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Structural relaxation and polyamorphic transition
of amorphous ices

Yoshiharu Suzuki?

In order to understand the water polyamorphism, many researchers have been studied the super-cooled liquid
water and the amorphous ices. In particular, the experimental studies of the two kinds of amorphous ice,
low-density and high-density amorphous ices, which exhibit the polyamorphic phenomena, have been performed
actively. However, it is necessary to deal carefully with the experimental information obtained from amor-
phous ices, because the amorphous ices are always under non-equilibrium conditions. In this study, we examine
the polyamorphic transition and the structural relaxation of amorphous ices by the isothermal compression and
clarify the differences between the polyamorphic transition and the structural relaxation of general glassy

materials.
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Bz X, &2 HMEE THIEE A7 AL LIGE, o
ZIREEA (K1) BRSNS . —F, Tk DEnE
E TR HI L I, ¥ELE OIS ENRARRES X

DIRIRE CTEETE, LVEWRETHZ AT 5. C
DRED A Z ZRREC 1T DIREBA & IZE L KRBz
L. [o7C, EREHEEZLE, MTIERT LI
BRZ e T R S, TS DN 7 ZADYIHEIER
7% . (Ediger et al. (1996) ; EAR (1999))
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DN 7 AEBBE—ETINELIR, ZOF7AEH5E
JICHRZ CEREREA 2 IL, RECDO XS LD
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Fig.1  Schematic pressure-volume-temperature surface of
liquid and glassy states. The different glassy states (A~
E) are formed by the different preparations. 7, and Py
stand for the glass transition temperature and the glass
transition pressure, respectively.
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A (H,0) FHECHMELSVWYETDHY, 1K
JET/AKZGERT 5 £ 0°CTHREMK OKIh) &b, K
D S FRE - EICREFEL , EROKORE AL
HERENTwd. 20X 5 7%, B TEBRORSE
ENTFETLIER [RVENV T4 AL] EWVS, —
77, AROEEREE I IZ SO b 2 EO 7
S AMKAE, KEEE 7 €L 77 A K (Low-Density
Amorphous ice:LDA) L EEE 7 TV 77 A K
(High-Density Amorphous ice : HDA), OFEEDHS
N Tw3 . (Mishima and Stanley (1998); Debenedetti
(2003); Poole et al. (1992)) LDA 1%, /KKK DU HIHAE
D77 (Burton and Oliver (1935)), /N& Z2/KEED %
HEE L ToEAaN GRAEIEE LK 10°K/s) (Briiggel-
ler and Mayer (1980)), %7213 HDA » 5 Q5 (Mi-
shima et al. (1985); Mishima (1994)) XX > TEo N
%. —7, HDA 3 EKE TORERK Th OESIFHERL T €
N7 7 A4t (Mishima et al. (1984)), & L <1 LDA ®
JE (Mishima et al. (1985); Mishima (1994)) 12Xk - T
fEeN 5. HDA IZ LDA XV #20%1F EBEENEF L,
EL RGO RMBEZRSE 2R broTWV 5.
LDA % HDA ¥ Z OB ICREMBF I EE S T,
LDA O5FHE 135K Th OfEE 2Bl RN % i
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Ex LY, HDA 04 FRE I &R MmK (F 2 13K
VD @lleKRFZEHEEGAY VT =7 BHEBIZANLTFIC
BolERIEZ L EFZO6NTVWS. £LT, 20D
2007 ENT 7 AKICHET 2 BEREVWERIL,
LDA & HDA I THER RiERE (RV 7 ELT 4 v 7
R) I 52 ThS. (Mishima et al. (1985),
Mishima and Suzuki(2002))

