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Abstract of Thesis

Chiral recognition at nanoscale is a fundamental issue in surface science, attracting both significant scientific
interest in the hierarchy of chiral progression and broad practical applications such as molecular sensing and
asymmetric catalysis, and so on. Despite extensive experimental and theoretical studies, the mechanism of
chiral recognition at the nanoscale is still open to debate. Helicenes, with their rigid helical structure, serves as
an ideal model system for studying chiral behavior in two-dimensional environments. In this thesis, the
adsorption, self-assembly, and chiral recognition behaviors of thiaheterohelicenes on Ag(111) has been
investigated by density functional theory (DFT) calculations, molecular dynamics (MD) simulations, and

scanning tunneling microscopy (STM).

First, the adsorption and self-assembly of racemic [7]thiaheterohelicene ([7]TH) was investigated using DFT
calculations and MD simulations to explore the early stage of the structural formation on the surface, which is
difficult to elucidated by experimental observation. DFT calculations revealed an adsorption geometry where
one terminal of the molecule lies nearly flat on the surface. MD simulations demonstrated that [7]TH
preferentially forms heterochiral dimers, which act as fundamental building blocks and further assemble into
zigzag chain structures stabilized by m—mu interactions between neighboring helical backbones. The resulting
alternating enantiomer arrangement reproduces the characteristic features observed in STM images, indicating

that intermolecular interactions dominate the self-assembly process of [7]TH.

Next, the role of functional groups at the terminal was clarified by using 2,13-dihydroxymethyl-[7]TH ([7]TH-
diol). STM measurements showed that both racemic and enantiopure [7]TH-diol form similar zigzag chain
structures on Ag(111). MD simulations revealed distinct molecular recognition mechanisms for structure
formation: van der Waals interactions between helical skeletons dominated in heterochiral chains of the racemic
system, while hydrogen bonding between hydroxymethyl groups stabilizes homochiral chains in the enantiopure
system. The zigzag chain motifs observed in STM images were reproduced in MD simulations, indicating that
intermolecular interactions play a dominant role over molecule—substrate interactions in the ordered structure.
These results demonstrate that terminal functional groups can substantially modify intermolecular recognition

mechanisms without necessarily altering the resulting self-assembly motifs.

Finally, the self-assembly behavior of racemic [5]thiaheterohelicene ([5]TH) was investigated to clarify the role
of molecular length in chiral recognition. DFT calculations revealed pronounced site- and orientation-dependent
adsorption of [5]TH on Ag(111), while its intrinsic intermolecular interactions were found to be weak and
energetically similar among different homochiral and heterochiral dimers. Deviations from preferred adsorption
sites and orientations on Ag(111) result in an energy cost nearly an order of magnitude larger than that
associated with deviations from optimal intermolecular distances dictated by intermolecular interactions alone.
This energetic hierarchy indicates that self-assembly is governed primarily by substrate registry, with
intermolecular interactions acting as secondary constraints. Consequently, the ordered structures observed
experimentally can be rationalized as a balance in which molecules anchor at their preferred adsorption sites
and orientations on the substrate, while locally adopting dimer motifs favored by intermolecular interactions.
These findings provide insight into how helical length controls the balance between intermolecular and

molecule—substrate interactions in chiral self-assembly on Ag(111).
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