EBARFEZMERE VYRS b

HOSEI UNIVERSITY REPOSITORY

PDF issue: 2025-05-09

DFENHEEIC L BIKVIIIEKVIIDIEERFS

KATAOKA, Yosuke / K[, %% / KADOWAKI, Tomonari / P§
fin, BEX

(HhRZ / Publisher)

EHKRZERA T 1 THEHRR Y —

(Mst4 / Journal or Publication Title)
EHRFBRAT 1 THERR Y Y —HRHRES
(% / Volume)

26

(BArs_R— / Start Page)
17

(]8#T7T~R—Y / End Page)
20

(F1T5E / Year)
2012-08

(URL)
https://doi.org/10. 15002/00007975



EBRZIERA T 4 THEWNIE Y X —WR8RE  Tol26 2012 4F

http://hdl.handle.net/10114/7186

17

FFENFEICK DK VI EKVIT ORERR

Phase transition of ice VIII to ice VII

by the molecular dynamics simulation
Ml BRk Aid VEA

Tomonari Kadowaki, Yosuke Kataoka
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We investigated the phase transition of ice VIII to ice VII by molecular dynamics simulation. First, the

stable structure of ice VIII is prepared at 1 K by NTV ensemble simulation.

Under the conditions of

constant volume, we calculated the molar potential energy, rotational correlation function, the mean-square
displacement at temperature up to 3500 K. The phase transition from ice VIII to ice VII at the T = 540 K is
found as a second-order phase transition. The ice VIII has a proton ordered configuration and ice VII has
disordered one. The first-order phase transition from ice VII to liquid occurs at T = 2750 K.

Keywords: Ice VIII, Ice VII, Rotational Correlation Function, The Mean-square Displacement,

Dynamics Simulation
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Fig.1 The temperature-pressure phase diagram for
water.[1]
KERTIE, F8HNFHET TV r—va v

Materials Explorer 5.0 % H\\C, &E T TOX VI
VERC L, 1RE 2 2L S 870K VII ~DFHEEE

ETT,


http://hdl.handle.net/10114/7186

18
2. B
2.1 9F8h%% (Molecular Dynamics)

SFEVEER, RO T 0 TR
E—ODFREEZ LT, ZORNOSTFEE 2K
EANZIRN T, SREZNZIBIT DT - 50 F Off &
BHFL TS FETH D, [2]

2.2 BhE7oH92TIL

(NTV) 7 oHo7n
A=Y U T EERCDET, BER OIS —E
DT Y TNNTHD,

2.3 EERAARSRE%

[l FEBARE AR, 4y FHhoD 51 28 & OFRE OFEFn
FEffl &2 b > TEMT 202 A5 7-DIZEIND,
KGTFIIHF L KRERBET H70IT, BHIZEERIC
L0 oTHhEEZ S, KIS, ERNERT,

C2® =P, (cosb(t)) = %(3 cos? O(t) 1) )

2.4 W= FELL

W) TAREALIE, SR T OEEMERS B CER
DRE LD T2 AN BN D,

Lo~ ()00 )~ 2SS 4, 7) - ] @

MR 7— 2 D
tick & B ORRINT — 2 OB ARRH]

2.5 RTUI v LEAK

RT3y VB L X, R - O EER %
LT HHOT BEE) tENICEEND [T
A—HBl] #5252 L TRETDHKICAE I RT
U VEEBE LT TIPAP R T v v VS (L
— RV a—r XK —u AEREMZTZH D)
NEFHND,

Copyright © 2012 Hosei University

AT v LEREL
==V a—r X% + 7 —n o fEA
) & 12_ & 6 . qiqj (3)
EIJ_DOH I‘u] 2{ rij] } 47[80['”

Do, Ry: BT V¥ WINT A—H

ry: JEFHIBERE(A)

qi, q;:FEAT(C)

4mg0: 1.11265% 10-10(C2/J * mol)

Qi qi: PRI T« KFIR T OER>EZEDFHEF 0
SRR DT« -0.8476%1.602177x10-19(C)
KB A DEM : 0.4238%1.602177x10-19(C)

g : 8.85419x10-12 (C2/ 7T * m)

