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AR, AT 1090 cm™. 7E 165 K LR i
i, f7F 800 em™ ) vr g B IR BRI T 1320
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PGt AR A, JF SRR, Xy i AR
1B s )1k 55.4 GPa IHHE 165 K K/ T UK
VI-VITAHAE
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BT HLT AN 45 2 70 285 s Bl FE v SR AE 1Y #E 6.2 GPa
ity RS A T 2300~2600 em iR,
T WA TPt 3 BORSC AN TE v e MERR A

Kl 1 ¥ 6.2GPa #l55.4 GPa %)k p-t #A4% il
) D20 UK VI-VIIAHAZ (1 £ MR O 1%
Fig. 1. IR absorption spectra of D,0 ice for isobaric paths
at 6.2 GPa and 55.4 GPa across the VII-VII transition.
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Fig. 2. Infrared spectra of D,0 ice in the bending
vibration region obtained for 298 (A) and 260 K (B)
isothermal p-t passes.
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4R 3 AR 5 UK VI 8 3R /] o /2K J7> 9 GPa
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UKVIL, 298 K FE2k KR R OKVIRIDK VI v, 75 il 4R 50
Ve o7 B B g R AZ 1

K 3 7t 2~16 GPa [k JJ v [l ¥ D,O UKVl AVl 4L
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Fig. 3. Variations of peak frequencies under the pressure
for D,O ices VIl and VII in the range of 2 to16 GPa.
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IR absorption spectra of D,0 ice for temperature
of 65~100 K up to 78.2 GPa.

Fig. 4.
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7E 5.4 GPa JE J1 F, UKVIIK v 25 P 5l g Al
2vr BEEHYRENAE MRS 2> AL+ 1220 cm™ Al
1100 cm™ (& 2A). BEEE TR, vo 25 i
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KIHRAARREE, PR IIRTEG v, 25 RS
WAL 3 1170 em™, I HASRBE K S AR L AN BURK
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PL R UK VICRI DK VITT Vo 25 Hh PR B AF AE SRR
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AR SN R I AT A, I HIX R AT A
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S8k, AR EIE SR, vis RS
BT th TR BRI B S (Pekdtyn) 172
B 241 50 AR 2 24 BB A 5 T e DA b
A 2 ARSI (A7 o LEARFINH, AR
AT AME AN 4R 2 3R AAT A (E 40 GPa &)
DL AT LAV 2 B 22 3], (H7E 40 GPa & J LA A
FIRENAE Vi3 5 2VRs VR AR v, +vg B AR )
BERAE T RSIBHRS (FRHR) (KB 4). Kl 5
25 W T UKV PR BB 2 b s 7 (1) 284k . FRATTH
— P R AL 5 v A A e S B WL SR B (1 UK
VIl PR 2, LSRAS S 4RSI AR BN (1) 5K
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DU — L% bR 3L won = (00 - ap) M2 Kk, ix
B won=0 I I TR ) pe ik 81.5 GPa. AT
SR M3 v, FELEN RS ve WISV (1) 53k AE
s FIEME 2, {H4E 50 GPa #11 60 GPa LA 4y
SR AR (B 4). X — g4k TR W 45 4R 50
185 vy 3 528 MIRENEL v RIS IREN L vr g Z [H] ]
REITEAAAAE SR IR, BT LUE R i 4R S0 vy s
(R AR AREAT g 3 BT A W S e o R A R A B R 0 L
FIRKW AT . %82 X FR A fe
ZURT (H B D) @3l aEusfeE, el
WAL MT 7 AR R R AL, IR Hr X
fiE T R A HE R vk VI (VD - X AR [ 7

oy T=260 K [A5LEeHdis, o T<100 K [ sLi 3l (h4idie
By via B 5 IR 1 B35 R T LU won = (w0 - ap) 23X — B ek
FoR, XH wo=2543.6 cm™?, a = 7.60x10* cm?/GPa, Iifi Ik J1
pc = 85.14 GPa (ML won = 0) . HAIR SR AT LU )
p I Z IR w=a+bp+cp’ FR, Vorve PREIM: a=1529.7
cm?, b=17.654 cm™/GPa, ¢=-0.1369 cm™/GPa% 2vg JREIH:
a=1026.7, b=24.513, ¢=-0.2211; 2vg FREIH: a=774.48,
b=15.316, ¢=-0.08677

