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We analyzed the available experimental data on the shock-wave compressibility of water. 
The results were approximated by three rectilinear segments in wave-mass velocity coordi- 
nates. The calculated temperatures of shock-compressed water were compared with the melting 
curve of ice VII. We found that breaks in the D-u curve correspond to intersection points 
of the Hugoniot curve with the water-ice VII phase equilibrium curve. A correlation of these 
results with the findings of other authors suggests that the Hugoniot curve of water crosses 
into the solid-phase region of ice VII. 

The shock-wave compressibilities of different substances display a common feature: the 
Hugoniot functions, e.g, the pressure-volume curves, are not smooth. The discontinuities 
denote phase transitions, i.e., structural changes in the crystal lattice or changes in the 
atomic electron structure (see [i, 2]). The Hugoniot curve is usually plotted from measure- 
ments of the shock-wave kinematic parameters, viz., the wavefront velocity (wave velocity) 
and the material particle velocity behind the wavefront (mass velocity). The Hugoniot curve 
is thus representative of the relationship between the wave and mass velocities. 

As a most abundant substance on earth, after has been extensively studied, specifi- 
cally to investigate the fundamental high-pressure behavior of substances, as well as with 
a view to solving a range of practical problems. Many studies have been devoted to the rela- 
tive position of the shock compressibility curves and the liquid-solid equilibrium curve of 
water. It has not been conclusively determined whether the Hugoniot curve "crosses over" 
into the solid-state region or not. This is illustrated in Fig. I, where T-p coordinates 
are used to plot the melting curve of ice VII from the data in [3] (dashed line) and the 

Hugoniot curves from the data of different authors (solid lines) - 1 is taken from [4], 2 
from [5], 3 from [6], 4 from [7], 5 from [8], 6 from [9], 7 from [i0], and 8 from [ii], 
The cross indicates the intersection point [i0] of the Hugoniot curve of water with the 
melting curve of ice VII, while line 8 marks the pressure [ii] at which shock-compressed 
water underoges a phase transition. The discrepancy stems from an inaccurate experimental 
wave-mass velocity formula, i.e., an inaccurate pressure-volume relationship for shock-wave 
compression, as well as from differences in the equations of state assumed for temperature 
calculations. In this study we review the existing data in order to determine whether the 
Hugoniot curve of water crosses the region of ice VII. The results below confirm that such 

is the case. 

i. The phase transition indicated by a break in the Hugoniot curve at p = 11.5 GPa [Ii]. 

2. The phase transitions indicated by viscosity changes under shock compression [12-14], 
Mineev and Zaidel' [13] conclude from their experimental viscosity data that water is in the 
solid phase in the 8.0 to 15.0 GPa pressure range. This range may vary, considering that 
the measurements in [13] include the pressure and viscosity, while the temperatures are 
derived by calculation [6]. 
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3. The shock-compressed water temperature measured at p -30 to 40 GPa [7, 15]. The ex- 
perimental data are -10% lower than the calculated values [6]. The calculated temperature- 
pressure Hugoniot curve [6] intercepts the ice VII region in the 3.0 to 4.5 GPa pressure 
range. Since the actual temperatures are lower than those calculated in [6], the pressure 
range within the Hugoniot curve of water and the melting curve of ice VII intersect may well 
be larger than that. 

4. The data of [i0], which give the intersection point of the Hugoniot curve of water 
with the melting curve of ice VII at T = 645 K and p = 13 GPa. 

Studies of the optical properties of shock-compressed water report no variations in the 
3.0 to I0.0 GPa range [16] or 4.0 to 30.0 range [17]. This has led Kormer et al. [7], and 
Kormer [15] to conclude that water remains in the liquid phase throughout the Hugoniot curve. 
The data of [11] show, however, that the transparency of shock-compressed water changes at 
p = 11.5 GPa, confirming the presence of a phase transition as indicated by a break in the 
Hugoniot curve at that pressure. 

The object of our study is to plot the wave-mass velocity Hugoniot function of water 
and use it with the equation of state to obtain the shock-compression T-p curve (compared 
to the phase equilibrium curve). 

The D-u function is derived from the experimental data. The shock compressibility of 
water has been well investigated [i, 4, 8, ii, 18-31]). The results are plotted in the 
wave-mass velocity (D-u) plane in the form of three segments, each of which can be approxi- 
mated by a linear function. This piecewise linear approximation is done by the method of 
least squares applied to each segment. The D-u function is plotted over the experimental 
range in Fig. 2. Listed in Table 1 are the coefficients c o and $ of the D-u function, i.e., 

D = Co -+- J3u, ( 1 )  

and the shock-wave velocity root-mean-square errors OD" 

Analysis of the diagrams in Fig. i and the experimental curve in Fig. 2 suggests that 
segments i and 3 of the D-u plot correspond to the shock compression of liquid water, while 
segment 2 may be the Hugoniot curve either of the solid phase, i.e., ice VII, or of a mix- 
ture of liquid and solid phase. This makes it very difficult to derive an equation of state 
for segment 2. Calculation of the temperature for states over this segment would thus yield 
indeterminate results. We will therefore consider the liquid-phase temperature over seg- 
ments 1 and 3. The temperature is calculated from the equation of state given in [9]. The 
relationship between the shock-compressed pressure p and density P is obtained from the law 
of conservation of momentum on the wavefront, by means of Eq. (i) with the coefficients 
c o and ~ from Table i. The cold compression curve for the low-temperature segment i is taken 
from [32]. The test point is the initial state under normal conditions. The parameters 
of the intersection point of this Hugoniot segment with the melting curve of ice VII are 
T = 400 K and p = 2.7 GPa. The equation of state used for the high-temperature segment is 
taken from [9]. We performed preliminary calculations to test the resultant values against 
available data [15, 27]; we assume that thermal electron excitation has a negligible effect 
on the pressure and internal energy within the given range of state parameters. Using the 
equation of state from [9] with the values of c o and ~ given in Table 1 for segment 3, we can 
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then calculate the temperatures over the Hugoniot curve in the neighborhood of the melting 
curve. The intersection point of the high-temperature Hugoniot segment 3 with the ice VII 
curve has the coordinates T = 695 K and p = 16.7 GPa. 

The intersection points of the Hugoniot curve with the melting curve of ice VII are 
denoted by circles in Fig. i. Each intersection of the Hugoniot curve with the melting 
curve actually covers a temperature and pressure range. These values, together with the 
data of [i0, ii], indicate that the Hugoniot curve intersects the ice VII-water boundary 
in the range of ~12 to 16 GPa. According to Table 1 the coefficient of variation in this 
pressure range is 3.5%. This corresponds to an interval of • In order to determine 
more accurately the pressure and temperature ranges of intersection of the Hugoniot and 
melting curves in segment 2 of the D-u plot, we need to include in the internal-energy 
equation a term for the heat of fusion of ice VII over the intersection of the ice VII- 
water phase equilibrium curve. The problem in this case is that the solid and liquid-phase 
fractions present in the shock-compressed state cannot be precisely defined. 
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