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Ferroelectricity in the Gapless Quantum Antiferromagnet NH4CuCl3
Kinyon, J. (FSU, Chemistry); Clark, R. (FSU, Chemistry); Choi, E.S. (NHMFL); Zhou, H. (UTK, Physics) and Dalal, N.S. (FSU, Chemistry)
Introduction 

Ammonium trichlorocuprate, NH4CuCl3 (ACC), a member of the family of quantum antiferromagnets M3CuCl3
(M = K+, Tl+, NH4+ ), well known for its gapless magnetization with unusual plateaus, is shown here to exhibit
ferroelectricity below 67 K based on anomalies of the specific heat and dielectric constant, along with the
appearance of spontaneous polarization and electric-field reversible pyroelectric current, making it a rare example
of a Cu(II)-based ferroelectric. This suggests that the general M3CuCl3 family could be rendered multiferroic by
alloying its alkali metals with NH4+ ions.

Experimental - There should be one blank line Arial, 10 pt. space before each heading.

Dielectric measurements were made on single crystal samples using an Andeen-Hagerling capacitance bridge and the Quantum Design MPMS for temperature and magnetic field control. Both real and imaginary signals were measured using frequencies 700 to10 000 Hz from 1.8-300 K with magnetic fields of up to 7 T. Pyroelectric current was measured by measuring the transient current during warm up after the sample was cooled under the poling electric field.
Results and Discussion


A clear λ-shaped peak is discernible at 67 ± 0.5 K, meaning that the earlier reported structural phase transition at this temperature involves a dielectric anomaly. The peak position was independent of the frequency used, meaning the underlying transition was devoid of any frequency dependence. Curie-Weiss analysis suggests this is order-disorder transition of second order. The largest response was found to be along the a-axis.
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Conclusions

Measurements of the dielectric polarization and pyroelectric response of ACC shows that it undergoes a paraelectric-ferroelectric transition at 67 K with relatively little thermal hysteresis, a characteristic typical of second-order transitions. Thus, detection of the ferroelectric transition shows that the space group of ACC must lose its center of symmetry, resolving an earlier ambiguity in the assignment of the low temperature phase as P1 rather than P1-. The observation of ferroelectricity make ACC a rare example of Cu2+-based ferroelectrics [1,2].

Acknowledgements

A portion of this work was performed at the National High Magnetic Field Laboratory, which is supported by National Science Foundation Cooperative Agreement No. DMR-1157490 and the State of Florida.  The authors would like to thank Florida State University USA and by NSF-DMR 1309146 (ESC) for their partial support.  
References
[1]
Kinyon, J. S., et al., Phys. Rev. B, 92 144103 (2015).

[2]
Kinyon, J. S., Ph.D. Thesis, Florida State University (2015).
�


Fig. 2. (a) Temperature dependence of ε’ for ACC along different crystallographic axes. Plots are normalized from�their values at 10 K for clarity. Inset shows a face index. (b) Temperature dependence of ε’ at 2 kHz for a pellet sample. Inset is the Curie-Weiss plot.
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Fig. 1. Unit cell of ACC. Cu2+ (red), Cl−�(green), and NH4+ (turquoise) ions viewed along the a axis. Dotted lines show likely N−H · · · Cl hydrogen bonding. 









