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Calculation of stability of free surfaces in aluminum crystal

ZHANG Xin-ming, LIU Jian-cai, TANG Jian-guo, CHEN Ming-an

(Key Laboratory of Non-ferrous Metal Materials Science and Engineering, Ministry of Education, School of Materials
Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The surface energy, atomic geometry and electronic structures of Al(100), (110) and (111) free surfaces were
calculated using the method of supercell and the first-principles pseudopotential plane waves within generalized gradient
approximation. According to the calculated surface energy, the structural stability of Al free surfaces from strong to weak
is predicted in the order as (111), (100) and (110). The relaxation of the surface atom layers not only causes the change of
geometrical structures of the surface models, but also leads to the variation of their electronic structures and bonding
characters. For the (100), (110) and (111) free surfaces, the calculated surfaces relaxation are 3.337%, —6.147% and
—2.364%, respectively. The surface energy is related to the surface electron density distribution, the electron density of
orbital s and p of the first two surface atom layers redistributes. The higher the surface electron density is, the lower the
surface energy is.
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Table 1 Lattice constant a, cohesive energy E,., bulk modulus B and nearest-neighbor distance dyy of atoms for Al crystal
Source Lattice constant, /A Cohesive energy, E/eV  Bulk modulus, B/GPa  Nearest-neighbor distance, dxn/A
Experiment 405119 3.340) 76217 2.8630°
This work 3.96 3.876 77.1 2.798
4.0t 3,450 80.0"%
Other calculation 4,041 70.50")

4,059 76.712%
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Table 2 Geometric structural parameters of Al surface models

Interlayer distance

Expansion or contraction ratio

Model

dinlA dor/A ds/A dyA Adyo/% Ady/% Ads/%
Al(100) 2,044 2.033 1.949 1.978 3.337 2.791 ~1.466
AI(110) 1313 1.445 1.394 1399 ~6.147 3.288 ~0.357
AI(111) 2.230 2.268 2.287 2.284 —2.364 ~0.701 0.131
3 AI(111)  (100)
FCC-Al (110) ( Ea(111):E5(100):Ex(110)=
(100) (110) (111) 1:1.274:1.321) - (
AI(111) 2 3 En(111):Ex(100):E(110)=1:1.115:1.021)
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Table 3  Surface parameters of aluminum crystal

Surface area'/

Al surface 10202

Chemistry

Surface energy/(J-m )

Total energy/eV
potential VeV &

This work

Experimental Other result

A1(100) 7.84

Al(110) 11.09

Al(111) 6.79

—57.265 —399.80

—57.265 —399.32

—57.265 400.14

1.07
1.11
0.84

0.98M11, 1,081 0.9311 0.86!8

1.090121 71,1413 1.10M191 1,071

0.940121 0.89™, 0,768

1) Results of this work.
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AI(110)
Al

(Layer-1)
(Layer-3)



1764

2009 10

Al(111) Al(110)
Layer-1  Layer-2 Layer-2  Layer-3
Layer-2
LDOS
LDOS 3p
3s
3p
3s 3s
3s
3p 3p
Al 3p Al
3s
3p
Al 3p
4
1) Al (110) (100)
(111) (111) (100) (110)
Al(110)
(111)
2) Al(110) Al(111)
Al(100) 2
s p
REFERENCES

[11 MAO W M, JIANG H, YANG P, FENG H P, YU Y N.
Distribution of microelements and their influence on the

corrosion behavior of aluminum foil[J]. Journal of Materials

(2]

[3]

(4]

[3]

(6]

(7]

(8]

]

[10]

[11]

[12]

[13]

[14]

