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Structural study on dibenzo-crown ether complexes with alkylammonium using cryogenic ion
mobility-mass spectrometry

(Faculty of Science, Tohoku University, *Graduate School of Science, Tohoku University)
(OTensho Kishi,! Kyosuke Watanabe,” Ryosuke Ito,? Keijiro Ohshimo,? Fuminori Misaizu®

Crown ethers have a cyclic polyether structure and are representative compounds that form
host-guest complexes. We already studied the conformation of complexes of dibenzo-crown
ethers with ions such as K*, Ca*", NH4", (CH3),NH4_." (x = 1-4) using cryogenic ion mobility-
mass spectrometry and reported several conformational isomers coexist'. In this study, we
determined the structures of dibenzo-crown ether complexes with various alkylammonium
molecules. The open, closed, and boat structures with different benzene-benzene distances
were observed for the complexes with dimethylammonium, while only the boat structure was
observed with dipropylammonium. These results suggest that the bulky alkyl chains restrict the
conformation of the complexes.

Keywords : Host-guest complexes; Crown ethers; lon mobility-mass spectrometry
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Fig. 1 The structures of dibenzo-24-crown-8 complexes with dimethylammonium and dipropylammonium.
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1) K. Ohshimo et al., EPJ Techn. Instrum. 10, 11 (2023).

2) R. Tto et al., J. Phys. Chem. A 126, 4359 (2022).
3) K. Watanabe et al., The 104th CSJ Annual Meeting, A1455-2am-05 (2024).
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Sandwich-Type Structures of the 2:1 Complexes of Beauvericin and Metal lons Studied by
Cryogenic lon Mobility-Mass Spectrometry (Graduate School of Science, Tohoku University)
OShunsuke Kamioka, Ryosuke Ito, Kengo Tsunoda, Keijiro Ohshimo, Fuminori Misaizu

Beauvericin (BEA), a natural cyclic hexadepsipeptide, can selectively bind ions and
transport them across biological membranes. One or two BEA molecules can coordinate with
metal ions in solution, forming a 1:1 or 2:1 complex. In this study, isomer separations were
performed for the gas phase sandwich-type BEA complexes which consist of two BEA
molecules and one alkaline earth or alkali metal ion (2:1 complex) by cryogenic ion mobility-
mass spectrometry at 86 K. Two types of isomers were identified: Stacking type with two
aligned BEA rings and shifted type with offset rings. The abundance ratio of the two types of
isomers depends on the metal ionic radii. The positional relationship analysis for the Ca**
complex showed that the two BEA rings were perfectly aligned with Cs symmetry and had the
shortest inter-plane distance among the metal complexes examined. On the other hand, the two
rings were coordinated with a large misalignment for the small-sized ions such as Li* and Mg?*
due to intermolecular side-chain steric hindrance.

Keywords : Beauvericin; lonophore; Sandwich-Type Complex, Isomer Separation, lon Mobility—
Mass Spectrometry
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Fig. 1 (a) Skeletal formulas of beauvericin, and stable structures of (b) stacking and (c) shifted isomers
of BEA-Ca?"-BEA and BEA-Mg?"-BEA, respectively, calculated at the B3LYP/6-31G(d) level of theory.
1) V. T. Ivanov, et al., FEBS Lett., 1973, 36, 65.
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Materials science with gas-phase clusters: The first observation of a Li*-HO cluster in the
condensed phase
(‘Faculty of Science, Tohoku University, *Graduate School of Science, Tohoku University,
’Frontier Research Institute for Interdisciplinary Science (FRIS), Tohoku University, *Institute
for Chemical Research, Kyoto University, *Department of Information and Basic Science,
Nagoya City University) ~ ONatsumi Konno,' Hiroshi Ueno,*” Manabu Kanno,* Yoshifumi
Hashikawa,* Hiroshi Okada,” Shinobu Aoyagi,’ Yasujiro Murata,* Fuminori Misaizu®

