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Photoreactions of the C;Hs—SO; complex in a low-temperature matrix (II): A pursuit of
reaction pathways ('4IST, Tokyo Denki University) OFumiyuki Ito,'> Jun Miyazaki®

In the last conference we explored the reaction pathways of C;Hs—SO, complex following
UV excitation via S-Sy transition (250-300 nm) by using density functional calculations. We
will present preliminary results on a dynamical aspect of this reaction obtained computationally.
Keywords : Matrix-isolation; density functional theory; infirared spectroscopy; T; state
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Observation of spin-orbit splitting in gold/silver superatoms by
gas-phase photoelectron spectroscopy

(Graduate School of Science, The University of Tokyo) OShun Ito, Kiichirou Koyasu,
Tatsuya Tsukuda

Keywords: Cluster, metal, Superatomic orbitals, two-component density functional theory,
gas-phase spectroscopy

Spin-orbit coupling (SOC) is known to play an important role in thiolate-protected
gold clusters.! For example, it has been theoretically predicted that superatomic 1P orbitals
of [Auxs(SR)1s]™ (Figure 1a), in which an icosahedral Aui; superatomic core is passivated by
Aux(SR); units, are split into 1Py and 1P3;, by SOC. The purpose of this study is to reveal
what structural factors cause the SO splitting of the 1P orbitals of ligand-protected Auis
superatoms. To better understand the impact of gold as a heavy element, single Au
atom-doped Ag clusters were studied in addition to Au clusters by anion photoelectron
spectroscopy (PES)? and two-component density functional theory (2¢c-DFT) calculations.
Specifically, we evaluated the energy levels of the 1P orbitals of [Au,s(SC8)is]” (SC8 =
SCsHi7; denoted as Auzs ), [Agas(DMBT)is]” (DMBT = 2,4-(CH3)>CsH3S; Agas ), and
[AuAgu(DMBT)i3]” (AuAgys ) (Figure 1a). The SO splitting of 1P orbitals was clearly
observed by using a home-built PE spectrometer equipped with a newly designed liquid
nitrogen-cooled ion trap. Low temperature PES showed that the 1P orbitals of AuAg,4 split
into two, to the same extent as those of Auzs~, while those of Agys~ did not (Figure 1b). The
2¢c-DFT calculation well reproduced the SO splitting in the PE spectra, and the origin of the
large SO splitting in AuAg,4 was explained by the symmetry-dictated coupling® between
triply degenerated 1P orbitals formed by the Agi. shell and an SO-split 6p orbital of the
central Au atom. 2¢-DFT calculation of putative regioisomers of AuAg,s revealed that the
“central” doping of an Au atom is crucial for the SO splitting of 1P orbitals.
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Figure 1. (a) Geometric structures and (b) low-temperature PE spectra of
thiolate-protected superatoms.

1) A. Mufioz-Castro et al. Chem. Phys. Rev. 2023, 4, 021313. 2) S. Tto et al., J. Phys. Chem. Lett.
2022, 13,5049. 3) F. Alkan et al. J. Phys. Chem. C 2019, 123, 9516.
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Anion photoelectron spectroscopy of thiolate-protected gold cluster

anions formed by matrix-assisted laser desorption/ionization
(Graduate School of Science, The University of Tokyo) OKomei Akazawa, Shun Ito, Kiichirou

Koyasu, Tatsuya Tsukuda
Keywords: Cluster; Metal; Matrix-assisted Laser Desorption/ionization, Gas Phase
Spectroscopy, DCTB

