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Pulsed-field induced spin state trapping (PFIESST) in a Mn(III) SCO complex
Kühne, I.A. (UCD, Chemistry), Chikara, S. (LANL), Morgan, G.G. (UCD, Chemistry), Singleton, J. and Zapf, V.S. (LANL) 
Introduction

Thermal spin state transition (SST) in Mn(III) coordination complexes, can be coupled to significant changes in dielectric properties.[1] SST and the electric polarization in this system can also be switched by pulsed magnetic field and the difference in polarization is within an order of magnitude of the largest observed in any system, very likely realizing a new field of multiferroics.[2] Spin state transitions are accompanied by a change in orbital occupation, spin, bond lengths, lattice strains and are demonstrably susceptible to external perturbations such as light, pressure, magnetic field. The challenge lies in realizing large magnetoelectric effects via SSTs at room temperature. The S=2 spin state in Mn(taa) is Jahn-Teller (J-T) active and creates electric dipoles that can order in a magnetic field. This work aims to explore spin state transitions as an alternative to exchange-coupled ordering to create magnetoelectric coupling. Spin state transitions can commonly occur up to room temperatures in coordination compounds. 

Experimental


Oriented single crystal magnetization and electric polarization measurements were performed in 65 T short pulse magnet in five new mononuclear Mn(III) complexes, which had demonstrated a range of thermal SST profiles. 
Results and Discussion


In a first set of measurements with compounds from the Dublin group in summer 2017 the team built on the Mn(taa) result by investigating PFIESST in a Mn[323]+ complex ion (3-nitro-Mn[323]+)  embedded in four different lattices (complexes 1 – 4) including some in polar space groups. Magnetic susceptibility showed that all four samples persisted in the S = 1 state to much higher temperatures than Mn(taa) with gradual SCO profiles which were incomplete at room temperature.  In pulsed measurements at fields up to 65 T it emerged that these four did not show PFIESST so the team decided to focus on Mn[323]+ samples with sharper transitions due to stronger inter-molecular and spin-lattice interactions. A different Mn[323]+ complex ion (no nitro groups) embedded in a ClO4- lattice (complex 5) was chosen for the initial studies Fig. 1. The sample switches from an S = 2 state at RT to a mixed S =1 + S = 2 state below 50 K by cooling, and shows a hysteresis window of 20 K. Initial data showed that PFIESST could indeed be achieved in complex 5 for field between 11 and 60 T, see Fig. 2. 

Conclusions

First measurements show promising results, and complex 5 shows the desired PFIESST effect, but pulsed magnetic field up to 65 T (or above) will be needed to access the entire phase diagram and understand the material completely.
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Fig.2 Plot of magnetic moment versus field for complex 5 showing the onset of the pulsed field induced SST.





Fig.1 Plot of χmT versus T and view of lattice packing for Mn3+ SCO complexes 5.








