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SCIENTIFIC CONTEXT :

Despite being an
everyday liquid, water
is regarded as the
most anomalous [1]: it
expands upon cooling
below 4 °C, or flows
more  easily when
mildly pressurized. A
hypothesis proposed
30 years ago [2] to
explain these counter-
intuitive behavior is
still  highly debated
[1,3]. Water might exist
in two liquid states,
which would differ by
the local arrangement
of the molecules.
However, the two
liquids would separate
only at wvery low

temperature, and
direct evidence for this
transition remains

elusive. Nevertheless,
it is possible to gain
insight about the origin
of the anomalies of
water even w |th Experimental setup

experiments

performed near room

temperature, but at extreme pressures. The proposed doctoral work will cover extremely low (negative) and
extremely high (GPa) pressures. The main tool used is Brillouin spectroscopy, an inelastic light scattering
technique which gives access to the sound velocity and attenuation. We generate negative pressures by cooling
water at constant volume, using um droplets trapped into a quartz crystal. We have thus reconstructed the
equation of state to -140 MPa, unveiling a new anomaly [4]: a maximum in isothermal compressibility along
isobars. The high positive pressures are obtained in a diamond anvil cell. Recently, we revealed a new anomaly
of liquid water: the existence of a minimum in its relaxation time, around 0.5 GPa at room temperature [5].

MISSIONS :

At negative pressure, the maximum in isothermal compressibility along isobars is a necessary condition for the
validity of two scenarios for water. These two theories also predict that the famous line of density maxima (at 4
°C at ambient pressure) should reach a turning point (maximum temperature) at P<O0. In our experiment, we see
the line becoming more vertical but, unfortunately, we could not reach the putative turning point with light water
because of unavoidable nucleation of the vapor (cavitation). Because water and heavy water have nearly equal
surface tensions, we expect cavitation to occur at similar pressures. In contrast, extrapolations from the
equation of state at positive pressure suggest that the turning point of the line of density maxima occurs at less
negative pressure. The long-sought turning point might thus become observable by repeating our experiment on
heavy water.

At positive pressure, we will refine the measurements of the relaxation time by upgrading the spectroscopy
setup, and will also repeat the experiment with heavy water.



OUTLOOKS :

The PhD may include a theoretical part, depending on the student's profile.
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