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Cyclization of PEG for Dispersion Stabilization of Nanoparticles




2. HEEOEHKNZE Research progress, etc.

Metal nanoparticles are widely used in catalysis, biosensors, optics, electronic components, and
biomedical treatments in recent years. Due to the surface plasmon resonance (SPR) interaction
between light and the surface of metal nanoparticles, various particle intrinsic properties such as
size and shape affect the colour and dispersion statuses of the colloidal solution. In order to
preserve their properties, the stability of the nanoparticles is a crucial aspect which has to be
taken into account. Generally, nanoparticles are kept in solution since their agglomeration is
facilitated in the dry state due to the presence of capillary forces. However, the stability of
nanoparticles in solution is often disturbed by a range of factors such as light, heat, salt, and pH,
resulting in aggregation of nanoparticles or changes in the colour of colloidal solution. In order to
contain these phenomena, small molecules or polymers are dispersed into the colloidal solution
which then adsorb on the particle surface. While molecules such as sodium citrate and
cetyltriethylammonium bromide (CTAB) can stabilize particles from agglomeration as a result of
electrostatic repulsion through the presence of negative and positive charges, respectively,
incorporated in their structures, neutral polymers such as poly(ethylene glycol) (PEG) and
poly(vinyl pyrrolidone) (PVP) mainly create steric hindrance in order to protect the particle surface
which is reported to be more effective than the charge stabilization mechanism. On the other
hand, polymers equipped with charges in their backbone structure such as poly(sodium acrylate)
can combine both stabilization mechanisms.

In the last decade, PEG with long alkoxy chain received more attention from re-searchers due
to its water solubility and biocompatibility, which can provide steric hindrance for the preparation of
gold nanoparticles (AuNPs) or silver nanoparticles (AgNPs). In this relation, PEG coverage on the
surface of nanostructures was reported to be crucial for the ligand exchange process and for
controlling the shape of nanocrystals. In addition, PEG is also often used to disperse/stabilize
AUNPs or AgNPs in immunoassays, thus maintaining the dispersion of the particles and avoiding
tracking by the immune system. In particular, the physiological environment is an important fac-tor
in vivo and in vitro experiments and increasing salt concentration or ionic strength can lead to the
aggregation or dissolution of nanoparticles. In general, the addition of NaCl to a metal
nanoparticle solution together with the presence of oxygen leads to the cata-lyzed dissolution of
the particles attributed to the corrosive nature of the chloride ions.

In this study, cyclized poly(ethylene glycol) (c-PEG) with various molecular weights along
with linear PEG with hydroxy chain ends (HO-PEG-OH) and methoxy chain ends
(MeO-PEG-OMe) were applied for the Tollens synthesis of AgNPs. The particle size was
significantly affected by the topology and end groups of PEG. For example, the size determined by
TEM was 40 + 7 nm for HO-PEG—-OH, 21 + 4 nm for ¢-PEG, and 48 £ 9 nm for MeO—PEG-OMe
when the molar ratio of PEG to AgNOs was 44 (Figure 1). The stability of AgNPs was also
drastically improved by cyclization; the relative UV-Vis absorption intensity (A/Ao X 100%) at Amax
to determine the

| proportion of
persisting AgNPs in
an aqueous NaCl
solution (37.5 mM)
was 58% for
HO-PEG-OH, 80%
for c-PEG, and 40%

for MeO—PEG-OMe e K : 2124 nm
despite that AgNPs I | AL 8 ) |
with c-PEG were Lol — 0

much smaller than E
those with Figure 1. Synthesized AgNPs by (a) HO-PEG-OH, (b) MeO-PEG-OH, and (c) c-PEG.
HO-PEG-OH and ‘
MeO-PEG—-OMe.

(c) c-PEG 7

Published paper:

“Size Control and Enhanced Stability of Silver Nanoparticles by Cyclic Poly(Ethylene Glycol)”, Y.
Wang, J. Q. Quinsaat, F. Li, T. Isono, K. Tajima, T. Satoh, S. Sato, T. Yamamoto, Polymers, 2022, 14,
4535 [#FHiA Y ] DOI: 10.3390/polym14214535