The inner space of fullerenes is known for its inert atmosphere, where even ultra-unstable
species, such as a nitrogen atom, can be stabilized due to the perfect steric protection. In this
study, we demonstrate the in-situ construction of the Li'-H20 cluster inside Cso, achieved by
sequentially inserting an H2O molecule followed by Li" using both organic synthetic method"
and ion implantation process.” The encapsulated Li‘-H2O cluster exhibits remarkable stability,
enabling structural analysis through solution NMR and X-ray crystallography. This approach
offers potential applications for shifting gas-phase science towards material applications.
Keywords: Gas-phase cluster; Endofullerene; Pseudo gas-phase; Pseudo high pressure
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1) Y. Hashikawa and Y. Murata, Bull. Chem. Soc. Jpn. 96, 943 (2023). 2) S. Aoyagi et al., Nature Chem.
2,678 (2010). 3) T. D. Vaden et al., Phys. Chem. Chem. Phys. 8, 3078 (2006).
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Ultraviolet photoelectron and Penning electron spectroscopy of alkylbenzenes in a molecular
beam (Graduate School of Informatics and Engineering, The University of Electro-
Communications) O Ryota Onozuka, Ryo Takahashi, Shigeyuki Shimizu, Yoshihiro
Yamakita

He I ultraviolet photoelectron spectroscopy (UPS) and He*(23S) Penning ionization electron
spectroscopy (PIES) were performed to investigate the electronic interactions between the
benzene ring and the alkyl chain in alkylbenzenes and the exterior electron density (EED)
distributed outside the molecular surface. The PIES experiments reflect the collision energy
dependence as collision energy E; = 100 meV and 140 meV for effusive gas or He seeded
molecular beam (stagnation pressure 550 Torr, orifice diameter 20 pum), respectively. The
calculations were performed at the OVGF/6-31++G(d,p) level using an abundance ratio of 85%
vertical structure V and 15% planar structure P estimated from the free energy. The presence
of isomers was not considered in the previous UPS study. Intensity differences and negative
peak shifts of PIES bands were explained by EEDs and interaction potentials with He*.
Keywords : Penning lonization; Photoionization; Electron Spectroscopy; Alkylbenzene;
Supersonic Molecular Beam
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TELIZP &V TOTILFVBEBEDONMMAAIC  were synthesized from OVGF ionization
K DEAEDP NI, energies and EEDs.
1) L. Klasinc, B. Kovac, and H. Giisten, Pure & Appl. Chem., 1983, 55, 289.
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Classical trajectory calculations for Penning ionization reaction of benzene in a molecular beam
(Graduate School of Informatics and Engineering, The University of Electro-Communications)
Jun Motoyoshi, O Yoshihiro Yamakita

Collision energy dependences of Penning ionization cross-sections (CEDPICS) and
molecular alignment effects were studied by classical trajectory calculations for the Penning
ionization reaction He*(23S) + CsHg of benzene by metastable excited atoms. The ionization
probabilities were obtained by calculating 5000 trajectories at a rotational temperature of 0 K
using the previously reported interaction potential between He* and Ce¢Hs. Table 1 shows the
CEDPICS when C¢Hs is introduced as an effusive gas or a seeded molecular beam of He. Here,
the supersonic molecular line (Sup.) calculations assume that the molecular planes of CsHs are
aligned parallel to the molecular beam direction. The CEDPICS were calculated to be close to
the experimental values. The reasons for the different values of CEDPICS between Eff. and
Sup. were mainly explained by the degree of freedom in the orientation of C¢Hs with respect
to He* and the attractive region of interaction that exists over the molecular plane.

Keywords : Penning lonization, Trajectory Calculation, Reaction Dynamics, Alkylbenzene,
Supersonic Molecular Beam
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Table 1. Collision energy dependences of Penning ionization cross-sections (CEDPICS)
for He*(23S) + CsHs under effusive beam and supersonic beam conditions.

Obs.V Calc.

Band Orbital Character Eff. Sup.” Eff.2 Sup.”
1,2 leyg T2, T3 —0.34 —0.18 -0.38 -0.22
3,4 3exg occl, occ” 0.03 0.29 0.10 0.32

5 layy T -0.32 -0.20 -0.39 -0.21
6,7 3ew GCH”, OCH™ —0.02 0.30 0.06 0.32

aE; =90 - 270 meV. ® Ec = 140 — 350 meV.
1) T. Horio, R. Maruyama, N. Kishimoto, and K. Ohno, Chem. Phys. Lett. 2004, 384, 73.
2) M. Yamazaki, S. Maeda, N. Kishimoto, and K. Ohno, J. Chem. Phys. 2005, 122, 044303.
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Chemical Stability of Metal Atom Encapsulating Ge Cage Superatoms on Organic Substrates
(Faculty of Science and Technology, Keio University, *Institute for Molecular Science) O
Yugo Osada,' Ayaka Sasaki,' Ryoichi Sato,' Miwa Tokita,' Takashi Nishikawa,' Tsugunosuke
Masubuchi,! Miho Hatanaka,' > and Atsushi Nakajima'

