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A self-assembled monolayer (SAM) is an organized monolayer based on strong covalent bond
formation with solid surface atoms and lateral interactions between molecules. SAMs can not only
control the amount and orientation of immobilization, but also enable flexible molecular design and
functionalization through interactions with solution species. Therefore, they can be used as a platform
for building multilayer membranes and immobilizing biomolecules, nanoparticles, and polymers, as
well as for sensor and photoinduced electron transfer systems.

When a SAM has a redox-active group and changes its charge by redox, the interaction between the
counter anion and the oxidation state of the active group would govern the function of the SAM.
Therefore, we focused on SAMs with viologen as the redox active species.

The redox behavior of the SAM with a redox-active moiety is influenced by the nature and
concentration of the counterions in the electrolyte. If there are cationic redox active sites in the SAM,
such as the oxidized form of the ferroceny! group (Fc¢) or the oxidized and reduced forms of the
viologen moiety, the anions from the electrolyte solution phase bind to these cationic sites. The redox
behavior is strongly determined by the binding of anions from the electrolyte solution phase to these
cationic sites. The terminal Fc moiety and the viologen moiety in the middle of the alkyl chain cause
a larger negative shift in the formula potential of the one-electron redox process, depending on the
anion softness and the solvation number of the anion. The occurrence of this potential shift offer
application to anion sensors. In SAMs with viologen (viologen thiol SAM: VI-SAM), which exhibit
a variety of dynamic behaviors and color changes as redox active groups, new sensing abilities and
complex-organism formation should be possible through interactions with anion species.

With the above as a background, I believe that the way to form new composite structures on the
interface between redox-active SAMs and solutions is to examine the effects of electrostatic
interactions with external anions and the dielectric environment. Elucidation of the factors involved
in anion binding should lead to the development of electron transfer platforms to which highly
functional organic molecules can be added at will.

Therefore, the aim of this study was to immobilize viologen thiol (VT)-SAM on a gold electrode
and examine its redox behavior in various electrolyte anion solutions to clarify the binding
configuration between the viologen moiety and the counter anion on the SAM surface and the state

changes within the monolayer.




I focused on how the difference between the solution-end functional group of viologen and the gold
crystal plane affects the strength of the electrostatic interaction with the anion as a dielectric
environment around the viologen. 1 used the electrochemical measurement solutions such as
electrolyte anions KF, KBrand KCI, hydrophobic anions KPFg, KC1O, and alkyl sulfates. I used cyclic
voltammetry and potential-modulated UV-visible reflectance spectroscopy (ER) as the main

measurement methods.

This thesis consists of seven chapters.

In Chapter 1, I reviewed previous national and international research on the interaction between
redox-active SAMs and their anions on electrodes, and then present the problem and the purpose of
this study based on the background of this study as an introduction.

In Chapter 2, a quantitative model of the binding between viologen sites and anions in SAMs
described, as well as the principles and theories of the various measurement methods used.

Chapter 3 described the compounds, their synthesis methods, gold electrodes, measurement devices
and procedures, and data analysis methods.

In Chapter 4, I discussed the results of modifying polycrystalline Au and single-crystalline Au(111)
electrodes with MeVC10SH SAMSs, which have a methyl group moiety at the solution end, to
investigate how the anion effects differ between the two electrodes. The Au(111) electrode showed an
anion dependence on the hydration number, while no anion dependence was observed for the
polycrystalline electrode. The ratio of reduced viologen dimers was calculated from the ER
measurements and the internal reduced states of the SAMs were discussed according to the different
gold crystal planes.

In Chapter 5, I discussed the binding of anionic surfactants at concentrations lower than the critical
micelle concentration to viologen sites inside the SAM on polycrystalline gold electrode. The chain
length dependence of the one-electron redox formal potential of the surfactant was used to discuss the
chain-chain interaction, which could be called the Traube rule in the SAM.

In Chapter 6, I discussed a model in which viologen inside the SAM interacts with internal and
external anions in redox behavior by introducing SOs at the solution-terminal of viologen. We
estimated the possible anion-binding processes and examined the evidence for these processes using
various anions (hydrophilic and hydrophobic anions, alkyl sulfates) and cationic ammonium salts.

In Chapter 7, I concluded with a comprehensive discussion of the results of Chapters 4-6.

In summary, this study provided important new guidelines for tailor-made redox-active SAM
platforms that can serve as high-performance molecular devices and molecular sensors, including
those that work in concert with ions. Furthermore, it provided a foothold for anion binding control on
the SAM surfaces for the formation of composite membranes and supramolecular bodies with redox

behavior as switching and electrostatic interactions as the main axis.