LDA & HDA 2HEIThIXZNZTNDH 7 AR
L ETZERZRICHIE U A, KEEAK (Low-
density Liquid water : LDL) & % % & 7K (High-
Density Liquid water : HDL), WK T2 £F 2 61
% . (Mishima and Stanley (1998); Debenedetti (2003);
Poole et al. (1992)) 2%V, 2OD7 N7 7 AKDF
eI, KIZ 2 DDOWHIRIEDBIFES 5 Z L 2R L TW
%. &51Z, LDA & HDA OB ORKE N —RK (FH
%) MEF 4 &, LDL & HDL i B 3 2 ffi A 55
(Liquid-Liquid Critical Point : LLCP) 1 % &
EWRE SN 5. (Mishima and Stanley (1998);
Debenedetti (2003); Poole et al. (1992)) 2D X512, W&
KORYVELT 4 XL (DFD, B—HAKT2 2L ED
ANTRENTELET L2 L) 2, [RVTTELVT 4R
L] EFEATVS . K2R T7ENT 4 LI L DK
ORFER (BEAK) %2R .

KORY 7 ENT 4 R LDOEERC & 5 EIE L RGEEIE
FEHECHEH L v, 2R s, WKLY ENT 7 ZKIBHE
fn b B (no-man’s land) TREMICHEMELTL %S
7o, 7ENT 7 AKDWBIRNDH 7 AR LLCP
FHEDAROEHPRRE Z BB T 2 Z L NEHEL 2 »
5TH2. fEoT, KOKY TENLT 4 X LDFEERMIR
FEE, FOIKMENEENDS 2 OO 7 N T 7 AKIZXFL T
FuLiicfThbn T & 7.

LinL, 7ENVT 7 ZAKOEER « BINIE ICIEPERR
T TiTbhsz®, EBRICEI S RELZLERES
N7 EBERER OB I+ R ER 2L LEBDH 5 .
(Suzuki and Mishima (2009)) 7 E)L 7 7 AKE—D
BT AYVE L RRICERETH 5720, FEJIOZE bz
LCZDWREZLIZEN TR 5. #1z1F, LDA-HDA
R ITERRIC R 2R & LTSNS DY, T8
PSR ORE S TE G Th 5 & L DRI
FaoTwihwn, FAKLERBT, 7ENVT 7 AKOKE
T, HEfERZ EOBITEN YIEE b IEMICED 5 2 &
WTE RV, X512, HDA ISR DEIIFHERL T €V
77 AMEEFIC L VBRSNS o, WikE 2D F ZHH
UCHEZBHEDA 7 ARE & 135750, HDA OREIZ
IR B, AKERES ORKG R & ORI 2 A —
DEGFET L. 20D, 7TENT 7 ZKOKREOLE
Y, 7ENVT 7 AKOWHEEEE, 7ENVT 7 AKDTZ
AR DAL, HDA & WRAIREE & o 275 it 7
EDRERPBAEDHNT WS .
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R2:K)TELT 4 AL & ZKOWRIREEDEIRR. K
IR HIR AR TR 2 D OWARIREE, K&K (LDL) &
mEEAK (HDL), 4T 5. %7, LDL & HDL 2Bf%
L7 A (LLCP) BEET 5. LV IRE T,
IDLE HDLO # 7 ZRE, REE 7 TV 77K
(LDA) L &EE7 €M7 7 A9k (HDA), MBEET 2. Ty
37Kk GER) O¥—KAEREE, T, 37TV 7 7 AKEH
WLULRICHESRET 2EE®RT. Tu & T, D D no-
man’s land G bEER) Tk, F<IeilimbL L £ 72
O, ZOMHFEBRTKOBHRELBILZLT 2 Z LIFEEL . no-
man’s land DFFED 7z OFIES TlZ LDA & HDA O 7 X
RIS O AIE X FEBRIVIC E > T,

Fig.2 : Schematic state diagram of liquid water from a
viewpoint of water polyamorphism. There are two liquid
waters, low-density and high-density liquid waters (LDL
and HDL), in the super-cooled liquid region. In addition,
a liquid-liquid critical point (LLCP) relating to two liquid
water exists. When the LDL and the HDL are cooled,
they change to low-density amorphous ice, LDA, and
high-density amorphous ice, HDA, respectively. It is
difficult to examine the liquid water in no man’s land
between 7u and 7, because of rapid crystallization of
liquid water, where 7w is homogeneous nucleation temper-
ature of liquid water and 7} a crystallization temperature
of amorphous ices. The location of glass transition tem-
peratures for LDA and HDA is not clarified yet because of
the existence of the no man’s land.

