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Preparation of novel bridgeable ground triplet biradicals designed for liner-chain rare-earth
complexes and their application to single-chain magnets ('University of Electro-
Communication) ONagito Haga,' Ryosei Ro,' Takayuki Ishida,’

A single-molecule (-chain) magnet works as a magnetic domain, so that they could be
applied to high-density information storage media. We designed bridgeable ground triplet
biradical species for a paramagnetic counterpart in the 2p-4f heterospin magnetic materials.
New 1,3-phenylene bis(nitroxides) having 10-phenyl-9-anthryl or acetyl ethylene glycol acetal
at the 5-position were synthesized and characterized. Their complexation reactions toward one-
dimensional 2p-4f magnetic chains are now attempted to develop novel magnets.

Keywords : Magnetic Properties, Organic Radical, Rare-Earth Metal
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1) S. Tto et al. Inorg. Chem. 2022, 61, 10619.
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Crystal Structures and Physical Properties for Dinuclear Lanthanoid Complexes bridged by 2-
Benzimidazolinone ('Graduate School of Science, Tokyo University of Science, *Coordinated
Center for UEC Research Facilities, The University of Electro-Communications) ODaigo
Matsunaga,' Takuya Kanetomo,' Chihiro Matsuhashi’> Masaya Enomoto!

Lanthanide (Ln) ions exhibit a large magnetic anisotropy and momentum, owing to the inner
magnetic orbitals, resulting in the development of the attractive magnetic and
photoluminescent materials. In this study, novel dinuclear Ln complexes, [ {Ln(hfac)s}2(x-L)s3]
(Ln-L; Ln = Ce, Eu, Gd and Tb, hfac = hexafluoroacetylacetonate and L = 2-
benzimidazolinone) were prepared. Compounds Ln-L crystallized in an orthorhombic Aea2
space group and had two Ln(hfac); units bridged by three O atoms of the L molecules. The Tb
and Fu analogues exhibited the photoluminescence (PL) properties. Compound Gd-L
exhibited a negligible antiferromagnetic coupling between two Gd sites, indicating that the Ln
sites are magnetically isolated. Compound Ce-L showed the slow relaxation of magnetization
under Hy = 1.5 kOe, indicating the SMM bahevior. We will report on the magnetic and PL
properties for Ln-L.

Keywords : Lanthanide complex; Magnetic properties, Luminescence
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% Fig. 1. The molecular structure of Eu-L.
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Theoretical study on the influence of substituent effects on the magnetic relaxation barrier in
dysprosium(IIT) metallocene complex ('Graduate School of Engineering Science, Osaka
University, *Faculty of Engineering Science, Osaka University, *QIOB, Osaka University,
‘RCSEC, Osaka University, SICS-OTRI, Osaka University, SSRN-OTRI, Osaka University) O
Koki Masuda', Ren Inoue?, Kaito Taka?, Ryohei Kishi'**, Yasutaka Kitagawal’3 4,56

Single-molecule magnets (SMMs) based on lanthanides have been actively investigated for
spintronics applications. Dysprosium(III) metallocene complexes have been reported to have
high magnetic properties. Their properties can be evaluated by the magnetic relaxation barrier.
It has been reported that the introduction of substituents induces changes in molecular structure
and the magnetic relaxation barrier in dysprosium(IIl) metallocene complexes. In this study,
the change in the magnetic relaxation barrier by the introduction of substituents are examined
using quantum chemical calculations on dysprosium(IIl) metallocene model complex. It is
clarified that the Dy-Cp distance and the Cp-Dy-Cp angle are changed by the introduction of
substituents. In the presentation, the theoretical analysis of the magnetic relaxation barrier and
the relationship between magnetic properties and molecular structure will be discussed.
Keywords : Single-molecule magnets, Dysprosium metallocene complexes, Magnetic relaxation
barrier, Spintronics, Quantum chemical calculation

A b= ZA~OIHEBHIE LT, 7 0¥ /7 ReERE T2 TR 03 %
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WCEHBEAZEATHZ LT, DA77 AID A Xt o 8EAORBENRE L,
WS AERIERE N AT 5 Z ERNRESN T WD, AR TIX, P27 v A (1)
A Z vt UEERDET ARG 2 T, EHREDETE S fEE L SORURR FFREE D
A& BELFEFEIC KL V-, BREZEALTZSE. 0488 Dy & BT Cp
O 1 RS . B+ Cp—H0E & Dy—BCNZ+ Cp D72 MENEA 5 Z & BB S M
E7p oz, Y H I CASSCE (T KL 2 BEAUEFFEEE O BREGARHTRE -0, MU & 2 748
EOBRE R T D,

Molecular structure of Refl (a) and this work (b, c)
Color code: Green) dysprosium, Gray) Carbon, White) Hydrogen, Blue) Nitrogen

