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Summary

An aggregate of small ice particles less than 150 ym in diameter (Fig. 1a) was studied
with a high-resolution NMR spectroscope operated at 100 MHz and equipped with a spin locking
unit and a temperature controlling unit. The ice particles were prepared at —30°C by freezing
sprayed water droplets.

Obtained NMR spectra at various temperatures were shown in Fig. 2. The sharp signals
were considered to be caused by the so-called quasi-liquid layer on an ice surface, because no
such sharp signals were detected for a bulk ice or even an aggregate of ice particles larger
than 200 gm in diameter.

The relative intensity and the line width of the signals were shown in Fig. 3 against
temperature. The line width was shortest at —5°C and —10°C, and then increased with
lowering temperature. The shortest line width, however, was about 7 times that of water
at +5°C.

Using the inversion recovery method, the spin lattice relaxation time 7 was measured of
the aggregate and also of an ice sample containing a large number of tiny air bubbles (Fig. 1 b).
The results were shown in Fig. 4. The difference in 7} of the two samples was probably
due to the difference in water vapor pressure.

Theoretically, 7i for proton is expressed as eq. (1), where w, is the resonant frequency,
7e the correlation time for rotational molecular motion and » the spin to spin distance. If r
is assumed independent of temperature, it can be shown from eq. (1) that 7} is minimum for
@Te, which is about 0.6, or in the present case for r., which is about 9.58 X 10~ sec, as wy
is 6.28 x10®rad sec™!. Using these values of wy and 7, and the minimum value of 7' seen
in Fig. 4, we determined the value of r, which then used to determine 7. from the value
of T other than the minimum. The results were shown in Fig. 5. They are of the order
of 10" sec, which is closer to the correlation time of water (order of 10~sec) than to that
of ice (order of 107°sec).

The spin lattice relaxation time in a rotating frame, T3, which is related to the radio
frequency, w,, and the self-diffusion coefficient, D, from eq. (2), was measured of the sample
using the spin locking method. Using eq. (2), D was determined from such a plot of measured
1/T), against @, as typically shown in Fig. 6 for temperature of —10°C. The obtained values
of D at temperatures between —1.5°C and —20°C are listed in Table 1. They are smaller
than those of water by four orders, but larger than those of a single crystal of ice by two
orders.

The activation energy for diffusion was evaluated to be 23.5 kJ/mol from the temperature
dependence of D shown in Fig. 7. It is slightly larger than that of water and about one
third that of single crystal of ice.

In the present experiments, the NMR signal was observed even at a temperature as low
as —100°C, indicating that some surface molecules can rotate at a much higher frequency
than in bulk ice. However, this does not necessarily mean that they meke up a quasi-liquid

layer, which will require a certain number of such movable molecules.