KX T, HFFERET TR 27 ELVT 7 AKD
REEZEOE Y e D WTHE 2 5. Bz, HDA O
FEZAL & FEZARC & A REEEANCEE 3 2 BRI D
WTHET L., 2LTC, BEENMERYT7ELVT 4 v
HEROK 2 S, HDA OREBORBIC OV THRT
L. M, KESLTIEARDRY 7EIVT 4 R LDIELHEIC
BILCREL KGR vy, BilFA (2012 KM T

[2 DDBEREDOKRDOFELE] & [LLCP O FAE] »
botbolwnwl e, FEh, B, FHEEERLCT
EHMasnTws . (Murata and Tanaka (2012); Mi-
shima (2010); Cuthbertson and Poole (2011); Holten et
al. (2012))

3. RERIE

AWFEORREEFERR (RE—E TOME - BEWC X
2 RREAGHIE £ EH—E TOREIC X 2 EEZEbHE
E) BER Y-y ) vy —RFENEEEACTbh
7o, BB CTHEDR—EROAL VYT LARBIIHASH,
Hp L ABOBELHITE Lk, V)V —NICKRES
na. FEHIE R by ) v — L —ICIRIFEZE TS
PENEFHKANCE»N, AEOREIXY Y ¥ —1c
WoffFeohice— —ick>THHEINS . REREE
ODREIZE2KTH 5. AR OAERE X, HES 1
72ERX N OB S BH S UDHEE S LTI BT
JOER N OEN (RECEHOBEE) Z#E=L5IwT
EhroE sz, ZOROIMAEEOREIZ 1 %N
Thsd. GEERTOMEXREIZHN 2MPa/s TH Y,
FESTOMRHEE RS E X £0.01 £ +£0.05 GPa TH
5.

D T~ B HIE XM T ~ v 488 (Jobin
Yvon T-64000) 12 &> TiTbhil:. Vv —9—=GFEIZ7T
VT A4 F v —Y— (FE K488 nm : H 11400
mW) MEbniz. 77K, 1&ETHEIS nizalEhg,
BEIY M= (T EOWHEEICHKES L, RO
7= VOEHIE IR 35 K TiTb i/,

4. MECEXDHSADBESEMERUTPEI
T4 VIR

BT AIIMEE £ D AT v PROBEE L ERTE
RVl L 2BEDLLZEBHONTVSE. 12
[EhFEgEt] cb, b5 =2 KV T7ENL
74w 78R ThHD. NI AOEIHEBEED %
< & 1950 FRICIZA S h Tt iEERMo—ETh
% . (Bridgman and Simon (1953); Mackenzie and
Laforce (1963)) — /A TRV 7EN T 4 v 7 EREIX 1985
FlegR sl 1 ROMERTHRKTHY (Mishima et
al. (1985)), HEEMER L IARENICE L 2BRTH 5.
LU, WiEOBHEZGITIFFEREET CHlls s 72
®, BRSSP T 0,

KETE, MHEDEWEHMICRT 20, LY 5
2 (LIC) AKEWA 7 A DEITFHREELE 7'V T 7
AKDRY 7 ENT 4 7S EIE L, W#HOFWEE
HRFEET 5. (Suzuki and Mishima (2009))
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DA T v ROBBEZACILEFHITH 5 . MhRERBILER SNV, ZOFRIE, X7 v 7k

@A 7 v TROUTEEACHTTR O BT E 5 FRIE 12K DEE LA 2 2 Hi# D LiCl KA 7 AN D KGSF
TV, DFAERSFRESK E S ZBEL Twukn 2 L 2ER

@A T v ROBFEEILDOHE 2 T 1FEE LT O H & LTw3 (@). 2% b, LiClKEWEA 7 A DBED
ADRBEIZ K E L KFET B . REFHEE TIER L HBEEM] ThrZi2mBL

