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Calculation of valence electron structures and cohesive energies of
intermetallic compounds in Au-Cu system

JIANG Shu-ying, LI Shi-chun

(School of Electromechanical Engineering, China University of Petroleum (Huadong), Dongying 257061, China)

Abstract: The valence electron structures and cohesive energies of Au-Cu system intermetallic compounds were
calculated based on the empirical electron theory of solids and molecules (EET). The results show that the strongest
bonds of Au;Cu, AuCu and AuCu; are Au—Au bond, Au —Au bond and Au—Cu bond, respectively, the energies of
the strongest bonds are 10.728 6, 10.038 and 10.163 0 kJ/mol, respectively, and the theoretical cohesive energies are
401.25, 363.64 and 381.02 kJ/mol, respectively. The cohesive energy values calculated with EET theory are roughly
consistent with those calculated by characteristic crystal theory. Among the three compounds, Au;Cu has the strongest
bond energy and the biggest cohesive energy, therefore its stability is the best.
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Table 1 Bond nets and valence electron structures of Au;Cu
Atom o Cy n N1y R(1)nm
Au 12 0.430 6 49612 1 5.9612 0.131 13
Cu A8 0.200 3 4.400 6 1 5.400 6 0.114 92
Bond D (ny)/nm 1, D(n,)/nm n, AD/nm E,/(kT-mol™)
Au—Cu 0.279 31 24 0.279 329 0.278 836 0.000 019 5.4775
Au—Au 0.279 31 24 0.279 329 0.519 416 0.000 019 10.728 6
Cu—Cu 0.395 00 6 0.395019 0.001 766 0.000 019 0.0233
Au—Au 0.395 00 18 0.395019 0.006 128 0.000 019 0.089 5
Au—Cu 0.483 77 48 0.483 789 0.000 109 0.000 019 0.001 2
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Table 2 Bond nets and valence electron structures of AuCu
Atom o Cyp ne ny N1y R(1)/nm
Au 11 0.3399 4.679 8 1 5.679 8 0.131 36
Cu A7 0.058 5 4.1170 1 5.1170 0.11512
Bond D (n,)/nm I, D(n,)/nm Ty AD/nm E,/(kI'mol ™"
Au —Cu 0.271 02 16 0.271 184 0.387 494 0.000 164 7.8
Au —Cu 0.271 02 16 0.271 184 0.387 494 0.000 164 7.8
Au —Au 0.281 07 8 0.281 234 0.491 396 0.000 164 10.038 0
Cu—Cu 0.281 07 8 0.281 234 0.141 286 0.000 164 2.61
Au —Au 0.368 50 2 0.368 664 0.017 150 0.000 164 0.27
Au —Au 0.368 50 2 0.368 664 0.017 150 0.000 164 0.27
Cu—Cu 0.368 50 4 0.368 664 0.004 931 0.000 164 0.07
Au —Au 0.397 50 4 0.397 664 0.005 635 0.000 164 0.08
Cu—Cu 0.397 50 4 0.397 664 0.001 620 0.000 164 0.02
Au —Au 0.463 46 16 0.463 624 0.000 448 0.000 164 0.006
Au —Cu 0.481 10 32 0.481 264 0.000 122 0.000 164 0.001
Au —Cu 0.481 10 32 0.481 264 0.000 122 0.000 164 0.001
3 AuCu;
Table 3 Bond nets and valence electron structures of AuCu;
Atom o Ci e n; Nty R(1)/nm
Au 7 0.058 5 41170 1 5.1170 0.131 81
Cu All 0.3399 4.479 8 1 5.679 8 0.114 72
Bond D (n,)/nm 1, D(n,)/nm Ny, AD/nm E/(KJ ~rn0171)
Au—Cu 0.264 95 24 0.264 935 0.493 463 0.000 015 10.163 0
Cu—Cu 0.264 95 24 0.264 935 0.256 107 0.000 015 5.072 9
Au—Au 0.374 70 6 0.374 685 0.014 090 0.000 015 0.2133
Cu—Cu 0.374 70 18 0.374 685 0.003 795 0.000 015 0.0532
Au—Cu 0.458 910 48 0.458 895 0.000 289 0.000 015 0.003 4
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4 [15] Au;Cu  AuCu
Table 4 State parameters of atoms AuCu; 365.40 360.12  351.06
Atom [ m n t [ m n 7 g b/(kInmmol") kJ/mol
Au 1 2 2 0 1 3 3 017 1.616 38 8.9% 1% 7.8%
Ca 1 2 2 0 1 3 3 01 2.060 44 10%
3
EET
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381.02 kJ/mol
[18—20]
4) 3 Au;Cu
E=Y1,B,F i/ D(na)+Binfy DrH[Nyby(am™ —C W)+
Nob(am™~C'W*)J/(N,+N,) (15) ~ REFERENCES
(as) (1] . 1. , 1978, 23(4):
217-224.
Au Cu YU Rui-huang. Empirical electron theory in solids and
C molecules[J]. Chinese Science Bulletin, 1978, 23(4): 217-224.
[2] , , .
Au-Cu [J1. , 1998, 8(2): 150—160.
LIU Zhi-lin, SUN Zhen-guo, LI Zhi-lin. Application of EET and
ESYLBoF i D(ng)+Binify/ D, (16) TED in research of alloys[J]. Progress in Natural Science, 1998,
1, B, F, n, D(na) by b, 8(2): 150-160.
B, [3] , , .CiB (1.
Bi=(bb ™ m ,2005, 15(12): 1980—1985.
DU Xiao-dong, DING Hou-fu, XUAN Tian-peng. Effect of
u v Dy valence electron structure on property of CrB[J].The Chinese
D=2l D(n)/2l, /i Journal of Nonferrous Metals, 2005, 15(12): 1980—1985.
fi=Q@ninn)'"? ny [4] , , , . Sc  Al-Mg
3 []. , 2002,
Au;Cu  AuCu AuCuy 12(S2): 132-134.

