold nanowires with carbon incorporation. Gold nanowires
have been fabricated by scanning tunneling microscopy and break junction techniques. By these methods, the
gold nanowire has the interatomic distances typically around 3.0 A and 3.6 A. Recent experiment using
transmission electron microscopy combined with scanning tunneling microscopy pointed out that it was possible
to fabricate gold nanowires with long interatomic distance of 5.0 A. The long atomic spacing was attributed
to the incorporation of carbon atoms with evidence of fullerene as the tip. Furthermore, the gold surface
seemed to be reconstructed by adsorbed carbon atoms to form one—dimensional nanowires. Although theoretical
investigations on these structures are necessary, no studies have been carried out so far. By first—principles
calculations, the electronic structures of gold nanowires with zero, one, two, and three carbon atoms insertion,
both in vacuum and on gold (111) surface are investigated. The results show that, in vacuum, two carbon atoms
are found to link neighboring gold atoms resulting in the largest breaking force of the nanowire and an
anomalously long gold interatomic distance of 5.0 A. The calculation results are in excellent agreement with
the experiment. On gold (111) surface, the gold nanowire with two carbon atoms insertion possess the gold
interatomic distance of 5.0 &, close to the value observed experimentally. In addition, the calculated formation
energies indicate that the gold nanowire with two carbon atoms insertion is the most stable structure. The
results suggest that gold nanowires may be formed on the surface before pulling of the gold tips. These findings

are important for understanding the formation and fabrication of gold nanowires.

Chapter 6 focuses on the electronic structures and electron—transport properties of thiol-terminated zinc
porphyrin wires connected to gold electrodes. Single molecule switch utilizing zinc porphyrin molecules has
been fabricated using scanning tunneling microscopy tips. The measured conductance spectra showed the traces
of low— and high—conductance upon pulling the tips. The origin of the observed dual conductance may be related
to the differences in contact geometry between porphyrin molecule and gold electrodes using thiol linker.
However, no first-principles studies have been carried out on these systems. By first—-principles calculations,
the electron—transport properties of thiol—linked porphyrin molecule suspended between gold (111) electrodes
are investigated. Two structures are considered, in which sulphur atoms of the porphyrin molecule are situated
on the hollow site of gold electrode and are linked to gold adatoms on gold electrode. The results show that
the highest occupied molecular orbitals of two structures have different characteristics, indicating two
different transport modes, in agreement with the experiment. The studied results are expected to give interest

in using porphyrin molecules as components in molecular switches
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