4 3-a 1% 11.1 mol% D LiCl K ¥ #E & LiCl KIS 4 w3,

T A B IRE—E TIE L e RO BT 2R L C Kz, Bz 1Z 77K T1GPa £ THEL THE L 72

w3, 20O LICIAEKD 1 KE (0.1 MPa) TOH F LiICI KW Y 7 A%, 1 KE (0.1MPa) THIEL,

AEBRE (T) 318K TH 5. 138K Fo HEMETT 2B CHEREEZ TTKICHEIT 2 2 LT,
LiICI KW WK 2MEL K, b2 EH HEORZ D57 A% EoTz. 2o OYIREED R

(P) THIAET B Enbhrs. —F, 138KUT 25T ADAT v TIROBEMDIRZ Fwix, K5 I1xw
O LiCl KEWA 7 AR MET % &, H2FEN{TET FTEoIENTNELESTHE ().
BRIWHERIE LIRD T, HEEITAT v 7RO S S IZHHPREED 2 7 v PIROBE A DB & N
L ERT. COBWBERL LTI AZ 1KE (0.1 B8, IR TO0.1GPa ciE L7z, ##L T LiCl
MPa) IZ¥EL THIREIFEIT L v (K 3-b). KRN 7 ZMED , Z OFESIFHEBELOKRT (K60
2Ty TIROBELOREHE2 S ST/ 57201, HFudii) & 1KFE (0.1 MPa) TfE- 7z LiCl KIAWK
4—a DED N FNVIZ 77K T11.1 mol% D LiCl KIE ¥k 7 ADFER (K6 OFRVEER) LHRL:. mEE b
AIARMELIROFRBEZIbERT. 205G, X HOK DU ETCRWEIHRIREETH 2720, £ DRBEERIZIZ
7 v ZARDEFEA 139 0.6 GPa (T T % 548, % FRIUCZEZRT. UL, MOKUTOA 7 ZRET
DOZELFHEFENTH 2 (D). TORAT v MROBEL X, 0.1GPa TES 7 LICIAKIEIRA 7 ADAT v 7
DR FE B FENEREME @k i@y 7 Ko, 1KE (0.1 MPa) TfEs i LiCl 4
FYBZENH3arobhb. Mi-aDED/SFH IV TALDEWENTH IS, ZOFRL, #T7ADR
2, 15FE (0.1MPa) B0 2 LiICIKER Y 7 A 7 v TROBEACLZ OPIREIKFE L Tnwb 2 e
(k) & 1GPaii & THIFEL THELL 72 0 LiCl AL T3,
KREWA 7 A (F) O OH HFEREE— N DI < A HDA 2 b D~@I2 Y Tid F 2 LR EBE S h
N7 MVEFRT. VV <2 A7 b VO 3100 cm™ 3. 1KEOFRBEIC X 2 EFNFEO®EP T HDA %15 H]
FDOE—F (OH @ iiERE € — F) 3o T5 2T, HEEL HIRED HDA 2172, 2D
DETEARBEMCEE T 258, A7 MLVOSE (4 RFEDFE 72 2 HDA D 77TK TOMEIIZ L 3 2T v 7K
) i REEEIRsE v, VH 7Y AT b OBEARDET 2 7T-a 12789 . HDA DX 7 v 74RD
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3:11.1mol%® LiCl Zk¥H# & LiCl KEWEA 7 A DEIIC & % SRAREZEL. it thids »
#£73. @1KE (0.1MPa) 5 1.0GPa £ TOMEI L 24 EE. 0)1.0GPa»5 1 KT
(0.1 MPa) F TORMEIC X 2EELML. T, (~138K) X 1%HE (0.1 MPa) TO4 7 AR
. P, (~0.63GPa) 13 170K TOH 7 AEEES.

