|

) <

The University of Osaka
Institutional Knowledge Archive

Elucidation of Magnetic Relaxation Mechanisms of
Title Four-coordinate Mononuclear Transition Metal
Complexes Having Rigid Bidentate Ligands

Author(s) | AlE, BiHs

Citation | KPrKZE, 2020, {Et:m

Version Type|VoR

URL https://doi.org/10.18910/76378

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



3
wWmoOoX N o ®x o BF

A

K 4 ( Al R )

Elucidation of Magnetic Relaxation Mechanisms of Four-coordinate Mononuclear Transition Metal Complexes

Having Rigid Bidentate Ligands
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HEIESED, FLOVBKREGERFET D 2 E B3R Sz, 1O3%BR A RIS O I Ficks T b A
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1) R. Sessoli et al., Nature 1993, 365, 141. 2) J. R. Long et al., J. Am Chem. Soc., 2010, 132, 1224.
3) M.Murugesu et al., Chem. Soc., 2016, 7, 2470. 4) R. Gresser et al., Dalton Trans., 2011, 40, 3476.
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Slow magnetic relaxation phenomena reported for a mixed-valent manganese twelve cluster for the first time
have attracted intensive attentions due owing to the retention of magnetization even after removing the external
magnetic field. Quantum mechanical magnetic relaxations at low temperatures make this class of compounds the
fascinating candidates for future materials for single—molecular magnets (SMMs) and quantum information
devices. ! Recently, some mononuclear transition metal complexes have been reported to show the slow magnetic
relaxations, although the detailed relaxation mechanisms of these are still under study. For example, effective
relaxation energy barriers of mononuclear SMMs are often much smaller than the zero—field splittings. ° In
this dissertation, the slow magnetic relaxations of mononuclear four—coordinate transition metal complexes
that are composed of rigid bidentate ligands have been studied and their detailed relaxation mechanisms have
been discussed.

In Chapter 2, the synthesis, structural determination and magnetic properties of an $=3/2 mononuclear
tetrahedral four—coordinate cobalt (II) complex [Co(half-Pc),] (1) having bis—isoindole—aza—methene bidentate
ligands have been reported, in which the large magnetic anisotropy arising from the mixing of the spin
wavefunctions is expected due to the presence of the low—lying excited spin states. Ac magnetic susceptibility
measurements on magnetically diluted 1 exhibited the slow magnetic relaxations even in the absence of static
magnetic field. The Arrhenius plot of the extracted relaxation times indicates that the effective energy barrier
Uer is 54.0 cmt. The zero—field splitting of the Co(II) ion of 1 was determined by high-field, multi-frequency
electron spin resonance (ESR) measurements. The fitting analyses with anisotropic spin Hamiltonian clarified
that the energy gap between the |Me>=]|£3/2> and the |M:>=] +£1/2> states was 57.0 cm!, indicating the axial
magnetic anisotropy. Based on the determined zero—field splitting energy and l.r;, the relaxation mechanism
in the high temperature range is successfully assigned as the Orbach process, i.e. magnetic relaxation
originates from the thermal excitation to the first excited spin states |#s>=| £1/2>. A part of the achevements
in Chapter 2 has been reported in Ishizaki et al., Inorg. Chem., 2019, 58, 5211-5220.

In Chapter 3, the dynamic magnetic properties of an $=3/2 tetrahedral four—coordinate cobalt (II) complex
[Co(L),] (2) that is composed of the bidentate ligands containing pyrrolopyrrole and benzothazole moieties
have been discussed. 2 exhibits the slow magnhetic relaxation only when static magnetic field is applied owing
to the presence of intermolecular hydrogen—bonding interactions. From the comparison of the ac signals of
2 and the magnetically diluted 2, limited effects of intermolecular interactions on magnetic relaxation in
the high temperature range are suggested. On the other hand, significant effects at low temperature were
implied, in which the relaxations were facilitated even in applied static magnetic field. In addition, the
temperature— and static field dependences of the relaxation times of diluted 2 extracted in a static magnetic
field of 1000 Oe were successfully reproduced by assuming the direct, Raman, and Orbach spin—lattice relaxation
processes in addition to the quantum tunneling process. This fitting procedure has clarified the ratio of
each relaxation process in a particular condition.

In Chapter 4, the structure and magnetic properties of an S=1/2 mononuclear four—coordinate copper (I1)
complex [Cu(half-Pcp)s] (3) that is composed of the bis—(phenyl)-isoindole—aza—methene bidentate ligands
have been reported.* The X-ray analysis revealed the distorted tetrahedral coordination geometry around the

Cu(II) ion, in which the dihedral angle between the two ligands was 65.0° . The magnetically diluted 3 exhibits




slow magnetic relaxation only in the presence of applied static magnetic field. The temperature and static
field dependences of the extracted relaxation times were successfully reproduced by using the direct, Raman
and quantum tunneling processes as the fitting components. The result has clarified that the Raman process
dominates the relaxation in the high temperature range, while the quantum mechanical magnetic relaxation
process is the key player in the low temperature range even for 3.7% diluted sample.

To summarize, this thesis has successfully demonstrated that the three mononuclear transition metal complexes
newly synthesized by the author exhibit slow magnetic relaxation phenomena. The detailed relaxation mechanism
has been discussed on the basis of spin—lattice interactions, 1i.e. Orbach, Raman, and direct processes as
well as the so—called QTMs. This dissertation contributes to the rational understandings of magnetic relaxation

phenomena found in mononuclear transition metal complexes.

1) R. Sessoli et al., Nature 1993, 365, 141. 2) J. R. Long et al., J. Am Chem. Soc., 2010, 132, 1224.
3) M. Murugesu et al., Chem Soc., 2016, 7, 2470. 4) R. Gresser et al., Dalton Trans., 2011, 40, 3476.
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