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Opportunities for using molecules as qubits are driving studies to understand properties that contribute to long electron spin lattice relaxation times. Vanadyl porphyrins are of particular interest as qubits because of their relatively long electron spin relaxation times.  Spin-lattice relaxation was measured by inversion recovery EPR as a function of temperature and of position in the spectrum for vanadyl tetraphenylporphyrin (VOTPP) in titanyl tetraphenylporphyin (TiOTPP) and zinc tetraphenylporphyrin (ZnTPP) hosts [1]. T1 also was measured for the vanadyl complexes of octaethylporphyrin (OEP) and tetratolylporphyrin (TTP) in ZnOEP or ZnTTP, respectively. Doping levels were 0.05% to 0.5%. T1 anisotropy is defined as the ratio of T1 when the magnetic field is along the VO bond (the z axis) to T1 when the magnetic field is in the porphyrin plane. For these vanadyl porphyrins T1 anisotropy increases rapidly between about 60 and 140 K and is strongly dependent on the host lattice, ranging from the unusually large maxima of 36 for VOTPP in TiOTPP to 3.8 for VOTPP in ZnTPP and 3.3 for VOOEP in ZnOEP.  Characterizing processes that enhance relaxation in the perpendicular plane are key to understanding relaxation. Empirical modeling of the temperature dependence of T1 showed that phonons with energies of 190 to 225 cm-1 make substantially larger contributions to relaxation in the perpendicular plane than along the z axis and that the magnitudes of these contributions were strongly dependent on the host lattice.  X-ray crystallography has shown that TiOTPP and VOTPP are isostructural, which means that there is a closer match of structures between the dopant and the host than for the Zn porphyrins, which may enhance energy transfer. These results demonstrate that optimizing molecules as qubits requires consideration of interaction with the host lattice in addition to molecular properties [2]. 
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