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Table 1 Model parameters used in the present calculations for Au,Pt,B1-NaCl and MgO at ambient conditions

Material 00/ (g/cm®) Co/(km/s) So Yo O/ (K)
Au 19. 240 3.071800 1. 535002 2,978 165
Pt 21. 449 3. 6410720 1. 54187201 2. 697 2340100
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Table 2 The calculated 0 K EOS parameters and thermal pressure

corrections for 300 K isothermal EOS

Material oo/ (g/cm®) Bk / (GPa) Box' pr/(GPa)
Au 19.433 185.13 5.15 1.73
Pt 21.574 286. 47 4. 88 1. 44

3 HEARSITR

BT Au BA A EE BENE s
TR 46 P FIZE %58 B 09 R g R S ) P 4 1.00
Fefa g 1 fec (IO ST J7) MHSGS M 25 45, 095

Present work
Theoretical results Experimental data
& Ref. [9] e Ref. [23]

T
s

o Ref. [10 o Ref. [24
Jamicson” 17 Au fF 5 DAC %5 0 0 DR
ERBRBTRE. SR BER 0 — 2 BF o 00T s Ref. (26]
Bl T SRR Au BB RMAE TR £ o X Ret. [29]
SEIG 5 1 Heinz ® | Bell*Y fil Dewaele™” 070k v Ref. [30]

' Ref. [31]

HTF DAC 525 A 2T 5 A7 98 e R A il & T 065
A 1Y A5 IR R 4 AE S50 I 3 0.(70:- Au 300 K
AR S Ee 25 AN B A B SRR, 055)

(ELJ S0 U A 05 75 TR /74X 180 GPas 0507050 100" 150" 200" 250 300" 350" 400" 450 500" 550
T EIS TAEE At TE KM% I, i E P/(GPa)

B Au FEPRA R 2T R 58) 1 K ) X, BT 4% R R S R

R ) 2R T8y A B b T Fig.1 300 K isothermal EOS for Au

TR A IR A T RN SR T

O3B i 0T A — BB . NS RS Y AR R L, AT TR S H B 500 GPa By Au Y E
e R 7/ PNy 0 = R R vl == 7 1 B2 o g A Y i DN i 3 W S AP AR B W LN T2 2 el 21 B £
WUNZES B 2 HARHESE Au SRR ST BRI 45 3R 5 10 S 06 D R0 B E TH 5 45 R AE 45 € TR 4 Lt
B 322 s ot Ap= pow — Poter s Pour e ASWEFETH IR GRS poer 7 HAW T2 H0 I 5 FO PRI TH 4528 . al LA
B BR T Boettger™™ (55 — JE B IF B A5 AN, BT A B AR X W) S AR B, SR ER R
X, AN R B ) 385 7 AR AE A [R) P 40 LU 45 28 1 1 2 A9 TR 0 JF 46 10 30 25, 230 GPa B 9 B K 25 sl is 31 1
35 GPa, Souvatzist? Fil Take Tsuchiya ™ 3 F 5 — FHH A Au i IR IRY BT BRAE 250 GPa i
Fil 535 1 B Dorogokupets'™™ 4 H I 2 80 W) S T FR A5 R AW G I, 31X 3 DN BB 19 R
T KT S0 ) A A B T A R 5 2 A, Shim T 3 T e D B AN v R K R R 46 B0HE A 2 1
Au P FTEP BN T HMNE TR, Greeff ) 5 — JF BT 45 R AUAE 150 GPa LI 5 50540
P85 Ry WA o 7 v s DR 2 B9 R 7 00 S A /D . Wang™ ' M 4 565 — T B H1 S 2 37 B8 ol o o ol 9 45
BT Au WEIRSFRD SR, @ T & B, A S TR R 48 S0 56 AR 0 R — S



184 moOJE o o|m R $23%
VIR SRy AR R U p,, (GPa)
2. 7F 300 GPa Ll N 5 Wang®! & 0 10 24 44 70 107 159 232 338 493 727
—20}F I v ! v ! N ! v ! N I v ! N ! N I N ! N
ZR IR 22 /N T 0. 5 GPa 5 KA X i ' °

22/NF 1.5% . B, Hirose™ 7 DAC
SEE il T 11~140 GPa 5N Au
14 % U A5 R 4 P L I 2 ) | H iR
RN INEY Speziale MgO JEF-M #i &
Al LI . Hirose A 5560 45 3 5 AR 058
WA ARY) G 3R W 4 725250 R )i
N e K 22 A KT 1 GPa, BT, Mt
7 PR 7Y 58 SRS 36 5 2R R A AE

