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ABSTRACT The pressure induced structural phase transition of GeO, glass was studied by molecular
dynamics (MD) simulation based on the pair potential obtained from the ab initio calculation. The phase
behavior in GeO, system obtained with simulation is in good agreement with the experimental results.
Also, the isobaric heat capacity, the isothermal compressibility and the structure of the stretched GeO,
glass were studied by contant pressure MD. The metastable limit—spinodal line was discussed.
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RETFEMMEFHEESET M ZEE. FEHH,
BERGRBENESE, TNEELTFRASBREELR
BHE, HELFTRERE. SiO; BBMSHRFRENESN
FSEMHATNLT2HAEEHGTRRS 1.

BENETRER, SiO B GeO, HHMAEBET
s s R 24 B8 Si RFR Ge HFMEA
K 6.

HENFTEHBSEMAE, X (5] B34 Si0, %
BT T B0 FE MBS, HENER5LReE R
RABMRE, T GeOo FBMNFK MARE. XFHEHE N SiO,
RECHURLERMTA, T GeO, RAEHT THRMHE
BERH.

* B R RESEHERERESFHHE CNI8—016
WRMBER : 1999-04-09, RRIERHE M : 1999-06-29
feEmN : % H B, 1943 £4, ¥

FXHRETHEESFIHA¥FE (FH MD) #iil
GeO; ZHMWEH B HENER, HEBRURAETL
ZHRLHHEFBER. BRTRERS, FIEUMENE
FEBEEAEXS, BELT&mEEK RS, B
HMITNSERGRTERE. BERH: GeO, AR
ETHHEES Si0; BMETETHHEERM, RRENE
& MERETHWTAREREF]. MERHEF (spinodal
£) #ITTiHR. M 300 K BHABMESH spinodal fH,
BT E O T AR B A E 89 BRR; TSk A1 T
ZERRE, AR A LA 2% 2 REL R0 R 4 g A B

1 FEFEXHEERY

KRAMLIHESE (ab initio) X4 G H & /NEF#
[GeOy)*~ #H1FTiHE. abinitio HHEFEMMTLERS
[B] 4075 H 143777 (the complete active space multicon-
figuration self-consistent field method, f&# CASSCF),
FHHHER GeO, RETRFRINHEERL. FrAFKE
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{1 F Lasaga Xf — & {bit & Tsuneyuki XF &L EFIBERE
wEeabsE e O FE Ge BEF®EMAY 4sdpdd, HEF
RN 2s2p, SWMEH HIE - PUEAT IR ERFNH
MRHE R LS. FrARFHEE Arizona M k%
e ERR

LA ab initio PR BN E KR FHE [GeOy)t~
WEEERTFE 1. B d b Ge-O &5, HfI% pm; B
B ERABEFEMN (au).
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Fig.1 The ab initio energy of [GeOy4)*~ cluster

Bl GeO2: REREFEMARREREAF THER
’U.(T'ij) = Ziquz/T,'j + Aijexp[3.4483(bij - rij)] (1)

K#, r BEEE,  fl ] RRETFHE Z BF
BB B, BHERAFER Zg.=-220; ¢ HEFBH
(1.6022x1071° C); A #1 b 2%, K (1) GRIFHHERL
£ kJ/mol.

SHIARAIM (7] H973%, BRURIE ab initio
G, UREXIYERAEZREE. Aoo Ml boo HIEE
BRASCH (7] B O WIBHL. i abinitio ZRB[BIIHES
¥AME. REET MD SEMIRX S5, FRETE AT
8 GeO, BHHEIZE 1.013x10% Pa, 300 K Btpy @M Ge-O
THRRETRERBAS. & 19 T4 MD #fld
RS RER S TE.

®1 FEFUEEREMSRE
Table 1 The parameter of the potential

Atom pair Aij, kJ/mol bi;, 1072 nm
Ge—Ge 22.8856 26.88
Ge-0 14.3235 27.64

0-0 5.7214 28.40

2 SFEhHEHL

MD ## Sk F3EUY 450(B) 150 4 Ge JRF, 300
A O FF), HEURE N 300 K. ]\ 3000 K gy /12 P4
RE, RASMBRBRER, KB GeO: HHMSHEAE
EEL. A SRETAIZYY 100 ps, B B—RELE KN
1.0x1073 ps. RAZEN FehhFEMBFE, 5T WS
E, EFARENRERREREARER, EAFKELTE,
HIFFEMAET WCH (8] kBB EERASH Ewald kA
FikahE, RAREDR&ME. 300K, 1.01325%10° Pa
TrRFERALRME A MD #F83%E Arizona M
LK% Angell HEZEH
3 LRF0TE

BT HA GeO, FHBMES — R (p—V) XEL
K2 #£5—10GPaf, p-V XRZRHIARK. EPE
BB 10* 3, GHHEN 1.0x1073 ps, H—pf R
SRRV, H—EARTAERESAEY. KEEETRE
HTESREMAE.

