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Ferroelectricity at a Spin-State Transition
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Introduction
Coupling between magnetism and ferroelectricity in insulators has potentially wide-ranging applications including sensors and energy-efficient devices. Realizing large effects remains a challenge. 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 potential 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) (H3taa = tris(1-(2-azolyl)-2-azabuten-4-yl)amine) undergoes a cooperative SST at 47 K. An electron transitioning between two d orbitals switches the system from a high spin (HS) Jahn-Teller (J-T) active state with electric dipoles (t2g4, S=2) to a low spin (LS) 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 the possibility of a multiferroic SST.
Experimental 


The dielectric constant was measured in NHMFL-Tallahassee using a 35 Tesla resistive magnet and an Andeen-Hagerling capacitance bridge at a frequency of 5 kHz and amplitude of 15 V peak to peak. E || H and E perp H were recorded versus T and H.
[image: image2.emf]0 10 20 30 40 50 60

0

12

24

36

48

60   Low 

spin state



0

H (T)

T (K)

High spin state

Paraelectric

High spin

Ferroelectric

[image: image3.emf]20 25 30 35 40 45 50

0.50

0.55

 30 T

 34.5 T

32 T

 27 T

 25 T

 20 T

 15 T

 10T

 5 T

C (pF)

T (K)

E



H

[image: image4.emf]0 5 10 15 20 25 30 35

0.50

0.55

C (pF)



0

H(T)

 45 K

 43 K

 41 K

 39.3 K

 38.9 K

 37.9 K

 35.9K

 34.9K

 32.95K

 29.8K

E || H

[image: image5.emf]0 10 20 30 40 50 60

0

12

24

36

48

60   Low 

spin state



0

H (T)

T (K)

High spin state

Paraelectric

High spin

Ferroelectric

[image: image6.emf]20 25 30 35 40 45 50

0.50

0.55

 30 T

 34.5 T

32 T

 27 T

 25 T

 20 T

 15 T

 10T

 5 T

C (pF)

T (K)

E



H

[image: image7.emf]Results
Fig 1. a) and b) dielectric measurements in DC fields with E(H and E||H to 35 T revealing two transitions c) shows the experimental phase diagram from DC field dielectric measurements. Hysteresis is independent of sweep rate at DC sweep rates.

In pulsed fields we had already observed H-induced electric polarization changes that are within a factor of three of the largest in any system [5]. (Fig. 1a) However significant hysteresis occurs in pulsed fields, consistent with a structural phase transition, and therefore we require slower magnetic fields to extract the equilibrium phase diagram. Thus here we report the results of 35 T resistive magnet measurements. The dielectric constant is consistent with two transitions -- the onset of ferroelectricity, and the spin-state transition. Residual hysteresis is observed at the SST independent of available sweep rates, indicating that it is intrinsic.
Conclusions

We have demonstrated multiferroic behavior at a SST in single crystals of the molecular magnet Mn(taa) with field-induced electric polarization changes that are among the largest in any system. 
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