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Structure of Liquids under High-Pressure and High-Temperature Studied
by Synchrotron Radiation

Yoshinori KATAYAMA
Department of Synchrotron Radiation Research, SPring-8/Japan Atomic Energy Research Institute

By combining large volume presses and synchrotron radiation, it is now posmble to study structure of lig-
uids under hlgh—pressure and high-temperature. We have developed a new method for density measure-
ments under high-pressure. In addition to the X-ray diffraction method, EXAFS is also now applicable to
samples under high-pressure. These methods are used to study structural change in liquid selenium that is
associated with a semiconductor-to-metal transition. X- -ray difiraction study on liquid phosphorus reveals

that there are two distinct liquid forms in phosphorus.
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Figure 1. Left: Schematic diagrams for pressure-induced structur-

al phase transitions in crystals of VI elements. Right: Expected struc-
tural change in liquid of VI elements.
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Figure 2. Sample assembly for high-pressure X-ray diffraction ex-

periments.

377

THEL, BEamOREFER (FE BE, ENOBR)
BBBTLI LI TRD B,

O, wIE, NU LT 4 VNS T VR EMEENT
WANIORE TV ENVEOT VAL XKBERICAWD
NBEDWTiEoTELW, 7V E LT, Euica—
VEID L FEREOTIZHDE 2D, TAHIFADED
L5 uWE LA R S A TMET 5, BRI,
Fa—UCy7RLFLAYALT, 6GPaEBEE TOREIR
BESBRATETH S, ZOEBORKOF AL/ N IR
ThHHZETH D, FROF 2 —V v ZHBE v EWD
KEEBTHLOIZH LT, TONY—LF ¢ NS T Y
AFERH T kg, KEX4—U20cm BE LIEFICEE <
INEV, SO, BBy FELELST, AFEOY
— A5 VERAEDYTCEEDOERNTE S, £ED
3, COEBERAVCRESETICRY 5 EXAFS
E&19) b g B IR 525420 % LURE % ESRF CfT - 72,

SHIEBWENTORSEERE BHIE LT, 2 BEME
DA SPring-8 @ BLO4ABL IZ3BE I T\ 52D,

2.2 TRILF—oEE X REHEER

CDXDITENEEEHWTO X FREPTRBRICITS
DOEEND B, RN, B, b—x—, BT kA
B DI ENTHASTD, BEDOLSICHEL 7u— ik
X REHF SN2 —wBEET BT, BRI & OB
RNy 27590 ) 2+5RELS-AE T ERRAIRT
Hb, TNz, BREET COBRNINIE®SS <,
EREZEICRFETAORE LVOT, BERFEEE< L
NS, i, BEOEIT» OIBHREB S0
iid, 10 A= P LR WIEREF O F— % HJE T B2
BB 5D,

INBDOEEEEI-TI2DICE, REXoaa X%
W7 LV F -8 E X REIE S &#E TH 51019,
B S oEPFTEFIRD RIS, HoEVWRAREH
W, AR XBETo8SEE LI, Bk oo X 4
RIEZTH XD, Ve—"TxA) vy P EHEEREORNC
BLLERD S, BFPEAY v MEIR, AH20.1mm
x 0.3 mm BE, ZHMA0.05mmx0.3mmBETH 5,
BEOXBRETAWCAESBEERY COLSHAY
v FREAWTE D &, BIBISEFICRVIE- A » 0 D,
EH TV, KBE TRES DT VEEEE» OB E
XHEFERL, REHE UCEREEAREZE (SSD) &/
W LRk 1, AE—E CAWERHRFE D
F— R —BEICHET A LA TE, BIERHEZKIEICE
ET&E5DH, 612, SPring-8 i ¥ EF I RIVF—DF N
U7 G, 100keV UL EETOXBAFERETE, 3b
L EMRAZEORIUCKEZ 3N T, RWEEOT— X %)
E£T 5T EMARETH D,

HWEF—%o0—46 & L T, Fig. 31Z SPring-8 ©®
BL14Bl CHIE SN BAEL LV VDT — 2 ERT, Eikm



378
20000
15000
[2]
e
C 0
3 6
O 10000
O g
10°
5000 - 13°
16°
20°
0
1 1 1 1 L I
0 50 . 100 150
Energy / keV
Figure 3. Energy dispersive X-ray diffraction data for liquid seleni-

um at 2.6 Pa and 580°C.
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Figure 4. EXAFS function, x (k), for amorphous, crystalline and
liquid selenium at 5.8 GPa and various temperatures.
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Figure 5. Principles of density measurement methods.
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Figure 6. X-ray absorption profile of liquid bismuth in a sapphire
container.
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Figure 8. Pressure-temperature phase diagram of selenium. The

solid line indicates melting curve and the dashed line indicates a
boundary for semiconductor-to-metal transition reported by ref.
39.
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Figure 9. Pressure dependence of mean-square displacement for
1st shell of selenium below (®) and above (@) the melting temper-
ature.
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Figure 10. Temperature dependence of mean-square displacement
for 1st shell of selenium at about 2.5 GPa.
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Figure 11. Structure factor of liquid selenium at various pres-

sures. The data at 1 bar was taken from ref. 7.

T,

CORERIT, XBEFERICL > ThHHEIN 5L,
Fig. 11ICESHE ECOBERT S(Q DENE/ER
T, 2EOW, HFILE—BAXEF_RBRLKOBIDEL
WEHTAHE, 35GPa ETIE, IFLA LBV, &



382

AN, 42GPaffECAITZOMTEENE/LL, 4.9
GPa CRHBOMIZE—BADT 2B, FEomAk I D KEL
5, 4 GPafhE TN BERILOERTL, F—il
FLEZBRKOBMEDOEHBEAIN TN 5,

* 72, BEORE S SPring-8 © BLIOXU B — A5 4
Vb, FHBEBITIC L A &, 193 GPa TOE
EZRRCHA L0, 200 K BEOHE T, BEOL
HE Lo, KEEAHIEBABINL, THIZADE
RZERLTRY, COBBEIPEEONEEED -
LERRLTWA,

LI EDRERM S, Vv Tt St E s —&BED
i, BEOWMAE RS BEE L LFRISGEETWA EE X
bhb, LaL, ThiddsEED b oBE~DEBL
BTt <, BE, ENELbHEREORE - -H#ER
BRI TH D e hbh ol

3.2 ®mE&KU

BRU VIS ORFEGKE L2, BY VR Py OF0E
AN TFHERTHALDII L, BY VidBRES2E
Do HRUYVIE—RIZTEINT 7 AT, UVEFIEEZE
TOaPolcky P77 BEEFOLEZ LN TN A,
ChOORMFBETE, BRLRELRS, BY VI, 317K T
BRS50, BU VPR VORLEIISTISKEBE CTH 5,
BYU VORMKD Py o Fh ok b0 FHEEATHS Z EH
MBENTWAR, 323K L ETCOWEOBETRIZTHN
TV, 72, BYCid 1 GPa f1F CRLER K2 H
LT ERHONTWA, WEREFOHETHB LIcL DI,
Al ERBAAHE T, BIEOBEZED & & SIC2BUTIEM
LTWAIRTThHY, ZOFERTEAEDKE THEEZE(LN
PrExns,

3.0+

25+

207 Rl
) 0.77GPa 1310K
= 15}
w

1.838GPa 1350K
0.5
0.0 " ] " 1 " 1 i
0 2 4 6 8 10
Q/A"
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