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Table 1 Crystal structure parameters of Mgi7Al:2, Al,Ca, Al,Nd and Al,Er phases

Phase Atom number in cell Space group Structure type Pearson sign Atom site

Mg:2a(0,0,0) 8¢(0.32440,0.32440, 0.32440)
Mg17Al12 58 1-4 3 m (217) Al2 Cl158 49(0.35622,0.35622,0.03925)

Al:249(0.08996,0.08996,0.27681)

Al,Ca 24 FD-3m (227) C15 CF24 Al:16d(0.625,0.625,0.625) Ca:8a(0,0,0)

Al,Nd 24 FD-3m (227) C15 CF24 Al:16d(0.625,0.625,0.625) Nd:8a(0,0,0)

ALEr 24 FD-3m (227) C15 CF24 Al:16d(0.625,0.625,0.625) Er:8a(0,0,0)

K1 MgisAlia. AlbCas AloNd Al ALEr FH A &b B s 7Y
Fig.1 Cell models of Mgi-Als; (a), Al.Ca (b), Al.Nd (c), and ALEr (d)
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Table 2 Equilibrium lattice constants and total cell energy (E:ot) gj 2l
of MgyAls, Al,Ca, Al,Nd and Al,Er @
Lattice constant/nm g 17
Phase Eto/eV S
Present Cal. Exp. 0
Mgq7Al;;  1.059 1.056!" 1.055%1  _17235.820 Mg, Al, AlCa ALNd  AlLEr
Al,Ca 0.802 0.8021" 0.802"%1  _1115.462

K 2 MgisAl. Al,Cay AlLNd FIT ALEr [ JE BRI 45 & fig

Al,Nd 0.8176  0.8049"1  0.8003M  _1679.594 . ) )
Fig.2 Heat of formation (a) and cohesive energy (b) of Mgi7Al12,
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Fig.3 Partial DOS of Mgi7Al12 (2), Al,Ca (b), AlzNd (c), AlLEr (d); total DOS (e); spin-resolved DOS of Al;Nd (f), and AL:Er (g)
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Table 3 Mulliken electronic populations in Mgi7Al1,, Al,Ca,
Al,Nd and AlL,Er

Populations
p d f

Phase Species Total  Chargele

Mgi;Al; Mg, 073 652 000 000 7.26  0.74
Mg, 0.80 670 0.00 000 7.50  0.50
Mgs 0.79 6.94 000 000 7.74  0.26
Al 128 222 000 000 349  -0.49

Ca 221 599 0.88 0.00 9.08 0.92

AIzCa
Al 120 226 0.00 0.00 3.46 -0.46
ALN Nd 221 597 131 396 13.46 0.54
Z Al 1.27 2.00 0.00 0.00 3.27 -0.27
Er 236 6.20 2.27 11.02 21.85 0.15

AlLEr

Al 105 202 0.00 0.00 3.07 -0.07

\

‘ d — 2000
1 - 1.500
— 1.000
— 5.000s1
- n.000

Wc
-

4 Mg17A|12\ AlzCa‘ Alsz *[] A|2Er E@(llO)@ Eﬁ,ﬁ'ﬁ‘j <
Fig.4 Charge densities on (110) plane of Mgi7Ali; (a), Al.Ca (b), Al:Nd (c), and AlEr (d)
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Fig.5 Charge densities difference on (110) plane of Mgi7Al1; (a), Al,Ca (b), Al,Nd (c), and AlLEr (d)
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Relationship between Structural Stabilities and Electronic Structures of Mg;;Al;,,
Al,Ca, Al,Nd and AlL,Er Intermetallic Compounds Studied by First-principles

Cui Xiaoming, Bai Pucun, Hou Xiaohu, Liu Fei, Wang Xinxin, Zhao Lingling, Chen Mengyang
(Inner Mongolia University of Technology, Hohhot 010051, China)

Abstract: The relationship between structural stabilities and electronic structures of Mgi7Ali2, AlxCa, AlLNd and ALEr intermetallic
compounds was investigated by Castep module based on the density functional theory. The heats of formation, cohesive energies and
densities of states (DOS) of these compounds were calculated and the crystal structures were optimized. Results show that the heats of
formation and cohesive energies are all negative. The Al,Er has the strongest alloying ability and structural stability, then Al;Nd, thirdly
Al,Ca and finally Mgi7Al1,. The calculated DOS of all the compounds in this study shows that Al,Er and Al.Nd exhibit the stronger
structural stabilities and the reasons can be deduced as follows: (1) Serious hybridization occurs in the valence electrons between Al3p and
Er4f, Al3p and Erbd, Al3p and Nd4f, Al3p and Nd5d orbits in the lower energy region below Fermi level. (2) The bonding electrons of
Al;Nd and AlEr are more than Al,Ca and Mgi7Ali2. (3) The bonding abilities of Al,Nd and AlEr are stronger. Moreover, the calculations
of density of charge indicate that all of these compounds contain metallic, ionic and covalent bonds. In these compounds, Al,Er and Al,Nd
have the stronger covalent bonds than Al,Ca and Mgi7Al12, while the Al,Ca has the strongest ionic bonds and the Mgi7Al;2 is dominated by
the metallic bond.

Key words: Mg-Al alloy; C15Laves phase; electronic structure; first principle
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