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Abstract of Thesis

Chiral molecules are those with moleculay structures which cannot be superimposed on its mirror image. It
is especially important in life sciences, since many biologically-active molecules ave chiral. Although they have
been studied since long ago, the origin of the imbalance of chirality in nature still remains a mystery to this day.
Nevertheless, the concept of chirality is extremely important to biological systems. For example in the field of
pharmacy, a drug can be both cure and poison, depending on which enantiomer is consumed. Thus, to understand
the emergence of chirality from the single-molecular scale would be highly beneficial to mankind. By far the only
way to distinguish enantiomers is by observing its optical activity. However, conventional spectroscopic methods
are restricted by the optical diffraction limit, prohibiting one from studying optical activity truly from single
molecules.

Therefore, this dissertation reports the possibility of the detection of single molecule optical activity by
means of tip-enhanced Raman spectroscopy (TERS), which relies on the near-field enhancement effect due to
surface plasmon resonance at the tip apex. A Raman spectrometer was equipped to a custom-built scanning
tunneling microscopy (STM) system. The excitation channel of the laser was modified to include a
quarter-waveplate retarder, so as to excite the STM tip with circularly-polarized light (CPL). Using this setup,
the Raman scattering of the chiral sample can be enhanced by the TERS effect induced by left- and right- CPL,
The Raman optical activity (OA) of the the sample can then be measured from the intensity difference of the
output Raman scattering signal.

To evaluate the performance of this system, the ideal reference must exhibit strong optical activity, as well
as be able to withstand the effect of laser irradiation during the course of TERS experiments. In this dissertation,
two test samples were chosen’ helicene derivatives, and single-walled carbon nanotubes (SWNTs).

Helicene derivatives were chosen for their strong optical activity, and are also known to form a
self-assembled monolayer on metallic surfaces, which is an ideal test sample for TERS. In chapter 4 of this
dissertation, the self-assembly formation of M-type helicenediols was investigated. It was found that a heated
substrate during molecule deposition facilitates the formation of self-assembly, in comparison to substrates
maintained at lower termperatures. The molecules formed highly ordered islands surrounded by disordered
regions. Scanning tunneling spectroscopy measurements revealed that the HOMO and LUMO peaks at -1.7 and
2.2 V in the case of single molacules and disorder regions. On the self-assembled twin rows structure, an
additional peak was observed -2.45 V. The difference in the electronic structures was ascribed to the different
degrees of molecule-molecule interaction and molecule-substrate interaction. It can be concluded that
intermolecular interaction is dominant in the self-assembled islands, whereas molecule-substrate interaction is
dominant in the disordered region. When the same fabrication procedure was applied to a sample consisting of a
racemic mixture of helicenedialdehyde molecules, the self-assembly formation also occured. A TERS spectrum
was successfully obtained on the racemic sample. Such a chiral surface comprising both enantiomers is a
promising reference sample for the investigation of OA by TERS, subject to further optimization of experimental
conditions.

The carbon nanctube (CNT) has become a classic test sample for TERS systems, owing to its rebustness for
long durations under laser irradiation, and well-known Raman scattering modes. It is also well-known that the
CNTs properties can be predicted by its chiral vector. However, less is known that the chirval vector can be volled
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in two directions, each resulting in a CNT of similar chiral indices but with opposite handedness. The handedness
of chiral CNT's and their optical activity has not been studied until recently, when researchers have heen able to
extract the CNTs by handedness using molecular chiral recognition. In this study, the properties of individual
CNTs were investigated by using TERS. Some nanoscale properties, such as the quantum interference effect
between Raman scattering pathways, the localization of the D band at the end of a SWNT were observed. When
irradiated by left- and right-CPL, a circular intensity difference was observed. The TERS mapping, excited by
CPL, also showed a larger circular intensity difference on the CNT in comparison to the substrate areas, which
indicates optical activity when the tip is above the CNT. Such optical activity is possibly due to the optical
selection rules owing to the handedness of the CNT itself, or optical activity due to the tip geometry, or errors due
to the measurement system, or all of the above combined. Nevertheless, it can be stated that near-field optical
activity relevant to the CNT was detected. To further sophisticate the results, it is necessary to correlate the QA
signal with the CNT handedness, by atomic resolution imaging.

The results in this dissertation show that this new branch of TERS can possibly be used in the study of
chiral molecules in the nanoscale, which could lead to an understanding of the origin of chirality itself, Such a
fundamental piece of knowledge could potentially lead to valuable applications in the field of biology, pharmacy,

and life sciences, which would be of great benefit to mankind.
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