Kl 5 D,0 JKVIIFIPK X FIZLA M 5l A5 2 B s ) ) A2 4k
Fig. 5. Variation of peak frequencies under the pressure
for D,Oice Vlland X.
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TN fHIE, 7E 725 GPa K ILLL R it
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TR 4 A H 55D R4 110 DY 1 A4 (1) A2 T
4% 521 R 7E 72.5 GPa it [ vp MR ki
IR H 80 D UTHAACETE R X H
LY vp AR IEARENFE S Cu,O 446 v () e R L B
SEARTRI, ol s N Mo e AR s B TE
SEAAERT vp AR TEAR ST H BE D 1 250N A
IO BRI o VF DR AR 0-0
JEF 2 0] 2 ANFasE D B 2 IRE, IR Al L3
AHIER D BIVY AR T RE. X HEIRATHEAE
72.5 GPa MLEZ R (1) ik AR Ak R A vk VI ~F- 30 TG
JPOK X AHAZ SR, AHAR R )4 A 74 GPa, 1
VRR IR BN SE AT R IR ) o 6 V-8 P 6 AR
VKIERE b, AT8RAFAE 1 AN iR sh A 4 e
BV FE R AR 8 R, K m AL T
1500 cm™ Jei A7 o X W s i BEAC R T BB KL
TE (1)~ 3l TC 7 0K X v 5 et R ES A oK 23 1
(15 T I I A LM B o

BT 24 P BT 7 0K X ) 58 4 D
PR X AHEAZ [ 3E— 2D AR S 41 O0-0 4
JEF- 2 [ [ H 5% D (1 3ARE T U R — 352211
S B e R Y B 1T
A2 7 B FREEH R AT PRG3R = AT
R A B A I BE AT LR BE 0K & kAR
432481 YKV 2vs BT vs+v, RENBIRELR 432
SAEL AN ERE LI PR RN, R HRAN T A4
(1155 BE o URVIT vg F votvg IR B OKLARAT Ayt 15
WS g I 5 3 22 i T AR AU A SR 11 RE 2y 34
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Low-Temperature Infrared Absorption Study on Phase
Transitions of Deuterium Ice up to 100 GPa

SONG Mao-shuang™? ZHOU Wei'*, ZHANG Gui-nan*®, LI Hong-ting*?

(1. State Key Laboratory of Isotope Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640,
China; 2. CREST, Japan Science and technology Corporation, Kawaguchi, Saitama 332-0012, Japan;
3. School of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A detailed infrared absorption study on D,O ice was conducted in P and T ranges of 2-100 GPa and
12-298 K, respectively. The ice VII-VII transition was well characterized by the observed spectral changes across
the phase boundary, especially the frequency of bending vibration, which was located approximately at 1180 cm™
in ice VI and 1100 cm™ in ice VII. The frequency of the v, bending mode shows an anomalous softening below 10
GPa in both ice VIl and ice VII, indicating a structural relaxation in both phases. The molecular phase VIl was
founded to transform into translationally-disordered ice X (non-molecular phase) at 75 GPa below 100 K and this
phase transition was characterized by the rotational-distortional peak conversion. The appearance of the vp
distortional mode was interpreted here to arise from the formation of proton tetrahedron due to proton tunneling
along the hydrogen-bonded O-O axis.

Key words: deuterium ice; high-pressure; low-temperature; infrared absorption spectrum; phase transition;
hydrogen-bond centering



