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Properties of solidified organic solvents and their application to cryo-electron microscopy
(\Institute for Extra-cutting-edge Science and Technology Avant-garde Research (X-star),
Japan Agency for Marine-Earth Science and Technology) OSatoshi Okada'

Physical properties of organic solvents are one of the most fundamental data in chemistry
that governs dissolution and dispersion. The relationship between nanostructure and property
are of interest of dispersion systems such as fuel cells, inks, and pharmaceuticals. Cryo-electron
microscopy (cryo-EM) is one of the methods to observe snapshots of the dispersed state, which
was developed for aqueous systems. Amorphous freezing of water and keeping the amorphous
phase are the keys of the cryo-EM imaging. However, when expanding cryo-EM to organic
solvents, the lack of their solid-state properties hampers the imaging and image interpretation.

Here I report the triple point, crystallinity, and sublimation rate of organic solvents by
theoretical extrapolation of phase diagram and measurement. Triple point pressure determines
the possibility of solvent sublimation and was calculated by extrapolating liquid vapor pressure
to its melting point. Density was measured using a pycnometer in liquid nitrogen, and its
deviation from the extrapolated liquid density implies the amorphousness. The sublimation rate
was calculated from the sublimation enthalpy and the extrapolated density, and the value
matched with that measured by cryo-EM movies. Scope and limitations of the organic solvents
in solid state were deduced from the calculated/ measured properties.

Keywords : Cryo-electron microscopy; Sublimation; Organic solvent; Phase diagram
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Development of the analytical method for the solvation structure of the organic electrolytes by
ATR-far UV (‘College of Science, Rikkyo University) ONami Ueno,' Ichiro Tanabe,'

The electrolyte is a critical component that predominantly influences the performance of
lithium-ion batteries. The solvation structure within the electrolyte, which consists of solvent
molecules and anions, plays a pivotal role in determining its functionality. Most important is
the coordination number of solvent molecules and the location of anions around the lithium-
ion. This research aims to establish an analytical method to investigate changes in the solvation
structure induced by the stimulation like Li salt concentration, employing electronic transition
analysis. Specifically, this study elucidates the mechanisms underlying the variations in the
absorption spectra of organic solvents in the carbonate series within the far-ultraviolet (Far-
UV) region, as measured using attenuated total reflectance far-ultraviolet (ATR-FUV)

spectroscopy.
Keywords : ATR far-ultraviolet spectroscopy, organic electrolyte, solvation structure, electronic

states, surface analysis
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Development of under-gas solid-state NMR methods and their application to porous materials
(!Graduate School of Natural Science and Technology, Kanazawa University, >Graduate
School of Technology, Industrial and Social Science, Tokushima University) O Takuya
Kurihara,' Muhehiro Inukai,” Motohiro Mizuno'

Understanding gas-sorption and -separation mechanisms of porous materials is essential for
developing materials with good gas separation capability. Dynamics of gas molecules in pores,
such as fluctuation, adsorption-site-to-site hopping, and diffusion, are related to pore structures,
host-guest interactions, and gas separation performance. We have developed under-gas solid-
state NMR methods for investigating adsorbed gas dynamics in porous materials and gas
adsorption mechanisms. We utilized them to porous metal-organic frameworks (MOFs) and
revealed CO; diffusional motion correlated with MOF ligand dynamics, mixture-gas separation
mechanism, and CO;-loaded MOF structures.

Keywords: Solid-state NMR; Gas sorption; Metal-organic frameworks
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1) M. Inukai, T. Kurihara, Y. Noda, W. Jiang, K. Takegoshi, N. Ogiwara, H. Kitagawa, K. Nakamura,
Phys. Chem. Chem. Phys. 2020, 22, 14465.

2) T. Kurihara, M. Inukai, M. Mizuno, J. Phys. Chem. Lett. 2022, 13, 7023.

3) T. Kurihara, Y. Souri, M. Inukai, M. Mizuno, Chem. Commun. 2024, 60, 5074.
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XAS Measurements and Simulations for Aqueous Solutions of
Organic Compounds

(*Graduate School of Frontier Sciences, The University of Tokyo) OHaoran Xu,! Takehiko
Sasaki!

Keywords: X-ray absorption spectroscopy; Aqueous solution; lonic liquid; Metal acetate

Soft X-ray absorption spectroscopy (XAS) is an effective method to study local
structures around excited atoms in liquid samples. In this study, N K-edge and C K-edge
XAS measurements were conducted for liquid samples at BL3U at UVSOR and BL7A at
PF using an apparatus developed by Nagasaka et al. [!1. A liquid sample cell equipped with a
Si3N4 (SiC) membrane was used, and the thickness of the liquid layer was controlled by the
He gas pressure surrounding the cell. The N-K edge XAS spectra for aqueous solutions of
1-ethyl-3-methylimidazolium chloride (EmimCl) at

concentrations of 0.20 M and 0.10 M are shown in
Figure 1. A clear peak at 401.0 eV was observed.
This peak was found to be characteristic of the
nitrogen atoms in imidazolium, independent of the
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concentration or substituents. Additionally, N-K i

