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Introduction 

The design of the small molecules that can show magnet-like behavior (SMMs) has been a challenge in the last decades. Recently, great attention has been paid to those SMMs with a unique paramagnetic center, which are known as single-ion magnets (SIMs).1,2 They could act as a qubit, the minimum unity of information, being also constituents of quantum gates and computers. An axial zero-field splitting promoted by a low molecular symmetry or partial occupation of the three t2g or the two eg orbitals is the cause of its particular SIM behavior.1,2 Both strategies focus on the presence of excited states close to the spin ground state to allow mixing between them. In this respect, the d5 iron(III) ion in an octahedral ligand field is electronically isotropic and the worst candidate to show a slow magnetic relaxation.3 However, for some electronic and geometrical features, the quartet excited states (S = 3/2) can be very stable and can even become the ground state. Our strategy is based on this fact to obtain a high-spin iron(III) mononuclear complex, [Fe(TTP)(H2O)2]ClO4 (1), with uncommonly large axial zfs (D) and SIM behavior.
Experimental 

Compound 1 (Fig.1) was obtained through the reaction of [Fe(TTP)Cl] and AgClO4 in THF. The EMR Facility of the NHMFL Tallahassee was used including its 15/17 T superconducting magnet.
Results and Discussion
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The magnetometry shows an S = 5/2 spin ground state with a large axial zfs. Structural data also confirm the nature of the spin ground state, being the metal-ligand bond lengths in the expected range for a high-spin iron(III) complex. The experimental studies with HFEPR and Mössbauer techniques allow establishing unambiguously both the positive sign of D and its large value (around 25 cm–1). The Mössbauer study also suggests the presence of a quartet S = 3/2 excited state 500 cm–1 above the ground state being responsible for the large zfs observed in 1. DFT calculations confirm all these results and prove that uniquely the excited quartet states cause the huge D value. 1 exhibits a field-induced single-magnet behavior below 5 K. Systems with high values of D and energy barriers usually relax through a fast quantum tunneling mechanism, which is neutralized in the presence of a magnetic field, and a slow relaxation occurs.

Conclusions

An iron(III) porphyrin complex with a rare large axial zfs exhibits a field-induced slow magnetic relaxation. HFEPR and Mössbauer techniques confirmed the sextet nature of the spin ground state and established both the positive sign and large value of the D parameter. These results were supported by a theoretical study. 
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Fig.1 Molecular geometry of complex 1.








