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Report:

The present experiment addresses the high frequency dynamics in water. Using I XS, we showed pre-

viously: 1) the existence of propagating collective modes in liquid water in the whole 1 - 14 am™!
Q-transfer region [I]. The absence of a relevant isotope shifts between H,O and D0 demonstrated
that these sound modes involve the whole molecule [1,2]. We also confirmed the results previously
obtained with molecular dynamics simulations [3-5} and with neutrons [2] that the velocity of sound is
2 3,200 m/s in the whole 4-14 nm™! Q-region (fast-sound), a value larger by more than afactor of two
the hydrodynamic velocity of sound of & 1,500 m/s [1}. 2) We found that in the high frequency limit
the collective dynamics in liquid water is very similar to that of ice in its I, crystal form [6]. 3) We
observed a gradua change of the velocity of sound from 2,000 m/s at @=1nm™" to its high frequency
value of 3,200 m/s at Q=4 nm=* [i’]. This transition from a value approaching the hydrodynamic limit
to the fast sound is observed at the crossing between the fast-sound dispersion and a second weakly
dispersing mode at = 4 meV. These second mode has been identified with a locdized transverse-
like dynamics reminescent of the transverse optical phonon branch in ice, as recently confirmed by a
molecular dynamics simulation [8].

On the basis of these experimental results, one could have envisioned two possible scenarios. In the first
one, a lengthscale A, probably associated to the strong tetrahedral local order induced by the hydrogen
bond, separates two different dynamical regimes. If the wavelength of the acoustic-like excitations is
large compared to A, the associated density fiuctuation reflects average properties and therefore the
hydrodynamic picture holds. In the opposite case, when the wavelength is small compared to A, the
density fluctuations strongly reflects the local order among molecules, and the dynamics become like
the one of solid ice. This picture may explain the observed disappearence of the transverse-like mode at
small @, and relate the Q region of the transition to the inverse of the average size of water aggregates.
Such picture reflects local structural properties, and therefore it should depend little on temperature.
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In the second scenario, the transition is due to the coupling of the propagating dynamics to the typical
relaxation processes in the system. Similarly to what is referred to as the a relaxation in glasses, when
the excitation energy Q(Q) becomes comparable to the inverse of the time 7x required to the system
to relax to its ground state, the modes are strongly affected: they change their velocity reaching an
higher value whenever the frequency is larger than 1/mg. The time scale g reflects the dissipation
mechanisms of the system and can vary by large amounts for relatively small temperature variations.

We took XS datain liquid water with 1.5 meV energy resolution at @=1.2,2 and 4 nm ™! at pressures
of =~ 0 and 2 kbar in the 250-370 K range. A specia high-pressure cell has been developed in our group,

and used in this experiment to keep the liquid state stable down to -20 C. In spite of the limited number
of investigated thermodynamic points, we observe a strong temperature and Q dependence of the sound
velocity, while the pressure effect is small. Specificaly, at Q = 1.2 and 4 nm™?, the velocity of sound is
basically temperature independent, with values of a2 2000 and 3500 m/s respectively. On the contrary,
at @Q=2nm™!, the sound velocity changes between these two values. This behaviour, emphasized by
the dotted lines, is qualitatively consistent with the results of a molecular dynamic simulation [9], also
reported in the figure. These results seem to indicate that the underlying mechanism responsible for
the fast sound is a relaxation process with a characteristic time 7z = 0.6 ps at room temperature.
The present data, due to the limited temperature region, do not allow to determine the temperature
dependence of g, and therefore to asses whether the water behaviour could be assimilated to that of
other glass forming systems. We hope to be able to obtain further data points at higher temperatures,
and to show whether the transition from fast to slow sound takes place aso at higher Q values.
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