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Collision induced dissociation mass spectrometry of cadmium-sulfide cluster [Cd;oSa(SPh)is]*
and fragments ions

(‘School of Science, Hiroshima Univ., *Grad. School of Advanced Science and Engineering,
Hiroshima Univ. * Institute for Chemical Research, Kyoto Univ.) OKeisuke Yukawa', Satoru
Muramatsu?®, Ryo Takahata®, Toshiharu Teranishi®, Yoshiya Inokuchi?

]

We performed collision induced dissociation mass spectrometry (CID-MS) of two cadmium-
sulfur clusters [CdeSs(SPh)12]*” (Cd9) and [CdyS4(SPh)i1]” (Cd9’), which were obtained by
prompt partial dissociation of [Cd10S4(SPh)is]* upon electrospray ionization. It was revealed that
the dissociation energy of Cd9’ is much (by ca. 0.25 eV) larger than Cd9. Quantum chemical
calculations implied that Cd9 takes a three-fold symmetric pyramidal structure similar to
[Cd10S4(SPh)i6]*, whereas Cd9’ has rather low-symmetry structure with more Cd—S bonds. We
concluded that the above-described large structural difference accounts for the higher durability
of Cd9’ against the collision.

: Metal cluster, Transition metal chalcogenide; Mass spectrometry; Collision induced
dissociation; Quantum chemical calculation
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Fig. 1. CID mass spectra of (a) Cd9 and (b) Cd9’. E.n represents
collision energy in the center-of-mass frame. Insets show DFT-
optimized most stable structures while substituting the Ph groups to
Me groups (wireframe).
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(1) Muramatsu, S.; et al. J. Phys. Chem. Lett. 2023, 14, 5641. (2) Dance, 1.; et al. J. Chem. Soc., Chem.
Commun. 1982, 21, 1246.
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Structures of silver fluoride cluster cations studied by ion mobility-mass spectrometry
(Faculty of Science, Tohoku University, >Graduate School of Science, Tohoku University)
OYauta Naruse,! Hiroya Sakakura,? Yuto Nakajima,? Keijiro Ohshimo,? Fuminori Misaizu?

Neutral silver fluoride clusters Ag,F, (n = 2 - 5) have been reported to have stable planar
ring structures, which are different from the bulk crystal structures [1], by quantum chemical
calculations. In this study, geometrical structures of the silver fluoride cluster cations Ag,F,,
were studied by ion mobility-mass spectrometry and quantum chemical calculations. The
Ag,F," clusters were generated by reacting laser-evaporated silver ions with a 2.5% SFe/He
gas mixture under the vacuum condition. 2D plots of m/z vs arrival time for Ag,F," were
obtained from the experiments (Fig. 1). The results of mass spectrometry indicated that
Ag,F,1", which has one less halogen atom than the metal atom (m =n — 1), was dominantly
observed, as well as alkali halide clusters such as Na,F," [2]. The collision cross sections were
calculated from the arrival times, and the geometrical structures were assigned. Experimentally
obtained collision cross sections indicate that the clusters Ag,F," (n = 2 - 4) exhibit one- or
two-dimensional structures, while a three-dimensional structural isomer emerges for n = 5.
Keywords: ion mobility-mass spectrometry; cluster, silver fluoride
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[1] C.Song et al., Comput. Theor. Chem. 1074, 157 (2015).
[2] K. Ohshimo et al., J. Phys. Chem. A. 118, 9970-9975 (2014).
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Ion imaging study on UV-Vis photodissociation processes of O4"

(Faculty of Science, Tohoku Univ., *Graduate School of Science, Tohoku Univ.) OYu Watabe,'
Takumi Koshiba,? Yuri Ito,> Manabu Kanno,? Keijiro Ohshimo,? Fuminori Misaizu?

O4" clusters, known to be in the ionosphere of the Earth, have broad photodissociation cross
sections in the UV-Vis range!. However, its photodissociation process is unclear. Therefore, we
have performed ion imaging experiments for photofragment O," ions dissociated from O4".

