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Table 1.  Comparison of results from the ext-FP method
and the DFT method.
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0.3 80 791144 -0.23 350  792.977

2.3 SHIZENERTHE

TEIE M 2 b, A S ext-FPMD J7
TN IR AR 2 o U X S O BRI A, TR T
T 3 9% ] 0.056—0.5 MK, pi—5p 1 30 AR
BENEE. RSy . FREEERESZ
TFHIRH NVT RZARH 5000 44T 8 1127 5[]
A, HAET 1000 25 H Tl BT, 5 4000 25 HF
SR GETT. ML BT 7 7 R A, T DR
FANEAE 0.05 MK 1 0.1 MK J&FEF b 64, 0.2—
0.5 MK IREZEZ TR 32; i BINIX & SURFELER L
— i g Fah it b K a8 G a5 a3 At =
(1/60)(3/4mni)Y/3 /\/T [roq B 7€ , Forb ng Flmg 43531
B R RO FE R B . FEAA o 1 2R Rl
KRBT Ny A~ KS BB KR PAW J7
A PBE 32 BETZ pR . B S BUE S B &
b WS DU, A 46 AN () I % B R Y KS
BUAEEL Ny - 11 0% BE = 8T . A5 BLOH X & AR
FERIAE, LAK G5 BJ) 1 A58 e L R/ INFRERE i) 26
K&

TP BRI IS RS2 B 22 DM HETI

PAW-PBE #3014 (B FHEA A 5525p©5d196s%6p2),
T SCNT 5 TRV 12 B0 AR SO )38 2 2%
JE S R 38 . — D T, B v 28 e MR AR v R
T B B RGN X SE B ), SR A #5
B—EE LRI, SRR WIEN2KD)
Y R LUAS . O3 —J7 T, A1 R iR T RE R B
LTI B TRDEE, AT 45 TR 2 2 1 T T3 ) e
RN I B WA, I A2 SR 7T 5
FERE.

B B TN P = 2 8- A I Fa M= R ) (S
B AR — e R B 5C B, ELAR A
DR S . A SORLAUL ) S 12 %85 B0 Bpo , X N et
SRR TR 2.05 A (FHIE O 7 g TR, % &
B S RASHLRE A SR R BE T /N, 78 W7 45 R R 2
T ext-FPMD B8l 4% ] 4347 pR Sl 1) 1158
TEEARE TR B R 1.78 ARYIRILCo ST 7 4RI
JE, XEREZY 7.6 £ 48 % B . THE SR A B IR
FHYIELOS T EMIAT 12 x 12 x 12 ) Monkhorst-
Pack kS RAERIRE. & 1450 T #5310
28 5 43 WIEN2Kk 45 5%t [, 7T Ui
T R I 3K 2 YO N B R I AR .
I RO W42 2.3 Bohr (29 1.2 A),
TEMR B B AR R IS 1.78 AZ F BARE &
MK E, W REEARARTT{E. iX 5 Benedict
S DU FERR IV T8 X 25 7 BRI SE T A b ) JEE 34k
ZELA, B A AR T 4E 1.1 Bohr i) PAW 4]
FHF 100 g/cm?® % T A IR (%5 X0
B ISR )T 1.1 Bohr).

12000

— CESSP
L0000 1 ® WIEN2k
8000 |
£ 6000
9
~ 000}
2000
0 L
5 10 15 20 25 30

V/(A3.atom~1)

Pl1 TGO ST OBV AR (SRR B 22 MM B T Y
PAW #1545 R 5 WIEN2k 2345 R3S L

Fig. 1. Cold pressure results of face-centered-cubic lead cal-
culated by CESSP with the 22 electron PAW potential,
compared with full-potential results from WIEN2k.
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Table 2.

valence state (5s state of lead) at the different temperat-

Occupation numbers of the lowest energy

ures and densities.

Po 2pg 3p0 4py 500
T=0.05 MK 1.00000 1.00000 1.00000 1.00000 1.00000
T=0.1 MK 1.00000 1.00000 1.00000 1.00000 1.00000
T=02MK 0.99973 0.99977 0.99981 0.99984 0.99988
T=03MK 0.99492 0.99576 0.99640 0.99701 0.99746
T=04MK 097704 0.98074 0.98364 0.98612 0.98821
T=0.5MK 0.94243 0.95155 0.95881 0.96504 0.96917
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A wide-range multiphase equation of state for lead”
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Abstract

We present a multi-phase equation of state (EOS) for lead (Pb, Z = 82) in wide ranges of densities and
temperatures: 11.34 g/cm® < p < 80 g/em®, 300K < T < 10 MK. The EOS model is based on a standard
decomposition of the Helmholtz free energy that is regarded as a function of the specific volume and the
temperature into cold term, ion-thermal term, and electronic excitation term. The cold term models both the
compression and the expansion states; the ion-thermal term introduces the Debye approximation and the
melting entropy; the electronic excitation term employs the Thomas-Fermi-Kirzhnits (TFK) model. The
thermodynamic properties of the warm-dense lead are calculated using the extended first-principles molecular
dynamics (ext-FPMD) method, with the density reaching five times that of ambient density and the
temperature up to 0.4 MK. Our EOS model is used to predict the principle Hugoniot, the room-temperature
isotherm, the melting curve, and the thermodynamic properties in the warm-dense region. A systematic
comparison with the experimental data, the SESAME-3200 table, and the ext-FPMD calculations is made and
shows that our EOS model is consistent with not only the various experimental data, but also the ext-FPMD
calculations, indicating some superiority over the SESAME-3200 table in the warm-dense region. The datasets
presented in this paper, including the tabular EOS consisting of internal energy and pressure at the different
densities and temperatures, are openly available at https://www.doi.org/10.57760/sciencedb.j00213.00166.
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