|

) <

The University of Osaka
Institutional Knowledge Archive

Development of the Preparation Methods of
Title Biopolymer-Stabilized Metal Nanoparticles and
Their Properties

Author(s) |Assan, Nazgul

Citation | KPrKZ, 2025 1Et:m

Version Type|VoR

URL https://doi.org/10.18910/103208

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Form 3

Abstract of Thesis
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Title and Their Properties
(NA AR v —TLREE NIRRT /KT OFRIE DB & Z OFERE)

Metal nanoparticles (NPs), particularly gold (Au) and platinum (Pt), exhibit unique size-dependent
properties that render them valuable in various fields, including catalysis, biomedicine, and materials
engineering. However, conventional preparation methods often rely on harsh chemicals and reaction
conditions, which limit their applicability, especially when incorporating NPs into delicate biopolymer
matrices, such as chitosan, gelatin, or collagen. This doctoral research addresses these challenges by
developing three environmentally friendly and mild synthetic protocols for the preparation of
biopolymer-stabilized metal nanoparticles, with a focus on size control, preservation of structural
integrity, and functional performance.

Chapter 1 describes the development of a matrix-transfer method to synthesize size-controlled Au NPs
[1.4-6.5nm] stabilized on chitosan. Gold nanoparticles were initially generated within a
polyvinylpyrrolidone (PVP) matrix via reduction and seed-growth techniques, followed by interfacial
transfer into a chitosan matrix using a biphasic solvent system (CH,Cl,/2-PrOH and aqueous acetic
acid). This approach effectively preserved the nanoparticle size and prevented aggregation. Catalytic
evaluations for the homocoupling of phenylboronic acid demonstrated pronounced size-dependent
activity and high selectivity, underscoring the importance of the biphasic solvent system, its volume
ratio, and temperature control.

Chapter 2 presents a green, surfactant-free method using pulsed laser ablation in liquid (PLAL) with
the aid of a microchip laser (MCL) to generate Au NPs within gelatin and collagen matrices directly.
This low-energy approach minimized thermal damage while yielding uniformly dispersed Au NPs [~2
nm in Collagen and ~4 nm in Gelatin, respectively]. Spectroscopic analysis confirmed preservation of
the native secondary structure of the biopolymers, indicating excellent compatibility for biomedical
applications. The process offers precise NP loading without the use of chemical reducing agents, making
it suitable for drug delivery or imaging systems.

Chapter 3 introduces a type I collagen hydrogel preloaded with metal salts (Au, Pt) that were irradiated
using ¢°Co y-rays. Water radiolysis generated reactive species that simultaneously reduced the metal
ions and enhanced crosslinking of the collagen network. The resulting metal nanocomposite gels
exhibited significantly improved mechanical stiffness (up to 88kPa) and reversible photothermal
responsiveness. These materials combine structural robustness with stimulus sensitivity, making them
promising candidates for sensors, actuators, or photothermal therapeutic platforms.

In summary, this doctoral work presents three complementary and environmentally benign strategies
for synthesizing metal nanoparticles within critical biopolymer matrices. Each method successfully
achieved controlled nanoparticle size while preserving the complex architecture of the host biopolymer.
The resulting nanocomposites demonstrated high potential in catalysis, biomedical engineering, and
stimuli-responsive technologies. Overall, the research establishes sustainable and practical approaches

for designing functional nanomaterials.
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