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Introduction
Coupling between magnetism and ferroelectricity in insulators has potentially wide-ranging applications including to sensors and energy-efficient devices. We present a new approach using spin state transitions (SST), instead of conventional magnetic ordering to trigger ferroelectricity. Since metal organics (MOs) show SSTs to room temperatures, our approach opens up the entire field of SSTs in metal organics to possible multiferroic behavior up to technologically applicable temperatures. SSTs trigger changes in orbital and spin configuration, bonding, and ionic size that naturally create strong magnetic-lattice couplings [1]. In magnetically dense MOs, SSTs can induce cooperative phase transitions. Mn3+ (taa) undergoes a cooperative SST at 47 K. An electron transitioning between two d orbitals switches the system from a high spin Jahn-Teller (J-T) active state with electric dipoles (t2g4, S=2) to a low spin state without J-T dipoles (t2g3eg1, S=1) [2,3]. The electric dipoles in the HS state do not have a chance to order upon cooling as the LS state intervenes below 47 K and removes the J-T effect. We investigate the restoration of the HS state by applying magnetic field, and thereby create a multiferroic SST.
Experimental 


Magnetization and electric polarization changes (M and P) were measured on single crystals [4] as a function of magnetic field H and voltage at the NHMFL-PFF to 65 Tesla by measuring the change in surface current response to pulsed magnetic fields. 
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Fig 1. a) Electric polarization change P on up and down field-sweeps showing ferroelectricity at the SST (corresponds to magnetic data shown in [2,3]). (b) magnetization change M on up and down field-sweeps at the spin-state transition.
The field-induced electric polarization change P(H) of up to 0.8 mC/m2 (Fig. 1a) is within a factor of three of the largest observed in any system [5]. We have carefully ruled out all the major artifacts associated with electric polarization measurements. The signal is hysteretic on the time scales of pulsed fields, and shows a small amount of hysteresis even in the limit of slow sweep rates in Tallahassee [6], consistent with a field-induced structural phase transition. The electric polarization occurs in an intermediate range of magnetic fields, and corresponds to the spin-state transition in the magnetization (Fig. 1b).
Conclusions

We have demonstrated that it is possible to trigger multiferroic behavior at a SST and we demonstrated field-induced electric polarization changes that are among the largest in any system.  
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