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Cold gas-phase spectroscopy of aromatic three-membered-ring
carbon and silicon compound ions: correlation between splitting of
degenerate TrT* transitions and excited-state structures

(‘Graduate School of Advanced Science and Engineering, Hiroshima University, *Faculty of
Science and Engineering, Kindai University) O Masahiro Koyama,' Kei Ota,> Tsukasa
Matsuo,” Satoru Muramatsu,' Yoshiya Inokuchi'

Keywords: Aromatic three-membered-ring compound; Gas-phase spectroscopy; Cold ion trap;
Electrospray ionization; an* transition

Hiickel 2m aromaticity, found in three-membered-ring Hiickel aromaticit

carbon/silicon cations, is characterized by a m orbital and two th ﬁ
degenerate m* orbitals (Fig. 1). UV-vis absorption spectrum of /®\ —_— é
(C5Phs)" in solution, firstly reported over 60 years ago, exhibits  pp~ C<ph A

several broad bands (Fig. 2a)." However, assignments of these (CsPhy)* T 8%
bands still remain unresolved, hiding how the degenerate nr* Fig. 1. Stucture of target

transitions are reflected on electronic spectra. In this study, we
performed ultraviolet photodissociation (UVPD) spectroscopy
of (C5Ph3)" isolated in a cold (~10 K) ion trap.” This

compound and 1 and 1* orbitals
at the three-membered-ring.

© The Chemical Society of Japan

study reveals the splitting of the degenerate mn* g N
transitions in the spectrum and its correlation with the g
excited-state structures. = | adibatic ,, . o adiabatic
UVPD spectrum of (C;Phs)’, generated by ‘?5 S Ban
electrospray ionization of bromide precursor %E
(C;BrPhs), exhibited several broad bands even under - (b). — — —
the cold gas-phase conditions (Fig. 2b). This result 30000 Wavenumt?z??:m-1 40000
indicates that the broad profile is intrinsically f‘ @
determined by excited-state dynamics of (CsPhs)". “_ soning
Actually, the observed band profile cannot be g uE LUMO {most {}k\i: {;}3
explained by the degenerate nn* transitions (Fig. 2¢),  “||* & i T
which is predicted in the vertical transition scheme. K it O \C:S:C&m \61/—:5

DFT calculations suggested that the adiabatic
transition energies of the two ™ states (Si, S») are
significantly deviated (AE > 5000 cm™; Fig. 2d),
well explaining the spectrum and unveiling the
crucial contribution of structural relaxations on the
excited-state potential surfaces. In the presentation,

Fig. 2. (a) UV spectrum of (CsPhs)*BFs/EtOH.!
(b) UVPD spectrum of (CsPhs)*. Bar spectrum
represents calculated adiabatic transition
energies. (c) Kohn-Sham orbitals of mm*
transitions. (d) Potential minimum structures of
(CsPhs)* at St and Sa.

we further extend the study to other three-membered-ring carbon/silicon compound ions,

(CsPh,OH)" and [Si3(Eind);]".?

1) Breslow, R.; et al. J. Am. Chem. Soc. 1958, 80, 5991. 2) Koyama, M.; et al. J. Phys. Chem. Lett. 2024,
15, 1493. 3) Ohno, R.; et al. J. Am. Chem. Soc. 2024, 146, 24911.
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Reassignment of the Vibronic Structure in the Absorption
Spectrum of Carbon Cluster Anion Cs~ Exhibiting Fast Radiative
Cooling

(‘Fukui Institute for Fundamental Chemistry, Kyoto University, *Graduate School of
Engineering, Kyoto University) OTetsuri Takami,'? Naoki Haruta,? Tatsuhisa Kato,' Tohru
Sato'~

Keywords: Inverse Internal Conversion; Density Functional Theory; Vibronic Coupling;
Recurrent Fluorescence; Interstellar Medium

Linear carbon cluster anions such as Cs have been thought to be promising candidates
for interstellar molecules. Recent experiments have found that Cs~ exhibits fast radiative
cooling from its highly vibrationally excited states via inverse internal conversion (IIC) in a
collision-free vacuum system."? Since IIC is driven by vibronic coupling,’® the vibronic
structures of Cs  are of theoretical importance. In the present study, we employ time-dependent
density functional theory (TD-DFT) to calculate the absorption spectrum of Cs ; thereby, peaks
in the experimental spectrum* are reassigned to the vibronic progressions associated with the
C?11, + X2II, and D?II, <+ X2II, electronic transitions (Fig. 1).