Ap/(GPa)

Au 300 K @
FITER Au R EREERY S TR 15f ®
Y DAC 5236 9 JE A% i

1 " M n M n " n n n 1 n
1.00 095 090 085 080 075 0.70 0.65 0.60 0.55 0.50

TE# B X SF & AT I DAC 525 viv,
ol TRAX X RN R B2 ABIICHA Au iR RAE
P, Pt B F FHAE R AR A R, IE Fig. 2 The difference between our calculated 300 K isothermal EOS
T UL, Pt B 7 2% P 5T 7E S 56 ) & and previous determinations for Au

AL L gl 2 ol M R 1RO ) I P ] T

Holmes " i ] — 252 M08 Pt vhds TR 45 2 660 GPa, #5159 1 A% B2 A4 vb o 10 ST AL 800 HE T P
T AF RS 7 R BRT O  12 521E ) DAC SE80 1Y Fibr . SE4F K, HFAEH J1 8 T 40 GPa B, Holmes
Pt FE bR 72 B9 FE J1 R Pk H55 T Dewaele ™ 3 F 21 52 0 A A9 52 56 45 2R DL & Jamieson™ Fl Me-
Queen"** Hy w7 I 548 50 5 1 Pt JEAR . Holmes Pt FEARPY A M2 8] T B 5E. MG, — IS 0T IR
Vel 5 e < O AR A — JRU B D7k B P i A IR R 4 PR, Xiang' ! ] FPLMTO J5 ¥ (Full-
Potential Linear Muffin-Tin Orbital) 325 & ¥R sh Bl 2 sRECE 8T E T Pt R /1 EHF) 1000 GPa B 4%
TS T s Bercegeay ™ & T 22 AT S50k S48 25 JEZ sRAE SR N TT5 1T Pe S D7 12 AT Pe )8 05 2
FOBTFR LIRS DAC SEg 45 W) SR RE 8 22, JT BE G F5 0 1 T e D 25 52 BE B Wi 1 KL 72 200 GPa I gl
it T 15 GPa, Singh™ @i T —A>—ZS 8 B TR PSR AR TR R Y

Proupin™" [ £ — 5 B 25 5 A1 Wang™'' 1y 105
N 4t I N HE 3 T - —— Present work
TI“%:VEI B N % 7 o {~ & 1X 37 % A0 1.00} & Theoretical results  Experimental data

T B 45 R AT 2 R X R T Holmes Pt 0.95:- 9 s Ret {;: . Ref {é()}

Febs . 5 AR Dorogokupets™ 2 Hi 0.90} *oRel {zﬂ ¢ Rel. 1381
[ + Ref. [

2B M) 2507 FE AL MeQueen™ fy i 0.851- ° Ref. [33]

) ) N - - e Ref. [34]

B 218 #e e 1R T 100 GPa £ o0 X Ref. [35]

w76 2 B R S8 7/ T Holmes Pt JE#r . 0.75F ; ng =§(7)=

SR, BR Xiang BYTHR SR LIS HAD 0.70

PG T 45 B AE 40 GPa 6 4 Wy 0.65:- PL300 K

B o B BEE T 00 T X s 4 S AR 0.60F >
750 BT B R e . L B e oK, 7 RO T R R BT T T—T
250 GPa if i3] T 16 GPa, KA1 E T p/(GPa)

I E3| 550 GPa Pt EHR S RN ST R Ea e

Bt SIS U ARG T SR TR R s T Fig. 3 300 K isothermal EOS for Pt

B3 DUEF LA, B 4 Sk # TR) R 40 b 45 1



5 3 4 & MIAE G TAAAY & IR AF IR Y A 5 R SRR Y R X 185

TR RS Kok WA R L mt R w2, MTUEH, MW ITASERYS
Holmes Pt AR & 15955 & . 78 120 GPa JE BN A& KR E AN BT 1 GPa,120~550 GPa {EF A
X2 /N T 1% ., A5 H 545 R W Holmes Pt JEARTE DAC S2 86 vh IF At w4l H 6 J1  HASHFSY
WHE AN T BRIFFET Pt RARZ 22 5 . B, Zha™ 78 DAC S256 il & 1 JE 1 B 3
80 GPa Pt WYL IR JE 467 . 4% JE /1 i Speziale MgO"™ ™ JEARH#AE . E45 E JESH WL &1 F . Zha i E 1Y JE
JIHR I AR o AN B2 I AN B 2 S 30 B0 43 B 32 R U, 255 25 18 P A MgO 1 Lh 258 I 1 A
By 5 B LS00 I TR 7 f0 B KR 8 B R 3. 4 GPa, BV KR SEER TR J1 Y 4 % X 5 H S0 45 S A fF 5T
THE 45 S 10 25 40 — 3

F3FIHT Au Ml Pt EIRGERPE T BRI R WE S BE RS L R . RS0 o iyt #F 32 2
B R AE R X AT N AR AR AT B R RS B . FRATUCH AR MR - LU 2R TR P L 3R 3 T A B HE WT LAAE Sy
DAC 25/ Au Fl Pt JEFR .

