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Abstract: Using the first-principle pseudopotential plane wave (PPW) method based on the density functional theory,
structural optimization was conducted on MgEr, Mg,Er and Mgy,Ers intermetallic compounds of the binary Mg-Er alloys,
and the internal relations of the stability and crystal structure of the Mg-Er intermetallic compounds were analyzed by
calculating the formation heat, binding energy and electronic structure. The results show that in Mg-Er alloys, the
formation heat and binding energy of three intermetallic compounds are all negative, and the alloying ability and
structural stability of Mg-Er compounds are in decline with decreasing the content of Er. In low-energy region of Fermi
level, the energy band is mainly dominated by hybridization of 4f and 5d orbits of Er with the 2p and 3s orbits of Mg,

while in high-energy region of the Fermi level, those bonds are mainly contributed by electrons of 5d orbits of Er and 2p
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orbits of Mg. As the Er content decreases, the average quantities of bonding electron of each atom in low-energy region

of Fermi level drops, which results in the weakened interaction among valence electrons and the reduced stability. There

are a large number of charges around Mg and Er, suggesting the characteristics of typical metal bond. Meanwhile, Mg

and Er share some charges to form covalent bond, while the distortion of the charge at the junction is little. Therefore, the

valence bond of Mg-Er intermetallic compound has a characteristic of the duality wherein the metal bond predominates.

With decreasing the Er content, the amount of charge transfer between Mg and Er atoms reduces gradually, which leads

to the decrement of the proportion of covalent bond and the structural stability.

Key words: Mg-Er intermetallic compounds; first-principle; structural stability; electronic structure
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Table 1 Structure parameters of Mg-Er intermetallic compounds™* "
Phase  Pearson symbol  Space group Structure symbol ~ Typical structure a/A b/A c/A
Mgy,Ers cI58 143m Al2 o-Mn 11.263 11.263 11.263
Mg,Er hP12 P63/ mmc Cl14 MgZn, 6.000 6.000 9.700
MgEr Cp2 Pm3m B2 CsCl 3.756 3.756 3.756

1 Mg-Er &g L& i B R

Fig. 1 Cell models of Mg-Er intermetallic compounds: (a) MgEr; (b) MgEr; (¢) MgyErs
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Table 2 Energies of solid and isolated atom

Solid Isolated
Element Structure
K-point E./eV Eid/ (eV'atom’l) E./eV Eisotated/! (eV'atomfl)
Mg HCP 9X9X6 340 -973.951 340 -972.519
Er HCP 8X8X4 320 —5224.094 320 —5224.028
i'% 3 MgEr\ MngI‘ %n Mgz4Er5 B"J%Z@T %%ﬁé&‘% EIEEI}}@:% %‘E
Table 3 Equilibrium lattice constants and total energy of MgEr, Mg,Er and Mgy,Ers
Compound Atom number alA b/A c/A E/eV
3.913 3.913 3.913
MeEr 2 3.756114 3.756114 3.756114 6200817
6.234 6.234 10.040
Me.Er 12 6.0001"3 6.0001"3 9.7001"3 ~28700.986
11.516 11.516 11.516
MexErs >8 11.2631¢ 11.2631¢ 11.2631¢ 99 002.984
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Fig. 2 Heat of formation(a) and binding energy(b) of MgEr,
Mg,Er and Mgy Ers
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Fig. 3 Partial and total DOS of MgEr(a), MgEr(b) and
MgyErs(c)
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