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Single-Chain Structure Analysis of Polymers by AFM Nanofishing
from MOF Nanopores

(Graduate School of Engineering, The University of Tokyo) OYu Kono, Takashi Uemura,
Nobuhiko Hosono
Keywords: Metal-Organic Framework; Atomic Force Microscope; Single Molecule Force

Spectroscopy, Nanopores, Sequencing

The emergence of rapid DNA sequencing technologies, including nanopore
sequencing, has dramatically accelerated progress in biological and medical research. In
contrast, sequencing synthetic copolymers remains a formidable challenge due to the lack of
fundamental techniques for accessing a single chain of polymers to identify the local
monomer arrangement.' Recently, our research group discovered that polymer chains
spontaneously adsorb into the nanopores of metal-organic frameworks (MOFs) from
solution, where they become isolated as single chains within the pores.? In this study, we
leveraged this unique feature of polymer adsorption into MOFs to develop a novel approach
for single-chain structure analysis by combining it with single-molecule analysis using an
atomic force microscope (AFM).

Single polymer chains with a thiol terminus encapsulated within the nanopores of a
MOF single crystal were mechanically pulled out using a gold-coated AFM probe (Figure
1a). As model polymers, polyethylene glycols (PEGs) substituted with multiple phenyl
rings or dimethylphenyl rings at regular intervals were examined to demonstrate the concept.
The force on the probe was monitored during the pulling event, generating force curves
with multiple peaks separated by regular intervals. The peak force values increased in
correspondence with the size of the phenyl substitution group on the chain (Figure 1b).
This result demonstrates that even subtle structural features of polymer chains, such as
monomer mutations, substitutions, and their locations, can be identified with this method.
This method enables direct reading of the structural information of synthetic polymers and
is expected to pave the way for a new paradigm in polymer analysis technology.
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Figure 1. (a) Schematic of the nanofishing process. (b) Typical structures of the model analyte polymers (top) and
representative force curves (bottom) for phenyl-substituted PEG (left) and dimethylphenyl-substituted PEG (right).

1) H. Multu, J.-F. Lutz, Angew. Chem. Int. Ed. 2014, 53, 13010.
2) N. Oe, N. Hosono, T. Uemura, Chem. Sci. 2021, 12, 12756.
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Aggregation structures and surface properties of thin films of polyethylene with terminal
fluoroalkyl groups (' Graduate School of Engineering, The University of Tokyo, > AGC Inc.)
OKaoru Tashiro,' Satoru Hommura,” Takashi Okazoe,” Daisuke Kawaguchi'

Chain-end-functionalization is an effective way to give additional properties to polymers. In
our work, we envisioned that the fluorinated chain-ends of polyethylene (PE), which is a
representative semicrystalline polymer, might segregate into amorphous phases at the surface,
enabling control of surface wettability. PEs with terminal Rr groups (Rr = C,Fs, CeF13, CsF17)
were synthesized via ring-opening metathesis polymerization and subsequent hydrogenation.
The surface free energy of the obtained PEs’ films was lower than that of conventional PE,
could be tuned by Rr groups and molecular weights.

Keywords : Polyethylene, End-functionalization, Fluorine
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Scheme 1. Synthesis of end-fluorinated polyethylene. Table 1. Molecular weight, contact angle, and surface free
energy for polymers used in this study.
— Entry M, (kg/mol) 6zo (°)  Gorziz (°) 7 (mJim?)
O_/_\_O PE-C2-21k 21 103.7 58.9 295
+ RF_/ \_RF : : -
Chain-transfer agent PE-C2-5k 5.0 102.3 65.0 25.7
PE-C6-15k 15 109.8 68.6 24.0
nd PE-C6-6k 55 112.0 80.3 17.4
1. Grubbs 2"° cat. RF\/O\W o~
THF, 40 °C N 0" 'Rg PE-C8-19k 19 109.8 75.8 19.7
—_—
2. p-TsNHNH, NPr3 PE-C2, PE-C6, PE-C8 PE-C8-7k 6.7 125 85.0 15.0
o-xylene, reflux (R = CoF5, CeF13, CaF17) HDPE 12 105.4 57.0 30.9

1) Yuan S, and Schmidt-Rohr K. Sci. Adv. 2020, 6, eabc0059. 2) Mecking, S. Winey, K. L. et al
Macromolecules 2019, 52, 4949—-4956.
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Composite Structure by Polyiodides, [,”", within Hydrophilic Polymer [IX]; “Dynamic
Amphiphilicity” and Linkage as Pseudo-polymer Introduced by Polyiodide Tons. (1) ('Inst.
Integrated Rad. And Nucl. Sci., Kyoto Univ.) O Akio Kawaguchi'

