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Unusual Magnetic Response of the S = 1 Antiferromagnetic 
Linear-Chain Material [Ni(HF2)(3-Clpy)4]BF4 (known as NBCT)
Xia, J.S. (NHMFL, High B/T and UF, Physics); Ozarowski, A. (NHMFL, EMR); Spurgeon, P.M. , Graham, A.G., Manson, J.L. (Eastern Washington Univ., Chemistry); Meisel, M.W. (NHMFL, High B/T and UF, Physics)
Introduction

An S = 1 antiferromagnetic polymeric chain, with chemical formula [Ni(HF2)(3-Clpy)4]BF4 (py = pyridine), commonly referred to as “NBCT”, 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 [2].  Recently, another S = 1 quantum antiferromagnet has been determined to have D/J ≈ 1.3 and long-range ordering near 12 K [3].  
Experimental Details, Results, and Discussion

Using the NHMFL High-B/T Facility Annex located at the University of Florida, the magnetization was studied over a range of temperatures, 50 mK ≤ T ≤ 1 K, and magnetic fields, B ≤ 10 T [4].

The results at low field, Fig. 1, allow an upper bound of the critical field, BC, which closes the a gap, if present, to be estimated [4].  Specifically, BC ≤ (35 ± 10) mT, which is close to the predicted value of 46 mT [2], when assuming a  Haldane system and 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.


On-going work involves neutron scattering experiments at the HFIR and SNS facilities at ORNL [5], pressure studies of the low field, T ≥ 2 K magnetic response up to 1.5 GPa at UF [6], and room temperature PXRD investigations as a function of pressure at the APS at ANL [6].
Acknowledgements

This work was supported, in part, by the NSF through DMR-1202033 and DMR-1708410 (MWM), DMR‑1703003 (JLM), and DMR-1157490 (NHMFL).  AO: [image: image6.png]Magnitude (uV)

50 100

150 200 250 300 350

Magnetic Field (mT)



 orcid.org/0000-0001-6225-9796,
JLM: [image: image2.png]


 orcid.org/0000-0003-2692-3500, MWM: [image: image3.png]


 orcid.org/0000-0003-4980-5427.
References

[1]
Manson, J.L., et al., Inorg. Chem., 51, 7520-7528 (2012).

[2]
Hu, S., et al., Phys. Rev. B, 84, 220402 (2011).

[3]
Brambleby J., et al., Phys. Rev. B, 95, 134435 (2017).

[4]
Xia, J.S., et al., J. Phys. Conf. Ser., in press (2017).
[5]
Pajerowski, D.M., et al., in progress.

[6]
Peprah, M.K., et al., in progress.
Figure 1.  The magnitudes of the voltages, after background subtraction, are shown versus low magnetic field.  Data to 10 T were similar to those reported in [1].  The overall uncertainty is represented by the “+/-” bar.  The apparent degeneracy of the data sets for T ≤ 400 mK is conjectured to be evidence of the increase of entropy near the critical point.  The critical field necessary to close any gap, if it exists, has an upper bound of BC ≤ (35 ± 10) mT, and is similar to the value of 45 mT obtained from numerical work [2] when assuming a Haldane system with the parameters reported in [1].
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