The metal atom (M) encapsulating germanium cage superatom, M@Geis,
demonstrates remarkable stability due to the interplay between its high geometric symmetry
and closed-shell superatomic orbitals at a total of 68 valence electrons. In this study, M@Geis
(M =Y, Ta) superatoms are deposited on HOPG substrates which are decorated with HB-HBC
molecules, and then evaluated their chemical states through photoelectron spectroscopy. The
proportions of non-oxidized components of the central metal are compared between
immediately after deposition and after exposure to oxygen gas. Under 10,000 L O, exposures,
over 90% of the Y is oxidized, while Ta remains unoxidized. Since the atomic radius of Y (1.78
A) is larger than that of Ta (1.43 A), the result shows that Y is too large for the Gejs cage,
reducing packing efficiency. Our presentation will also include comparisons with previously
reported M@Siis superatoms and insights derived from quantum chemical calculations.
Keywords : Nanocluster; Superatom; Germanium; X-ray Photoelectron Spectroscopy; Metal-
Atom Encapsulation
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N> Reactivity of Single-Sized Ruthenium Nanoclusters Supported on Organic Substrates
(‘Faculty of Science and Technology, Keio University) ORyoichi Sato,'! Takashi Nishikawa,'
Tsugunosuke Masubuchi,' Atsushi Nakajima'

Ruthenium (Ru) is a well-known catalyst for ammonia synthesis doe to its ability to activate
N at relatively low temperatures and pressures, offering greater efficiency compared to iron-
based catalysts. Nanoclusters (NCs), composed of a few to several tens of atoms, can achieve
optimal electronic states by controlling their size and charge state, thereby enhancing their
catalytic activity. For heterogeneous catalysts consisting of NCs, it is required to control their
size and charge state on the substrate to maximize performance. In this study, Ru; NCs are
deposited on two types of organic substrates: electron-accepting fullerene (Ceo) and electron-
donating hexa-tert-butyl hexa-peri-hexabenzocoronene (HB-HBC). The charge states and
reactivity with nitrogen molecules (N,) at room temperature are investigated by X-ray
photoelectron spectroscopy (XPS). The results show that Ru; NCs on the Ceo substrate are
positively charged, whereas those on HB-HBC are negatively charged. Upon exposures to 10*
L (1 L= 10" Torr x sec) of N», an increase in the intensity of the N Is peak is observed.
Deconvolutions of the N 1s peak into components corresponding to molecular and atomic
adsorption states, followed by normalization to the Ru 3ds» peak area, is used to quantify
reactivity. The analysis reveals that the proportion of atomically adsorbed nitrogen is similar
for both substrates, indicating that the reactivity of Ru; NCs is independent of their charge state.
Keywords : Nanoclusters; Ruthenium, Nitrogen Molecules; X-Ray Photoelectron Spectroscopy
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Adsorption Feature of Hydrogen on Rhodium Cationic Clusters
investigated by infrared multiple photon dissociation and gas-phase

thermal desorption spectrometry

(*Graduate School of Arts and Science, The University of Tokyo, *Radboud University,
3Gakushuin University) O Xueshan Wu', Joost M. Bakker?, Masato Yamaguchi!, Kenichi
Okutsu®, Piero Ferrari?, Fumitaka Mafuné

Keywords: gas-phase cluster; rhodium; temperature programmed desorption; IRMPD

The study of the reactions between hydrogen and transition metal clusters reveals the
fundamental insight of elementary steps in the field of catalysis and hydrogen storage. Rhodium
serves as an effective catalyst in many chemical reactions,! and previous study has proved the
hydrogen-storage capability of Rh nanoparticles.’ In this study, we investigated the adsorption
and desorption features of D> on Rh," clusters using infrared multiple photon dissociation
(IRMPD) and thermal desorption spectrometry (TDS).

Rh,Ar;" clusters were prepared by laser ablation of a rhodium rod in the Ar/He carrier gas,
then reacted with the D./He reactant gas and generated Rh,D,Ar," (k= 0-2) clusters.

For the RhsD," clusters, an intense broad band

(9) AE +0.349 eV, 14 et, molecular
at 970 cm ™!, two weak bands at 620 and 730 cm™! i
and possibly very weak bands at 400 and 480 cm™! *113

) AE=+0205ev, 1det hb

(e)AE +0115eV 14el 1 %
(d) AE = +0, 107 eV, 12 et, hb ‘@

were observed (Figure 1). Based on the relative
intensities and the wavenumbers of the adsorption
bands, the most stable isomer (b), and meta-stable

isomers (d) and (f) are regarded as possible
structures. The band at 970 cm™! corresponds to the

stretching vibration of the bridge-site D atom.