3. SHROWMEEEZE Future research plan

The present research result shows that c-PEG tends to yield smaller and narrowly dispersed
AgNPs when employed during the Tollens synthesis in comparison ‘with HO-PEG—-OH and
MeO~PEG-OMe, where smaller and narrowly dispersed metal nanoparticles are desired in
various applications. Furthermore, the AgNPs with c-PEG exhibited superior stabilizing properties
against NaCl despite the smaller size. Specifically, the pure topological conversion resulted in the
drastically improved persistence of the UV-Vis absorption intensity. These results clearly indicate
the cyclized polymers endow AgNPs with the superior stability compared with the linear
counterparts. The enhanced colloidal stability through the use of c-PEG would enable applications
in biological systems where its high salt resistance can be exploited. This advantage is coupled
with the biocompatibility of PEG itself, where cyclization requires no chemical functionalization on
the repeating units of the polymer chain. The formulation of cyclic polymer will also be suitable
applied on other metal nanoparticles due to the physisorption. In this research, novel surface
modification methodology of c-PEG will make up the deficiencies of instability, aggregation, and
dissolution of metal nanoparticles in bio-medical, photothermal therapy, and drug delivery system
field. The utilization of polymer topology effect towards the stability of nanoparticles will open a
new vision based on this result.
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Theoretical Study on MOF Formation Employing AFIR
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In detail, including the outline, originality and so on.

*Please state the name of academic conferences, journals or transactions if you have

presented your research or your research was published.

Summary:

Metal-organic frameworks (MOFSs) are a class of materials exhibiting interesting
properties suitable for a wide range of applications such as gas storage and separation,
catalysis and drug delivery. Despite their increasing popularity, their formation
mechanisms are poorly understood, and their synthesis often depends on chemical
intuition and serendipity. By revealing how these structures assemble, we may obtain
a deeper comprehension of the formation processes, ultimately enabling the targeted
synthesis of functional materials with desired properties based on a solid scientific
foundation.

I have devised a workflow to study the formation of MOF-like structures, which is
capable of accounting for multiple reaction pathways simultaneously, and applied this
to study the early-stage self-assembly of the SIFSIX-3-Zn MOF node. I found that the
structure assembles in a stepwise fashion through adduction of pyrazine to the metal
center. Multiple competing pathways exhibiting similar kinetics were found to lead to
assembly, also involving interconvertible intermediates. This implies that formation
can proceed through multiple pathways simultaneously, giving a rationale for why the

stochastic multistage processes thought to be important in MOF formation.

Publications:

5. Inorganic Chemistry 62, 1210-1217 (2023).

4. ACS Catalysis 12, 12326-12335 (2022).

3. “Automated Mechanism Discovery”, in Comprehensive Computational Chemistry
(Elsevier), accepted.

2. Topics in Catalysis 65, 312-324 (2022).

1. Journal of Chemical Information and Modeling 60, 6135—6146 (2020).

Presentations:

2. “Early-Stage Self-Assembly of the SIFSIX-3-Zn Metal-Organic Framework: An
Automated Computational Study”, Hylleraas Seminar, Oslo, Norway, September 23,
2022, invited talk.

1. “A Computational Study on the Early-Stage Self-Assembly of the SIFSIX-3-Zn
Metal-Organic Framework”, WATOC 2020, Vancouver, Canada, July 3-8, 2022, poster

presentation.
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In detail, based on current progress, including a future research presentation plan.

The unfinished work will be completed, otherwise none in particular due to graduation.
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Supported Re catalyst for the utilization of COq
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In detail, including the outline, originality and so on.
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presented your research or your research was published.

R —ZHEL BB OEME L ZEMITZO&R —HEME/ER (Metal-support interactions,
MSIs) IRFELTW5, &B—HIEMEER L AR SN itoEEy 4 Ml BFeRE
DY A X, BRBLOSBEEICRESHBEBINTWS, AFRTIE, FHERSE LEROERF
EEHAEDET, fx OEFFL =7 ARe)HEL ORI L O Re DERLIREEZ ATz,

(1) S. Mine, K. W. Ting, L. Li, Y. Hinuma, Z. Maeno, S. M. A. H. Siddiki, T. Toyao, K.
Shimizu, “Experimental and Theoretical Investigation of Metal-Support Interactions in
Metal-Oxide-Supported Rhenium Materials”, J. Phys. Chem. C, 2022, 126, 4472-4482.

(2) K. W. Ting, S. Mine, A. Ait El Fakir, P. Du, L .Li, S. M. A. H. Siddiki, T. Toyao, K. Shimizu,
“The reducibility and oxidation states of oxide-supported rhenium: experimental and
theoretical investigations”, Phys. Chem. Chem. Phys., 2022, 24, 28621.

3. % OWREESE Future research plan

BU/EE COEBRRELEE 2, SROMEFRELE O TREMICRADZ &,

In detail, based on current progress, including a future research presentation plan.
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In detail, based on current progress, including a future research presentation plan.
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