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This doctoral thesis is entitled “Development of Molecular Memory Systems Based on Dipolar Rotors
with Controlled Orientation and Dynamics™ and consists of six chapters.

In Chapter 1, the author describes general requirements for molecular memory systems that are
workable at room temperature as well as a new design concept of an electric field-responsive molecule
based on the orientational control of dipolar rotors.

In Chapter 2, the author describes the synthesis of a new hexaarylbenzene derivative (1-CO;Me), in
which dipolar 2,3-difluorophenyl groups and 4-methoxycarbonylphenyl groups are alternatively arranged
on a central benzene ring designed as a new element for electric-field driven molecular memory. It was
found that 1-CO;Me have two rotational isomers, which are conformationally stable at room temperature
but interconverted at high temperatures. Amorphous films of 1-CO,Me, prepared by spin-coating, show a
reversible surface potential change by applying electric fields. In contrast, a spin-coated amorphous film of
a reference hexaarylbenzene derivative with non-polar phenyl groups in place of 1,2-difluorophenyl
groups, did not show a surface potential change. This result suggests that the rotational dynamics of the
dipolar rotors are a key to realize the observed electric-field response.

In Chapter 3, the author describes the synthesis of three thiol groups-appended dipolar hexaarylbenzene
derivative (1-SH). The two rotational isomers of 1-SH were adsorbed on Au(111), and the resultant
molecular films were characterized by X-ray photoelectron spectroscopy and scanning tunneling
microscopy (STM). Using a STM-break junction (STM-BJ) technique, single-molecule conductance
measurements were performed for the molecular films of the rotational isomers of 1-SH. Importantly, the
two rotational isomers displayed significantly different conductance behaviors to each other. In the case of
a rotational isomer with the three dipolar rotors facing the same direction relative to the central benzene
ring, two conductance states were observed, suggesting that multiple conductance states can be achieved by
controlling the orientation of dipolar rotors at room temperature.

In Chapter 4, the author describes the molecular-level structural analysis of 1-CO;Me adsorbed on
Au(111) using ultrahigh vacuum low-temperature STM. Four rotational isomers of 1-CO,Me on Au(111),
resulting from the orientational difference of dipolar rotors, were successfully characterized. Scanning
tunneling spectroscopy measurements revealed that the voltage dependence of a tunneling current through
occupied molecular orbital of 1-CO,Me is largely affected by the orientation of the dipolar rotors. This
observation further suggests that 1-CO;Me is promising as a memory element.

In chapter 5, the author describes the attempts to manipulate the orientation of the dipolar rotors of
1-CO;Me on Au(111) using electronic and mechanical stimuli by an STM tip. Based on the experimental
results, the author proposes an appropriate molecular design for the realization of orientational control of
molecular rotors.

In chapter 6, the author describes the conclusions of this doctoral thesis, which include the summary and
scopes of the present study.
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