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Abstract:
Nuclear magnetic resonance and electrical conductivity-measurements were used to study the motions
of hydrogen nuclei in deuterated sodium trihydrogen selenite crystals.

From electrical conductivity measurements, deuteron spin-lattice relaxation time measurements and
direct deuteron interbond jump time measurements, an activation energy of 0.73 ± 0.07 eV for deuteron
interbond jumping was obtained. This motion provides the dominant contribution to the spin-lattice
relaxation time above 40°C. In the temperature region from about 10°C to the ferroelectric transition
temperature (-25°C to -35°C in the crystals studied) a high frequency motion, such as deuteron
intrabond motion, was found to dominate the spin-lattice relaxation process.

The activation energy for this motion was found to be 0.055 ± 0.01 eV. Below the ferroelectric
transition, the deuteron spin-lattice relaxation time was found to be too short to be due to spin diffusion
to paramagnetic impurities. This implied the presence of some molecular motion in which the
deuterons are involved below the transition temperature, and a possible explanation was found in
considering the contribution of torsional oscillations of Se03 groups to the spin-lattice relaxation time
of the deuterons. The temperature and frequency dependence of the spin-lattice relaxation time of Na23
nuclei were similar to thqse of the deuterons over the same temperature and frequency ranges. The
possibility of deuteron motion contributing to Na23 relaxation was therefore considered. In the 30°C to
80°C range, where deuteron interbond jumping is the dominant deuteron relaxation mechanism, it was
found that the Na23 relaxation showed too small an activation energy (0.35 eV) to arise from deuteron
interbond jumping. The indication of deuteron intrabond motion in the paraelectric phase is indicative
of a dynamic order-disorder type ferroelectric phase transition. Evidence that the transition is not
exclusively of this type, however, was found in the fact that the suppression of intrabond motion with
the onset of polarization cannot explain the decrease in the deuteron spin-lattice relaxation time
observed in the temperature region below the transition. 
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