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Phase transitions in carbon dioxide are studied by molecular dynamics simulations. The low
temperature crystal structure was obtained by NTV ensemble simulation at T = 10 K in
4-molecule system with FCC lattice. The 108-molecule system was used to obtain the melting
and the boiling points by NTP molecular dynamics simulations. The change of phase was
confirmed by the radial distribution function and the mean square displacement. The critical
point was also estimated by NTV ensemble simulations. Phase diagram was drawn in T-p phase

space, which was not so good under low pressures.
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Fig.1 _Stable structure of solid CO,.
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Fig.2  Molar potential energy of CO, vs. density at
T=10 K.
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Fig.3 Stable structure of solid CO, in 108-molecule
system.
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Fig. 4 Molar potential energy vs. temperature atp =1
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Fig. 5  Molar volume vs. temperature at p = 1 atm.
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Fig. 6 Pair correlation function at T = 118 K (upper)
and at T = 212 K (lower) near the phase transition point.

FPIE AR (Fige) 75 EoXix (1)
118K (F) 119K OFFD H DT, FORN (1) 212
K (F) 2BKDOEEOLDTH 5,

EHE5H ETFDT T 7 DN LN,

WD) “FRIENLTIL S T 7 DFERBAE DZEALH>
BER, WK, [RIRORETH D Z L 2T 52
LWTED, Fig. 7137403 0HTH D, FET
VB AN LT X 1.0x102A 2~1.0x10 A2 FRJE
TR TIZEAR THEIT 10~100 A% < BV, KETIX
TR D X 5 722 kA LT T, 1.0x10%~1.0x10°
A2x L7,

EBRFE WA T 4 7 HEMIE 2 — TS Vol.24


http://www.cms.k.hosei.ac.jp/paper/vol24/vol24_5/fig4-5.xlsx
http://www.cms.k.hosei.ac.jp/paper/vol24/vol24_5/fig4-5.xlsx
http://www.cms.k.hosei.ac.jp/paper/vol24/vol24_5/fig4-5.xlsx
http://www.cms.k.hosei.ac.jp/paper/vol24/vol24_5/fig4-5.xlsx
http://www.cms.k.hosei.ac.jp/paper/vol24/vol24_5/fig4-5.xlsx

28

MLSDIAZ]  :
—— 2 =
MLSD[AZ]
MLSD[AZ]

10
W

Time[ps]

Time[ps] Time[ps]

Fig. 7 Mean square displacement of argon in solid, liquid
and gas phase.
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Fig. 8 Mean square displacement of CO, near melting
point.
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Fig. 9  Mean square displacement of CO, at T = 118 K
(left) and at T = 119 K (right) near boiling point.
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Fig. 10 Molar potential energy vs. temperature under p =
0.01 atm, 1 atm, 30 atm and 60 atm.
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Fig. 11 Molar volume vs. temperature under p = 0.01 atm,

1 atm, 30 atm and 60 atm.
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Table 1 Melting and boiling points.
p/atm melting point /K  Boiling point/K

0.01 116 214
1 119 213
30 115 223
60 118 240

5. AR

AEER L7 Dreiding FHEAERIZEIT D CO, DR
KBRS A RO D72 DIZ, 771401000 O NTV 7 >
Yo TNDYI 2 b— g UEBIEITo T,

JET) DIREE & ARFE~ DR Fig. 12 12",

200
——p275K
—=p267K
150 + —o—p260K E
1=}
5 100 -
o
50 -
i} SSaa-c s
10 100 1000 104 10°

V_/ (em*/mol)

Fig. 12 Pressure vs. molar volume at T = 275 K, 267 K
and 260 K.

Fig.12 705 T = 267 K 2SI+ 2 &2
0D, FIEEFROT =2 %R 2ITE LD,

Table 2 Critical point of CO,.

MD  exp”
T./K 267  304.2
p./atm 65 72.85

V./(cm’mol) 98 94
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Fig.13 Molar Internal energy vs. molar volume at T =
275 K, 267 K and 260 K.
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Fig. 14 Phase diagram
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