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INTRODUCTION 

Physical properties of molecular liquids are highly 
variable as a function of pressure and temperature. Such 
variations give profound implication for the nature of the 
molecules and their intermolecular interaction. We can 
induce a drastic change of some physical properties 
through extensive compression to force the molecules at 
very close distances where intermolecular interaction is 
enhanced. A typical example of such phenomenon is that 
of compressed water (i.e., liquid H2O), which exhibits a 
drastic change of chemical bonding state at pressure of 
several tens of gigapascals, as previously reported by 
static compression experiments using diamond anvil cell 
[1] and also by shock compression [2]. 

H2O molecules form hydrogen bonding between 
them, which has high degree of freedom to adjust the 
network structure of the liquid to be best-suitable for the 
given pressure-temperature conditions. With increasing 
pressure, the distance between two oxygen atoms at the 
centers of the two neighboring H2O molecules becomes so 
close that inter-molecular hydrogen bonding and intra- 
molecular covalent bonding intimately mixes up together 
[3]. This mixing yields a new bonding of rather ionic 
nature between the oxygen anions and its surrounding 
protons, where the protons are expected to diffuse faster 
to increase the electrical conductivity of water. It was 
expected that deep inside of icy giant planets in the outer 
solar system, electric current induced by these fast protons 
produces their strong planetary magnetic fields [4]. 

Here we note that, in addition to water, these planets 
involve carbon and nitrogen as their major components. 
Thus, for the materials inside the icy giants, we may have 
a different chemical bonding state from that of pure H2O. 
We are therefore trying to quantitatively analyze the 
influences of these components to understand the nature 
of fluids in planetary interiors, by laser-shock experiments 
of mixtures of H2O with carbon or nitrogen components. 

EXPERIMENTAL 

GEKKO-XII high-power glass laser with a few 
nanoseconds in pulse width were focused onto the target 
to generate a strong shock wave into the sample mixture. 
We have designed and prepared specialized sample cells 
made of quartz, which is now widely used for the best-
accurate standard as the equation-of-state (EOS) reference 
in the laser-shock [5,6]. While the laser-induced shock 
wave was propagating within the cell, two line-imaging 
velocity interferometers (VISAR) [7] and a streaked 
optical pyrometer (SOP) [8] were simultaneously used to 
measure the shock velocities Us, shock graybody 
temperatures T, and optical reflectivity R of the quartz and 
the sample. 

 
Fig. 1. (top) an example of the VISAR image. (bottom) its 
corresponding shock velocity and reflectivity profiles. 

 

Figure 1 shows typical experimental results for a 
sample mixture of H2O and C2H5OH that was compressed 



by the laser-shock. Observation of reflecting interference 
fringes in the VISAR image demonstrated that both of the 
quartz and sample transformed from optically transparent 
insulators into good reflectors [9-11], where some of their 
bound electrons were delocalized. Shock pressures and 
densities of the quartz and sample, when the shock passed 
through their interface, were determined using Rankine-
Hugoniot equations and shock-impedance matching 
method. We also determined these parameters at smoothly 
decaying shock fronts while the shock passed through the 
samples using the Rankine-Hugoniot equations. 

RESULTS 

Pressure, temperature, density and reflectivity were 
all simultaneously determined for the shock-compressed 
H2O, H2O-C2H5OH mixtures, and H2O-NH4 mixture. 
Figures 2 and 3 show the observed optical reflectivity of 
these samples as a function of pressure. 

Fig. 2. Reflectivity of water and water-ethanol mixtures as 
a function of pressure. Large symbols show the results at 
the quartz-sample boundary of each experiment, and small 
symbols show those at the decaying shock fronts. 

Fig. 3. Reflectivity of water and water-ammonia mix-ture. 
As in Fig. 2, large symbols show the quartz-sample 
boundaries and small symbols show the decaying fronts. 

DISCUSSION 

As seen in these Figures, the reflectivity of water 
mixtures dissolving carbon or nitrogen components were 
demonstrated to be significantly increased from that of 
pure water. Therefore, these additional components makes 
bound electrons in these water mixtures to be more easily 
delocalized. In addition to the expected dissociation of 
protons, such electrons should also be contributing to the 
planetary magnetic fields within the icy giants. 

We are now trying to associate our reflectivity and 
other measurement results with electrical conductivity 
measurements and molecular dynamics simulation results 
of “Synthetic Uranus”, which has a similar composition to 
our mixtures [12]. Their molecular dynamics simulations 
suggested that large molecular clusters involving many 
oxygen and carbon atoms are produced to affect the 
property of such material. Our results will provide new 
constraints to find the actual process occurring in these 
material in deep planetary interiors. 
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