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Abstract

Owing to their distinctive anisotropic properties, Janus nanoparticles have garnered
widespread application across the domains of materials science and biological engineering.
These nanoparticles exhibit a propensity for self-assembly in solutive environments,
culminating in the formation of highly ordered structures. It is universally acknowledged that
the structural integrity of these assemblies is pivotal in dictating their functional performance
and applicability. Consequently, the modulation of self-assembly morphologies via the
manipulation of various influencing parameters is of great importance. In comparison to their
counterparts, Janus nanoparticles are distinguished by their enhanced controllability and
versatility in design. This is particularly evident in the case of triblock Janus nanoparticles
adorned with grafted polymer chains, which demonstrate a diverse array of shape, graft length,
and composition characteristics. These attributes significantly augment the potential for
precise morphological control during self-assembly. However, studies of self-assembly of
Janus nanoparticles is nascent. Many influence factors remain to be investigated, grafting
schemes need to be developed, and we lack knowledge of the self-assembly mechanism and
self-assembly regulation strategies.

In this thesis, molecular dynamics simulations were employed to investigate the
self-assembly of grafted triblock Janus nanoparticles, specifically those with hydrophilic
(“HTH type”) and hydrophobic (“THT type”) terminations. Through the modification of graft
chain lengths, proportions, and chemical moieties, as well as the incorporation of amphiphilic
small molecules for co-assembly purposes, this thesis seeks to elucidate the self-assembly
behaviors of these nanoparticles. The morphological characteristics, assembly dynamics, and
micro-processual elements of various self-assembled configurations (e.g., grid-like, vesicular,
lamellar, linear formations) were examined. The research elucidates roles and regulatory
mechanisms of hydrophilic versus hydrophobic chains: hydrophobic chains catalyze
aggregation, whereas hydrophilic chains confer stability to the assembled structures and steric
hindrance. A predominance of hydrophobic over hydrophilic chains enhances system

flexibility and aggregation propensity. The interplay between hydrophilic and hydrophobic

il



chains is reciprocal, with optimal ratios yielding lamellar, vesicular, and linear structures. In
addition, the study reveals that amphiphilic small molecules serve as interstitial “adhesives”,
mitigating direct hydrophobic-solvent interactions, thereby reducing system energy, and
fortifying structural integrity. The thesis further explores the effects of pH-responsive graft
modifications on self-assembly behaviors, demonstrating that alkaline conditions induce
deprotonation of carboxylate groups, leading to Coulombic forces that predominate over
hydrophobic interactions. This phenomenon prevents further aggregation due to electrostatic
repulsion, precluding the formation of ordered structures.

This thesis provides a comprehensive analysis of the various determinants influencing
the self-assembly processes of grafted triblock Janus nanoparticles. It articulates the control
mechanisms and strategic approaches integral to modulating self-assembly morphologies and
lays a foundational theoretical framework for the morphological regulation and functional
enhancement of self-assembled nanocomposite materials.

Key words: Grafted triblock Janus nanoparticles; Molecular dynamics simulation;

Self-assembly; Morphology Regulation
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Figure 1-6 Formation of various types of hybrid nanoparticles in simulation
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Figure 2-2 Schematic diagram of three types of amphipathic small molecules
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Figure 3-1 Self-assembly structures of HZT%‘OHg with varying chain lengths. Surface meshes with

connection information of nanoparticle cores are presented in the right of each panel to highlight the

assembled morphology
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Figure 3-3 Self-assembly structures of T§H§'6T’3‘ with varying chain lengths. Surface meshes with
connection information of nanoparticle cores are presented in the right of each panel to highlight the

assembled morphology
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Figure 3-5 Temporal evolution of number of cluster and morphology during the self-assembly

process of HgT3oH¢ into the vesicle structure

12

g 10 AR P e
E 8 }IL7J(€|§
<: ok
™ 6
&
= 4
H_’ r‘
® 2 /

0

0 1 2 3 4 5 6
r (nm)

Bl 3-6 HeT3,Hg FEIREH P& BRFIBTMLT O I H BT
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Figure 3-7 Temporal evolution of number of cluster and morphology during the self-assembly

process of T3H3,T5 into the mesh-like structure
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Figure 4-5 Hybrid vesicle structure co-assembly process
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Figure 4-6 Variation of the number of structural clusters of hybrid vesicles over time
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Figure 4-10 Morphology of co-assembly of different small molecules with T%H‘;GT% grafted Janus
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Figure 4-11 Morphology of co-assembly of different types of Janus nanoparticles and different
number of H,T3; amphiphilic small molecules
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Figure 4-15 The change of the number of clusters of hybrid grid structure with time
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Figure 5-4 Self-assembly structure morphology of HTH-type nanoparticles in different pH values
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