58 2009 6 Vol.58 Special June 2009
1000-3290/2009/58 /8216-08 ACTA PHYSICA SINICA (©2009 Chin. Phys. Soc.

a'Mg3 Sb2 i

1 127 3 3
1 411105
2 530004
3 200030
2008 12 20 2009 1 6
Mg-Sh a-Mg; Sh,
a-Mg; Sh, 0.303 eV
a-Mg; Sh,
a-Mg; Sh, . a-Mg; Sh,
a-Mg; Sh, Cu+ Co Cul2 Cu+ Cp +2Cy + Cyl2
Ci-Cy /4 Cyu
a-Mg; Sb,
PACC 7115A 7115M 7125 6220
930 °C a-Mg; Sh,
1. 930 C B-Mg; Sh,
a-Mg; Sh,
Mg a-Mg; Sh,
16 17
=20 90 ) Mg-Sh
Mg 15% °. a-Mg, Sh,
Mg
Mg
Mg-Sh a-Mg; Sb,
Mg . a-Mg; Sb, DOS
Mg
’ o-Mg;, Sh, c,
Mg
Sh
Mg Sb a-Mg; Sh,
M Mg-Sh . DOS
14 15 Mg-Sh a-Mg; Sb,
1245+5 C Mg, Sh, Mg, Sh,

* 50861002 08]J6001

KF0803 X071117

T . E-mail tangbiyu@xtu. edu. cn



a-Mgs Sh, 217
Murnaghan *
2. 1 a-Mg; Sh,
31 32
" VASP P : 130.296 x 10~ nm’
- 32 0.009% .
z Perdew- .
Wang 91 R 33 34 Mg Sb
E . k L.
E.. 400 eV Monkhorst-Pack * a-Mg; Sh,
8x8x6 I'
conjugate-gradient 7 AH - 1 EMND BN yED |
Kohn-Sham rTry
E;"  a-MgSh, Ep
Hellmann-Feynman Ey A B
0.1 eV/nm DOS Xy A B
a-Mg; Sh,
AH=-0.982 eV 35—40
3. . a-Mg; Sh, a-Mg; Sh,
3.1.
a-Mg; Sh, a-La, O, »®
P3ml No.164 Pearson hP5
5 . a-Mg;Sh, Mg 1
Mg 2 2¢ 2d Sh 2d
1
Mg 1 2a¢ 000
Mg 2 2d 0.3333 0.6667 0.3669 Sb 2d
0.3333 0.6667 0.7738 Wycoff Birch- 1 a-MgSh,
I a-MgSh, Mg Sb
a/nm b/nm ¢/nm /eV /eV
a-Mg; Sh, 0.4558 — 0.7242 -2.952 -0.982
0.4582 — 0.7244 31
0.4559 — 0.7227 32
Mg 0.3190 — 0.5177 -1.529 —
0.3177 — 0.5172 33
Sh 0.4254 0.1123 — -2.633 —
0.4299 0.1125 — 34
3.2. 2
H -1/32/3172 K -1/32/30
2 MO0O120 G000 AO0O01/2 L 0 1/2



58

5218

0.210 eV

a-Mg; Sh,

1.706

.Busch *

30.693%
0.820 eV

43 44
Kohn-Sham

43 4

DOS

a-Mg; Sh,

3

172 .

0.303 V. Imai

a-Mg; Sh,

TB-LMTO-ASA

41

a-Mg; Sh,

35.313%

0.410 eV

Ex

(b)

-1

DOS/eV

DOS

Ey

DOS

- 5.000—0.000 eV

DOS

DOS

DOS

a-Mg; Sb,

a-Mg; Sh,
a-Mg; Sh,

DOS

5p

Sh

5p

5s
5.201 eV

Sh
2.681

DOS

3p

3s

Mg

DOS

—-11.000— - 8.200 eV

4.117 eV.

