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Molecular nanomagnets (MNMs) based on transition metal and lanthanide ions are strong contenders in the quest
for the ultimate miniaturization of electronic devices for both classical' and quantum? computing technologies, due
to the possibility of encoding and processing information in their giant spin states. However, achievement of long
magnetic-relaxation times (pivotal to develop molecular memories), and long spin decoherence times (pivotal to
develop molecular qubits), are hampered by the strong dipolar fields produced by neighboring molecules. A spin-
based quantum degree of freedom, topologically non-equivalent to the MNMs giant spin, consists of the toroidal
moment, arising in the ground state of special spin rings, where local spin moments couple into collective magnetic
vortex states® featuring a vanishingly small magnetic moment (hence vanishing dipolar fields), in Single Molecule
Toroics (SMTs)35. Here we discuss various SMTs we identified in polynuclear 48, hybrid 3d-4f"-%, and 3d metal
complexes', in both strong and weak spin-orbit coupling limits. Especially for the strong spin-orbit coupled case
of rare earth compounds, scalar relativistic multiconfigurational ab initio calculations play a key role in the
identification of SMTs. We discuss how models based on such calculations are set up, including ab initio methods
developed in our group''2. We present applications to 3d-4f polynuclear complexes Dys;MDy; (M = Cr3*, Fe¥,
Co®*, A¥*) displaying con-rotating (ferrotoroidic) and counter-rotating (antiferrotoroidic) coupled toroidal units’?,
and to a large Fe1oDy10 non-planar ring featuring a manifold of hybrid toroidal-magnetic excitations. Limitations of
current ab initio approaches are discussed, as exposed by our work on 4f charge density maps'®'4, and by our
recently developed ab initio non-covalent crystal field approach based on non-orthogonal group functions'2.
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