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F1 FRFETF fee #l Ce-La-Th &4 AR (V) RIAFHEE (B,)

Table 1.  Equilibrium volume (V) and bulk modulus (B,) of Ce-La-Th of fcc phase at 0 GPa and 0 K.
Vo/A3 B, / GPa
Present CeqgLag 1 Thy, 28.91 35.96
Calc.[? Ceogrslag.zs 28.00 32.50
Calc. Pure Ce 27.07, 24,7122 41.7209, 48.4122 37123
Expt. Pure Ce 29.0120, 28.06/24] 201201, 35.0[23]
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Fig. 1. The EOS of fcc and bet Ce-La-Th together with the
experimental data (the black solid point is the result of the
structure optimization, the black solid line is the fitting res-
ult of the EOS), together with the experimental data for
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Fig. 2. (a) Lattice constants a and c of CeygLay,;Thy; as
functions of volume; (b) the calculated axial ratio (¢/a) of

bet phase as functions of pressure.
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Fig. 3. Elastic constants as functions of pressure.
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Fig. 7. The constant volume heat capacity Cy versus temperature (a) and pressure (b), and the entropy S versus temperature (c)

and pressure (d).
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Abstract

The lanthanide and actinide metals and alloys are of great interest in experimental and theoretical high-
pressure research, because of the unique behavior of the f electrons under pressure and their delocalization and
participation in bonding. Cerium (Ce) metal is the first lanthanide element with a 4f electron. It has a very
complex phase diagram and displays intriguing physical and chemical properties. In addition, it is expected to
be an excellent surrogate candidate for plutonium (Pu), one of the radioactive transuranic actinides with a 5f
electron. The bulk properties and phase transformation characteristics of Ce-based alloys are similar to those of
Pu and its compounds. Thus, the investigations of Ce-based alloys are necessary and can potentially advance
the understanding of the behavior of Pu. In this work, the equation of state, phase transition, elastic and
thermodynamic properties of Ceyglag;Thy; alloy at high pressure are investigated by using first-principles
calculations based on the density-functional theory. The structural properties of the CeggLagyThy; alloy are in
good agreement with the available experimental and theoretical data. The lattice constant a decreases with
pressure increasing, while ¢ shows an opposite variation. It is found that the lattice parameter ¢ shows abnormal
jump. And the critical volume is located at 20.1 A3. The axial ratio jumps from a value of about /2
(corresponding to the fcc structure) to a higher value, which indicates that the fce-bet transition occurs. And
the corresponding transition pressure is located at ~31.6 GPa. When the pressure rises to 34.9 GPa, the bct
structure displays a saturated c¢/a axial ratio close to about 1.67. The Young's modulus E, shear modulus G and
the Debye temperature of the fcc phase tend to be “softened” around the phase transition pressure. The
vibrational free energy is obtained by using the quasi-harmonic Debye model. And then the thermodynamic
properties including the thermal equation of state, heat capacity and entropy under high pressure and high
temperature are also predicted successfully. The results show that the heat capacity and entropy increase
rapidly with temperature increasing, and decrease with pressure increasing. The high pressure can suppress part

of the anharmonicity caused by temperature.
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