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Long-Range Magnetic Order in S = 2 Chain Systems: MnCl3(bpy) and MnF(salen)
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MnCl3(bpy)


Data from a suite of experimental tools, including high-field magnetization and electron spin resonance (ESR) studies in magnetic fields of up to 50 T and heat capacity studies up to 9 T, revealed antiferromagnetic order in single crystals of the Heisenberg S = 2 chain compound MnCl3(bpy), where bpy is 2,2(-bipyridine [1].  The Néel temperature, which depends on the strength of the applied magnetic field and its orientation with respect to the crystalline axes is near 11.5 K in zero field [1].  The spin-flop transition at 1.7 K was identified at 22 T along the c‑axis [1].  The identification of the long-range antiferromagnetic order resolves an earlier report that identified MnCl3(bpy) as an S = 2 Haldane system down to 40 mK [2].  The ESR studies identified a wide range of antiferromagnetic resonance modes (AFMR) that provide additional microscopic information [1].  More specifically, a four-sublattice model describes the AFMR spectrum up to frequencies of 1.5 THz and magnetic fields up to 50 T, Fig. 1 [3].  The results indicate the interchain coupling is indeed quite small but that the Dzyaloshinskii-Moriya interaction produced by broken inversion symmetry is substantial (0.12 meV) [3], while the antiferromagnetic, nearest-neighbor interaction within each chain is stronger (3.3 meV).

MnF(salen)


On the basis of specific heat and NMR data acquired on single-crystals, long-range order was identified at 23 K for the S = 2 chain system, MnF(salen) [4].  The results clarify an earlier report that no ordering was observed down to 2 K when using as-grown powder-like, microcrystalline samples [5].
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Fig. 1.  The magnetic field dependences of the AFMR frequencies of MnCl3(bpy) for T ≈ 1.3 K (m||a∗ and m||b) or 1.3, 1.5, and 1.7 K (m||c).  The data points are from the experimentally observed resonances [1] for magnetic field Bm applied parallel to a∗ (red squares), b (blue triangles), and c (green circles).  The lines are the results of the calculations reported by Fishman et al. in Ref. [3].  The open circles are “outlier” points for the field along the c-axis.  Figure reproduced from Ref. [3].
Summary


Together, these two studies place severe limits on the likelihood of observing the Haldane state in an S = 2 molecule-based magnetic chain.
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