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Precise Control of Themmo-responsive Properties of OE G-alkanethiol M odified Gold Nanopatticles
(OEG % H T2 T IV v FA— )V TERR L&/ Bt O FER B0 K55 i)

Gold nanopatticles have been widely studied due to their optical properties such as localize surface plasmon
resonance (LSPR) under incident light imadiation, which accompanies with the absorption of incident light and heat
production. Some anisotropic AuNPs like gold nanorod have a strong plasmon absorption in near infrared region
and they are expected to be applied for bio-application such as the photothemmal treatment of cancer, which kills
tumor cells via heat produced by the nanorod under NIR imadiation. But this treatment damage to not only tumor
tissues but also nomal tissues. It is still a problem. On the other hand, gold nanoparticles have a plasmon absorption
of visble light and assemblies of these particles show an absorption in near infrared region due to the interparticle
plasmon coupling. As wellknown, the body temperature i tumor tissues is slightly higher than that m nommal
tissues. Themrmo-responsive assembly of AuNPs selectively in tumor tissues should be a good method to tumor-
targeted photothenmal treatment. For themmo-responsive assembly of gold nanoparticles, pNIPAm is a widely used
polymer that undergoes phase transition over the LCST. Gold nanopartticles coated with this polymer can assemble
in response to temperature. However, there are still some issues in the control this thermo-responsive assembly. First
one is the uniformity. Polydisperse in synthetic polymers are supposed to form a variety of conformation on AuNP
surface, resulting in broadening surface propetties. Secondly, the thickness of surface coating depends on the
molecular size. Polymers have large sizes, it leadsto the large mterparticle gapson nanopartticle assembly. The large
gap will weaken the intensity of plasmon coupling of gold nanoparticks. On the other hand, small molecular
alkanethiol can solve these problems. Furthermore, OEG-attached alkanethiols have the thermo-responsive and bio-
compatble properties. Our group have mrported AuNPs modified with OEG-akanethiol showed
assembly/disassembly due to dehydration/hydration of OEG portion in ligands at a certain temperature (74). In
addition, both decrease of tenminal hydrophobicity in ligand and nanopatticle size caused the drastic increase of 7,
suggesting the controllable thermo-esponsiveness. For bio-application, precise control of thermo-responsiveness is
required. In this study, I focused on the surface modification to precisely control themrmo-responsiveness.

As general introduction, in chapter 1, I introduced the merit of gold nanopatticles, thermo-responsive propetties,
OEG-alkanethiols and importance of precise control.

In chapter2, I precisely tuned the 74 by surface modification using mixed ligand based on the relationship between
the 74 and the terminal hydrophobicity, core size of AuNPs. According to previous research, 74 changed drastically
using different ligands with various hydrophobic terminus. And the difference in 74 is wide. That isexpected to tune
Ta at between these Ta by mixing these ligands. Therefore, mixed ligands were applied to surface-modify the
AuNPs to tune the terminal hydrophobicity, resulting in precise control of thermo-responsiveness. I modified gold
nanoparticles with a mixture of two ligands with different hydrophobic at various ratio and determined their 7a. I
found all Tx are located at between these two ligands, suggesting 74 can be tune by mixing ligands to control the
hydrophobic terminus. Next, I used core size effect to precisely tune the 7a. Ta changed by control of the core size.
AuNP size determining the local OEG density which directly relates to 7a is called core size effect. However,
precise size control remains challenging. Therefore, in this study, I focused on the local OEG density to tune the 7
instead of changng size. It is expected to tune the local OEG density via surface modification using ligands with
different OEG kngth. For tuning of local OEG density, gold nanoparttickes were modified with a mixture of two
ligands with different OEG length. 7 are also located at between these ligands, suggesting change of local OEG
density have obvious effects on tuning of 7x. Above findings indicated that 7 can be precisely tuned in a wide range
by surface modification with mixed ligands to control the hydrophobicity at the terminus and the local density of
OEG portion. And these curves plotted with 7x at various mixing ligand ratio are supposed to be the reference of
precise control of thermo-responsiveness. Nevertheless, it 15 worth noting that some curves showed the convex
shape, whereasthe linear relationship, suggesting the bias surface modification. To approach to bio-application, well
control of surface composition is necessary.

In chapter 3, I investigated the factors kading to the bias surface modification and supported the precise control of




thermo-responsiveness by fair surface modification. In this study, I applied the OEG-alkanethiol ligands with similar
structure which should equally attach to the AuNPs. Howeves, the real composition of each ligand on surface
seemed not to be in accord with the mixing ligand ratio. The bias surface modification suggested there are something
influenced the composition on surface even though using the similar alkanethiols. It has been reported that ligand
exchange between alkanethiols on AuNP and existing in organic solvent. If ligand exchange occumred on my
experiment, the ligands in solution replace immobilized alkanethiols attach on AuNPs. Itmay result in the change in
composition on surface. Therefore, ligand exchange can be one of the reasons of bias surface modification. Firstly, I
investigated the ligand exchange by addition of the free ligand to modified AuNPson heating, I confimed the ligand
exchange by amalyses of the changes in thermo-responsiveness. Next, I performed kinetic analyses of ligand
exchange by the time course experiment to investigate how ligand exchange give the effect on the surface
modification. I found the ligand exchange occurred quickly and the replaced ligand can also retum to AuNPs,
suggesting unfair ligand exchange. Finally, based on the investigation of ligand exchange, I carefully prepared gold
nanoparticle modified with the mixed ligandat25 °C, 24h. The fair surface modification can be realized successfully
by well-control of reaction condition. In this study, I confimed the ligand exchange between ligands in highly
packed SAMs and existing in water. And the tiny difference in terminal hydrophobicity result in unfaimess ligand
exchange. Although it remains unclear how much unfaimess on ligand exchange contributes to the bias surface
modifications, the bias can be restrained by well-control of reaction condition.

In chapter 4, I summarized this thesis. To precisely control the thermo-esponsiveness of AuNPs, I applied the
mixed OEG-alkanethiol ligands to modify the AuNPs and take advantage of good controllabilty on terminal
hydrophobicity and local OEG density of these mixed ligands to tune the thermo-responsiveness. Then, to restrain
the bias on surface modification with mixed ligands, I mvestigated the possible factors such as ligand exchange
influencing the bias surface modification. Based on this investigation, I found the good modification conditions, and
performed carefully to approached to the fair surface modification. Although ligand exchange and bias surface
modification are complicated and remains unclear, the precise control of themrmo-responsiveness by fair surface
modification have been realized under well control of reaction condition, which is a positive step to approach to bio-
application.