401.25 363.64

381.02 kJ/mol

GAO Ying-jun, ZHONG Xia-ping, LIU Hui, WU Wei-ming.



748

2010 4

(3]

(6]

(71

(8]

(9]

[10]

[11]

Valence electron structures of Al-Mg alloy with miner Sc and its
effect on grain refinement[J]. The Chinese Journal of Nonferrous
Metals 2002, 12(S2): 132—134.
Ti-Al [J].
, 1996, 21(11): 3-5.

LI Wen, GUAN Zheng-zhong, DU Li-ming, ZHI Wen, YIN
Fang-xin, ZHANG Rui-lin, YU Rui-huang. Research of valence
electron structures and embrittlement of titanium-aluminides
system[J]. Heat Treatment of Metals, 1996, 21(11): 3—5.

, . [J1.

, 1999, 9(1): 11-15.

LI Wen, ZHANG Rui-lin. A valence electron structure criterion
of embrittlement of intermetallics[J]. Journal of Changchun
University, 1999, 9(1): 11-15.

s s s s . Fe-Al

[J]. , 1994, 30(5): 204-210.

ZHANG Jian-min, ZHANG Rui-lin, YU Rui-huang, ZHANG
Wei-tao, HU An-guang. Electron theory study of order-disorder
transformations in Fe-Al alloys[J]. Acta Metallurgica Sinica,
1994, 30(5): 204-210.
OKAMOTO H, CHAKRABARTI D J, LAUGHLIN D E,
MASSAISKI T B. The Au-Cu(gold-copper) system[J]. Bull
Alloy Phase Diagram, 1987, 8(5): 454—473.
CLAESON T, BOYCE J B. Order-disorder transformation in
Au-Cu alloys
structure[J]. Phys Rev, 1984, B29: 1551-1557.
SHOCKLEY W. Order-Disorder transformation in Au-Cu
alloy[J]. J Chem. Phys, 1938, 6: 130—138.
SYKES C, EVANS H. The transformation in the copper-gold
alloy CU3Au[J]. J Inst Met, 1936, 58: 255-281.
TOPOR L, KLEPPA O J. Thermochemistry of binary liquid gold
alloys[J]. Metal Trans A, 1984, 15: 203—208.

studied by extended x-ray-absorption fine

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

ORIANI R A. Thermodynamics of liquid Ag-Au and Au-Cu
alloys[J]. Acta Metall, 1954, 2: 15-25.
Orr R L. Heats of formation of solid Au-Cu alloys[J]. Acta
Metall, 1960, 8(7): 489—493.
YU Fang-xin, XIE You-qing, NIE Yao-zhuang. Electronic
structure of Au-Cu alloys[J]. Trans Nonferrous Met Soc China,
2004, 14(6): 1041-1049.
M].

, 1993.
ZHANG Rui-lin. Empirical electron theory of solid and
molecules[M]. Jilin: Jilin Science and Technology Press, 1993.
BRANDES E A, BROOK G B. Smithells metals reference
book[M].7th ed. Burlingtom: Elsevier Butterworth-Heinemann
Ltd, 1992.
. A, 1988, 18(3): 323-330.
XU Wang-dong, ZHANG Rui-lin, YU Rui-huang. Calculation of
cohesive energy of transition metal compounds[J]. Science in
China A, 1988, 18(3): 323-330.

.Co;Ti  CoTi
[J]. , 1995, 44(6): 936-942.
CHEN Shun-lin, GU Qiang, WANG Tian-ming. Calculation of

5 5

cohesive energy and lattice constants of the intermetallic
compounds CosTiand CoTi and their brittleness[J]. Acta Physica
Sinica, 1995, 44(6): 936-942.
s s s . TiMe

[J1. , 1998, 27(3):
152-155.
JIA Di, DONG Zhi-zhong, YU Shen-jun, LIU Wen-xi.
Calculation of cohesive energies and analysis of valence
electronic structures of TiMe alloys[J]. Rare Metal Materials and
Engineering, 1998, 27(3): 152—-155.