Gold clusters protected by ligands or stabilized by polymers have attracted increasing
attention due to their unique properties that differ from those of the bulk gold. Recently, we
have successfully isolated the chemically synthesized Au clusters in vacuum by electrospray
ionization (ESI) method and probed their superatomic electronic structures by anion
photoelectron spectroscopy (PES).! However, the ESI-PES measurements have been limited to
ligand-protected Au clusters which are originally negatively charged. In this study, we aim to
extend the applicability of PES to neutral clusters and polymer-stabilized clusters, by
incorporating a home-built matrix-assisted laser desorption/ionization (MALDI) source into
the PES apparatus (Figure 1). The newly designed MALDI source consists of a movable sample
plate and an accelerating electrode that also serves as an ion lens. The solid sample of a
representative gold cluster, [Auzs(SC2H4Ph)is]", was ionized by the MALDI method by using
DCTB  (trams-2-[3-(4-tert-Butylphenyl)-2-methyl-2-propenylidene]malononitrile) as a
matrix.” The PE spectrum of [Auxs(SCoHsPh)is]™ generated by the MALDI agreed well with
that generated by the ESI. The PE spectrum of [Auss(SC2H4Ph).4] ", generated by the MALDI
process from neutral [Auss(SC2H4Ph)24]%, will also be presented.
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Figure 1. Schematic view of the MALDI-PES. (a) ESI and (b) MALDI.

1) S. Ito, Y. Tasaka, K. Nakamura, Y. Fujiwara, K. Hirata, K. Koyasu, T. Tsukuda, J. Phys. Chem.
Lett. 2022, 13, 5049. 2) A. Dass, A. Stevenson, G. R. Dubay, J. B. Tracy, R. W. Murray, J. Am. Chem.
Soc. 2008, 130, 5940.
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Characterization of atomic miscibility in sub-nano alloy clusters using a scanning transmission
electron microscope 1. (1. Lab. for Chemistry and Life Science, Science Tokyo) OKohsei
Yamada', Noa Naiki', Yuji Akada, Masataka Yoshida', Takane Imaoka', Kimihisa Yamamoto'

Sub-nanoclusters (~1 nm or smaller) exhibit extraordinary miscibility, even in systems like
phase-separating alloys or metal-oxide combinations. Using ADF-STEM, we observed their
internal structures and atomic dynamics and developed a sub-nanoscale miscibility evaluation
method focusing on heteroatomic bonding. This enabled the creation of miscibility state
diagrams based on atomic composition and configuration. We present diagrams for several
binary alloy sub-nanoclusters and discuss their characteristics.

Keywords : binary alloy, Scanning Transmission Electron Microscope, elemental miscibility,
alloy cluster, image analysis
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Fig.1  Process for evaluating inter-atomic

1) Dynamic hetero-metallic bondings visualized by sequential atom imaging, M. Inazu, Y. Akada, T.
Imaoka, Y. Hayashi, C. Takashima, H. Nakai, K. Yamamoto, Nature Commun. 2022, 13, 2968.

2) Alloying at a Subnanoscale Maximizes the Synergistic Effect on the Electrocatalytic Hydrogen
Evolution, Q. Zou, Y. Akada, A. Kuzume, M. Yoshida, T. Imaoka, K. Yamamoto, Angew. Chem. Int.
Ed. 2022, 61, €202209675.
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Characterization of atomic miscibility in sub-nano alloy clusters using a scanning transmission
electron microscope II. (1. Lab. for Chemistry and Life Sciense, Science Tokyo) ONoa Naiki',
Kohsei Yamada', Yuji Akada, Masataka Yoshida', Takane Imaoka', Kimihisa Yamamoto'

Keywords : binary alloy, scanning transmission electron microscope, elemental miscibility,
alloy cluster, image analysis

Alloy sub-nano clusters are expected to form homogeneous mixtures even with combinations
of metallic elements that are phase-separated in bulk or nanoparticles. However, the mechanism
by which the elements mix within them is not well understood, because local structural analysis
and elemental analysis are difficult in the sub-nanoscale due to characteristics such as
amorphous structures and dynamic structural changes.

In this study, we directly observe the atomic coordinate structure of sub-nano alloy clusters
using an annular dark-field scanning transmission electron microscope (ADF-STEM) with
atomic resolution. By analyzing these images, miscibility is calculated based on the number of
bonds within the cluster. Using this method, we develop a miscibility map categorized
composition and atomicity. We report on the similarities and differences in the elemental
miscibility of the binary alloy sub-nanoparticles by comparing miscibility maps.
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(Figure) Schematic representation of the procedure for a miscibility map, with the vertical axis showing the

number of atoms in a cluster and the horizontal axis showing composition.
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Thermodynamics characterization of subnanoparticles by in-sifu heating using STEM

