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Structure of Water under High Pressure
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Abstract

X-ray diffraction measurements are made in an energy-dispersive mode on water over the megapascal to the
gigapascal range by high-pressure X-ray diffraction specially designed in laboratory and a synchrotron radiation
facility. All the X-ray structure factors obtained are subjected to empirical potential structure refinement to reveal the
detailed hydrogen bonding features in terms of pair correlation function, coordination number and three-dimensional
spatial density function as a function of temperature and pressure. It is shown to what extent the tetrahedral
hydrogen-bonded network of water is perturbed by pressure and temperature. Structural characteristics of liquid
water are discussed in connection with unique properties and functions of water under extreme conditions.
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Figure 1 Phase diagram of water [3]. Experimental thermodynamic states measured are shown with stars.
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Table 1. Densities of water at various thermodynamic states measured.

Temperature (K) 298 473 573
Pressure (MPa) 0.1 30 30
Density (g/cm’) 0.9971 0.8846 0.7506
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Figure 2 Photo of a high-pressure X-ray diffractometer in the

Laboratory.
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Figure 3 A high-pressure sample apparatus for X-ray diffraction of liquids in the megapascal region[12]. (a) the whole apparatus, (b) cross-
sections of a high-pressure cell assembly and (c) a high-pressure cell.
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Figure 4 Photo of a high-pressure X-ray diffraction diffractometer of liquids in the gigapascal region installed at BL14B1 of

SPring-8. The insert is the photo of six-axis press units with a sample cell in the center.
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Figure 5 A high-pressure cell used for X-ray diffraction of liquids in the gigapascal region at SPring-8.
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Table 2. Reference potential parameters of water used in EPSR
simulation [24]
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Figure 6. Experimental and calculated structure factors (top) and
the corresponding radial distribution functions (bottom) of
water in the megapascal region (473 K/30 MPa, 573 K/30
MPa), together with those under ambient condition (298 K/0.1
MPa), obtained from EPSR simulation based on EDXD and
ADXD measurements[12].
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Figure 7. Pair correlation functions and coordination number
distributions of O-O pairs for water in the megapascal
region (473 K/30 MPa, 583 K/30 MPa), together with those
at ambient condition (298 K/0.1 MPa), obtained by EPSR
simulation[12].
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Table 3. The average coordination number of Ow-Ow pairs in water in the megapascal region (473 K/30 MPa and 573
K/30 MPa), together with those at ambient condition (298k/ 0.1 MPa) obtained by EPSR simulation.

Vmin Vmin

298 K 473 K 573K

Ow-Ow 1A 3.35A

448+1.09 387+1.18 3.11%£1.21




mETOKOHEE (ILEA#ES) —87—

(a)
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Figure 8. Spatial density functions of surrounding water oxygens in the first layer at 1.0~3.3 A (left frame), in the second layer at 3.3~4.9 A
(middle frame), and in both layers at 1.0~4.9 A (right frame) around a central water molecule in water in the megapascal region ( b) 473
K/30 MPa, (c) 573 K/30 MPa, together with those at ambient condition (a) 298 K/0.1 MPa obtained from EPSR simulation. Central red
balls represent water oxygen, white ones water hydrogens, and yellow ones the surround water oxygen atoms.
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Figure 9. Distributions of cluster size for water in the megapascal
region the megapascal region (473 K/30 MPa, 583 K/30
MPa), together with those at ambient condition (298 K/0.1
MPa), obtained by EPSR simulation. conditions. The solid
line represents the percolation threshold.
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Figure 10. Experimental and simulated total radial distribution
functions for water result from EPSR simulation under the
extremely pressures with various temperatures[12].
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Figure 11. Pair correlation functions of water obtained around 473
K with different pressures (black solid line for 473 K/30 MPa,
red solid line for 473 K/350 Ma, blue solid line for 486 K/4
GPa.)[12]
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Table 4. The average coordination number of Ow-Ow pairs in water in the gigapascal region (298 K/1 GPa, 473 K/0.35 GPa, and

486 K/4 GPa) obtained by EPSR simulation.
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Figure 12. Spatial density functions of surrounding water oxygens in the first layer at 1.0~3.3 A (left frame), in the second layer at 3.3~4.9 A

(middle frame), and in both layers at 1.0~4.9 A (right frame) around a central water molecule in water in the gigapascal region (a) 298
K/1 GPa, (b) 473 K/0.35 GPa, and (c) 486 K/4 GPa obtained from EPSR simulation. Central red balls represent water oxygen, white ones
water hydrogens, and yellow ones the surround water oxygen atoms[12].
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