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In this thesis, I report the results of my study on the electronic structure in single-molecule junctions
when the metal-molecule interface of the junctions is mechanically stretched. I have developed a current
measurement system that controls the junction elongation distance and simultaneously measures the
current—voltage (/—V) characteristics at a frequency of 5 kHz. Using this system, I evaluated the
conductance (G), current rectification ratio (RR), energy difference between Fermi level and molecular
orbital level (¢), and electronic coupling at the metal-molecule interface (/") during the junction elongation
process at room temperature during the junction elongation process.

In Chapter 2, the theoretical background of the electronic structure and transport properties of metal
atomic junctions and single-molecule junctions is described.

In Chapter 3, I described an overview of an electronic structure evaluation system for single-molecule
junctions with high time resolution. Next, the sample preparation method is described, and lastly, a
procedure computational simulation of junctions using density functional theory (DFT) is described.

In Chapter 4, the time evolution of the structural symmetry in the self-breaking process of Au atomic
junctions is discussed based on the measurements of G and RR. the magnitude of RR is related to the
structural asymmetry in the junction breaking process.

In Chapter 5, I reported the relationship between the decay rate of G with respect to the junction
elongation distance and the bond force (F) at the metal-molecule interface for 12 single-molecule junctions
with different interface structures. The results confirmed that there is a positive correlation between the
decay rate of G and F for bonding through a single Au atom (i.e., coordinate bonding) and a negative
correlation for bonding through multiple gold atoms (i.e., covalent bonding and van der Waals bonding).

In Chapter 6, the relationship between the electronic properties (G, RR, ¢, and I".) and the metal-molecule
interface structure in single-molecule junctions was clarified. Upon elongation of the junctions, oscillations
of ¢ value, sudden decrease of I” value, and large fluctuations of RR value were observed. This study
clarifies the mechanical and electrical stability of the metal-molecule interfacial structure and provides a
guideline for controlling the electronic structure of the junction at the single molecule level.
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