,"w WA \V / LAV Y 4

edge XAS  spectra for  other related

L L vy 1 L
306 308 400 402 404 408 408 410

nitrogen-containing molecules were measured, N
revealing that the peak position is dependent on the  Fig. 1. N-K XAS spectra measured
charge of the nitrogen atom. for EmimCl aqueous solutions
For the analysis of obtained spectra, advanced  (Upper 0.20 M, Lower 0.10 M)
theoretical calculations of the XAS spectra have ,- —— EmimCl Neonv
. . . . EmimCI N1
been carried out using the finite differences method 18] ——EmimCI N2

near-edge structure (FDMNES) program starting
from the optimized structures of isolated molecules
(B3LYP/6 -31G) using Gaussian 16. The simulation
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spectra of isolated EmimCl are shown in Figure 2. :

The results can fit the characteristic peaks of 4]

experimental data and the ©*, 6* peaks of absorbing i

atoms and energy shifts are discussed. Z —
4 6 8 1EOnergy1(ZeV) 14 16 18

1) Nagasaka, Masanari, et al., J. Electrosc. Relat. Fig. 2. N-K XAS simulation

Phenom. 2010, 177, 130. spectra for isolated EmimClI.

Blue/Green curve: spectrum of
each N atom. Black -curve:
convolution spectrum.
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Investigation of Electron-Phonon Interactions in Porous Graphene Using a Transistor Device
and Raman Spectroscopy (!Graduate School of Science and Technology, Tsukuba University,

2Faculty of Science, Okayama University of Science, Institute of Pure and Applied Sciences,
Tsukuba University) OHayato Sueyoshi!, Yoichi Tanabe?, Jeong Samuel®, Yoshikazu Ito?

In bilayer graphene, the spatial inversion symmetry can be broken due to the difference in
potential energy between the upper and lower graphene layer, and the £, phonon mode, which
is originally Raman-inactive, becomes Raman-active. This breaking of spatial inversion
symmetry is also an inherent property of graphene with a curved lattice; however, this
phenomenon has not been observed using systematic carrier doping through transistor devices.
An electric double-layer transistor was fabricated by filling ionic liquid gels into the porous
graphene obtained via chemical vapor deposition and Raman spectroscopy measurements were
performed simultaneously with carrier doping into the porous graphene. The analysis of the G-
band in the spectra revealed a peak splitting caused by the emergence of £, phonon modes. In
this presentation, we will report changes of the graphene transistor in the Raman spectra in
response to carrier doping on the graphene's curved surface.

Keywords : graphene; phonon; Raman spectroscopy, transistor, Spatial inversion symmetry

2@ 7 2 TIEEEE TREBORT 3 v )L OET X0 22 [ Bz 6 ik SR
NAHHREERDH Y, KKT U REETHD E.E— RO T+ ) N T~ A5 E 7
%V, ZOZEM XM EOB AT i E 2 R 27 T 7 = U RARBECEROMIE T
AN, FNE T AR B VT F—T
ZHWTCRBEMICBIZ LIFRIT 2, 22T 1k
FTRMEABIEICL > THEZILE S 7 7 = VN
WA FVRET NV E R L CTER2EB N7 Y

AHEML, % )T R—Er 7 LT s M
WREZEITo 7, BN AT NLD G Ry ]
AT LTS8, EvE— R 74/ VOHBIZ LA — M

I DOENBHER I N, AR T, HEmxrEEIC
BHOoZHE /79720 20Vt T 0P RZITHE
HL., 797z i~ x % V7 R—712%1 5

T AR PDEC SN THET B, sl e

] ) 945. mYy
1) Observation of Distinct Electron-Phonon Couplings in N
Gated Bilayer Graphene, L. M. Malard, et al., Phys. Rev. }
Lett. 2008, 101, 257401. 1540 1560 1580 1600 1620

Raman shift {em™")

—-1545 mV

Count (a.u.)
.

© The Chemical Society of Japan - [C]C303-3pm-05 -



[C]C303-3pm-06 BAILES B1055FES (2025)

R 7 HBROBFREAELRERICEHT R

(ARE) O/MafERER
Stability and Phonon Spectrum of Polyacene Crystal (School of Medicine, Nihon University)
OKomatsu, Tokutaro

The prediction that polyacene (PA) may be a 1000 K - class superconductor? has attracted
many theoretical chemists.”? As successful synthesis of PA has been reported in 2023%, PA-
based organic conductor / superconductor becomes much realistic. DFT calculations gave a
stable structure that has the band dispersion and the density of states shown in Fig. 1. The one-
dimensional electronic structure may have Peierls instability resulting in metal-insulator
transition. To elucidate the concern, the stability of the crystal structure was studied by phonon
calculation.

Keywords : Polyacene; Phonon Calculation, Peierls Instability
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1) S.Kivelson et al, Phys. Rev. B 1983, 28, 7236.

2) A.Mishima et al., Synt. Met. 1985, 11,75.,Y. Otsuka et al., J. Phys. Soc. Jpn. 2009, 78, 024713., G.
Karakonstantakis et al., Phys. Rev. B 2013.

3) T.Kitao et al., Nat. Synth. 2023, 2, 848.
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