Fig.3 . The pressure-temperature-volume surfaces of 11.1mol9 LiCl aqueous solution and glassy
LiCl aqueous solution during compression (a) and during decompression (b). Broken lines stand
for the glass transition temperature (7,~138K) at 1 atm and the glass transition pressure (Py~
0.63 GPa) at 170K.
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4 [EIFHREEILER) 7'V T 4 v 7 ERO .
@77KIZB T 2 11.1 mol%d LiCl KEW A 7 A DIES#H
mges it B & 15&%HE (0.1 MPa) 1281 % LiCl A%
WA 7 A (BEbE]) & 1 GPa £ THIEL THEE(L L 121
D LiCl AKEW A 7 A O OH iEREI € — F DR T ~ >~ X
N7 MV (ER) . FOT AT v ASEDIRIES
W U CAAT A ISR L e BEEL A <27 by (VV),
DAY b IVIZIEE ST N ARG L 7 BELA =7 » v (VH)
EIRT. IRVARZ PR TIAE, 3B/ K THIES 1L
7. OMFEICE 2 LDA DRV 7ENVT 4 v 7 (GX)
RO OH MiEIREIE — F O 7 ~ > A7 by
(X)) . LDA 277K T1.5GPa £ TES h (GROMK
), TOHE TTK TIXE (0.1 MPa) WBESIN: (F
MoO®H). ZRIWE) 7ENT 4 v 7 ERETO LDA L
#% 0 HDA ® OH {i#EiRE € — F DIt 7 = v A7 b v %
N9 . HDA OMER: & BER TORAEOTHITE X b~
L) U —HOBEBORETH S .

Fig.4 : Comparison between the pressure-induced den-
sification of glassy LiCl aqueous solution and the
polyamorphic transition of amorphous ice. (a) The P-V
curves of glassy LiCl aqueous solution of 11.1 mol9 at 77
K (right column) and the polarized Raman spectra of the
OH-stretching vibrational mode for the glassy LiCl aque-
ous solution before and after the densification (left col-
umn). The polarized (VV) Raman spectra and the de-
polarized (VH) Raman spectra are drawn by red and blue,
respectively. All the Raman spectra are recorded at 35 K.
(b) The P-V curves of amorphous ices (right column) and
the polarized Raman spectra of the OH-stretching vi-
brational mode for amorphous ices before and after the
polyamorphic transition (left column). The difference
between the P-V curve of HDA during compression and
during decompression is caused by the friction between a
piston and a cylinder.

HEZEFE S TERHUTHY (©), A7 v 7RO
BB MR £ 2 EJJIEPIBREBCKFEL Tw s Q) C
Ebhrsd. £/, 15E (0.1 MPa) i<k J % HDA
E1GPaiid TIMEL TRE/N LI HDAD T <~

0.90F T T T T T

compression

0.75F —_— -
1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
P/ GPa

X5 : FIHPREE A # 7e 2 LiCl KB A 7 A D JE SR
1t.

Fig.5 . Pressure-induced densification of glassy LiCl aque-
ous solutions which are under the different initial state.

ARY P IVOIMIC F G2 e K, AT v RO
AL 2 BRI T, KO FOBMFIIEICK & 7%
ZlnenwZ & (@) »hHER SNz, (Suzuki and Mi-
shima (2009), Suzuki and Tominaga (2010)) Z®D X 5
12, HDA 2 &, #EEEANCEIfR L B ERROBTFEAE
T 5.

RiZ, LDA-HDABED L5 %RV T ENVT 4 v 7
BEORHMEATICEED S,

DA T v PROBBEZALIITEFE TH S .

OB DOBMFISFRENKE { £ 3.
Q@EMEHETTIZ A T A DIRREITIZ & A ERAFEL 720
4-b i LDA % 77K THIFE L 72K LDA-HDA
V7 ENT 4w 7B ERT. LDAIX0.7GPa T
HDA ICBER 3 % . & DR ORI AN 2 R A %
77 (@). M4biRT X5 CLDA E HDAD 7 <
YANRZ PVIEREELBEL, TOANRT PLVOSE
BARERY 7 EVT 4 v 7 EBRICEINICED 5. (Mi-
shima and Suzuki (2002)) Z#ix, RUTENLT 4 v 7
SRR IS K F OB E R R BLE S BB AL L Tw b
ZrERLTWS (@). XRic, HDA * 1 K JE (0.1
MPa) THIEL, HDA O—#45 LDA CHaRE L 72 50k
BHIL, 77K THIE L7z R D EREE L DT 2 #1~
7z, R7-b T &9, NEf 2 HRHEEIERE 1
EAERUEN (~0.7GPa) TR Zo7z. Z i,
LDA-HDA RV 7ENT 4 v 71X LDA OFIHRAEE
Wi ARSI WL ER LTS (B). bk
A, K T7T-b DEBBRTHR SN S K720 BBk
13 LDA WCHERE L T Wiz wbh—Ed HDA O BE b D2
LEZo6NL. INODBRNLERY TENT 4 v VR
B Z NIRRT REE RN BAE L 72 X 7 v R OBEEL
LFERRY, HEHEP SHIOHENDOHEZEBRHRTH 5 &
Wz 5.

