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A study on the electric dipole moment and molecular structure of the Kr-OCS cluster by microwave
double resonance spectroscopy (Graduate School of Science and Engineering ,Gunma University)

(OYutaro Osawa , Yoshihiro Sumiyoshi

We performed MW-MW double resonance spectroscopy using two coherent microwaves (MW)
with different frequencies on molecular clusters generated in a supersonic jet, observed the light-
shift effect, and showed that the electric dipole moment of the molecular cluster can be determined
from the information obtained V. In this study, we have applied the technique to the Kr-OCS cluster.
We have newly observed total of 20 pure rotational transitions with high-J value, which has not
been reported in a previous paper . In combination with the transition frequencies reported in the
previous paper, we have determined new molecular constants including the sextic distortion
constants by least-squares analysis using an asymmetric top Hamiltonian. We also observed the
light-shift effect and estimated the value of the electric dipole moment z4. The molecular structure

was discussed based on the value of zs.

Keywords ; Microwave Spectroscopy, Intermolecular Interaction;, Microwave Double Resonance

Spectroscopy
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Paramagnetic lon Doping in MOFs to Accelerate Solid-State NMR
Measurements

(‘College of Science and Engineering, Kanazawa University, *Graduate School of Natural
Science and Technology, Kanazawa University) O Henric Mezzomo,! Takuya Kurihara,
Yasuhiro Shigeta,”> Shogo Amemori,? Tomonori Ida,? Motohiro Mizuno?

Keywords: Solid-state NMR, MOF, Paramagnetic Doping

Metal-organic frameworks (MOFs) are porous materials formed by metal ions and organic
ligands that have been studied for gas adsorption and other applications. Solid-state NMR
(SSNMR) is a powerful method in the study of local static and dynamic structures of MOFs.
However, in many cases, weakness and slow relaxation rate of the NMR signal require multiple
scans and a long waiting time for each scan, respectively, which lengthens the measurement
time. Therefore, it is important to develop a method to shorten the measurement time to
facilitate MOF research using SSNMR.

Cross-polarization (CP) can transfer the magnetization of abundant 'H spins to dilute
nuclear spins (*C, °N, etc.) and is frequently used to enhance the intensity of the SSNMR
signal. Paramagnetic metal ion doping into the sample can accelerate the NMR measurement
because the interaction of the nuclear spins with the electron spins of the paramagnetic ions
promotes nuclear spin relaxation.! In this study, we aim to accelerate CP NMR measurements
of MOFs by doping paramagnetic metal ions in MOFs using a metal solid-solution approach.

ZIF-8 [Zn(2-Melm)], was synthesized with various Co?* doping ratios,? and *C CP and
'H relaxation time measurements were performed. To find the optimal doping ratio, we
formulated the signal acquisition efficiency per unit time (= signal-to-noise ratio/measurement
time) relative to the doping ratio of paramagnetic ions and investigated the relationship between
the doping ratio and the efficiency using the experimental signal intensity, linewidth, and
relaxation time. Fig. 1 shows the obtained acquisition
efficiency normalized to the efficiency of the undoped
sample. The highest acquisition efficiency is 3.7 at a
doping ratio of 0.3%. Excessive doping can reduce CP
efficiency and broaden the signal due to overly fast

relaxation, which in turn reduces the measurement

sensitivity and the acquisition efficiency.

To demonstrate the effectiveness of this method, we . . Lo ,

g. 1: Normalized acquisition efficiency
performed ligand dynamics analysis on Co?*-doped
MOF-5 [Zn4O(1,4-benzodicarboxylate)s], using 2D *C

SSNMR. The results will be discussed on the day of the presentation.

relative to doping ratio

1) N. P. Wickramasinghe, et al., Nat. Methods 2009, 6, 215. 2) G. Kaur, et al., J. Mater. Chem. A 2016,
4, 14932.
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Exact Analyses of ESR Spectra of Cobalt Complexes with Sizable Zero-Field Splitting Tensors
(‘Graduate School of Science, Osaka Metropolitan University, *Graduate School of Science
and Technology, Keio University, *JST PRESTO) O Takeshi Yamane,' Kenji Sugisaki,"*?
Kazunobu Sato,! Kazuo Toyota,' Daisuke Shiomi,' Takeji Takui!