('Lab. for Chemistry and Life Science, Science Tokyo) O Toshiki Tokuda', Masataka
Yoshida!, Takane Imaoka', Kimihisa Yamamoto'

Metal subnanoparticles, composed of several to several dozen metal atoms, have been
considered incapable of forming stable crystalline structures, leading to the belief that their
structures dynamically fluctuate. Recent advancements in the temporal and spatial resolution
of electron microscopy have enabled the direct observation of these atomic motions. By
investigating how the dynamic structures and their distributions change with temperature, it is
expected that the thermodynamics governing these particles can be elucidated. In this study,
Aus clusters were directly observed under in-situ heating during electron microscopy to analyze
the temperature-dependent changes in structural distributions.

Gold atoms were deposited onto graphene using the arc plasma deposition method to prepare
samples. Subnanoparticles supported on graphene were observed using a scanning transmission
electron microscope (STEM), and structural data were extracted from the obtained videos. The
analysis revealed that Aus clusters predominantly adopt a structure with a maximum bond angle
of 60° (Fig. 1A), and the proportion of this structure increases at higher temperatures (Fig. 1B).
Keywords : STEM; Subnanoparticles; Au cluster, Temperature effect; Dynamic structure
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Dye-quencher pair screening toward efficient photochemically induced dynamic nuclear
polarization ('Graduate School of Engineering, Kyushu University, *Graduate School of

Science, The University of Tokyo, *CREST, JST) OToshiteru Tada,'? Takuya Shimajiri,"> Koki
Nishimura,!? Naoto Matsumoto, "> Nobuhiro Yanai'>3

Photo-chemically induced dynamic nuclear polarization (photo-CIDNP) is a method to
hyperpolarize nuclear spins driven by radical pair formation resulting from photoexcitation of
a dye and subsequent electron transfer to a quencher. Thanks to its easy handling setup, this
method has been widely adopted for various applications in the field of biology. On the other
hand, issues remain with regard to the enhancement degree of nuclear polarization. Further
improvement of sensitivity and expansion of target molecules are highly desired. In this study,
we screened more than 500 combinations of a dye and a quencher to elucidate the molecules
that efficiently hyperpolarize nuclear spins and their requirements.

In the plot of differences in the predicted g-values within radical pairs (4g) obtained by
DFT calculations against the experimental enhancement of the NMR signal (), the efficiency
of photo-CIDNP was maximized at a certain Ag value depending on a dye (Fig. 1).
Furthermore, the optimal values of Ag were affected by the diffusion rate of the molecules,
which is related to the dissociation of the radical pair.

Keywords : photo-CIDNP, radical pair, electron transfer, NMR, spin chemistry
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Dynamic structure of cumene studied by variable-pressure '"H NMR ('Graduate School of
Science, Kyoto University) OYasuto Noda,' Tsubasa Ohta,' Kazuyuki Takeda'

We analyze molecular dynamics in cumene under ultra-high pressure through '"H NMR to
gain insight into the glass-formation process. 'H spectra and relaxation times of cumene,
measured using an in-house probe capable of applying more than 2 GPa, revealed different
rotational modes as varying the pressure across cumene’s glass transition.

Keywords : Variable-pressure NMR; Dynamic structure, Cumene,; Glass-forming liquid
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SRR L MBS OBRRE 2 #EE N NMR
GO KRR FERJER (LMK ) O b k' - B &' - KA Fif7!

High resolution "N NMR of three-dimensional magnetically oriented microcrystals
(‘Division of Chemistry, Graduate School of Science, Kyoto University)OTomoya Kamide,'
Yasuto Noda,' Kazuyuki Takeda'

We report high-resolution solid-state ‘N NMR of magnetically and triaxially oriented
microcrystals suspended in viscous liquid and applying a modulated rotating magnetic field,
achieving high-sensitivity and high-resolution measurement of the quadrupolar nuclei, thereby
overcoming the challenge in powder sample of line broadening and the low sensitivity caused
by the quadrupolar interaction.