1) Goodwin, C., Ortu, F., Reta, D. et al. Nature. 2017, 548, 439-442
2) Daniel Reta. et al. J. Am. Chem. Soc. 2021, 143, 15, 5943-5950
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Theoretical study on the functional dependence of magnetic anisotropy of dysprosium(III)
metallocene using density functional theory method (' Graduate School of Engineering, Osaka
University, *Graduate School of Engineering, Kyoto University) (‘Faculty of Engineering
Science, Osaka University,® Graduate School of Engineering Science, Osaka University,
3QIQB, Osaka University ‘RCSEC, Osaka University, ICS Osaka University, 8SRN, Osaka
University) ORen Inoue,' Kaito Taka,' Koki Masuda,” Masahiro Tsuda,” Ryohei Kishi,>**°
Yasutaka Kitagawa, 4>

Single-molecule magnets (SMMs) based on lanthanide complexes have been actively
investigated for application to high-density recording media. The properties of single-molecule
magnets can be evaluated by the magnetic anisotropy parameter (D), which originates from the
electronic state of the complex. For a couple of decades, on the other hand, it has been well
knowns that computational results such as electronic states, energies, as well as simulated
properties are strongly affected by the functional of the density functional theory (DFT) method.
In this study, therefore, we examine the effect of the DFT functional on the calcilated magnetic
anisotropy parameter (D) on the dysprosium(III) metallocene complex.

Keywords : single-molecule magnets, dysprosium metallocene, quantum chemical calculation,
density functional theory, magnetic anisotropy

S RSR AR~ DI EZ B LT, T ¥ /A R {i%ﬁﬁu\ta > -tA (SMMs)
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1. F Zhou, V Ozolins, Phys. Rev. B 2009, 80, 125127.
2. F.-S. Guo et al., Science 2018, 362, 6421.
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Photo-responsivity of the single-molecule magnet based on

Dysprosium(lll) ion and Pentacyanonitrosylferrate(ll)

(‘The University of Tokyo, *University of Tsukuba) O Tatsuya Ono,! Koji Nakabayashi,'
Kazuki Nakamura,! Kunal Kumar,' Junhao Wang?, Shin-ichi Ohkoshi.!

Keywords: Single-molecule magnet, Photoresponsivity, Pentacyanonitrosylferrate,
Dysprosium.

Single-molecule magnets (SMMs), which show slow magnetic relaxation originating
from large magnetic anisotropy of spin in the single molecule, have emerged as an attracting
research field. Spin relaxation behavior appearing in the single molecule is a good target to
develop information storge and spintronic devices.! For broader application of SMMs,
switching of SMM property triggered by photo irradiation or electric field is of great interest.
In this regard, pentacyanonitrosylferrate(I), [Fe'(CN)sNO]J*", is a fascinating building block
since it exhibits photo-reversible isomerization of nitrosyl ligand, Fe—N=0, to isonitrosyl
ligand Fe—O=N.? We aimed at the synthesis of photoswitchable SMM by incorporating photo-
responsive [Fe''(CN)sNOJ* to Dy™ complex, which is widely applied to SMM due to large
magnetic anisotropy, and herein we report [Dy(2-pyridone)s(H>0)2(NO3)][Fe(CN)sNO]-H.O
(DyFe), displaying SMM behavior and photo-responsivity.

DyFe was prepared by mixing two aqueous solutions, that is, one contained Dy(NO3); and
2-pyridone, and the other had Na,[Fe(CN)sNO]-2H,0. DyFe crystallized in a monoclinic P2;/c
space group (Figure 1a). The alternate current magnetic measurements revealed that DyFe is a
SMM, which showed slow magnetic relaxation in zero direct magnetic current magnetic field
up to 7 K (Figure 1b). Photoresponsivity of DyFe was investigated through IR measurements.
After DyFe was irradiated to by 532 nm-light for seven hours, the absorption peak of nitrosyl
ligand (Fe—N=0) stretching decreased, meanwhile a new absorption peak appeared at 1796
cm!, which is assigned to isonitrosyl ligand (Fe—O=N) (Figure 1c¢). Subsequent irradiation of
804 nm-light extinguished the new absorption peak and strengthen the absorption of nitrosyl
ligand to the initial states, showing this isomerization is photo-reversible.
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Figurel (a) Crystal structure of DyFe viewed from the a axis. (b) Temperature dependence of yy ' against
frequency plot. (c) Absorbance changes by 97 mW/cm? of 532-nm-light irradiation for 7 h.

1) J. Wang, S. Chorazy, K. Nakabayashi, B. Sieklucka, and S. Ohkoshi, J. Mater. Chem. C, 2018, 6, 473.
2) M. Komine, K. Imoto, A. Namai, M. Yoshikiyo, and S. Ohkoshi, Inorg. Chem., 2021, 60, 2097.
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