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MAGNETIC NANO-HEATING: SPIONS AND FLUORESCENT 
PROTEINS AS SELECTIVE THERMOMETERS

Magnetic molecules are attractive candidates to encode spin qubits and qudits. Each molecule consists of a core of one or 
several magnetic ions, surrounded by non-magnetic ligands. The interaction of these ions with their local coordination sphere 
determines the magnetic energy levels and states. Tuning the molecular structure and the local coordination of the magnetic 
ions introduces the possibility of designing systems adapted to specific tasks, and constitutes one of the most appealing 
characteristic traits of a chemically driven approach. 
Qubit states must be sufficiently robust against any other interaction that can perturb their coherent evolution. The main 
contribution to decoherence in molecular spin qubits are magnetic fields in the environment. A solution to this problem, 
borrowed from atomic physics, is to encode the qubit in superposition states that form at level anti-crossings, also known as 
clock transitions.
Mononuclear Ni(II) complexes with a suitable magnetic anisotropy show a clock transition between their two lowest electronic 
spin levels. This transition, with its characteristic non-linear dependence on magnetic field, has been directly monitored by 
heat capacity experiments. The comparison with a Co derivative (S = 3/2), for which tunnelling is forbidden, shows that the 
clock transition leads to an effective suppression of intermolecular spin–spin interactions. The frequency of the transition 
admits a chemical tuning via the modification of the ligand shell that determines the magnetic anisotropy. In particular, a 
weaker magnetic anisotropy tunes the clock transition to the frequency range of microwave circuits, which allows its 
detection by on-chip broadband transmission experiments.
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DECOHERENCE-FREE MOLECULAR SPIN QUBITS WITH 
CHEMICALLY DESIGNED FREQUENCIES

The heating properties of the magnetic nanoparticles (MNPs) have been extensively applied in medicine for thermal
treatments of tumours, by taking advantage of the capability of the MNPs to absorb magnetic energy and dissipate it as heat
when exposed to an alternating magnetic field (AMF). This phenomenon can be explored for the regulation of enzymatic
processes, where an extreme control of the local temperature is needed to obtain a fine tuning of the enzyme activity. A
crucial point in finding the best enzymatic activation conditions is the correct measurement of the local temperature reached
during AMF activation at the active position of the enzyme. Commonly used systems are not suitable for simulating the
behavior of a protein due to their small size and low complexity of their structure. We propose the use of Green Fluorescent
Protein (GFP) and the Red Fluorescent Protein (RFP) as molecular thermometers to simulate the one-pot activation of two
proteins under AMF, thanks to their temperatura dependant spectral properties.
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