Keywords : Solid-state NMR; Nitrogen; Magnetic Orientation
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[1] R, Kusuml’ H. Kadoma, M, Wada, K, TT T T T lol LI L L B B B B R
Takeda, T. Kimura, Journal of Magnetic 22.4 22.0 21.6 21.2
Resonance, 309 (2019) 106618. MHz

[2] T. Kamide, Y. Noda, K. Takeda, Solid ._ Ez%ggggéé%ﬁé ?é*i %%zﬂﬁﬁ L7z yL
State NMR, 131 (2024) 101924, 7 = 2 AL AEURF O YN NMR - A
. 202 bl LA 80 & — 2 DB 7
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HIBEST AR FLIZEL S HbV & HBA, Mb DA NI B

A LJEDEED LR

(BORER !« FoRBeEE 2) OmEF S« Al BN AL K2 -l 2302 - KEe /A2
Comparison of Heme Pocket Structures of Hemoglobin V and Those of Oxygen-Binding Heme
Proteins based on Resonance Raman Spectra (1School of Science, Osaka University, *Graduate
School of Science, Osaka University) OSawa Tanaka,! Haruto Ishikawa,”> Yu Iritani,> Taito
Urui,? Yasuhisa Mizutani®

The structure of the heme pocket in hemoglobin V (HbV), which is involved in blood of sea
lamprey, was studied by measuring resonance Raman spectra of the heme group in the ligand-
unbound and CO-bound forms. The Fe—CO stretching and Fe—proximal histidine stretching
frequencies of HbV were observed at 495 and 213 cm ™!, respectively, both of which were lower
than those of human hemoglobin (HbA) and horse myoglobin (Mb). These frequencies are
known to be sensitive to the structure of heme pockets in heme proteins. The observed lower
frequencies indicate that the heme pocket of HbV is more crowded both in the proximal and
distal sides than those of HbA and Mb.

Keywords: Resonance Raman spectroscopy; Heme protein

HOV IV Y AT T XN OB DO~NE T 0 B DRINTEERDZ T ERS
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(CO) FEBTED~LJEDMEEZ, 5T ~ o tlE2 DTz, £ L TEORR
b h~EZ by (HbA) R ~3I A7 mtr (Mb) &l L=,

HbV @ CO FEAIZDOWT, Fe-CO HiffafRE) [v(Fe-CO)] /3> NiX 495 em ™ 1T
HENniz, ZOfEIX. HbA (505ecm™), Mb (511cem™) (ZEERTE D - 72, (RWIRE)
L Fe-CO BTN EHOER TR NLTNTNDLZ 2R LTEY, T
BN DONLRT RPN DTH D EEZEZ BN, AN LR T 33N
ETHONTNDENLF X T F—E-~2EAIKTIL, w(Fe-CO)IREEIT 503 cm™
THDHDOTH, HOV Ol ~LR 7 v MIE SN E 2R LTS, TA4F
AT ONT, ~LEEE FAUTENL LTZ b A F T U3 L O OhHEES) [v(Fe-His)]
X213 em MZBIHI SNz, ZHuEMb (220em™) X DK<, HbA (215em™) & AR
ETHD, ERWIEEIEIT Fe-His fiA2395\0W 2 & 2R L TE Y, HbV D~LKRT7 > K
NN A ZFFH> TND T EZRIB L TV D, YL EOFEBREI) S HbV DL
Wy MO H AT RGNS VXTI AR TR E W D R A FFo 2 &)
BH BT o7,

1) Heme-Heme Oxygenase Complex: Structure and Properties of the Catalytic Site from Resonance
Raman Scattering. S. Takahashi, J. Wang, D. L. Rousseau, K. Ishikawa, T. Yoshida, N. Takeuchi, M.
Ikeda-Saito, Biochemistry 1994, 33, 5531-5538.
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A TRRING S URBS T UHREITESFALVE FOFY
S—HO*SLT S/ BEHOBR

(BRER '« BRRBEEL?) o/NEFER=E3E '« IR « AR - KERAK?
Recognition of Amino Acid Chirality by Tyrosine Hydroxylase observed by UV-Visible
Absorption and Resonance Raman Spectroscopy ('School of Science, Osaka University,
*Graduate School of Science, Osaka University) oYukina Onoduka,' Haruto Ishikawa,” Yu
Iritani,” Yasuhisa Mizutani’

