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Structural and dynamical properties
of water under high temperatures and pressures

Takashi Ikeda', Yoshinori Katayama'®

Although liquid water is one of the most abundant materials on earth and most familiar to all of us, the
present understanding of liquid water exhibiting various interesting properties depending on the environment is
still far from satisfactory. Hence, it is still one of main subjects in vast research fields including physics,
chemistry, and biology. In this contribution, we first describe the structural and dynamical properties of water
under high temperatures and pressures revealed by combining advanced first principles molecular dynamics

simulations and /n situ X-ray diffraction experiments.

higher pressures and temperatures are summarized.
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Fig. 1 . Apparatus for high temperature and pressure X-ray diffraction experiment.
Schematic view (left) and photograph (right) of the cubic-type multianvil press
installed on BL14B1, where the present diffraction experiment was conducted.

ROETIREEZ (TX2RY) ECVas o SET
W IRHEL, SEETOMBORMEREZKD 5 &
Ral—YavETHE. Lo, FHICEHSW D
MBOEBEORSIFEEETORELZRD 2 2 N TE
5. LdL, stEAERPKE L, BICREROEE I3
KEFHENYEE S, 22 CHEHS KDY S 21—
g VT KAEHERK A v/ (Ikeda et al, 2010). &

Salv—yvarFRELEELY—FICL UTbh, BE
X 300K 25 900K £ T, HEIX1.00g/cm?® 2> 5 1.61
g/cm? £ TRMACELSE T WS,

—77, KIS ko XEREH EE % SPring-8 O JiF
JIBEREE —LA 54 Y BLUBl B L UH#HE—LAF 4 >~
BLO4B1 TEML, ¥ av—ya ryBfTbilo L[HE
—DRE -BELMHEE2E1.8g/cm?® (17 GPa,
850K) Z TOMIE*#1T->7z (Katayama et al., 2010) .
E—A 74 ¥ BLI4BLICRRE S L T\w» 25 HEEOME %
M1Rd. BREARE L THBERS I YEY RDA Y
TEEEEED 7 5 R, BWREEEEHNT, K
HMAV ALY EERZFESE VS, FA4YEVFD
# v ZRBEBRN BN 7%, XfgeEAL, »o
EHHNC b EETH 2 72 DWEOFREIEIHR & L TENT
W5 XHEREHTIC T HEX R Ve TR0 — 58k
2RV, B nNBERT D o BRI E RO 72 .

FBR LD 515 5 BRI O g # X 2 12
Y. BRSO AR xy (r) R FXZE2FLELTHE
Bt » R FY DT D HERBEE AT, 2 OB
ORI (BRTICBEL Tw 2R TO%H) ZEDR
ORSEDRMEMS ZENTES . BHOK, bbb
W ST WO K TR BHES T RIS AR E
WK SN S0, WERTH-> THoTEYNEAK
RETH 2 KK L 7- RIBERERRFE 238 2 Z E M HTS T
W5, K10 EORER EMEESFER S Tw S
B, 1O0OKGTFIRERT S E, ThEKRER-E L4
DO T A HROTERICAIE T % 4 BT 2 E

@)

9on(

<)
T
(o]
o
o
—
=
1
@
T

e

o
o
N

ol 1

of - 4 10f ]

: 12l Y

: | I

: i —

of } o L1 —:

e e S Y R S—
rA] riA] rA]

X2: () B 1.0g/cm?® B & O (b)i&E 700 K TOERSAE
Bk, BT L EE o5 o N BIRMGEEEE 7 h 2 W ERR
EWRR TR LT, XEREIHTEED 5 1% g0 (7)) DHDES
N5, BRI T 270 CHKMOHRL 27— 13Htux 2 3
OFLLTWw3,

Fig. 2 : Theoretical and experimental radial distribution
functions compared. Radial distribution functions goo(7),
gon(7), and guu(7) for (a) 1.0 g/cm?® and (b) 700 K obtained
from our first principles molecular dynamics simulation
and i situ X-ray diffraction experiment are shown as
solid and dashed lines, respectively. For clarity, the verti-
cal axis for data of different temperatures is shifted up.
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Fig. 3 . Distribution of the orientational order parameter ¢ representing the tetrahe-

drality of the coordination shell.

The corresponding distribution for liquid Ar (7=

150 K, P~140 bar) is shown as dashed lines in most upper-right panel.
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Fig. 4 . Temperature dependence of (a) rotational correla-
tion time 7z and (b) diffusion coefficient D for water.
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Fig. 5 : Schematic P-T phase digram of water represent-
ing the crossover between H-bonded and simple-liquid-like
liquids in molecular liquid phase.
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