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Fig. 1. EAM potential for Ce: (a) The pair function @(r;) and the density function f(r;;); (b) the embedded function F(p).
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Fig. 2. The cold energy of fcc Ce calculated with the newly
developed EAM potential.
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Table 1. EAM predicted properties of Ce lattice in comparison with experimental and ab initiodata.
~-Ce a-Ce
P, S ALEAM Sy S AIEAM
ap/A 5.1614 5.22011] 5.14 4.8414 4,908 4.6301 4.81
E./eV 4.321 4.35011] 4.32 4.301] 3.7611 4.3255
T3 B /GPa 18.1861 28.3011 16.78 35.012), 16.9403] 37.0134 37.00
c11 /GPa 26.0151 23.06 52.9134 59.77
¢1p /GPa 14.2681 13.64 29.164 25.62
¢y /GPa 17.3001 17.64 44,63 49.98
BIYI i /GPa 12.7361 12.47 17.26131 36.82
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Table 2. Calculated formation energy of lattice defectsin 1-Ce and a-Ce.
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Fig. 3. Generalized stacking fault energy and generalized twining fault energy curve for (a) a-Ce and (b) 1-Ce.
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Abstract

Ce is a rare earth element in the periodic table. In the range of low temperature and low pressure, there are
two face-centered-cubic (FCC) phases (a-Ce and 4-Ce) and a double-hexagonal-close-packed phase (5-Ce) for
metallic Ce. At ambient temperature and about 0.7 GPa pressure, Ce undergoes y—« phase transition with a
volume shrink of 14%-17% discontinuously. In this paper, an embedded-atom method (EAM) potential
compatible for a-Ce and -Ce was developed. This EAM potential has been employed to study several basic
properties of cerium in these two FCC phases, such as equilibrium lattice constants, cohesive energies, and
elastic constants. These results showed good accordance with experiments and first principle calculations. The
lattice defects have been studied with the formation energy calculations of vacancies, interstitials, surfaces,
stacking faults, and twinning defects in a-Ce and 7-Ce lattice. The lattice dynamics of a-Ce and ~-Ce have been
analyzed using our EAM potential. The lattice vibrational entropy was calculated and plotted as functions of
temperature for each phases. The vibrational entropy change across the a-y phase transition showed to be ~0.67
kp per atom at ambient temperature. Using molecular dynamics simulation with our EAM potential, several
isotherms and radial distribution functions were calculated. These isotherms and radial distribution functions
demonstrate a first order phase transition between two FCC structures, corresponding to a-Ce and 7-Ce, with a
critical point sets at T,~550 K and P.~1.21 GPa. Thus the newly developed EAM potential could provide a
reasonable description of FCC Ce and its a-y phase transition within the scale of classical molecular dynamics

simulation.
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