Science & Technology, 2005, 21(1): 43—46.
XIAO Y Q, LIU C M, JIANG S, CHEN Z Y, ZHANG X M.
Influence of high hot-rolling temperature and multistage
annealing upon the cube texture of high purity aluminum
capacitor foils[J]. Textures of Materials, 2002, 408/412(4):
1449-1452.
ZHANG X M, LIU S D, TANG J G, ZHOU Z P. Mechanism of
strengthening of cube texture for high purity aluminum foils by
additional-annealing[J]. Trans Nonferrous Met Soc China, 2003,
13(3): 499-503.
LIU C M, ZHANG X M, CHEN Z Y, DENG Y L, ZHOU Z P.
Evolution of recrystallization textures in high voltage aluminum
capacitor foils[J]. Trans Nonferrous Met Soc China, 2001, 11(4):
513-516.
[D].
,2007.
YANG Hong. Research on the non-chromic acid high voltage
anode aluminum foil for electrolytic capacitor[D]. Beijing:
University of Science and Technology Beijing, 2007.
RTYSON W, MW A. Surface free energies of solid metals:
Estimation from liquid surface tension measurements[J]. Surf Sci,
1977, 62(1): 267-276.
METHFESSEL M, HENNING D, SCHEZER M. Trends of the
surface relaxations, surface energies, and work functions of the
4d transition metals[J]. Phys Rev B, 1992, 46(8): 4816—4829.
KOLLAR J, VITOS L, SKRIVER H L. Surface energy and work
function of the light actinides[J]. Phys Rev B, 1994, 49(16):
11288-11292.
RODRIGUEZ A M, BOZZOLO G, FERRANTE J. Multilayer
relaxation and surface energies of fcc and bcc metals using
equivalent crystal theory[J]. Surf Sci, 1993, 289(1/2): 100—126.
WANG X C, YU J, QIAN K Y, WANG F, MA J X, HU X.
The calculation of the surface energy of high-index surfaces in
metals at zero temperature[J]. Surface Science, 2004, 551(3):
179-188.
MUTASA B, FARKAS D. Atomistic structure of high-index
surfaces in metals and alloys[J]. Surface Science, 1998, 415(3):
312-319.
SCHOCHLIN J, BOHNEN K P, HO K M. Structure and
dynamical at the Al(111)-surface[J]. Surf Sci, 1995, 324(2/3):
113-121.
RAEKER T J, DE PRISTO A E. Corrected effective-medium
method. IV. Bulk cohesive and surface energies of second-and
third-row metals and multilayer relaxation of Al, Fe, and Ni[J].
Phys Rev B, 1989, 39(14): 9967-9982.
> . [M].
, 1999: 417.



10

1765

[15]

[16]

[17]

[18]

XIAO Ji-mei, ZHU Feng-wu. Material energetics{M]. Shanghai:
Shanghai Science and Technology Press, 1999: 417.

SEGALL M D, LINDAN P, PROBERT M J. First-principles
simulation: ideas, illustrations and the CASTEP code[J]. J Phys:
Condense Matter, 2002, 14(11): 2717-2744.

STRAUMANIS M E, WOODARD C L. Lattice parameters and
thermal expansion coefficients of Al, Ag and Mo at low
temperatures[J]. Acta Cryst A, 1971, 27: 549-551.

TALLON J L, WOLFENDEN A. Temperature dependence of the
elastic constants of aluminum[J]. J Phys Chem Solids, 1979,
40(11): 831-837.

. Al(001) AI(110) AI(111)
[l ,

s s s

[19]

[20]

2005, 17(1): 47-49.

ZHANG Fang-ying, TENG Ying-yuan, ZHANG Mei-xia, ZHU
Sheng-long. Density functional theory study of surface energies
of Al(001), (110) and (111)[J]. Corrosion Science and Protection
Technology, 2005, 17(1): 47—49.

KIEINA A, LUNDQVIST B I. First-principles study of surface
and subsurface O structures at Al(111)[J]. Physical Review B,
2001, 63(8): 085405(1-10).

ZHUKOVSKII Y F, JACOBS P W M, CAUSA M. On the
mechanism of the interaction between oxygen and close -packed
single- crystal aluminum surfaces[J]. J Phys Chem Solids, 2003,
64(8): 1317-1331.



