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Spin-Lattice Coupling Across the magnetic Saturation Transition in Multiferroic [(CH3)2NH2]Mn(HCOO)3
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Introduction 
Single-phase materials that simultaneously expose both ferroelectricity and ferromagnetism have been challenging to realize. This is because of the mutually exclusive mechanisms for these two properties in cubic ABX3 perovskites: standard ferroelectricity requires empty d orbitals whereas ferromagnetism derives from partially filled d orbitals. Improper ferroelectrics offer a path forward, and when combined with weak ferromagnetism arising from a non-collinear magnetic state, both spatial and time reversal symmetries can be broken. This allows magnetoelectric coupling to emerge. The rare earth manganites (RMnO3, R = rare earth) have been studied extensively in this regard, and although polarization and magnetization are robust, the cross couplings (∂P/∂B and ∂M/∂B) are weak. The [(CH3)2NH2]M(HCOO)3 family of multiferroics (M = Mn, Ni, Co, Fe) attracted our attention as hybrid analogs of the rare earth manganites. Although they share a similar topology, the metal organic frameworks use hydrogen bonds to stabilize flexible guest-host structures and order-disorder processes to achieve electric order. The low temperature magnetic state is non-collinear and arises from the non-centrosymmetric nature of the formate bridge. Taken together, these findings raise questions about the interactions that induce this behavior and whether additional non-equilibrium phases might be accessed under even higher magnetic fields.
Results and Discussion

In order to explore high magnetic field behavior in a molecule-based multiferroic, we measured the magnetization of [(CH3)2NH2]M(HCOO)3 (Fig. 1(a)). In addition to revealing the temperature dependence of the spin-flop transition, these experiments uncover a magnetic quantum phase transition near 15 T. A preliminary magnetic field-temperature phase diagram is shown in Fig. 1(b). Magneto-infrared measurements across the 15 T critical field reveal spin-lattice coupling involving the formate bending mode. This local lattice distortion occurs to reduce the energy of the high field state. 
[image: image1.emf]
Fig. 1: (a) Magnetization of [(CH3)2NH2]Mn(HCOO)3 shows a spin flop and 15 T critical field. (b) Developing B-T phase diagram. (c) Magneto-infrared response of [(CH3)2NH2]Mn(HCOO)3 as a function of applied field. 2,3
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