P EofER» 6, EhFEBEtichronsd AT v 7
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Fig.6 : Comparison between the pressure-induced den-
sification of glassy LiCl aqueous solution which is made by
cooling at 0.1 GPa (blue) and the densifications of glassy
LiCl aqueous solution which is made by cooling at 1 atm
(red).

ROBEMIHWERMBRTHY, —F, RV TENV
74 v 7RI VX OMBEBHRRICHETES. £
LT, MR ENCERLBRTHL 5. FiE
DB » S, 7 AREOWEDRY 7ENT 4 v 7z
BrEEINCHW T 200X, 208 7 AYWEOKRE K
FREMOTREG 2R T T T3, BEAIEOIREE
(18) OEfEREWEERICRT Z EBRETH B2 5
.

5. FRICKDTPEINT 7 ZKDESER

WE DA 7 A3 emH L TEeon s 720, iz
REIHBEAHETHZ. LrL, HDA X, AL 72

£, ek Ih ORBTOENZFL T TV 7 7 21k
FHIZE-oTESONSE. 20729, SN REORYEME
Bzx, i1, BE, s TFHOBEOMI 2 DY
—) DEETL. I DORYWERITEWERETY
ST B Lo TIRMIL, HERAYEE A T AR
Hlcx s Z Mo Tws . (Nelmes et al. (2006),
Suzuki and Tominaga (2010), Winkel et al. (2011),
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X7 : HDA O FEJ1#E B & LDA % & A 72 HDA O K
V7 ENT 4y 7. @QUIIRTEL S L 5 HDA O
fE{t. (b)) LDA #—EB8& A 72 HDA DOFESIIC & 2 (6RHZE
b, @@ 0.5GPa i & 0.8 3L D PV #ifg D& &,
M®D 0.6 GPa f3ED PV iiffo@yInix, HERFO T I —
Ths.

Fig.7 . The pressure-induced densification of HDA and the
polyamorphic transition of HDA including LDA partially.
(a) The pressure-induced densification of HDAs with dif-
ferent states. (b) the polyamorphic transition of HDA
including LDA partially. The gaps around 0.5 GPa (and
0.8 GPa) in the P-V curves of (a) and the gaps around 0.6
GPa in the P-V curves of (b) are caused by measurement
errors.

Koza et al. (2007))

HEw X 5 HDA o¥EIELT ~ v A7 bvd
3100 cm™ 3L D OH X i iEiRE £ — F (M g,
E—F) CHEFIZCERNS. (Suzuki and Tominaga
(2010)) K812, TTK DKIh DEFERLT TV T 7 A
stz 20 [7=—n L CTwikwHDA (un-
annealed HDA : uHDA) | & uHDA %# 1.5GPa £ 0.2
GPaT7 ==V L7ZHDADRK T v~ > A7 bV
(VV: £, VH &) 25-57. VV AXRZ P VDK E—
R OFLEARBIEEEZIC X 2T OENIED 505, 3
DD HDA O VV A7 MO R ER BT WS,
L2»L, uHDADVH 2<% Y A7 b VIE 7 =— )V &
N7z HDA ® VH X7 bV EZEZ D, IR K &
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Fig.8 . The polarized Raman spectra of the annealed HDA. (a) the un-annealed HDA. (b) the 1.5
GPa-relaxed HDA. (c) the 0.2 GPa-relaxed HDA. The VV Raman spectra are shown in the left
column and the VH Raman spectra are shown in the right column. Blue spectra are results

1
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expressed by a linear combination of three Gaussian functions (g;, g, and g;).