Mass-selected O4" were irradiated with a linearly-polarized photolysis laser (355 nm), and
the O," fragment ions were detected as a 2D image (Fig. 1). The image represented a highly
positive anisotropy, which is consistent with the computational results demonstrating that the
4%A, excited state has a repulsive potential energy surface as indicated in Fig. 2 and that the
transition dipole moment g is parallel to the dissociation axis. Total kinetic energy release
(TKER) derived from the obtained image was found to be a small fraction (less than 30 %) of
the available energy (3.02 eV) as shown in Fig. 1. The large residual energy is partitioned into
the electronic excitation, in addition to the rovibrational energies of the photofragments.
Keywords : lon imaging; Photodissociation; Reaction dynamics; Molecular cluster;
Atmospheric chemistry
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Fig. 1 An observed image (left panel) and Fig. 2 Potential energy curves of the ground
a TKER distribution (right panel) of  state (1°Big) and the excited state (4°A,).
photofragments. (E: polarization direction

of the photolysis laser) 1) G. P. Smith et al., J. Chem. Phys. 69, 5393 (1978).
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Study of intramolecular proton transfer reaction mechanisms and their rate constants using
cryogenic temperature ion trap-ion mobility mass spectrometry

(Graduate School of Science, Tohoku University)

(OXKengo Tsunoda, Daiki Fuse, Yuya Takasaki, Keijiro Ohshimo, Fuminori Misaizu

Proton transfer reactions play an important role in chemical reactions in various
environments. There are two isomers (protomers) in protonated p-aminobenzoic acid
(PABA-H"). We showed in a previous study using ion mobility-mass spectrometry that a single
NH3 molecule transports a proton between the two protonated sites in the reaction of PABA-H*
with NH3. In this study, the structure was determined for the reaction intermediates formed in
a cooled ion trap. The proton transfer reaction rate constants were also determined. A
correlation was found between the rate constants and the binding energies of ions with NHs.
Keywords : lon mobility-mass spectrometry,; Proton transfer reaction; Vehicle mechanism;
Grotthuss mechanism
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Fig. 1. 2D plots of arrival time vs mass number (m/z) fisaizu et al.. J. Phys. Chem. Lett. 14, 8281
for PABA-H". Structure of PABA-H"NHj; is also

(2023).
shown.
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Isomer structures of dibenzo-24-crown-8 complex with methylammonium ion studied by
cryogenic ion mobility-mass spectrometry ('Faculty and *Graduate School of Science, Tohoku
Univ.) OKyosuke Watanabe, ' Ryosuke Ito, ? Keijiro Ohshimo, > Fuminori Misaizu?

We performed cryogenic ion mobility-mass spectrometry of the methylammonium ion -
dibenzo-24-crown-8 [CH3NH;"(DB24C8)] complex. A bimodal feature was obtained for the
ion arrival time distribution. The components with short and long arrival times were assigned
to the conformers in which the methyl groups of CH3;NH;" were oriented in the same and
opposite directions as the two benzene rings, respectively. We thus concluded that the direction
of the guest ion determines the two conformations of the complex with different cross sections.
Keywords :  Structural isomer; Host-guest compounds; lon mobility-mass spectrometry;
Crown ether
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Fig. 1. (a) Structural formula of DB24CS8, stable structures of (b) open and (c¢) closed
conformers, and (d) the most stable structure of CH;NH;3*(DB24C8) optimized at M06-2X/6-

311++G(d,p) level.
1) R. Tto, K. Ohshimo, and F. Misaizu, Chem. Phys. Lett. 794, 139510 (2022).
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Control of charge state and reactivity of single-sized silver
nanoclusters supported on organic substrates

('Keio University) oTakashi Nishikawa', Koh Shinomiya', Tomoya Inoue', Atsushi Nakajima!
Keywords: Nanocluster; Silver; Oxidative reactivity; X-ray photoelectron spectroscopy;

Silver (Ag) is widely used in industrially essential catalytic reactions, such as Ullmann-type
coupling reactions. Nanoclusters (NCs), composed of dozens of atoms, can design a variety of electronic
states and high reactivity by atomically defining their size and by controlling their charge states.
Developing NC-based catalysts requires a chemically stable surface support that prevents poisoning and
degradation caused by reactions with unwanted gas molecules. An example of poisoning is the reaction
with molecular oxygen (O;), the most common active gas in the atmosphere. In this study, single-sized
Ag>1 NCs were deposited on p-type hexa-fert-butyl-hexa-peri-hexabenzocoronene (CssHss: HB-HBC)
modified substrates', and their charge states and reactivity at room temperature with O, were measured
by ultraviolet/X-ray photoelectron spectroscopy (UPS/XPS).

