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Unusual Magnetic and Pressure Response of an S = 1 Antiferromagnetic,
Quasi-One-Dimensional Chain near the D/J ( 1 Critical Point
Peprah, M.K.; Quintero, P.A.; Xia, J.S.; Pérez, J.M.; Meisel, M.W. (Dept. of Physics and NHMFL, Univ. of Florida) and Manson, J.L. (Dept. of Chemistry and Biochemistry, Eastern Washington Univ.)
Introduction

An S = 1 antiferromagnetic polymeric chain, [Ni(HF2)(3-Clpy)4]BF4 (py = pyridine), has been identified to have nearest-neighbor antiferromagnetic interaction J/kB = 4.86 K and single-ion anisotropy D/kB = 4.3 K, while avoiding long-range order down to 25 mK [1].  With D/J = 0.88, this system is close to the D/J ≈ 1 gapless quantum critical point between the topologically distinct Haldane and Large-D phases.  The magnetization was studied over a range of temperatures, 50 mK ≤ T ≤ 1 K, and magnetic fields, B ≤ 10 T [2].  The results allow an upper bound of the critical field, BC, which closes the Haldane gap, to be estimated.  Specifically, BC ≤ (35 ± 10) mT, which is close to the predicted 46 mT [3], when using the reported values of J, D, and g [1].  In low fields, the magnetic signal increases with decreasing temperature for 400 mK < T < 800 mK but is independent of temperature for 50 mK ≤ T ≤ 400 mK.  This observation is consistent with a significant increase in the specific heat arising from the accumulation of entropy in the vicinity of the quantum critical point.
Experimental Details

Using a commercial magnetometer equipped with home-made pressure cells [4], the low-field (1 kG), high‑temperature (T ≥ 2 K) magnetic susceptibility was studied as function of pressure up to 1.47 GPa.
Results and Discussion


The results are shown in Figure 1.  Preliminary analysis of these data suggest the response observed at ambient pressure [1] changes between 0.24 GPa and 0.35 GPa, and the unusually strong Curie-like response intensifies.  To our knowledge, theoretical predictions of the thermodynamic quantities in the critical region have not appeared in the literature.
Summary


The results shown in Figure 1 suggest the externally applied pressures might be tuning the material through the D/J ≈ 1 gapless quantum critical point.  In parallel work performed in late 2015 and at the Advanced Photon Source (APS) at Argonne National Laboratory (ANL), the structure was studied as a function of pressure, and these data sets are being analyzed [5].
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Figure 1.  The low-field (1 kG), dc magnetic susceptibility is shown as a function of temperature (log scale) and pressure.  The data sets were acquired in two different runs.  Significant changes of the response are detected between 0.24 GPa and 0.35 GPa.