5s

Sb


Absent Image
File: 0


a-Mg; Sh, S219

0.4
0.2
0.0 -"":-.._.v.fh‘J;jL L L
S Sb5s
% L e Sb5p
& % N
L e S A eereatn oo A i
0 e S N L D , AR N o O
] —Mg;Sby
T 1 SRR Mg
K Sh
2 -
0 y I‘T—A | 1
-12 -9 -6
4 a-Mg;Sh, DOS
a-Mg; Sb, 5 . 5
Mg Sh
Mg Sb
Mg 1 Mg 2 (2) f"!f,"
e
Sb Sh \ —////
Mg 1 Mg 2 Sb Sb
Kuroiwva  ®
(01013 (100)
3.3.
5 Mg Shy 010
a-Mg; Sb,
Cy. R
AE 13
Ve a2 o
AE E V E V 0 R = EGZ E
- tot 0 7 - tot 0 Da3|:|
V, 7
Ov3 1 O
Voigt “ Ci i j=12 05e¢ 5a 0p
0 0
6 m X6 m -0 @ 1 OD' 3
y ’y E_ 2 a 2 a E
=£0.02n n=0—4 . 0o 0 U
5 C, Cp, Cy Cy 2 2 aij



58

S220
0, =0 U Y 6
Y 2 u v 5
C, =77.333 GPa C,, =
. Y = 40.651 GPa C; =20.394 GPa C; =76.498 GPa C,
+0.02n n=0—4 =9.155 GPa.
Uu v 47
2 a-Mg; Shy
2
Ol O 03 O Oss Oes AEIV, 7?
5! 0 0 0 0 0 Y % Cy - Cp 7*
52 Y Y 0 0 0 0 Cy + Cp 7*
83 0 0 14 0 0 0 %Css 7
54 0 0 0 y y 0 Cuy’
53 Y Y Y 0 0 0 (C11+C12 +2C13+%633)7’2
-14.72
- (CII_CIZ)/4
~14.74 w
-14.73 | Cut
-14. 74
> -14.65 Cy/2
o i
w14, 75 F
3 CptCyp
-14.6
-14.8
-14.2 | Cpy+Cp+2Cy5+Cy3/2
714.8 1 1 1 1
-0.04 —0. 02 0. 00 0.02 0.04
e
6 a-MgSh, U y
Voigt 46 Ci=C,+C,+2C,; -4Cy;.
a-Mg; Sh, B G Y cla B
A
v B==2 C,+Cy+2Cs+2Cy . 5
cla B° 9 2
B° — Cy Cy+ Cp -2Ch 4
- Cs G= Cy Cy C\=Cp 2" ", 6



a-Mg; Sh, S221
Y y Cline * o C,-Cp,
Y - Cy Cy + Cp —20?32 Cy, - Cyp 7 Y . c,-0C,=
Cn €y = Cis 36.682 GPa Y = 54.648 GPa
y = C12 C33 - sz ) 8 a-Mg,szz v
Cu C33 - C13 - 11—
A 0.5
A = A. 9 0.25
Cy - Cp 5
3 . a-Mg; Sb,
' 0.292 0.25 0.5
3 e ¢ ’ a-Mg, Sb, a-Mg; Sb,
A
’ 53 54
B/GPa  B¢/GPa By/GPa  G/GPa B/G Y/GPa v A
43.782 43.260 44.65 12.953 3.380 54.648 0.292 0.499 a-Mg35b2 DOS
3 B 7 7
B° Murnaghan-Birch ® o-Mes Sb,
B, 43.782 43.260 Ci+Cy Cy/2 C, + Cp, +
44.65 GPa.Pugh B/G 205+ Cy/2 DOS
B/G c, -C, /4 Cy
1.75. B/G =3.380 1.75 a-Mg, Sh, DOS
BIG C, - Cp,
(€ —C i
{
4 /\,w/\/‘\
Cyq
o
_>
_\LI.:
73]
o]
[}
10
7 o-Mg;Shy Y=+4% DOS DOS
DOS