Cationic Ag NCs synthesized in the gas phase by magnetron sputtering were size-selected using a
quadrupole mass spectrometer and deposited under soft landing conditions. 0.6 monolayer (ML) of Agy*
was deposited on graphite substrates modified with a 2 nm thick HB-HBC layer. The samples were
transported to a photoelectron spectrometer while maintaining ultra-high vacuum (~10® Pa) to
investigate the charge and chemical state of the NCs by UPS/XPS measurements (He I a: hv=21.22
eV, Mg Ka.: hv = 1253.6 V). The sample was exposed to O» molecules defined in Langmuir (10 Torr *
s) units at room temperature, and the reactivity of the surface-supported Ag,; was evaluated using XPS
measurements. Figure 1(a) shows the UPS spectra before and after Agyi deposition on the HB-HBC
substrate. The peak position of the HOMO —2 of Ag,i/ HB-HBC is about 0.7 eV larger than the 3.31 eV
of the HB-HBC" substrate (green line) where the HB-HBC is +1-valent. This suggests that the Ags;
deposited HB-HBC substrate is strongly positively

@) UPS (b) Ols charged, while the Agy takes on a large negative

~ charge, forming a multivalent charge transfer state in
\c:r;i AQ,,/ Ag>1/ HB-HBC. Figure 1(b) shows the XPS spectra
g‘ HB-HBC 101 L around O 1s core levels before and after exposing 104
g Mrvanswisstpbongny L of O2 to Agyi/HB-HBC. There is almost no
- as depo difference in intensity before and after exposure.

"9 Therefore, by using an HB-HBC modified substrate,

4 3 2 1 0 536534532530 we achieved a surface-supporting method that
Binding energy (eV)

controls the charge state and suppresses poisoning by
Fig. 1. (a) UPS spectra for an HB-HBC substrate
before and after 0.6 ML of Ag,s deposition.

(b) XPS spectra of O 1s core levels for Ag,«/HB-
HBC (0.6 ML) before and after 10 L of O, used under atmospheric pressure.

exposure. 1) J. Phys. Chem. C 2022, 126, 26, 10889—-10899

O,. These results are promising for the development

of nanocatalysts based on nanoclusters that can be

© The Chemical Society of Japan - A1455-2am-06 -



A1455-2am-07 AAEa B1045S52 (2024)

RIS K AMIBERFREPDBRFES Y UARELFKEHEBED
fiZ BR

(FEBERE) ORM RO - W 5

Generation of multiorder stimulated Raman scattering in CCls droplets studied by temporal

profiles (Department of Chemistry, Faculty of Science, Gakushuin University)
ORuiji Kataoka, Jun-ya Kohno

A droplet acts as an optical cavity. When a droplet is irradiated with a laser, Raman scattered
light gains its intensity by resonance at the droplet surface. In this study, we measured temporal
waveforms of multiorder stimulated Raman scattered light (SRS) generated by laser irradiation
to a single droplet and colliding droplets of CCl4. Obtained Raman spectra consist of many peaks
assignable to the multiorder SRS of CCls. Here, we focus on the multiorder SRS bands of the
symmetric stretching vibrational mode of CCls. The temporal waveforms of the SRS were
measured for each laser pulse simultaneously with the spectrum or the image.

Figure 1a shows a typical temporal waveform of the first order SRS. The temporal waveform
consists of two peaks, which are fitted by Gaussian functions. Figure 1b shows the generation
times of the two peaks are function of the number of the SRS order. The generation time decreases
as the number of the order increases. This result indicates that the lower the order number is, the
longer the SRS light resonates in the droplet before the emission from the droplet. In the
presentation, we discuss the origin of the two peaks in the temporal waveforms.

