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Abstract of Thesis

This thesis explores innovative approaches to broaden the application of single-molecule measurements across
diverse fields. Departing from conventional methods of chemically bonding molecules to electrodes, the focus is on
measuring single molecules freely diffusing in solution, presenting both challenges and opportunities for future
research.

Chapter 1 introduces the significance of single-molecule measurements and discusses their methodological
content, including recent advancements in machine learning for data analysis. Chapter 2 provides a theoretical
foundation of single-molecule measurement and overview of machine learning algorithms, while Chapter 3
outlines experimental procedures and the application of machine learning in data analysis. The primary
contributions of this thesis include pioneering measurement strategies and analytical methods aimed at
enhancing discrimination accuracy of structurally similar molecules and simplifying traditional techniques.

Chapter 4 outlines how molecular modification of nano-gap electrodes significantly improves the discrimination
accuracy for molecules. Chapter 5 explores the use of chemical environment changes to effectively discriminate
molecules. Chapter 6 introduces a novel approach for single-molecule discrimination utilizing a new machine
learning algorithm that addresses the limitations of conventional methods.

These findings propel single-molecule discrimination forward and extend its applications across biomolecular
analysis, disease diagnosis, environmental monitoring, etc. Further research is warranted to validate
methodologies, refine data analysis, and develop user-friendly implementations. In conclusion, this thesis
establishes a foundation for advancements in molecular analytical methods, contributing to the evolution of
single-molecule measurement techniques, and fostering innovation in scientific exploration and technological

development.
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