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High pressure structural studies of liquid water
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The two simulations predicted completely different 2 -7 phase diagram of water.



High pressure structural studies of liquid water (2)

e Experiment
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The structure of liquid water was studied along the melting curve up to 17.1 GPa and 850 K by in situ x-ray
diffraction. Because an oxygen atom has a much larger x-ray scattering power than that of a hydrogen atom,
pressure dependence of local molecular arrangements was revealed straightforwardly. At low pressures, the
local structure changed toward a simple liquidlike structure through an increase in the coordination number of
water molecules. Once densely packed structure was achieved around 4 GPa, the volume was reduced through
the decrease in the intermolecular distance on further compression. Classical molecular-dynamics simulations
well reproduced the experimental results although the degree of agreement depended on pressure. Limitations

of the pair-potential model were discussed.

DOI: 10.1103/PhysRevB.81.014109

L. INTRODUCTION

The structure of water and its pressure variations have
been widely studied because they are crucial for understand-
ing the unusual properties of water.'”!” In ordinary ice (ice
Ih). each water molecule forms hydrogen bonds with four
nearest-neighbor molecules in the tetrahedral position. This
relatively open network structure shows a remarkably rich
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PACS number(s): 64.70.Ja, 61.25.Em, 62.50.—p

It is not, however, trivial to obtain an O-O partial structure
from neutron scattering because the contribution of O-O
pairs to the total scattering is less than 9%. The O-O partial
structure reported in the aforementioned study”” was ob-
tained with a help of a Monte Carlo simulation based on a
classical water model (empirical potential structural refine-
ment method) (Refs. 9—11): an initial structural model was
constrneted by a simnlation ngine the extended simnle noint



How to compare FPMD and experimental results?
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How to compare FPMD and experimental results? (2) \
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FIG. 2. (Color online) Molecular structure factor, S(Q), at vari-
ous pressures and temperatures. Thick solid lines (black) indicate
S(Q) obtained by the present x-ray diffraction experiments. Dashed
(violet) line indicates S((Q) at ambient conditions reported in the
literature (Ref. 8). Solid gray (green) lines indicate results of clas-
sical MD simulations, obtained by Fourier transformation of the
simulated O-O pair-correlation function. Dotted (black) line indi-
cates window function used for the Fourier transformation of S(Q)
to obtain pair-correlation function.
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FIG. 3. (Color online) Pair-correlation function, g(r), at various
pressures and temperatures. Thick solid lines (black) indicate ex-
perimental results. Solid gray (green) lines indicate O-O pair-
correlation functions obtained by classical MD simulations. Dotted
(red) lines indicate theoretical O-O pair-correlation functions after
broadening by the experimental resolution function. See text for
details.
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Fundamental issues

® A series of first principles MD simulations has already been performed
and successfully predicted various interesting physical and chemical
features of water at high temperatures and high pressures. However, ...

Some fundamental issues including

> quality of the present density functional for liquid water

slong-range dispersion interaction
.-C. Lin et al,, J. Phys. Chem. B 113, 1127 (2009).

eself-interaction <« p eV
T. Todorova et al, J. Phys. Chem. B 110, 3685 (2006).

» system size dependence
T. D. Kihne et al, J. Chem. Theory Comput. 5, 235 (2009).

kT . N
— < hydrodynamic consideration
67”7[’ B. Dinweg & K. Kremer, J. Chem.

»quantum effects of protons Phys. 99, 6983 (1993).
J. A. Morrone & R. Car, Phys. Rev. Lett. 101, 017801 (2008).

Dppc(L) = Dy

should be investigated in order to validate the results.
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® Born-Oppenheimer molecular dynamics (BOMD) based on density functional
theory (DFT) within Becke-Lee-Yang-Parr (BLYP) generalized gradient approximation
(GGA) combined with Grimme’s dispersion corrections (BLYP-D):

J. Antony & S. Grimme, Phys. Chem. Chem. Phys. 8, 5287 (‘06).

at_l Na,t ’Lj

Eprr-p = Eprr — S6 T Y: 6fdmp Ri;),

7,1jz—|—1

1
fdmp(RU) — 1+ e—d(Rij/Rr_]-) '

® Norm conserving Troullier-Martins pseudopotentials (PP) for O and analytical
Car-von Barth PP for H

® Plane wave basis set with £, = 70 Ry
® 32, 64, and 128 H,O in cubic supercell

® Production runs of —60 ps
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Effects of dispersion correctlons 32H20 system
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