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What is Expected from the Computer Simulations in the Study of
Molecular Liquids and Solutions

Yosuke Kataoka

(Received March 9, 1992)

Computer simulations are reviewed in the study of molecular liquids and solutions. The characteristics in
the computer simulations, and what is expected from the computer simulations in the study of the thermal
propeties of substances are summarized from the stand point of the experimentalists who want to study the
microscopic aspects also. Three examples are described: the calculation of the free energy of liquids/solutions,

the derivation of the equation of state of liquid water, and the calculation of the transport properties of liquid

water by the computer simulations.
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Fig. 1 Pressure equation of state of fluid water. Isobaric

contours are shown in the 7-V plane.”” The solid
line is the G-type EOS. The dash-dotted line is the
L-type EOS. The dotted lines show the experimen-
tal results. The temperature of maximum density
(circles) and the limit of stability (triangles) are
also shown in the L-type EOS. An arrow indicates
the volume of low-density ice at 0K.

Table 1 The critical point of fluid water.Z"

calc. exp.

TJK 603 647
Vfem® - mol™ 62 59
P /MPa 28 22
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Fig. 2 Coefficient of thermal expansion is plotted against
temperature at P = 0.1 MPa and 100 MPa.?” The
solid line is the value by the G-type EOS, the dash-
dotted line is that by the L-type EOS. The dotted
lines show the experimental results.

5o

FEHPAEET LEBY oMK E L TS5 THEER
K% Fig.l iR LT. - RRERSETRRE & iy
%ETable 1 DEH D, FAE /T 2 —F DRVE
BIEOTHRIHLTOBLEMDD 5B, '

MR RMOEEZE(LE Fig.2 iR Ui, ERE DI
BB GBI A OES & AEBSELET b COHEDHE
EEREF DO E TN ETH D, EROFHDHET
BREADBEEOMEE LTHR/INE BT EICHIEL T
3, BEAZTHTOL EEHRBLOOR, BIMCET b,
L OREOENOEIMIKN SBEPRET LD TH
2, KRR BEAL D EESAKE VO TEIMSHENT
B3DTH 5,

mEFHEL LUEERAEERS Fig.3, Fig. 41Tl
fro SUMHCHEBIERBEBCHEL TV, &1
HECEROBEIESI ARENEROLEE Table 2iC
Tt EHEROCTRERMEERRE LT 5, £
OV TIEREE PSR E & ol E BRI
L, CREBHMUENICRD SN FRERHES
MBI 2KET v vy VOBRBETORATH S, £
IR E NI L AP LDFEEREODTE
3 Ly L TOBLENEEE LD HE(LT S
PERHDBEEZ HND,

Netsu Sokutel 19(3) 1992



B2 PRIV RN il E S S

T

CC Water

9
:
Y .
N i
L il i !

Z00 600

! 1
200 800 1000
T/K
Fig. 3 Isothermal compressibility is plotted against tem-
perature at P = 0.1 MPa and 100 MPa.?” The solid
line is the value by the G-type EOS, the dash-
dotted line is that by the L-type EOS. The dotted
lines show the experimental results.
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Fig. 4 Heat capacity at constant pressure is plotted against
temperature at P = 0.1 MPa and 100 MPa.?” The
solid line is the value by the G-type EOS, the dash-
dotted line is that by the L-type EOS. The corrected
values are also shown, where the effects of the
internal molecular vibrations are included. The
dotted lines show the experimental results.
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Table2  Thermodynamic properties of liquid water at

T=298.16K, V=18.068cm’ - mol ! 27

calc. exp.
2 /107%! 42 26
k7/1071%Pa’! 43 45
C,p/R 93 9.1
P/MPa 2%10% 0.1
U*/J - mol™! -39 -41
SR -7.6 -7.0
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The self-diffusion coefficient D is plotted against
volume V at several temperatures.>”

The experimental results are shown by the solid
lines.
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where pressure is about 50 MPa.*? The experimen-
tal results at P=50 MPa are shown by the solid line.
An arrow indicates the critical temperature.
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Fig. 9 The thermal conductivity is plotted against tem-
perature, where volume is 18 cm3- mol? 3V, The
cross means the total conductivity. The contribu-
tions from rotation and translation are plotted by
circle and triangle respectively. The experimental
results at V=18 cm?mol! are shown by the solid

line.
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Fig. 10 The time correlation function related to the ther-
mal conductivity, translational part?.
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Fig. 11 The time correlation function related to the ther-
mal conductivity, rotational part?".
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Table3 Rotational and iranslational parts of thermalconductivity , V=1 8cm’ - mol™ 31
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