Keywords : microdroplets, multiorder stimulated Raman scattering, cavity enhancement
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Development of gas-phase ion fluorescence spectrometer combined with digital ion trap using
droplet-beam IR laser ablation method (Faculty of Science, Gakushuin University) OKenichi
Okutsu, Takumi Oka, Hanako Mizumura, and Jun-ya Kohno

We have been using the Droplet-Beam Laser Ablation Mass Spectrometry (DB-LAMS)
method to investigate the structure and properties of biomolecules. This technique allows us to
observe biomolecules in a state close to the solution phase, as it generates ions with lower
charge states compared to the electrospray ionization method. Previously, we have developed
and reported a gas-phase resonance Raman / fluorescence spectroscopy apparatus combined
with this method. Also, we have developed a new method to extract the fluorescence out of the
vacuum chamber directly to a spectrometer in the atmosphere, aiming for more efficient
observations. Additionally, in order to improve the mass resolution, we are planning to
introduce square wave voltage, also known as digital ion trap”, in combination with “plate”
electrodes. By using the plate shape electrode, it will be able to achieve ideal electrostatic field
for ion acceleration. We will report the results of the mass spectrum of trapped Rhodamine 6G
(Rh6G) ions and the fluorescence extraction examined by using Rh6G aqueous droplets.
Keywords : Fluorescence spectroscopy; Apparatus development; Droplet; Digital ion trap;
Mass spectrometry
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1) A digital ion trap mass spectrometer coupled with atmospheric pressure ion sources. L. Ding, M
Sudakov, et al. J. Mass Spectrom. 2004, 39, 471-484.
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Dependence of the oscillation of N2* lasing signals at 391 nm on
the wavelength of seed laser pulses

(" School of Science, University of Tokyo, *NTT Advanced Technology Corporation)
OTomoya Yamauchi,' Hiroki Mashiko,? Toshiaki Ando," Erik Loetstedt,! Atsushi Iwasaki,'
Kaoru Yamanouchi'

Keywords: air lasing; N,'; strong field ionization; population transfer; intense field science

When an intense femtosecond near-infrared laser (NIR) pulse is focused into air, a
coherent light at 391 nm is emitted from the ionized nitrogen molecules via the B*Z,~X*%,"
(0,0) transition. This phenomenon is called “air lasing”,' and one mechanism proposed to
explain this is the superradiance-type emission’. By NIR-UV pump-probe experiments, the
time dependent amplification of the air lasing signal has been investigated’. Among the
observed oscillations, those appearing when the pump and probe pulses overlap temporally
have not been investigated thoroughly. Here we examine the origin of the characteristic
oscillations by NIR-UV pump-probe measurements in which the spectrum of the probe
pulses is varied systematically using a 4-f system. In the 4-f system, the shorter wavelength
side of the spectrum of the seed pulse was cut off by the movable beam block placed at the
Fourier plane.

Figure 1 shows the observed lasing intensity as a function of the pump-probe time delay.
As can be seen in (b) and (¢) in Fig. 1, when the components resonant to the B—X transition
are cut off, the amplification occurs only when the pump and probe pulses temporally
overlap. In addition, as can be seen in (a) and (b) in Fig. 1, a fast oscillation appears in this

delay time region, whose period becomes

longer when the spectrum of the probe pulse 200" [(©) 4 seed> 400 nm|
becomes narrower. This oscillation can be

attributed to the interference between the phase *7

in the coherence induced by the off-resonant ; () A seed> 396 nm|
components and that induced by the resonant 2

391 nm components. Even when only the é

off-resonant components are included, the

coherence increases during the temporal 1o

overlap between the pump and probe pulses.
The increase in the coherence is considered to , : , , ,
be caused by the AC Stark shift induced by the o ° Delass/oo(fs) 100 e
pump pulse. Figure 1. The dependence of the signal

1) L. Yuan, et al., Adv. Quantum Technol. 2019, 2, ~ intensity ng ‘]asi“%_ at 391f§ nm on tthf;

pump-probe delay time. e spectra
1900080. 2) H. Chao, et al., Opt. Lett,, 48,526 1o o 0 ulses are (a) des —
(2023). 3) M. Britton, et al., Phys. Rev. 4, 100,  390-403 nm, (b) Awed > 396 nm, and

013406 (2019). (c) Asced > 400 nm.
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Reactions of Iron Cationic Clusters with Hydrogen Molecules

Investigated by Gas-phase Thermal Desorption Spectrometry
(Graduate School of Arts and Science, The University of Tokyo) O Xueshan Wu, Yufei
Zhang, Masato Yamaguchi, Toshiaki Nagata, Ken Miyajima, Fumitaka Mafuné

Keywords: Gas-phase Cluster, Temperature Programmed Desorption, Iron Hydride, Mass
Spectrometry

The interaction of hydrogen with transition metals plays a significant role in the field of
hydrogen storage, among which iron has attracted considerable attention as one of the most
common elements on Earth.!? Previous studies have revealed that Fe cluster cations show a
large size effect against H».!* This study investigated the desorption of H» using gas-phase
thermal desorption spectrometry (TDS).