A fictitious spin-1/2 Hamiltonian approach is a putative method to analyze ESR spectra from
high spin complexes with sizable zero-field splitting (ZFS) parameters. In this approach, the
analyses result in the effective magnetic parameters such as g- and A-values (g%, 4°T), which
are far from the theoretical true g- and 4-values (g™, A™¢) obtainable from reliable quantum
chemical calculations. We established the analytical procedure for analyzing the ESR spectra
and determining the magnetic parameters of high spin Co(II) complexes (S = 3/2, [ = 7/2) with
sizable ZFS tensors. Our generalized method, which is applicable to non-collinear cases among
D-, g- and A-tensors, is based on the analytically derived relationships between the fictitious
spin-1/2 and true spin Hamiltonians.

Keywords : Electron Spin Resonance; High-Spin Metallocomplex; Quantum Chemical
Calculation

B rnH (ZFS) EHOREVEA Y VEREEWRIL. RN TEHEEZRHE
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EFDRZVEGERD ESR AT ML O—fEfFNTEE 20 ARV T 4 U 85K 12D,
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B XL F— RISV THE LTz 4™ O E/D AFMEDN S HLGRH) A ZE L, 3
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1) T. Yamane, et al., Phys. Chem. Chem. Phys. 2017, 19,24769. 2) T. Yamane, et al., Dalton. Trans. 2018,
47,16429. 3) A. A. Fischer, et al., Dalton. Trans. 2017, 46, 13229. 4) P. Kumar, et al., J. Am. Chem. Soc.
2019, /41, 10984. 5) P. Kumar, et al., Inorg. Chem. 2020, 59, 16178.
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Characterization of self-assembled monolayers consisting of helical polymers: Topography
modification depending on applied electric field ('School of Science, Osaka University,
2Graduate School of Science, Osaka University) ONano Kobayakawa!, Naoya Kanbayashi?,
Taka-aki Okamura?, Kiyotaka Onitsuka?, Seiya Watanabe?, Megumi Akai-Kasaya?, Hiroyuki S.
Kato?

We attempted to fabricate self-assembled monolayers (SAMs) consisting of helical polymers
in order to produce highly dense and oriented SAMs by functional polymers. In our research,
the self-assembly was achieved through mercapto reaction on Au substrates by cysteinylation
of the ends of previously developed helical polymers. Herein, the SAMs’ structures were
investigated by infrared reflection-absorbance spectroscopy (IRAS) and scanning probe
microscopy (SPM). The IRAS results suggest that the molecules in SAMs are oriented standing
on the Au substrate (Fig. 1a). In addition, scanning tunneling microscopy (STM) studies
indicated that the film is atomically flat. In addition, they interestingly showed that their
topography was altered depending on the applied sample bias (Figs. 1b-1c). In presentation,
the origin of these responses in topography and physical properties are discussed.

Keywords : Chiral Polymers’SAM; Electric Field Response; Scanning Tunneling Microscope,
Vibrational Spectroscopy

EREREE 00 T D B L I OBl 7o oy TIEERL A BRE L LT, b EARE ST
B AL T (SAM) OERIZ AT, AAFFE T, SLIchR L %@Mk
BTV OKEEE AT A AT H I E T, Au R EDO ANV T NIGIZ LD HEE
AT Uz, 2 O RN 358 (IRAS) oE&EM 7 v — 7 B
(SPM) THMT L7=D THET 5, IRAS DIENT2S ., SAM D4y F1%. Au FEHIZ KT
THHAN > THRM L TWA Z R s vz (Fig. 1a), AR b 2 R VBAK
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Ehtz, Fio, EEBEVENMN Vs 1060 TH 1O S MR 28703 iR Sz
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Fig. 1 Schematic structure of a helical molecule in SAMs (a), and STM images before and
after electric field stimulations by scanning at Vs =+2.2 V (b) and Vs =—-2.5 V (¢).

1) N. Kanbayashi et al., J. Am. Chem. Soc. 2022, 144, 6080—-6090.
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