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Abstract: Recent work on molecular spin qubits has demonstrated significant enhancements in
coherence through the engineering of so-called clock transitions, optimal operating points at
avoided Zeeman level crossings where the quantum spin dynamics become desensitized to
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magnetic noise [1]. The first examples focused on clock transitions generated by off-diagonal terms
in the crystal-field Hamiltonian of integer spin-orbital (/) moment lanthanide ions (primarily Ho") in
axial coordination environments — integer because the off-diagonal terms are even in angular
momentum operators, therefore lifting the degeneracies within quasi-doublet, m, = %i, projection
states (i = integer). Unfortunately, the optimum coherence times (7>) observed in such systems are
severely limited by spin-lattice (T+) relaxation due to the strong spin-orbit coupling (SOC) present in
open-shell f-elements. This has motivated investigations of heavy elements with half-integer
moments, where the clock transitions are generated instead via the off-diagonal part of the hyperfine
interaction. In the case of lanthanides, a key trick involves reduction to the 2+ oxidation state which,
for lutetium, results in a 4f'%(5d/6s)’ electronic configuration, i.e., a filled f-shell, with the extra
electron occupying a mixed 5d/6s orbital, giving rise to a relativistically enhanced contact hyperfine
interaction due to the s-orbital occupancy. Moreover, by increasing the overall s-orbital character,
one can reduce SOC and enhance T, [2]. After an introduction, this talk will review recent efforts
aimed at enhancing the s-orbital character in linear two-coordinate Lu" complexes [3], as well as
efforts targeted at generating hyperfine clock-transitions in other lanthanide 2+ complexes with
4f"(5d/6s)" electronic configurations [4], as well as several p-block elements including Bi and TL.
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