Fe,H," clusters were prepared by laser ablation of an iron rod with 1% H, seeded He
carrier gas and then were heated from 330 K to 1000 K. At 330 K, the fraction of
hydrogenated clusters (m > 1) for small Fe clusters (n = 4-6) was higher than that for larger
clusters (n = 7-12). During the heating process, sequential desorption of H, was observed.

Fig. 1 shows the average number of H atoms (71avc)

./il.: 12, I I y(a) _

and mave per Fe atom (mave/n; atomic ratio) in Fe,H,,"
clusters. The maye slightly decreased for FesoH,," in the
low-temperature range (<550 K), whereas for large
clusters (Feio-12H»"), it stayed almost constant.
Hydrogen desorption from the clusters was observed at
550-750 K, and most desorption was completed at 800
K. FesH,," clusters continuously released hydrogen up

Average number of H atoms, m,,
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to 1000 K, demonstrating exceptional thermal

o
©
T

durability. For large clusters (n > 8), mav/n increased
with an increase in the size of the clusters (Fig. 1b).
It is worth mentioning that not only #» = 4 but also

m,,, per Fe atom, m,  /n
o o
N
T

n =5 has a significantly high may./n of approximately
0.97 at 330 K, indicating large H atom uptake. oo L
Among the Fe," clusters, Fess" exhibited unique %00 40 SOOTerﬁgiratz?Z,Ksoo 9001000

desorption features for both large H atom uptake and ~ Fig. 1. Temperature dependence
of (a) average number of H atoms
) i i in Fe,H,,* clusters, may., and (b)
the details of the structures and desorption energies of average number of H atoms per

the FessH,," clusters are discussed. Fe atom, mave/n.

O
N
T

thermal durability. To further investigate the results,

1) I. Swart, F. M. F. de Groot, B. M. Weckhuysen, P. Gruene, G. Meijer, and A. Fielicke, J. Phys. Chem.
A 2008, 112, 1139. 2) T. J. Dhilip Kumar, P. Tarakeshwar, and N. Balakrishnan, Phys. Rev. B 2009, 79,
205415. 3) R. L. Whetten, D. M. Cox, D. J. Trevor, and A. Kaldor, Phys. Rev. Lett. 1985, 54, 1494.
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Hydrogen Storage Capacity of Rhodium Clusters Studied by Thermal Desorption Spectrometry
in the Gas Phase (Graduate School of Arts and Sciences, The University of Tokyo)OHayato
Kurashita, Yangkun Wu, Satoshi Kudoh, Masato Yamaguchi, Toshiaki Nagata, Ken Miyajima,
Fumitaka Mafuné

Gas-phase Rh clusters as well as Pd and V clusters are known to adsorb and release hydrogen,
and have been studied in the context of hydrogen storage alloys. In this study, hydrogenated
rhodium clusters, Rh,H,,", were prepared by the laser ablation method in the presence of Ha.
The temperature dependence of their compositions was investigated by the gas-phase thermal
desorption spectrometry to elucidate the hydrogen storage capability.

Rh,H,," clusters possessed 2-5 times as many H atoms as Rh atoms (m/n = 2-5) at 300 K.
More than half of the H atoms desorbed at 500 K. Rh clusters were found to adsorb more
hydrogen atoms at 300 K and desorbed hydrogen molecules at lower temperatures than Pd, V,
and AI-ND clusters. ————————
Keywords : Rhodium; Cluster; Hydrogen, Thermal “I'Rn H,* mwmi
Desorption Method 0sl 2 |
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1) M. Takenouchi, S. Kudoh, K. Miyajima, F. Mafuné, J. Phys. Chem. A 2015, 119, 6766—6772.

2)Y. Zhang, F. Mafuné, J. Phys. Chem. Lett. 2023, 14, 5734-5739.

3) Y. Wu, K. Miyajima, S. Kudoh, T. Nagata, F. Mafuné, J. Phys. Chem. A 2023, 127, 8821-8827.