R3 AMAMPERERNSHFBREEEES LA EEER

Table 3 Pressure at selected compression ratios at room temperature using the present method for Au, Pt

R, p/(GPa) . p/(GPa)

Au Pt Au Pt
1. 000 0. 000 0. 000 0. 700 158. 636 252.502
0. 990 1.731 2. 886 0.695 164. 847 262. 408
0. 980 3.754 5.959 0. 690 171. 280 272.670
0.970 5. 814 9.229 0. 685 177. 945 283. 281
0. 960 8. 000 12.707 0. 680 184. 850 294. 297
0. 950 10. 334 16. 405 0.675 191. 990 305. 714
0. 940 12. 815 20. 344 0.670 199. 405 317.548
0. 930 15. 451 24.535 0. 665 207.091 329. 816
0.920 18. 260 28.992 0. 660 215. 060 342.536
0.910 21. 250 33. 740 0. 655 223.322 355.727
0. 900 24.429 38.795 0. 650 231.874 369. 382
0. 890 27.817 44,173 0. 645 240. 762 383.574
0. 880 31.421 49. 905 0. 640 249. 982 398. 300
0. 870 35.263 56.012 0.635 259. 549 413.582
0. 860 39. 356 62.519 0.630 269. 477 429. 444
0. 850 43.713 69. 446 0.625 279. 762 445,911
0. 840 48. 362 76.838 0.620 290. 462 462.974
0. 830 53.313 84.720 0.615 301.571 480. 730
0. 820 58.599 93.119 0.610 313.110 499.173
0. 810 64. 237 102. 089 0. 605 325.096 518. 335
0. 800 70. 249 111. 664 0. 600 337.525 538. 248
0. 790 76.672 121. 887 0.595 350. 466 -
0. 780 83.525 132.796 0.590 363.919 —
0.770 90. 854 144. 464 0. 585 377.904 —
0. 760 98. 686 156.938 0. 580 392. 448 —
0.750 107. 053 170. 265 0.575 407. 545 -
0. 740 116.012 184.538 0.570 423. 282 -
0. 730 125. 601 199. 818 0.565 439. 659 —
0.720 135. 858 216. 166 0. 560 456. 704 —
0.710 146. 857 233.701 0.555 474,450 -




186 = JiS L i 2% i %23 %

p,,/(GPa)
1 0 16 39 69 111 170 252 368 537

=15.0 T T T T T T v T v T v T T T T T

L 2
-12.5f

L 2]
-10.0

O

A p/(GPa)

7.5F Pt 300 K aP e
- foxe)
10.0F X
2501 M 1 M 1 M 1 " 1 " 1 " 1 M 1 M 1
1.00 0.95 0.90 0.85 0.80 0.75 0.70 0.65 0.60
ION

K4 AR E R Au i 5R SR Y S Ir 5 H w9050 I A T A R i 22
Fig. 4 The difference between our calculated 300 K isothermal EOS

and previous determinations for Pt

4 &

=A

TEXT Griineisen 28 %0 il g J 48 4k ANV AT ol {350 (9 R4 8 oy oo o T 5T A 55008 BELHE A E T AP REAY
TR L2 SR IR R N R i — Bl =, JF 5 T Au B Py 0 K 385 #E . Jl a3 2 i AR
JEEIE ASE) T Aa F1 P £EBSE R 7 DX %38 55 I W 25 07 F 7 H S A SR 5 BUA IO i OK R 2R F TR Y
DAC SEB 45 R WS A AR W4 s 48/ T LA AE A T AN ] Au B P Hebp Z 18] 19 22 5 o 35 1 57 ok IR 8
52 SURL 6 DA B AR 58 11 50 4 2R 5 SR 2 R AR WA W) 5 AR B, AT 9 A B ST 4R A9 Au R P (1955
I ) 2507 R AT LAAE Dy 4 I o T S 6 19 TR AR

References:

[1] Jing F Q. Introduction to Experimental Equation of State [ M ]. Beijing: Science Press,1986. (in Chinese)
SRR LY AT R 5] (ML Jb st Bl A, 1986.

