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Fig.1 Crystal structure of oAl (s

(a) monoclinic unit cell; (b) rhombohedral unit cell
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Fig.2 Energy band structure of a-Al; ()5 crystal

B3 HaALO, ST EERISHEESN.
Wixt sy SEEPDOME—FHH, TLT#H
Al OMBEEEARN TR ERASE TN
LEHTRRS ALURTFR O R FHARPEN S
AEE. BE QT ALO, WEEEH 3 MK
SR A EERED —20~—15 eV IR R A
RE AESEEFERERAT ALEFMOFEF 2s
MERSHARATAIRFH I RENHHHOL

3.0

10

. T
1opa) ' (b) ‘ (c) i —O0s
B! 2.57 : 3 oo Op
8t I ' r :!I
2.0 H | ‘-E
?16 C % : ?; 6 1]
7 B 1.5F ! & '
8 e R | g4 hal
2 210 | 2 o
2 ost [\m 2of o
() Y i -
G e — e 00 .AL i 1 I n 0 X ng‘ PR, ST
~25-20-15-10-5 0 5 10 15 20  -25-20-15-10-5 0 5 10 15 20 ~25-20-15-10-5 0 5 10 15 20

Energy/eV

Energy/eV

Energy/eV

B3 aALO MBTEXRFESEEIT
() -ALO; WESERE: (b)) ALEFRBEE ) ORFLTER

Fig.3 Total electron densities and Partial electron states densities of a-Al, s
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Table 1 Atomic populations in a-Al,O; cell

RF sHiE pHLil B B e
0 1.84 5.24 7.08 ~1.08
Al 0.50 0.88 1.38 1.62

BRI, THERREFRIAERS
AREE, URAAEFREEAEZEZTHNER, o
ALO, BIEMBERKRBABEII TR A2 T
H:aALO, BIEFERARMRFEL ALO &, B K
4+ %1% 0. 1856 nm H1 0. 1969 nm, X 2 FERE
Mg Ao, N\EEFE—-EHWHE, XHEE
GHERRBENNHTE, BREFRKEETH
BHEAETH 00 BZEMARER MR, X
FHOORFHERAHFS,OBFHBNEEKS}
Baif s B FEEE/PH 0.053 nm B AP fi
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H.EAIOREEEF OB FEDBENNEAT
Al BFHANAAENTROBE, SRR
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Table 2 Charge populations in a-Al,O; cell

R¥a 'R K /nm
O-Al 0.35 0. 1856
O-Al 0.26 0. 1969
0-0 -~0.17 0.2522
0-0 —~0.16 0. 2619
Al-Al —0.49 0. 2650
00 ~0.10 0.2725
Al-Al ~0.62 0. 2790
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Fig.4 Electron density of (110) plane and iso-surface
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Table 3 Elastic Stiffness Constants Cij. Yong's modulus and Poisson’s ratio

TI¥ B8 g it H{H/GPa LB EHE " /GCPa LRBEH®/GPa
cit 485. 755 476.8,451. 5 497
” ci2 165. 988 157.6,148.4 163
i c13 125. 422 119.4,107. 6 116
2 €33 484, 657 476.6,492.5 501
C4 143. 491 145.5,154. 2 147
BEBNEER E 392, 480 391.6 335
/=AY 0.243 0. 2356 0.25

HEFEWSTE M, a-ALO, B EHED
HEBWEAT EERBHWHGEH T, AP 5
O ZEEBERSI AR, RAHRENE TR
B R FRUERBUBNERA LB L0 2R

KR S (B 45 M0 Y B2 & R T LA BEL TS 2 4858 3, 264
THERTHHE BRI T MBS, Ha-AL O,
HERHHHGE. 8 V), WRHEENRERE, X
B W b B KA {4 B3 P A B 254. 253 GPa.
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HRIE Pugh 2R H4E, TT LA G R B 551K
BGCHHEXGREM MMM, MR B/G>1.75,
Wk 2B, FEU RN P X TaALO, K
Y, =R R BB B8 B/G {E5 51K 1. 604,
1.617 %0 1. 610,a-AlL, O, F I H BE ¥ # B B 55 1.
HERIER ALO, RETHBBEREL . RE-1TRE

EOODHBEA BB IR, BT RFZETFRAE
FLEREFRNRS L PERSHFRZER. L
175 ¥ ot RR A LU AT SR M ZE Y S B0 T4 R 41 1R
HESNERT,BFR—BK R, KRERSH
BES, RIAHBEHEHRNMFL, o-ALO, B IIK
BHXT /MK 157,911 GPa.

£4 CELBCHUYEBRGHZREMHRLER
Table 4 Approximate calculation results of Bulk modulus Shear modulus

FXBENTRAR HigB£E" ERSHE
Voigt %) Reuss &  Hill R
R /GPa 254.426 254, 081 254,253 246.9,259.3 248
YR /GPa 158. 662 157. 160 157.911 158.5,165.8 164.7
B/G 1. 604 1.617 1.610 — —
CASTEP code [J]. Journal of Physics, 2002, 14:
3 &£ # 2717-2744.

(D HERHE -ALO, WEWREE R 6.8 eV;
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HIFESTEAERAENESNE, EH LB RN
FoE . BEARTRAEMNBEFZERTEKE, . &
B AFO BFER M RAR M RERE.

Q) BEANEERERMBNEHS AIOZE
BEHEETRELCERNE IASSBEUEN
HAEERMIRT TR NEE N, o« ALO, BiLEH#
W& 254. 253 GPa, By &% 157. 911 GPa,
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The electronic structure and mechanical property of
alpha Al, O, by first principles calculation

RU Qiang', QIU Xiu-li*
(1. School of Physics and Telecommunication Engineering ,South China Normal University ,Guangzhou 510006 ;
2. College of Engineering ,South China Agricultural University ,Guangzhou 510642)

Abstract: Based on density functional theory (DFT) of the first principles, the electronic structures, total
density of states (DOS), and elastic constants of alpha Al,O; are calculated by the plane wave ultrasoft
pseudo-potential method using Cambridge serial total energy package (CASTEP) program, It is found that
the band gap of a-Al,O; is about 6. 8 eV. The results of DOS and mulliken charge population indicate that
there are obvious electron transition between Al and O atomic, electron is visibly localized. Alpha Al,O; is
characterized with the transition oxide, including a majority of ionic bond and a partial covalent bond due to
the polarization or hybrid orbital, In closed-packed hexagonal system, Al,O; is characterized with the high
bulk modulus about 254, 253 GPa, the shear modulus is relatively low only about 157. 911 GPa.

Key words: a-Al,O;; electronic structure; first principles
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