COMPLEX AND NONLINEAR DYNAMICS IN THE ORGANIC CRYSTALS WITH CHARGE AND MAGNETIC ORDERS
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A variety of organics with reduced dimensionality and strong Coulomb interactions display novel forms of ordering phenomena. These broken-symmetry phases and their excitations have attracted much attention. We overview complex conductivity and electric-field dependent measurements of two representative quasi-2D organic systems.  
α‑(BEDT-TTF)2I3 presents one of the most prominent examples of charge order (CO). Below the CO phase transition at 136 K into the insulating and diamagnetic ground state, two dielectric relaxation modes appear in the kHz-MHz range. The large mode features an anisotropic phason-like behavior, while the small mode presents a soliton-like behavior. The observed type of excitations fit well into the most relevant picture of this CO as a cooperative bond charge density wave with ferroelectric-like features [1]. On the other hand, puzzling results including negative differential resistance and voltage oscillations were recently reported under application of high dc electric fields [2]. Our carefully designed electric-field-dependent measurements of conductivity anisotropy within the molecular plane qualitatively confirmed these findings; moreover they revealed novel intriguing behaviors not observed until now [3]. 
-(BEDT-TTF)2Cu[N(CN)2]Cl is a Mott insulator with antiferromagnetic transition at 27K and spins canting developed at long range scales below 22K. Previously reported dielectric relaxation has been attributed to a charge-domain wall dynamics within a random ferromagnetic domain structure [4]. Recently, the existence of a charge order with electronic ferroelectricity has been proposed and suggested to be intimately coupled with the stabilization of the magnetic ground state [5]. Motivated by this suggestion, we have revisited our dielectric relaxation data. We have not found an experimental evidence of a sharp, well defined ferroelectric transition. Rather, our samples displayed a broad dielectric relaxation which persisted well above magnetic transition and died off at about 50 K.  In addition, non-linearity observed in dc electric fields below 18K showed features observed previously in other commensurate density waves.
Observed dynamics is discussed and compared with phason/soliton response to applied ac and dc electric fields in other quasi-1D and 2D organics with strong correlations. 
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