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“Fun with lanthanide ligand fields”

Abstract. Molecular systems which display the ability to retain magnetisation, in the absence of an
external magnetic field, resulting in the appearance of magnetic memory of molecular origin, are
known as Single-Molecule Magnets (SMMs).[1] In 4f-SMMs, the energy barrier to reorientation of
the magnetisation (Ues) is strongly determined by the control of the coordination environment at the
lanthanide centre. Synthetic chemists have been guided by the predictions of many computational
research groups based on ab initio calculations.[2-4] Specifically, the use of dysprosium(lll) in
targeted coordination environments that promote strong uniaxial symmetry stabilizes the largest m,
= +15/2 ground state and gives large U barriers.[5]

In the first part of the lecture, | will show how this can be achieved by using macrocyclic or
polydentate ligands by careful tuning of the axial and equatorial ligand fields.[6-9] In the second part
of the lecture, | will focus on holmium(lll), again in a targeted coordination environment, but instead
of SMM properties | will show how we can engineer spin clock transitions.[10-11] This a new area
when applied to molecular complexes, with the goal of developing molecular spin qubits with built-in
protection against unwanted sources of magnetic noise.

[1] A. Caneschi, D. Gatteschi, R. Sessoli, M. A. Novak, Nature, 1993, 365, 141.

[2] T. Gupta, G. Rajaraman, J. Chem. Sci., 2014, 126, 1569.

[3] N. F. Chilton, Inorg. Chem., 2015, 54, 2097.

[4] L. Ungur, L. F. Chibotaru, Inorg. Chem., 2016, 55, 10043.

[5] V. Vieru, S. Gémez-Coca, E. Ruiz, L. F. Chibotaru, Angew. Chem. Int. Ed., 2024, 63, e2023031.

[6] A. B. Canaj, S. Dey, E. Regincds Marti, C. Wilson, G. Rajaraman, M. Murrie, Angew. Chem. Int. Ed.,
2019, 40, 14146.

[7] A. B. Canaj, M. K. Singh, E. Regincés Marti, M. Damjanovi¢, C. Wilson, O. Céspedes, W.
Wernsdorfer, G. Rajaraman, M. Murrie, Chem. Commun., 2019, 55, 5950.

[8] A. B. Canaj, S. Dey, O. Céspedes, C. Wilson, G. Rajaraman, M. Murrie, Chem. Commun., 2020, 56,
1533.

[9] A. B. Canaj, S. Dey, C. Wilson, O. Céspedes, G. Rajaraman, M. Murrie, Chem. Commun., 2020, 56,
12037.

[10] M. Shiddig, D. Komijani, Y. Duan, A. Gaita-Arifio, E. Coronado, S. Hill, Nature, 2016, 531, 348.

[11] R. Stewart, A. B. Canaj, S. Liu, E. Regincds Marti, A. Celmina, G. Nichol, H.-P. Cheng, M. Murrie, S.
Hill, J. Am. Chem. Soc., 2024, in press.



Figure: Combining a strong linear axial ligand field with a weak equatorial ligand field.