Interaction between hydrophilic polymers and polyiodide ions (Polylod), I, is well known
“lodine-starch complex”, for example. While such construction might be regarded as

process in solution, diffusion of Polylod’s advances rapidly in matrices system of hydrophilic
polymers without their melting nor solving; occasionally, diffusion into crystallite region or
modification of chain orientation are also observed for some polymers through diffusion of
Polylod’s, “iodine doping”. In addition, preceding existence of Polylod’s activates
interaction with other ions or moisture; inner precipitation of hardly solved salts prepared by
“secondary doping” applied with preceding Polylod’s can also introduce hybrid composite
within various matrices including non-plasticized polymers . Furthermore, these actions are
qualitatively expanded within hydrophobic matrices with aqueous solutions of Polylod’s;
diffusion with Polylod’s is activated by aqueous solvents. These results can introduce a view
of polymeric matrices applied with “Polylod” as diffusion medium. And, such behaviors can
be interpretated as “dynamic amphiphilicity” of Polylod’s which is generalized by charge
distribution and shearing among Polylod’s linked by halogen bonds; hypothesized model is
explained by modified charge distribution and by dynamic modulation in symmetricity of
Polylod molecules. It suggests charge propagation within ordered system constructed with
polymer chains under hierarchic structure.
Keywords : lodine; Hierarchic Structure; Amphiphilicity,; lonic Diffusion, Self-organization.
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1) R.E. Rundle, et.al., J. Am. Chem. Soc. 1943, 65, 554.; 2) H. Arimoto, J. Polym. Sci. ,Pt. A 1964, 2,
2283.; 3) A. Kawaguchi, Polymer. 1994, 35, 2665.; 4) A. Kawaguchi, ibid. 1994, 35, 3797.; 5) A.
Kawaguchi, et.al. Polymer J. 2011, 43,385.;6) JI|0, 220 [0/3 DFEFZL R0 A 2017, 104,
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Unraveling proton conductivity mechanism of alkyl sulfonated
polyimides by molecular dynamics using neural network potential

('Research Initiative for Supra-Materials, Shinshu University, 2School of Materials Science,
Japan Advanced Institute of Science and Technology) OAttila Taborosi,' Kentaro Aoki,
Nobuyuki Zettsu,! Michihisa Koyama,! Yuki Nagao®

Keywords: alkyl sulfonated polyimides, molecular dynamics simulation, neural network
potential, proton conductivity, structural analysis

Alkyl sulfonated polyimides' (ASPI) are promising polymer electrolyte membranes for
fuel cells, with proton conductivity highly dependent on their molecular structure.
Experimental findings® have shown distinct structural organizations and proton conductivity
between planar (ASPI-1 & ASPI-2) and bent (ASPI-3 & ASPI-4) backbone types. To
elucidate the difference at the molecular level, we employed molecular dynamics
simulations with universal neural network potential (UNNP) called PreFerred Potential®
(PFP) to explore the structural features, water uptake, and proton transport properties of
these ASPIs. Planar ASPIs demonstrated the appearance of monomer units derived
from the N-N radial distribution function, which reproduces the experimental observations.?
Furthermore, planar ASPIs exhibited higher nematic order parameter values, indicating
enhanced molecular order, and higher proton conductivity compared to bent ASPIs.
Although both planar (ASPI-1) and bent (ASPI-3) backbone ASPIs exhibited similar
volume expansion during water uptake, proton conductivity differences were not associated

with sulfonic acid group solvation or Planar backbone type Nematic Order Parameter

Ay ASPI-1 ASPI-2 ASPI-3 ASPI-4

deprotonation. However, the directional
mean square displacement (MSD) 3
analysis revealed that H and O atoms Bent backbone type

diffusion was greater along the polymer

chain in planar than bent, explaining

$2 =0.77 S2 =0.64

the difference in proton conductivity,

Monomer Unit Proton Conductivity
which is related to the higher molecular . ’ .
order of planar types. These results i = T HE |
provide valuable guidance for the |

design of ASPI materials with
improved proton conductivity.

1) K. Krishnan ef al., J. Mater. Chem. A 2014, 2, 6895. 2) Y. Ono et al., Macromolecules 2018, 51,
3351. 3) S. Takamoto et al., Nat. Commun. 2022, 13,2991.

This work was supported by JST, CREST Grant Number JPMJCR21B3, Japan.
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Compression-Induced Fracture and Region-Dependent Properties of Polymer Nanoparticles
Revealed by All-Atom Molecular Dynamics Simulation ('Graduate School of Life Sciences,
Ritsumeikan University, *Department of Chemistry and Materials Engineering, Graduate
School of Science and Engineering, Kansai University, *Organization for Research and
Development of Innovative Science and Technology (ORDIST), Kansai University,
*Department of Applied Chemistry, College of Life Sciences, Ritsumeikan University,
Department of Chemistry and Materials Engineering, Faculty of Chemistry, Materials and
Bioengineering, Kansai University) O Ikki Takahashi', Yoshiki Hieda®, Yusuke Yasuda’,
Minoru Kato'*, Kazushi Fujimoto®

The elastic modulus and deformation behavior of polymer nanoparticles are crucial for their
applications and have been studied through both experimental and molecular dynamics (MD)
simulations. Nanoparticles made from brittle polymers reportedly do not exhibit stress yielding
and instead display S-shaped stress—strain curves similar to those of rubber, yet the molecular
mechanisms remain unclear. In this study, we prepared polymer nanoparticles that closely
resemble real systems and conducted compression tests with all-atom MD simulations. True
stress (owe) Was calculated using the contact area between the compression plate and the
nanoparticle (see Fig. 1). Contrary to previous assumptions, poly(methyl methacrylate)
(PMMA), a brittle material, was found to yield at low strains as bulk PMMA. We further
divided the nanoparticle interior into three radial regions to analyze the region-dependent
internal fracture processes during compression. We will discuss the details on the day.
Keywords : Polymer Nanoparticle, All-atom Molecular Dynamics Simulation, Compressive
Fracture Mechanisms, Region Dependent Polymer Properties, Order Parameter Analysis
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