4) P. Ferrari, H. T. Pham, J. Vanbuel, M. T. Nguyen, A. Fielicke, E. Janssens, Chem. Commun., 2021,
57, 9518-9521
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Computational Investigation on Hydrogen Storage Capacity of
Transition Metal Dimers

(Graduate School of Arts and Sciences, The University of Tokyo)

OYufei Zhang, Masato Yamaguchi, Toshiaki Nagata, Satoshi Kudoh, Ken Miyajima, Fumitaka
Mafuné

Keywords: Gas phase clusters; Hydrogen storage; Transition metal; DFT calculation

Hydrogen is known as a promising alternative energy carrier which has advantages such as
clean combustion and light weight compared with carbon-based fossil fuel.! Appropriate
storage material for hydrogen is necessary to achieve practical application. Hydrides of light
metals such as Al are one of the ideal storage materials. However, Al hydrides cannot be formed
under practical conditions. Previous researches suggested that doping of transition metal (TM)
can tune the hydrogen dissociation from bulk-phase materials to the cluster level.>* Therefore,

understanding of interaction between TM MH, ———
atoms and hydrogen becomes important. Inthis 1.0} — @ =;: 1;
study, hydrogen adsorption on TM (Co, Rh, Ir, | =j:};
and Cu) dimers was investigated by gas-phase < =,::
experiments and DFT calculations. g o8 5;:;
TM dimers were prepared by laser ablation = 04 %j:i
of a TM rod in a H, seeded He carrier gas. Fig. 02l %j::
la shows the fractional distribution of Co,H/", ol L. %j:;
RhoH/* InHf, and CwH;" in gas phase , ~ C° Rh W Cu '
experiments. Co," and Cu,® show less )

e R

Rh,H,* Ir,H,* Cu,H,” Co,H,"

Y
o

reactivity against hydrogen. Fig. 1b presents

the binding energies of H, molecules on
M,H;(,-1)" obtained by DFT calculations. Co,"
and Cu," have smaller binding energies than
these of Rh," and Ir," while the first H> adsorbs
molecularly, suggesting that H, adsorption and

-
=1
T

Binding energy (eV)
o
n

4
o

desorption reach the equilibrium. As the result 0 1 2 3 4 5 6 7 8 9 10
P ) q i p of MH,,* (M = Co, Rh, Ir, and Cu)
further H, adsorption on Co," and Cu," was

. . . Fi 1 Fractional distributi f MH;*

hindered. The details of hydrogen adsorption igure 1 (a) Fractiona .dlst.r1but1on .O 26" at
room temperature. (b) Binding energies of H, on
M,Hy,-1)" and geometries of MoH,"; M = Co

(blue), Rh (cyan), Ir (purple), and Cu (pink).

forms on those dimers as well as their
electronic structures will be discussed.

1) J. Graetz, Chem. Soc. Rev. 2009, 38, 73-82.

2) S. Chaudhuri, et. al., J. Am. Chem. Soc. 2006, 128, 11404-11415.

3) Y. Zhang, et. al., J. Phys. Chem. Lett. 2023, 14, 25, 5734-5739.

4) H. Kurashita, ez. al., The 17th Annual Meeting of Japan Society for Molecular Science, 2023, 4P064.
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Photoelectron Spectroscopy of Precious Metal Clusters under Heating Conditions
(The University of Tokyo) OMasato Yamaguchi, Keitaro Tatsukawa, Toshiaki Nagata, Ken
Miyajima, Fumitaka Mafuné

The adsorption forms of reactants on catalysts are important for their reactivity. In this study,
we focused on how the electronic/geometric structures were changed after the clusters
underwent heating. The RhsNO™ clusters were generated by laser ablation of a Rh rod in the
presence of a He/NO mixture in the gas phase. The clusters were heated and then spatially
separated by TOF-MS before being irradiated with a laser (355 nm, 3.55 eV) to obtain
photoelectron images using velocity map imaging (VMI). The heating of the RhsNO™ clusters
induced some changes in the photoelectron spectrum; a peak around 2.1 eV in binding energy
decayed gradually with increasing temperature up to 500 K.

Keywords : Gas-Phase Cluster, Photoelectron Spectroscopy, Precious Metal
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