4

3. YIal—YarvAERLHERE

KIFFETIL, EARAEMIZEENBESTFENEN =
128 & U720k VIII (IEHERDK) =ERR L, TREE
EHRARBTZBEOK VIL GIITRFBRDK) ~DOFREE
BAEAHRDLI-0I, TiOETTHEZIT S,

fE > 7 b : Materials Explorer 5.0

TV TN NTV

AT v 7 100,000 steps

R 08 2 0.1 fs

HAIBHAR AT >~ 7 2 100 step

1R AT > 748 100 steps

P 2.0 glen?’,

JEFE 1K -3500K,

S 128

T v VB Sy PNIEIEINAR, 271X TIP4P,
71 b A7 B 14 A IUCROIGERK 113 2.254932524

4. K VNI OREBEDIERAE
PUF D4k VI Z1ERT 5,

fEF > 7 b : Materials Explorer 5.0
T ¥ TV NTV

AT v 7 100,000 steps
IRpfIZ) 70l 2 0.1 15

HAIBAAE AT~ 7 1 100 step
IR AT > 748 100 steps
TEHE ¢ 2.0 glen’,

HE 30K,

IEBORSAE WA T 4 7 BEMIE® > 2 —HHTEHE Vol.26



SFEC 16
RT v v VEREE A FPNIERINA, 43BN TIP4P,
77> B A7 HEE14 A RN R 113 4.509864685

5 R

fER A Fig2- 9 12" d,

Fig.2 1Z[E AR OARAE TIK VIIL 2> 5K VII ~FHEE 3
HIREE PE, DB LRDTZHLDOTHY, Figs
30K VIL 2 IR D KIS 3 2 IR 4 [RIERIZ K
DI-HLDOTH D,

Fig2 IZB T, T=540K DL Z ATK VI 25
KVILIZE{E LTz EB 2 B b, Figl Ik Tl
BaiiicE o &, fEMERE L ThAICE (kL Tk
0, BB THDLLEEZILND,

Z OB, Fig.6 L1V T=450 K LA F Cllald=fHBE RS
#g=1, T=600KLLETiXg=03DLZAT—F
Toh b, Fig8 D, K VI IT7w b UEEDPELF
b TEY, K VI TIIERLFIZ/2 D Z LR
277,

F£ 72 Fig4 lIZBWT, T=2750K D& Z A TK VII
MBIBIROKIZEL LIZEE X2 BN D, Figs lZBW»
THEEBZZEMCED &, —HOOEOM T LML
D REFETHDHZ LMD, Zud—RMAERE T
bbHEBEZLND,

) RN B T2 & A FigT i, T=2750
KU ETIHRETHL Z ERbrolz, 2 ZIiE#
HTWRVWAT =2740 KELFE L EEKRTHY, T=
2700 K TIEHMALNCEEKTH L Z RSN,

(Fig.7)

F 72 Fig9 R L2 FELEDND T=2750 K Dz
BOEFE VI ) HIEIA~DIRE TH D 2 & 3D
bz,

5000 540K

5000 9 200 400 |600

iceVIl

-15000

PE,./()/mol)

-25000 -

-35000

T/K

Fig.2 The variation of molar potential energy with
temperature. (1 - 1150 K)
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Fig.3 The variation of molar potential energy with

temperature. (520K -1150K)
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Fig.4 The variation of molar potential energy with

temperature. (1200 K - 3500 K)
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Fig.5 The variation of molar potential energy with

temperature. (1200 K - 3500 K.)
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Fig.6 Rotational correlation function for water.
T =450 K (left) and T = 600 K (right); function p1 ev2
component
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Fig.7 Mean-square displacement for water.
T=2740 K (left) and T =2750 K (right)

o Vo oo e

*9 e #o o
e 46 &b 0 o
o

*® &9 o0 90

e o me s

e 9o %0 ofol
*0 90 g B we

P @ Se 90
e e P o >

Fig.8 The final molecular configuration of ice VIII (left)
and ice VII (right)

Fig.9 The final molecular configuration of solid state of
ice VII (left) and liquid state of ice VII (right)
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