Bg B FNONEET L. @E, K GEE) LAKERY
TAD LD RERN, Ho, HWEICELAKRED OH
EXPMEEIREIE — K13, ZOEFOFH IO
WVHIRRNS SR T—F BB /hs x5
uHDA ® VH 7% > A7 MVIZHIRIK & 70 g B—
R2FEET 5 2 L1k, uHDA D4 TEE DLW G B
TEETHLIERRBLTWS. DED, BEPLI L
VADRYBEET LI EZRBLTWS., 2L T,
UHDA 7 =— )V STz Z & TRN T ORI E M58
ML, HEICk->keFzoNs., ZOT7=—VIZL5
uHDA OREEFERMOMEM X, ik FaELERBR L X R E
PreEhs, BlER E ThEHEN T WS, (Nelmes et
al. (2006), Winkel et al. (2011), Koza et al. (2007))
DEpzZEns, b d 2BROEE CHoie 7
= — )V &7 HDA OIREER, HTHBRIL 720K AE & %
ZThrworbLlizwy, W, 15E (0.1 MPa)
75 1.5GPa DENFHEE TI28K £ 140K T7 =—v
EhnlHDA DA Z 7ay s L (B9). 0.3
GPa X Y {RWwEJIFEE T3 HDA 13 140 K BA_E THE 5
{fbd L <X LDA BT 2728, 0.3GPall EDES
B OFERZ 70y b L. 1 KEMEITOENEIC
X2 HEAE M EEENCEE TR E WD, BRIL 2
HDA OHAEBEOZLIZETI O L TES»TH

1.0 H | | I -
® e 128K
\ ® 140K
a0 e
@ 'y
5 *
~ .‘
> ogf- e -
] .‘.
e
O oq
.;
0.7t | | | —
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P/ GPa

9! +4HKERIL 72 HDA OES7-HeRRE AR . 7Rk 128 K
T7 ==&z HDA ® PV #hig. Fix 40K T7 =—
&7z HDA @ P-V ifift.

Fig.9 : The P-V curves of the well-relaxed HDA. The
volume changes of HDA relaxed at 128K and at 140K are
shown by red and blue circles, respectively. A solid curve
is drawn to guide eye.
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D, MWEINTWS LS 7% VHDA (very-high-density
amorphous ice) DFELE %2 AT AEG L Pri g »n v
(Salzmann et al. (2006)) ZRY7z6%w, DD, 2
O EJ#EE (1 S E (0.1 MPa) » 5 1.5GPa) @
HDA O@FEFBEEOESE X, SEMOEEEZ HDA
AR DK E 7 HDA R C HDA DA 7 3 —
(FIC HDA Off) WEL TWw3 I ERREBL T2,
(Suzuki and Mishima (2009); Suzuki and Tominaga
(2010), Giovambattista (2005))

— /T, LDA X, HDAIZ X RE ZEN 2R E 0
2, T =N X VEEENZE S B 29 2 EMHER S
N Tw3. (Suzuki and Mishima (2003), Koza et al.
(2006)) F7z, THITERFIL 72 LDA 235K Ic i2fEdfb 3
LH, b EPCLDA Efd e W HEFET L 2 &
HEIHIE N TW 5. (Suzuki and Mishima (2003)) 2 %
D, LDA 3fdok Ic ixalo () LEM & U THFAE
LTwaeFEzZ6N5.