[2] Xu X S,Zhang W X. Introduction to Theoretical Equation of State [ M. Beijing: Science Press,1986. (in Chinese)
e w L RO, SN A IRyl [MD. db st Bl 2z it 1986.

[3] Mao H K, Wu Y.Hemley R J,et al. X-Ray Diffraction to 302 Gigapascals: High Pressure Crystal Structure of
Cesium lodide [J]. Science,1989,246:649-651.

[4] Ruoff A L,Xia H,Xia Q. The Effect of a Tapered Aperture on X-Ray Diffraction from a Sample with a Pressure
Gradient; Studies on Three Samples with a Maximum Pressure of 560 GPa [J]. Rev Sci Instrum,1992,63:4342-
4348.

[5] Cynn H,Yoo C S. Equation of State of Tantalum to 174 GPa [J]. Phys Rev B,1999,59:8526-8529.

[6] Mitchell A C,Nellis W J. Shock Compression of Aluminum, Copper,and Tantalum [J]. ] Appl Phys, 1980,52;
3363-3374.



5 3 4 & MIAE G TAAAY & IR AF IR Y A 5 R SRR Y R X 187

[7]

(8]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Holmes N C,Moriarty ] A.Gathers G R.et al. The Equation of State of Platinum to 660 GPa(6. 6Mbar) [J]1.]
Appl Phys.1989,66:2962-2967

Hixson R S,Fritz ] N. Shock Compression of Tungsten and Molybdenum [J]. ] Appl Phys,1992,71:1721-1728.
Jamieson J C, Fritz J] N, Manghnani M H. Pressure Measurement at High Temperature in X-Ray Diffraction
Studies:Gold as a Primary Standard [ A]//Akimoto S, Manghnani M H. High-Pressure Research in Geophysics
[C]. Tokyo:Center for Academic Publishing,1982;27-48.

Anderson O L,Isaak D G, Yamamoto S. Anharmonicity and the Equation of State for Gold [J]. ] Appl Phys,1989,
65:1534-1543.

Decker D L. High Pressure Equation of State for NaCl,KCl and CsCl [J].]J Appl Phys,1971,42:3239-3244.
Brown J M. The NaCl Pressure Standard [J]. ] Appl Phys,1999,86:5801-5808.

Speziale S,Zha C S,Duffy T S. Quasi-Hydrostatic Compression of Magnesium Oxide to 52 GPa:Implications for
the Pressure-Volume-Temperature Equation of State [J]. ] Geophys Res,2001,106:515-528.

Shigeaki Ono, Takumi Kikegawa, Yasuo Ohishi. Structural Property of CsCl-Type Sodium Chloride under Pressure
[J]. Solid State Commun,2006,137:517-521.

Yuichi Akahama, Haruki Kawamura,Singh A K. Equation of State of Bismuth to 222 GPa and Comparison of Gold
and Platinum Pressure Scales to 145 GPa [J]. ] Appl Phys,2002,92:5892-5897.

Fei Y,LiJ,Hirose K. A Critical Evaluation of Pressure Scales at High Temperatures by in situ X-Ray Diffraction
Measurements [J]. Phys Earth Planet Inter,2004,143/144:515-526.

Shim S,Duffy T S, Takemura K. Equation of State of Gold and Its Appllication to the Phase Boundaries Near 660
km Depth in Earth’s Mantle [J]. Earth Planet Sci Lett,2002,203:729-739.

Akahama Y,Kawamura H,Singh A K. A Comparison of Volume Compressions of Silver and Gold up to 150 GPa
[J7.7 Appl Phys,2004,95:4767-4771.

Wu Q,Jing F Q,Li X Z. Determination of the Input ParametersBox » Box ' and ook for 0 K Universal Isothermal
Equation of State [J]. Chinese Journal of High Pressure Physics,2005,19(2):97-104. (in Chinese)

O, 2 R, BRI E BB ASE Box B H oo B9 E ()], BEY B4 ,2005,19(2) :97-104.
Marsh S P. Los Alamos Shock Hugoniot Data [ Z]. Berkeley: University of California Press,1980.

Jones A H,Isbell W M, Maiden C L. Measurement of the Very High Pressure Properties of Materials Using Light
Gas Gun [J].] Appl Phys,1966,37:3493-3499,

Holzapfel W B, Hartwig M, Sievers W, Equations of State for Cu, Ag,and Au for Wide Ranges in Temperature and
Pressure up to 500 GPa and Above [J]. ] Phys Chem Ref Data,2001,30:515-529.