50
o
40 Vo = 28.652 cm®/ mol
e}
30+
©
a L o
& 20
Q o
101 o
%o
00 0 o
ot o
o]
o
A0} °©
20 n t " L
0.4 06 0.8 1.0 1.2 14
ViV,

B2 300 K B GeO2 HHMWES (p) 5HB (V) XA
Fig.2 The p — V relation of GeO; glass at 300 K

B 34T GeOy REFES (p) X Ge M FHRAL
B (Ne) M, LIk Ge—O Fiyk (d) 5EN (p) B
RE. BMHMN -10 — 50 GPa.

ME 3 TLIEREN, E5—10GPald], GeO: 3
BEE—PRAE N A 4 3) 6 BT, EHET GeO,
BHEEN—MERBE. BERES GeO HMMEMNE
{8, SCAR [3] & 7.0 — 9.0 GPa, 3Tk [4] % 6.6 — 13.0
GPa, AR HBBIWAEESN 5 — 10 GPa, ZEM
LREMFSBMHELLE. N spinodal &M EED
TEX—FEE M.

LIMEM 7 — 12 GPa i, Ge—O 4JE (d) §3 173
pm f#KE 185 pml?!, 432 3 4 MD ZRER: M5
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Fig.3 The coordination number N: of Ge with pressure and
Ge—0 bond distance with pressure 20
— 10 GPa if, Ge—O #JE (d) H1 173 pm K E 186 10
pm; 10 GPa i Ge—O &85 186 pm 5 /\ & (&R 1A HY T
O 1

BIEIEEEE (&4F%8 GeO; #y Ge—O ¥ 189 pm).
Fsf, MA3CH MD BRI BH Ge—Ge 1 OO FHIE
B 5 LREIEM S BRETF.

ETHERE T AERXE GeOr BTN, HKRHE
ERHSREFRH ST TR, ERHEFFERILETUAZ
B AECHMERAUEREED: ARERXE, Ge )T
RO N 5 4, BRASFEEHEETRRERE (H
FEMER). N0 — 045 nm MRS FRELES, &
FEATE—MAEMERERNREEI B4 2 Ge-O &
AR E A BCRE. FHCCE LD i T iE(E
BIARHY, MHETREBREE. LI GeO, BEREATH:
FE B R hr ETEER, I E AR RS T oI H B E ML
2 GeO, BEE.

W RERSEREREBHAXHRNER. I T KB
] 57 o % BENRE ¢, MAEWHYER — %8
EHE Kr, #1777 —RFEHKESN MD 8. &3t
EAMBEME, /£ MD #8—14 5x10° #:Ef7, UKE
RATHE, WEET 10x103 &, UKHTEXHE IR,
BHEEREIN 1073 ps. MD R ER, GeO, HEE
N.=4 B}, ¢,=21.119 J/(mol K); T N.=6 f, ¢,=20.038
J/(mol-K). BWEHBEEFN Ac,=—1.081 J/(mol K).
HULRT AER E T A IE SRS R 3 A, MERH.
XRPFBEFHR N HLIERSEH FAMHE. FCHRULE
RAMUT GeO, 4tk ) #1 SiO, fifk 10 wyLms R,

EREMTEHEARXIK, c, BEEK FFtRENSERE
SERLE 5 NEWUED, EFHHETHES (5.0 GPa)
"F, Kr &FR#.
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Fig.4 The first peak in RDF of Ge—O at different pressures
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Fig.5 The isothermal compressibility Kt of GeO2 glass with
pressure at 300 K

V)2 IR ER, ps MV, BIREHFEFE] spinodal {H. S
A3 H MD BEE p, M1V, 271 9.97 GPa f1 17.234
cm®/mol. EFLRERZRAFE—TSAWERKE; H
RPX—HEABF S THHEL, X5 S0, &4 M %
fl. MERETE MD 4R, RH_KEBARL, X5
Si0, &4 [l BERMA.
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