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Abstract

Self-assembled monolayers (SAMs) are molecular films that are formed by adsorbing the
organic molecules onto the substrate and assembling into the specific structures
spontaneously, and are also significantly expected to be applied to the advanced organic thin
films. Among them, alkanethiolate SAM formed on the Au(111) substrate is the most basic
model system which can be formed as the highly ordered structure easily and can be given the
functionalities such as chemical activation and optical response by introducing various
functional groups at the end of the alkyl chains. In the previous studies, the geometric
structures or self-assembly mechanisms of SAMs, and the functionalities of individual
functional group have been widely investigated by various measurements. However, the
electronic structures or electron dynamics such as excitation and relaxation at the surface or
interface have not been investigated well because the establishment of experimental methods
has not been sufficiently developed. Since the electronic excitation or relaxation processes
occur in the picosecond (ps) or femtosecond (fs) time scales, it is indispensable to develop the
spectroscopic methods to observe the ultrafast phenomena.

In this thesis, by using the two-photon photoemission (2PPE) spectroscopy with
femtosecond pulse laser, the occupied and unoccupied electronic structures and their
dynamics of alkanethiolate SAM on Au(111) surface and ferrocene- (Fc-) terminated SAM
have been investigated.

In Chapter 1, the research background and the content of each chapter in this thesis are
described, and in the following Chapter 2, the experimental principles and apparatus of
ultraviolet photoemission spectroscopy (UPS) and 2PPE measurements are described.

In Chapter 3, the investigation of electronic structures for alkanethiolate SAMs by 2PPE is
described. Among observed occupied and unoccupied electronic states, the localized
unoccupied state at the interface between Au and thiol was energetically shifted with
temperature, and this origin was found to be the change of the interaction between
neighboring sulfur atoms accompanied by the tilt angle change of the alkyl chains.

In Chapter 4, the investigation of electron dynamics for alkanethiolate SAMs by
time-resolved (TR-) 2PPE is described. The electrons excited to the image potential state
(IPS) by pump pulse stay for tens of ps, and moreover, the lifetime of them can be controlled
by changing the alkyl chain length.

In Chapter 5, the investigation of the electronic structures and dynamics for Fc-terminated
SAMs as the introduction of functional group is described. As the electronic structure, the
feature of Fc has been revealed and its intensity depends on the amount of Fc molecules.
For the electron dynamics via IPS, the short lifetime was observed for ferrocenyl-SAM due to
the low molecular orderings. By inserting the alkanethiol molecules into ferrocenyl-SAM,
the lifetime was lengthened due to the improvement of the ordered structure.

In Chapter 6, the results in this thesis are summarized.