Bands around 620 and 730 cm™! can be assigned to
A

(c)AE +0.063 eV, 14et oo

the stretching vibration of the bridge-site D atom,
and out-of-plane wagging vibration of the other

IR Intensity (arb. unit)

hollow-site D atom, respectively. Weak bands at

400 and 480 cm™! corresponds to the stretching (£} AE = 0080 Y, 14 01, b
vibration of hollow-site D atom. '@

These results show that the first D, molecule

tends to adsorb dissociatively on the Rhs" clusters M H‘
on a bridge site and/or a hollow site. Hydrogen ol

adsorption forms with more D, attachment and 1000 1200 1400
Wavenumber (cm™)

Figure 1. (a) IRMPD spectrum of RhsD»"
[1] E. Bergene, et al., J. Catal., 1996, 160, 141-147. and (b-g) vibration spectra of stable

[2] M. Shelef, et al., Catal. Rev., 1994, 36, 433457, 1somers of RhsD,” obtained by the DFT
calculation. Blue, black and red curves

[3] C. Song, et al., Phys. Chem. Chem. Phys. 2018, jndicate the experiments with different
20, 15183. settings of the IR beam.

desorption process will be discussed in detail.
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Water Storage Capacity of Gas-Phase Alumina-Silica Composite Clusters (School of Arts and
Sciences, The University of Tokyo) OToshiaki Nagata, Masato Yamaguchi, Ken Miyajima,
Fumitaka Mafuné

Water generation and storage by Si oxides are considered important in the chemical evolution
in the universe. Si often coexists with Al, Mg, etc. We have studied H>O storage capacity of
Si,0,,Hy" and AL,O,H," clusters by gas-phase experiments."? In this study, we investigated the
stable compositions and water storage capacity of Al,Si,OD;" clusters.

The closed-shell compositions are expressed as Al,SinOsu2:2m(D20)D* (n: even) and
ALSinOan-1y2120(D20);" (n: 0odd). After heating to 1000 K, (n, m, i) = (2, 1, 2), (1, 2, 2), (2, 2,
3), (1, 3, 3), etc. clusters were observed as the stable compositions. Similarly to Si,0,,H;" and
Al,0,Hy" clusters, a part of H,O (D,0) molecules did not desorb. Fig. 1 shows DFT-calculated
geometrical structures and dehydration energies. Desorption processes observed below 1000 K
have AE < ~2 eV, and those requiring the formation of non-tetrahedral Si atoms were not
observed.

Keywords: Gas-Phase Clusters, Silicon Oxide, Aluminum Oxide, Aluminosilicate

Si B bW 1351 Db FEARIZIB VT HO 73 DR « Bl L 0 EE el 24
o SHIZULIEUIE AL Mg D& cE L 5T, T E TIoHX 1T Si < Al OfE
¥ 7 7 2 X — DK FREFREIC OV TR ER THIZE 2 D T & 72 1D, Aff3e
Tl AL Si AR 7 T A Z —IZ D0 43 F & BUS SEIMMET 5 Z & T, ALSi 0Dy
DL TEA AR (F) Ko7 TR EFRE /I DWW TR L7z,

Si <° Al Ot 7 7 A% — L EERIC, BB OMAIL ALSinOsm2m(D20)D" (n
1BE0), ALSinOGr-1y2:2m(D20)" (n 7780 EFR S5, 1000 K F CTOMEFLIZ X (n, m, i) =
(2,1,2),(1,2,2),(2,2,3),(1,3,3) 72 ED3zEflpic & LTINS 7u, Si k<o Al izt
W& FEERIZ, IRGRTH—HO D0 IIMEEE T2k~ 72, B LFEIRE O R (Fig.
D&l d 5 L. BT 2L X =358 2eV LLFOBLEESS 1000K LA F TR 54, Si D
DU AR IE 2 2D 2 & DO TE ZRWEITBLI S e o 72 2 L B rino iz,

H?O YJ

Si
~H,0 ~H,0 ?/J\?
Al ) | ‘ s
*./J%J* 2.02 eV 2.59 eV M
] > 1 9 J

AlLSiOgH;* (i = 3) AlLSiO/H5* (i = 2) AlLSiOgHs* (i=1)
Fig. 1. Calculated geometrical structures and dehydration energies of Al,SiOs(H.O)H".
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