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Chapter 3 “Reaction Equilibrium of Host-Guest Chemistry Initiated on Molecular Junction” Ci%, ¥y 74 &AL
S OFERBIG OFHE OV TR Rz, AFLEFa S UERTICTE RaXx ) UEfia B3 5280 rH#6%
TR L#F OBERILEEAFHHI Uiz, ZORE, (mHEELAIE L U COEAIER, S OICMBEERHL T
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Chapter 4 “Conformational Dynamics on a Hydrogen-bonding Single-molecule Pair” Tid, DKk FERESMEE6E
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Chapter 5 “Specific Single-molecule Detection of Phosphorylation Reaction on Peptides” Tix, B4y D IS HTE
WA L7 e LT, REMARTIRBEM CTHDZ "I BEDY Vb A2 BT L~V CRRIICHRIET % 2
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TLZENTET, VBRI D2EAIIT T R EOMOBFRERICIVIME LEHES LY b o8 EN G
W ED D, FERIR ) VIO B TR ER SN, ARHIEEZRERICE D U UL OFHmICE A L,
U b OEEITE Y TAE A NTET 2 Z LTS LT,

Chapter 6 “Self-restoring Single-molecule Junction by DNA Zipper” Ti&. DNA 43N DK 5 A % Bk A2 48
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Chapter 7 “General Conclusion” Ti&, AR TH LN TR ORIEZ IR,
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A single-molecule junction is a promising platform for both analysis and control of chemical
reactions to provide unprecedented insights into the reaction mechanism at the single-molecule limit.
However, at present the investigations of single-molecule reactions using the molecular junctions are
limited to simple and well-known reactions. The methodological development toward more complex
chemical reactions is highly desired. In this thesis, therefore, | first investigated effects of molecular
junctions on reaction processes and reactivity through the observation of the complexation reaction at the
single-molecule junction. The study revealed the effect of the local environments in nanogaps on the
reactivity to highlight the difference between reactions on the molecular junction and those in solutions.
Next, in order to detect minute structural changes of a reaction complex, | developed the methodology to
analyze structures of single hydrogen-bonded dimers in molecular junctions. The conductance and its
fluctuations were subjected to a clustering analysis, and the hydrogen-bond patters within the single dimer
were successfully identified.

Investigation of a chemical reaction at the single-molecule level is important not only for gaining
fundamental knowledge of reactions but also for practical applications, as demonstrated in this thesis. |
developed the single-molecule sensing of the phosphorylation of peptides based on the detection of the
phosphorylation reactions. The present method of a specific single-molecule phosphorylation assay holds
promise in medical diagnoses and pharmaceutical development. Furthermore, | showed that
single-molecule reactions are also useful to generate functional molecular devices. Specifically, a
self-restoring single-molecule device was developed through an elaborate control of the DNA hybridization
reaction. This single-molecule device suppressed unwanted electric diversity arising from the structural
fluctuations of the junction.

In summary, this study establishes a methodology to analyze and control chemical reactions at
single-molecule junctions and provides guidelines for applications in sensing technology and electronic

devices.
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