Vibronic coupling density C?11, « X211, D21, « X211,
(VCD) analysis’ reasonably .4?1'2 09" Galc. _4?)’1.6 : 11Cale. ——
explains prominent peaks in the 5_%0.8 I ' 1 133) | 21.2
experimental spectra. We also .S ot 2‘5 [|2sat | '50.8

[ VA S
show the pseudo-Jahn—Teller -§0-4 i s 2006 2505 30 §0.4
distortion along the mode g, UL | £00 U
vy(o}f) caused by the pseudo- 0 2000 4000 0 2000 4000 6000
degeneracy of A?YF  and Wavenumber/ecm™ Wavenumber/cm ™1
g 12 ‘ 20
B2} states, originating from £ 0831 Exp. e =) 16 | 31 Ofxlp' ,
[ r
lone-pair-like molecular orbitals. EO.S - 0359% 1(1)3%%50 o .4“531_2 ’08%(1’9% 01310210 1
Further, potential softeninginthe 'y, | 3§93 12535 208 1|32 ‘ 0‘0* 1
excited states and its effects are & 3 2(1)1‘01333 ®04 | 9‘3 10'9‘0 " ]
(]
also discussed. €£0.0 A 0.0 Wi ]
0 2000 4000 0 ° 2000 4000 6000
Wavenumber/cm™ Wavenumber/cm ™1

Fig. 1 The simulated absorption spectra of Cs (upper row) and

the corresponding experimental ones* (lower row).

1) G. Ito et al., Phys. Rev. Lett. 2014, 112, 183001. 2) Y. Ebara et al., Phys. Rev. Lett. 2016, 117, 133004.
3) W. Ota, M. Uejima, and T. Sato, Bull. Chem. Soc. Jpn. 2023, 96, 582. 4) P. Freivogel et al., J. Chem.
Phys. 1997, 107,22. 5) T. Kato, N. Haruta, T. Sato, Vibronic Coupling Density: Understanding Molecular
Deformation, Springer, Singapore, 2021.
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Molecular-level approach to glycan recognition in immune systems: Cryogenic ion
spectroscopy of a partial peptide in mannose-binding proteins with monosaccharide (‘Institute
of Science Tokyo) OKeisuke Hirata,' Taisei Takahashi,' Shun-ichi Ishiuchi,'

The immune system is based on the identification of self and non-self. Mannose-binding
proteins (MBPs) recognize mannose, a monosaccharide unique to the surface of pathogens,
which activates the system of pathogen elimination. On the other hand, they do not bind
galactose, which is unique to human erythrocytes. In this study, we aimed to elucidate the
mechanism of the immune system in MBPs at the molecular level by utilizing the cutting-edge
gas-phase infrared spectroscopy.

Keywords : Infrared Spectroscopy, Molecular Recognition; Gas-phase Spectroscopy

IR OHEARIT, B EIEACEFRITDRENTH 5, Ml ORI OFE
HOREZ RTHETH Y | WROMEITELS B 535, PEHA R oS5 & v
NRIBGHRVIFo v, v ) —AfES L7 F 2 (MBL) 13RS D~ v
J—Z (X)) 1THEE L, RERIGCEFHE L RO S fEZEtET 5, —5 T MBL
IEe MRIMERFFA O Z 7 b —Z () IZITHES LW, X Bk db i it <k, MBL
HD Ca? v ) —ADFFEDEN EFEET HZENHBAL TS IR, T 7 h—
AL DOFEREIEENE LN TV RN, ZORIREOBEBIIARATH 5, & Z TARIF
eI, HEE MBL OFEAENL, & B2 Ca AR b E B AR 2SS M IZEY
L. RNV HIEEZ VT MBL OFEEGRA T =X L5 AT 52 2B LT, £

DFER, ~> ) —A, BT 7 b—AL HIT Ca®' Tk LT 350 OH JThMNLT 2 =il
NREEZED | WEICEEEVTIEE A E R DN E DNy o Tz, FEEDO X
VRTETIIB DK NH D Z LNy ->TEY . MBL OBFRRRIZ/AK RN/ B
ThH I ENRBINT,

Mannose Galactose
Ho CH

1) K. K.-S. Ng et al., J. Biol. Chem. 1996, 271, 663.
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