The enzyme normally recognizes only L-amino acids and not their mirror isomers, D-amino
acids. Tyrosine hydroxylase (TyrH) is a heme-dependent L-tyrosine (L-Tyr) hydroxylase. To
investigate whether TyrH recognizes not only L-Tyr but also D-Tyr, we compared the state of heme
in TyrH-Tyr complexes using UV-visible absorption and Resonance Raman spectroscopy. The
results revealed that TyrH recognized D-Tyr as well as L-Tyr but in a different fashion. The
interactions of D-Tyr with TyrH obtained by computations and the experimental results of the
reaction of D-Tyr catalyzed by TyrH also suggested that TyrH recognized both L-Tyr and D-Tyr.
Keywords : Resonance Raman spectroscopy, Chirality

AERNEERITET L7 XV BOALERER L, EOHBGBEMEARTHDL D 7 I REIT
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FE L, TyrH 23 L-Tyr 7215 Cid72 <, D-Tyr Hi8i& 0D E 9 05 7HIZ, L-
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WL TORWIFIC T L-Tyr, D-Tyr N TIE, ~LOMIEE & = L I fifff
REN S R ~LEO C=C fEEE /N ROEKICHARER AL, Zh
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GELIIRhoTnbHEEZBND, WEMEDRENG S, D-Tyr I% L-Tyr & [AlEk
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1) Molecular Rationale for Partitioning between C-H and C-F Bond Activation in Heme-
Dependent Tyrosine Hydroxylase. Y. Wang, 1. Davis, 1. Shin, H. Xu, and A. Liu, J. Am. Chem.
Soc. 2021, 143, 4680-4693.
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FHEBBE) A VDR FRFAFTI VR BEKREN

(THERBEE) O3H F5¥] - KOYAKKAT Maharoof
Intermolecular Dynamics of Deep Eutectic Solvent Reline: Temperature Dependence
(Graduate School of Science, Chiba University) OHideaki Shirota, Maharoof Koyakkat

Deep eutectic solvents are currently getting attention for their unique characteristics, such as
less flammability, facile preparation, electrical conductivity, etc. The temperature dependence
of the intermolecular dynamics, including intermolecular vibration and orientational relaxation,
of one of the most typical deep eutectic solvents, reline, was investigated by femtosecond
Raman-induced Kerr effect spectroscopy and subpicosecond optical Kerr effect spectroscopy?.
The low-frequency band attributed to the intermolecular vibrations of the Kerr spectrum of
reline showed a redshift with increasing the temperature, while the orientational relaxation
band exhibited a blue shift. The temperature dependence of the intermolecular vibrational band
of reline is about two times larger than that of ionic liquids?. The difference in the temperature
dependence of the intermolecular vibrational band between reline and ionic liquids is coming
from the difference in their major intermolecular interaction natures: hydrogen-bonding
interaction and Coulombic interaction.

Keywords : Deep Eutectic Solvent, Reline, Dynamic Optical Kerr Effect Spectroscopy,
Intermolecular Vibration, Temperature Dependence
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AN T~ R R T a e — R TIRET Lz, IBE O ER
X LT, Vo4 00 rHESCHEEKT S350 K (1 100em™) 1ZEREE S~ k
L, EEEEFIZHRT A S SITEIREER O N R (0.01-0.1 cm™) (XEE#EKS 7 ~
L7ze U T4 D0 FIEEI/ N R (—IRE— A2 M) OREKRGIEL, 144 )R
DEDIEN EBBLAGERERELS o7, UTA v & A T IRIEOS TR N
YV RIZEBT D Z ORERFHEOEO T, 8y FEMEEROHEOEN, T72b
HLAKFMEEWEERE 7 —a U HEERAICE A bDEEZBND,

1) Temperature Dependence of Intermolecular Dynamics and Liquid Properties of Deep Eutectic Solvent,
Reline. H. Shirota, M. Koyakkat, J. Rajbangshi, R. Biswas, J. Phys. Chem. B, in press.