6. TRIWF—SVRRAT—TICLDER

57 ADWREER L EERT 2701, LIFLIEZ v
F=F VP RATr—=70OEBEBFIH 5. (Stillinger
(1995); Angell (1995)) Z Ofit5IZ4 T A DIREE B
ZALREEY, HOHREWICERES 2 C3FENTH 2
N, BT ANVF—F Y RAT—7ORE2HET S 2
CRIEHICE LW, &, K10 TR XD, e R
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c
g
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Configuration coordinate
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Fig.10 : Simplified description of the potential energy sur-
face of general glass. In the case of liquid state at high
temperatures, the state is not almost affected by a feature
of the potential energy surface. In the case of glassy state
at low temperatures, the state is trapped in local minimum
in the bottom of basin.
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TYYVRNIANF— BEEREEREOT 587
A—=% BIz 1, BE, SFEERYE) LR, 77
ARED T A NF —F > R A7 —FIIRE BIROES
(A R Ibasin) & ZNEREKT 2L SREEDO T —
AN E = LADEEGTHEAMNICKRIRS NG . iz, BH
REDHGOREZILIANVF—T Y R AT —7DFIR
(A 2O —H L T =< A0FR) OZ e
LTHNS. K10 05E, minOBEREZ 2 —4 v
SSVAIRNT Y SEND T & R IRIREE A
WD ZENFFINDG. —/T, RROY 7 AREIE,
BREa—A NS =<l b 7y 7E3NIKRELZINS X
%D,

IANF =TV RAT—TWLB2DOD7ENVT 7 A
KOBERIX, K1112/R 7 £ 512 LDA & HDA iRt
L7220 XH A A (mega-basin) 1T & > THErE
S5 p . (Stillinger (1995); Angell (1995); Loerting
et al. (2011)) 11 ®5E, LDA IZEMID X 75X A A
YTy TENIA T ARETH Y, HDA 3AHO
ATRA AN N Ty TENTHTAREEHZ L L
MNTE%. LDA-HDA B O EF: 2infe (R 7 E I
T4V IERE) B2O0DAHNA A EOEBERE LTI
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polyamorphic

transition
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Fig.11 . Simplified description of the potential energy sur-
face of amorphous ices. The LDA state and HDA state
are characterized by two mega-basins. The polyamor-
phic transition is explained by a transition between the
LDA mega-basin and the HDA mega-basin. The struc-
tural relaxation of HDA is explained by the transition
between local minimums which exist in the HDA mega-
basin.
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A . FRE LT, BRI X 2REOLLRIZIEFE
WARE L, T be LCBlsns. —7,
TN T 7 AKDOREEBRNE X A _A A RO a—h v
SV AMTOBR TCHHEINS. DD, FUAAN
A AVYWNTOREZITHY , BRICL 2REOE LR
NSV 5T, OB LIZRENT FEGr 22
bl CHEHllansg. €512, 5BETCRLIEEIRT
= —IZ k% HDA O¥EIE, SRR LD X H N
A AYHOBEDT —HIVET > 2 WITIREENER &
N5 ETHHTES/7225. £z, u—A VI =< A
MIOBEROMRIZE — 7V 3 =< ADTGRDAIE I KE
THEEEZONLDT, hIyvTXENIT—AINE =
ADMIEI & > THEEEMOIR 2 SR E 7% 2 2 &3
HWENE. DFD, ¥T7ADOVHPREEN Rt 5 L s
MO S HERD | H T ADOBELICEE T % EERS
R (4FE) 2HELIHHT L TES.
IANVF—T Y NATF—70D%F% 2 /5T, LDA &
HDA LIS B8 3, B4 DT ENT 7 ZAKDBIELEL T
b vy, (Loerting et al. (2011)) FRAESEERAICHIE &
TR WIR{EIRGEE R I8, Fiice A 7~
A AVISELEL, FT2 KD T EIVT 7 ZRERNFLE L
THREFETE R, Lrl, BEEETIE, 4ETES
L7 RYTENT 4y VB OEM 2wz 3 &5 28 L
W7 BN T 7 AKDTFEFERNICHEER S LT W,
(Suzuki and Mishima (2009); Suzuki and Tominaga
(2010))

7. #iE%

KWRIIWE - TR REEO=EE 7 xu—k &
W, BHROKLFRFOEKEEBR BLERR) L
OHEFRBFLIC R > T ET . ZERICIIATE 2R
FLTOWREEE LI LB TEY £5.
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