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Single-molecule junctions (SMIJs), which has metal-molecule—metal structures, have attracted wide
attention due to their potential application in molecular electronics. Because chemical reactions in SMJs
can alter the electron transport property in SMIJs, the control of the chemical reaction in SMJs is a
significant issue. However, the conductance change of SMIJs is also induced by the change in
metal-molecule interface structure. Therefore, the detection of conductance change induced by the
chemical reaction was still difficult, which covers the intrinsic origin of the modulation of the conductance.
In this study, I aimed to detect and control the electron transport property of SMJs using chemical reactions
with structural determination using surface-enhanced Raman scattering (SERS).

First, | aimed to reveal the origin of the modulation of the electron transport property of spiropyran
molecular junction. The time-dependent measurement of the SERS spectra and conductance under the laser
irradiation detected the change of the SERS spectra concomitant with the conductance decrease, indicating
the ring-closing reaction was induced during the observation. The principal component analysis of
thousands of the SERS spectra in the molecular junction allows the distinguishment of the ring-closed and
ring-opened forms in SMJs. It is suggested that the m-conjugation system enhances the conductance
compared with the ring-closed form.

Next, I focused on the electrochemical redox reaction of the a-terthiophene (3T) molecule. SERS and
conductance of 3T SMJs were measured under the control of electrochemical potential. By monitoring the
conductance and SERS spectra, I observed a significant increase in the conductance and change in SERS
spectra at the oxidation side of the potential sweep. In comparison with the Raman spectra of chemically
oxidated 3T molecule and theoretically calculated spectra, the vibrational peak in the oxidated region was
attributed to the oxidated form of the 3T molecule. It was suggested that the enhanced SERS signal and
conductance originate from the reduced energy gap by the oxidation and it can be controlled by external
manipulation of electrochemical potential.

In conclusion, I controlled the electron transport property in SMJs induced by chemical reactions while

revealing the origin of the conductance modulation by detecting the molecular structural change in SMJs.
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