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Abstract of Thesis

Gold has always fascinated people, from ancient treasures to modern-day. The true transmutation occurs not in
the production of bulk gold but in its conversion into gold nanoparticles (Au NPs). This shift from bulk to nanoscale
brings about remarkable changes in the properties of gold, such as a high surface area to volume ratio, quantum effects,
and surface plasmon resonance. These unique characteristics open up diverse applications in catalysis, bio-medical, and
electronics fields. Various synthesis methods exist, including chemical reduction and vapor deposition, but pulsed laser
ablation in liquids (PLAL) stands out for its purity and versatility. However, conventional high-power lasers pose
challenges, limiting solvent choices and requiring precise optical alignment. To overcome these barriers, compact, low-
power microchip lasers (MCLs) have been developed, enabling accessible, space-efficient NP synthesis.

In this doctoral thesis, the author investigates using the MCL with a short pulse duration of 0.9 ns and a low
repetition rate of 100 Hz for PLAL of bulk gold in both aqueous and organic media. Chapter 1 focuses on the effects of
laser specifications, particularly examining solution viscosity, which is controlled by the concentration and chain length
of poly(MN-vinyl-2-pyrrolidone) (PVP). The generated Au NPs with a relatively small particle size of 2-5 nm are likely
due to the small cavitation bubble created by the low pulse energy and small spot size. The solution viscosity notably
influenced the yield of NPs, which affects gas bubble diffusion and, consequently, the laser energy transfer to the system.
Despite the low repetition rate resulting in a smaller yield of AuNPs, the short 0.9 ns pulse duration mitigated the energy
shielding effect, enabling relatively high ablation efficiency even with much lower pulse energy than other systems.

Chapter 2 presents a comprehensive study on the preparation of Au NPs within various organic solvents commonly
used in organic synthesis, including CH2Cl,, CHCIs, 2-PrOH, MeCN, DMF, EtOH, NMP, and DMSO. Using PVP as a
stabilizing agent, this chapter examines how different organic solvents affect the size of Au NPs and their ablation
efficiency. The experimental setup employed low pulse energy, and due to the thermal conductivity of the solvents,
multiple laser pulses were necessary to produce Au NPs successfully. This phenomenon, known as the 'incubation effect,’
underscores the importance of considering both experimental parameters and solvent characteristics for the precise
synthesis of NPs.

Chapter 3 presents an innovative method for preparing carbon-encapsulated Au nanostructures using PLAL with
the MCL system. In this approach, polystyrene is used as a stabilizing agent, and toluene serves as the carbon source,
allowing precise control over the nanostructures' size and the carbon layer's thickness. The study reveals that the
concentration of polystyrene significantly influences both the Au size and the carbon layer thickness. Specifically, using
lower laser power and higher polystyrene concentration results in smaller-size Au nanostructures with thinner carbon
layers, demonstrating the effectiveness of this technique. The synthesized nanostructures exhibit enhanced
photoluminescence properties, dependent on the excitation wavelength and carbon layer thickness. This study highlights
the potential applications and benefits of using MCL-based PLAL techniques.

Overall, this study provides a comprehensive understanding of the factors influencing PLAL in different media
and establishes the potential of the MCL system in producing advanced nanostructures. The knowledge gained in this
study on the pulsed laser ablation in liquids and the influence of laser parameters and solvent properties on the process
will lead to the precise synthesis of new nanostructures, paving the way for further advancements in various fields,

including materials science, nanotechnology, and chemistry.
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