+4% DOS

- 4%



S222 58
C;
4. o
Mg; Sh,
DOS
Mg-Sb a-Mg; Sb, a-Mg, Sh, Ch+ Cp, Cyul2
DOS Ch+ Cph+2C;5+ Cyy/2
Ch-Cph /4 Cy
a-Mg; Sb,
0.303 eV
.DOS Sbh s p DOS
Mg Sb
Mg Mg Sb Sh
a-Mg;Sh, 5
1 Potzies C Kainer K U2004 Adv. Eng. Mater. 6 281 21 Kresse G 2003 Vienna Ab Initio Simulation Package Weinheim
2 Sajuri Z B Umehara T Miyashita Y Mutoh Y 2003 Adv. Eng. Wiley-VCH
Mater . 5 910 22 Blochl P E 1994 Phys. Rev. B 50 17953
3 Schumann S Friedrich H 2003 Mater. Sci. Forum 51 419 23 Kresse G Joubert D 1999 Phys. Rev. B 59 1758
4 Mordike B L Kainer K U 1998 Proceedings of the Magensium Alloys 24 Perdew J P Wang Y 1992 Phys. Rev. B 45 13244
and  Their  Applications  Frankfurt — Werkstoff-Information 25 Perdew J P Chevary J A Vosko S H Jackson K A Pederson M R
Sgesellschaft - pp304—311 Singh D 1992 Phys. Rev. B 46 6671
5 Kainer K U 2003 Magnesium Alloys and Technology ~ Weinheim 26 Monkhorst H ] Pack ] D 1976 Phys. Rev. B 13 5188
Wiley-VCH GmbH & KGaA - pp210—223 27 Press W H Teukolsky S A Vetterling W T Flannery B P 1996
6 Avodle P 1998 IMA-55 A Global  Vision for - Magnesium Numerical Recipes in FORTRAN 90 The Art of Parallel Scientific
Washington International Magnesium Association pp36—46 Computing 2nd Fd.  New York Cambridge University Press
7 Mordike B L Ebert T 2001 Mater. Sci. Eng. A 37 302 opl02—150
8  YunGY SunYS Ding W J2000 Seripta Mater . 43 1009 28 Zinil E Husemann E 1933 Z. Phys. Chem. 21 138
9 WunGY Zeng X Q Lu Y Z Ding WJ Sun YS2001 /. 29 Martinez-Ripoll M Haase A Brauer G 1974 Acta Cryst. B 30 2006
Mater. Eng. 458 in Chinese
o1 4 ss 30 Birch F 1978 J. Geophys. Res. 83 1257
10 YuanGY SunYS Ding W J 2001 Mater. Sci. Eng. A 38308 31 Balakumar T Medraj M 2005 Calphad 29 24
11 MaYQ Chen RS En-Hou H 2007 Mater. Lett. 61 2527 32 Faraz A Taras K Yurij M 2007 . Solid State Chem . 180 24
12 Balasubramani N Srinivasan A Pillai UT S Raghukandan K Pai B 33 Zhong Y LiuJ Witt R A Sohn Y Zikui L2006 Scripta Mater. 55
C 2008 J. Alloys Compd . 455 168 373
13 Wang Q Chen W Ding W Zhu Y Mabuchi M 2001 Metall . Mater . 34 QuAN Jiang Y J Zhang L'T Wu J S 2006 Chin. J. Nonferr.
Trans . 32 787 Met. 16 10 in Chinese
14 Varma A Mukasyan A S 1992 ASM Handbook Vol. 3 pl104 2006 16 10
15 Stefano C Aleksey N K Franklin H C 2005 Calphad 29 155 35  Rao Y K Patil B V 1971 Metall. Trans. 2 1829
16  Kajikawa T Kimura N Yokoyama T 2003 Proceedings of the 22nd 36 Eremenko VN Lukashenko G M Neorg Z K 1964 Russ. J. Inorg.
International Conference on Thermoelectrics Weinheim Wiley-VCH Chem . Engl. Trans. 9 1552
pp305—308 37 Kubaschewski O Walter A 1939 Z. Elektrochem . 45 732
17 Condron C L Kauzlarich S M Gascoin F Snyder G J 2006 J. Solid 38 Kubaschewski O Catterall J A 1956 Thermodynamic Data of Alloys
State Chem . 179 252 New York Pergamon ps6
18  Kohn W Sham L 1965 Phys. Rev. A 140 1133 39 Huligren R Desai P D Hawkins D T Gleiser M Kelley K K 1973
19 Kresse G Hafner J 1994 Phys. Rev. B 49 14251 Selected Values of the Thermodynamic Properties of Binary Alloys ASM
20 Kresse G Furthmiiller J 1996 Comput. Mater. Sci. 6 15 International  Metals Park ASM  ppl106—1108