2) Temperature-Dependent Features in Low-Frequency Spectra of Ionic Liquids. H. Shirota, S.
Kakinuma, Theoretical and Computational Approaches to Predicting lonic Liquid Properties, Joseph,
A.; Mathew, S., Eds. Elsevier: Amsterdam, 2021; pp 159-182.
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MEEREZZAV-EXESAZAME (VCD) 2 : 72/ BAN
7 FILOEEEL & EDRET
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Solid-state vibrational circular dichroism (VCD) spectroscopy using the sand-grained window
plate method: time variation of amino acid spectra and their analysis ('Dep. of Chem. & Bio.
Sci., Col. of Sci. and Eng., Aoyama Gakuin Univ.) ORyo Ochiai,'’ Miyu Imota,' Rintaro
Shimada,! Akira Sakamoto'

We have been working to establish the sand-grained CaF. window plate method as a new
sampling technique for the solid-state VCD spectroscopy. In this research, we focused on the
some amino acids whose VCD spectra did not show mirror images between D- and L-forms
(enantiomers), in order to elucidate the cause of this dissymmetry. The VCD and IR spectra of
arginine measured in a sample chamber purged with dry nitrogen showed a time variation over
several tens of minutes (Fig. 1). When spectral variation reached to a steady state, the IR and
VCD spectra of the enantiomers show the same spectral pattern and a mirror image (Fig. 2(a)),
respectively. Interestingly, the VCD spectra did not coincide with those obtained using the
conventional KBr tablet method (Fig. 2(b)), whereas the IR spectra did.

Keywords : Vibrational circular dichroism (VCD),; Sand-grained window plate method,; Amino
acid; Solid-state
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Time-resolved infrared absorption spectroscopy of aggregation-induced emission molecule
2amBF; in the solid state (‘Dep. of Chem. & Bio. Sci., Col. of Sci. & Eng., Aoyama Gakuin
Univ,, *Grad. Sch. of Sci. & Tech., Shinshu Univ, 3Inst. of Edu., Shinshu Univ.) OYuha
Ishiyama,l Rintaro Shimada,' Yushi Fujimoto,2 Fuyuki Ito,>? Akira Sakamoto'

We have recently reported the quenching mechanism of an aggregation-induced emission
molecule 2amBF, in solution”. In the present study, we observed time-resolved infrared
(TRIR) spectra of 2amBF in the solid state. The TRIR spectra of 2amBF; in polystyrene films
(Fig. 1. upper) showed a strong positive transient band (1240 cm ™), corresponding to the planar
excited state observed in solution, and several bleaching bands of the ground state immediately
after photoexcitation. These bands decayed over about 100 ps. Singular value decomposition
analysis showed a single significant component. It is suggested that the emission is enhanced
in the solid state of 2amBF, because the emissive planar structure is long-lived after
photoexcitation and a direct radiative transition to the ground state mainly takes place.
Keywords: dibenzoylmethanatoboron difluoride complex; aggregation-induced emission;
excited state dynamics; time-resolved infrared spectroscopy
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1) Yushi Fujimoto et al., J. Am. Chem. Soc., 2024, 146, 32529.
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Research on Thermal Phase Transition Dynamics of Perfluoroalkanes using Infrared
Spectroscopy (Institute for Chemical Research, Kyoto University) OTaisuke Araki, Tomoya
Onuki, Nobutaka Shioya, Takeshi Hasegawa

Crystalline of perfluoroalkanes at ambient temperature exhibit the hexagonal molecular
packing. To investigate the change of the molecular packing by heating, we recorded
temperature-dependent infrared spectra on a series of perfluoroalkanes having different chain
lengths. As a result, we have found that the change of the packing upon heating depends on the
chain length.

Keywords : PFAS, Infrared spectroscopy, Heating measurement, Thermal phase transition
dynamics
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1) T. Hasegawa, Chem. Phys. Lett., 2015, 627, 64. 2) D.  Fig. 1 Temp.-dependent IR Spectra
M. Spori, et al., Langmuir, 2007, 23, 8053. 3) T. of aseries of perfluoroalkanes.
Hasegawa, Chem. Rec., 2017, 17,903. 4) D. C. McKean, et al., J. Mol. Struct., 1975, 29, 81.
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