Heinz D L,Jeanloz R. The Equation of State of the Gold Calibration Standard [J]. ] Appl Phys,1984,55:885-893.
Bell P M,Xu J,Mao H K. Static Compression of Gold and Copper and Calibration of the Ruby Pressure Scale to
Pressure to 1.8 Mbar [A]//Gupta Y M. Shock Waves in Condensed Matter-1985 [CJ. Nork York:Plenum,1986:
125-130.

Dewaele A,Loubeyre P, Mezouar M. Equation of State of Six Metals above 94 GPa []J]. Phys Rev B, 2004,70:
094112.

Boettger ] C. Theoretical Extension of the Gold Pressure Calibration Standard beyond 3 Mbar [J]. Phys Rev B,
2003,67:174107.

Souvatzis P,Delin A, Eriksson O. Calculation of the Equation of State of fcc Au from First Principles [J]. Phys Rev
B,2006,73:054110.

Tsuchiya T. First Principles Prediction of the p-V-T Equation of State Gold and The 660 km Discontinuity in
Earth’s Mantle [J]. ] Geophys Res,2003,108:2462.

Dorogokupets P I,0Oganov A R. Ruby,Metals,and MgO as Alternative Pressure Scales: A Semiempirical Descrip-
tion of Shock-Wave, Ultrasonic, X-Ray,and Thermochemical Data at High Temperatures and Pressures [J]. Phys
Rev B,2007.75:024115.

Greeff C W,Graf M J. Lattice Dynamic and the High Pressure Equation of State of Au [J]. Phys Rev B,2004,69:
054107,



188

s 7/ B (N S [ %23 %

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Wang Y,Rajeev Ahuja,Bérje Johansson. Reduction of Shock Wave Data with Mean Field Potential Approach [J]. ]
Appl Phys,2002,92:6616-6620.

Kei Hirose,Nagayoshi Sata, Tetsuya Komabayashi, et al. Simultaneous Volume Measurements of Au and MgO to
140 GPa and Thermal Equation of State of Au on the MgQO Pressure Scale [ J]. Phys Earth Planet Inter,2008,167:
149-154.

McQueen R G,Marsh S P, Taylor ] W,et al. High Velocity Impact Phenomena [ M]. New York: Academic,1970.

Xiang S K,Cai L C,Bi Y,et al. Thermal Equation of State for Pt [J]. Phys Rev B,2005,72:184102.

Bercegeay C,Bernard S. First Principles Equation of State and Elastic Properties of Seven Metals [ J]. Phys Rev B,
2005,72:214101.

Singh A K. Pressure-Volume Data for Epsilon Iron and Platinum to Earth-Core Pressures and above from One-
Parameter Equation of State Implication on Platinum Pressure Scale [ J]. Phys Earth Planet Inter,2007,164:75-82.
Menéndez-Proupin E,Singh A K. Ab Initio Calculations of Elastic Properties of Compressed Pt [J]. Phys Rev B,
2007,76:054117.

Zha C S,Mibe K,Bassett W A,et al. p-V-T Equation of State of Platinum to 80 GPa and 1900 K from Internal
Resistive Heating/X-Ray Diffraction Measurements [J 1. ] Appl Phys,2008,103:054908.

Isothermal Equations of State of Au and Pt at Room Temperature:
Implication for Pressure Scales

JIN Ke, WU Qiang, LI Xin-Zhu,CAI Ling-Cang,]JING Fu-Qian

(National Key Laboratory of Shock Wave and Detonation Physics ,
Institute o f Fluid Physics \CAEP ,Mianyang 621900,China)

Abstract ; Isothermal equations of state at room temperature of Au,Pt were investigated to the relative

volume change of 0. 5~0. 6. The isothermal bulk modulus B »its first pressure derivative Bk '»and

the specific volume vk at zero pressure and temperature were derived directly from the experimental

shock wave data with a simple method,independent of any assumption on the behavior of Griineisen

parameter at high pressures and temperatures. Based on the derived parameters, the isothermal

equations of state for the four pressure standard materials were calculated, which show excellent

agreements with the available quasi-hydrostatic measurements in diamond-anvil-cell experiment.

Comparison of the calculated results with the previous theoretical investigations was also performed.

The crosscheck on independent data and the excellent agreements with experimental data confirm that

the present isothermal equations of state for Au and Pt can be used as high-pressure scales for future

static DAC experiments.
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