a-Mg; Sh, $223

40  Barin I Knacke O Kubaschewski O 1977 Thermochemical Properties 48  Cline C F Dunegan H L. Henderson G W 1967 J. Appl. Phys. 38
of Inorganic Substances  Supplement Berlin  Springer-Verlag 1944
p385 49 Murnaghan F D Acad P N 1944 Science 30 244
41 Imai Y Watanabe A 2006 J. Mater. Sci. 41 2435 50  Pugh S F 1954 Phil. Mag. 45 823
42 Busch G Hulliger F Winkler U 1954 Helv. Phys. Acta 27 195 51 Hu Q M Yang R 2006 Curr. Opin. Solid St. Mater. Sci. 10 19
43 Stampfl C van de Walle C G 1999 Phys. Rev. B 59 5521 52 Mattesini M Ahuja R Johansson B 2003 Phys. Rev. B 68 184108
44 Perdew J P Mel L 1983 Phys. Rev. B 51 1184 53 Zhang G Y Zhang H Fang G L Li Y C 2005 Acta Phys. Sin. 54
45 Kuroiwa Y Aoyagi S Sawada A Harada J Nishibori E Takata M 5288 in Chinese 2005
Sakata M 2001 Phys. Rev. Leit. 87 217601 54 5288
46 Voigt W 1928 Lehrbuch der Kristallphysik Teubner Leipzig p962 54 Yuan GY Sun Y S Wang Z 1999 Chin. J. Nonferr. Met. 9 779
47 Born M Huang K 1956 Dynamical Theory of Crystal Lattices in Chinese 1999
Clarendon Oxford ppl26—152 9 779

Electronic structure and mechanical properties of «-Mg;Sb, *

Yu Wei-Yang'  Tang Bi-Yu' > Peng Li-Ming®  Ding Wen-Jiang’
1 Key Laboratory of Low Dimensional Materials and Application Technology of Ministry of Education
Faculty of Material and Photoelectronic Physics Xiangtan University Xiangtan 411105 China
2 School of Chemistry and Chemical Engineering Guangxi University Nanning 530004 China
3 Light Alloy Net Forming National Engineering Research Center School of Materials Science and Engineering
Shanghai Jiaotong University Shanghai 200030 China
Received 20 December 2008  revised manuscript received 6 January 2009

Abstract

First principles calculations have been carried out to investigate the electronic structure and the mechanical properties of
a-Mgz Sh, . The optimized structural parameters and formation energy are in good agreement with the experimental values. The
electronic structure is also given indicating that a-Mgz; Sb, is indirect-semiconductor. The obtained energy band gap of a-Mg; Sb,
is 0.303 eV. The elastic constaint C; of a-Mg;Sh, has been calculated then the mechanical parameters such as moduli
Possion’s ratio etc are abtained. By analysizing the mechanical parameters it is found that a-Mgz; Sh, has good ductility and
relatively poor plasticity. In the end the volume conservation of a-Mg;Sh, is discussed in terms of the total density of states
before and after deformations. From the results it can be seen that the shears corresponding to  C;; — C, /4 and Cy are
almost volume conserving whereas the shears corresponding to Cy; + Cj, C33/2 and the bulk modulus related to Cy; + Cy, +

2C3 + C33/2 are not volume conserving.
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