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Thesis Summary

This dissertation discusses the self-assembly structure and properties of grafted nanoparticles
(GNPs) using dissipative particle dynamics (DPD) and coarse-grained molecular dynamics (MD)
simulations.

In Chapter 1, the potential applications and advantages of grafted nanoparticles are introduced.
A particular focus is placed on confined systems, where the self-assembly behavior has yet to be
fully explored. New applications, including nanosensors and dielectric materials, are highlighted.

In Chapter 2, the development of DPD and coarse-grained MD methods is outlined, providing a
detailed description of the algorithms employed in each approach.

In Chapter 3, the self-assembly behavior of GNPs in confined environments is examined. The
properties of the polymers grafted onto the nanoparticle surfaces were varied, and the resulting
structures were categorized based on the confinement diameter. Additionally, the effects of
modifying the properties of the confinement walls were studied.A qualitative phase diagram of
axial pressure and L, the ratio of nanotube radius to nanoparticle radius, was created and
compared with the self-assembly behavior of conventional nanoparticles (NPs). Under strong
confinement (L < 1.5), a stable structure formed regardless of the polymer or wall properties.
Conversely, in larger nanotube diameters where particles had more freedom to move, a structure
with two characteristic distances emerged over a narrow pressure range.

In Chapter 4, the interparticle distance of GNP dimers and their effectiveness in sensing target
molecules is examined. It was found that the interparticle distance increases with polymer length
and grafting density. Conditions required to maintain an optimal 1 nm interparticle distance for
sensor performance were identified. Additionally, the capture rate of target molecules and dimer
formation in the presence of multiple GNPs were studied, leading to the proposal of an optimal
GNP structure for experimental settings.

In Chapter 5, the dielectric properties of polymer nanocomposite materials doped with GNPs are
examined at various frequencies. The addition of GNPs was confirmed to reduce the dielectric loss

tangent. The parameters affecting the reduction in dielectric loss were identified.

In Chapter 6, a summary of the study is presented as a conclusion of this research.
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