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High Resolution 15N NMR Detection of Dynamical Processes in Antiferroelectric Nanoclusters during the Order-disorder Phase Transition in Ammonium Dihydrogen Arsenate, NH4H2AsO4
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Introduction 
 We report high resolution 15N NMR measurements of the paraelectric (PE) to antiferroelectric (AFE) phase transition (TN=216 K) of the model hydrogen-bonded antiferroelectric NH4H2AsO4 (ADA). Utilizing the high-field, high resolution 15N MAS NMR at 900 MHz, we measured the temperature dependence of the isotropic chemical shift as well as spin-lattice relaxation times of NH4+ moiety. Our data reported that we found evidence for the coexistence of two phases during an order-disorder phase transition as well as the structural and dynamic views of this transition were investigated. We also interpreted proof for the coexistence of an order-disorder and displacive behavior at the NH4+ site [1].
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A small piece of 15N-enriched ADA single crystal with a size of 1×1×1 mm3 and 9% enrichment was packed in a 3.2 mm MAS rotor and used for 15N MAS NMR lineshape and spin-lattice relaxation time (T1) measurements on a ultra-wide bore 900 MHz magnet equipped with a Bruker Avance III NMR console using a spinning speed of 5.0 kHz. The low temperature variable-temperature (VT) experiments on the 900 UWB magnet were carried out using a MAS probe with a temperature stability of 0.1 K 
Results and Discussion
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Fig. 1 displays the temperature dependence of the isotropic chemical shift (δiso) on cooling through TN. The 15N δiso shows a continuous behavior at high and low temperatures with different slopes. Within 2-3 K of TN both PE and AFE phases were resolved clearly. This high resolution enabled us to measure T1 for both phases. Using the Ea and τ0 values yielded from the BPP fitting of the spin-lattice relaxation rates (1/T1), the calculated correlation times (τc) (Fig. 2) are found to increase by one order of magnitude in going from the PE to the AFE phase (below TN). That increase indicates that the motion slows down anomalously across the TN likely due to the formation of new N-H….O bonding.
Conclusions

The 900 MHz 15N MAS NMR measurements enable us to study the structural and dynamic aspects of the PE-AFE phase transition in ADA. Due to the detection of both phases this is the first time quantitative data was provided such as the AFE cluster size ~45 nm and lifetimes as ~ 1 s at TN+0.1 K. 
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Fig. 1. (a)Temperature dependence of 1N δiso in ADA showing anomaly at TN. (b) Contour plot of the spectra within 0.8 K of TN.
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Fig.2. Correlation times as a function of temperature for the AFE and PE phases.








