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Abstract: By studying the correlativity between energy, volume and electronic structure of characteristic crystals and bound conr

ditions of OA theory, the potential energy function, atomic volume interactive function and electronic structure of Aw Cu alloys

have been determined. Then following the general Vegard s law in characteristic theory, the electronic structure and properties of

disordered continue solid solution and three ordered alloys with the maximum ordering degree are calculated. It is found that the

norr bonding electrons and nearfree electrons in outer shell will transform to covalent electrons during alloying. By analyzing the

variation of electronic structure and cohesion of ordering and disordered alloys, the transformation of order disorder transition Aw

Cu alloy has been studied.
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1 INTRODUCTION

As a traditional alloy, Au-Cu system is extensively
applied in catalysis, electronic industry and biological
material field. Recently, some new functions of the alloy
are found in nano-crystal and thin film materials'' ™. Tt is
well known that there exist transformations of order-disor-
der transition in AurCu system. Comprehensive theoretical
and experimental studies have been contributed to these

(581 Most of these studies are focused on

transformations
the thermodynamic properties and dynamic process. The
present paper attempts to explore the intrinsic causes of
orderdisorder transitions by studying the interactions of
the constituents and the correlativity among energy, vol-
ume and electronic structure of characteristic crystals in
the alloy.

The potential energy and volume interaction functions
of AurCu alloy are established according to CC theory,
and then the electronic structures and physic properties of
ordering and disordering structures in the alloy are calcu-
lated. As a consequence the intrinsic causes of order-dis-
order transformation in the alloy are analyzed.

2 INTERACTION FUNCTIONS OF POTENTIAL
ENERGY AND VOLUME IN DISORDERED
ALLOY

Characteristic crystals(CC) theory!” " are developed

51 According to the central

atoms model, even atoms of the same component in solid

from central atoms model

solution alloys may have different electronic structures and
properties due to variant environment, i. e. variant coor

dination number and coordinate atoms, and separate into
different characteristic atoms. For alloys of two compo-
nents, there are characteristic atoms: Ag ---A; ---A;, Bg
..B; .-B; where i is the number of B atoms in the near
est neighboring shell, and I is the coordination number.
Characteristic crystal consists of one certain characteristic
atom and has the same crystal structure with the alloy.
Ref. [ 9] derived the relationship between i and atom s
potential energy and volume of characteristic crystals.
Table 1 lists the interaction functions of potential energy
and volume in disordered alloy.

3 POTENTIAL ENERGY FUNCTIONS OF Aw Cu
ALLOYS

The parameters and E" and E§"are, respectively,
molar potential energies of characteristic crystal with pri-
mary states. Because the Au-Cu alloys have the same type
of fcc crystal structure as that of pure elements Au and
Cu, the characteristic crystals with primary states $0" and
" are respectively pure elements with atomic states 93,
and 92,. From this, it can be known that E{'= ES,,
Ef'= Ec,where Ex, and E, are equal to negative value
of cohesive energies of pure metal Au and Cu respectively.
The parameters E" and EG" are, respectively, molar po-
tential energies of characteristic crystal with terminal
states ¢7" and ¢§". The values of E7" and EG" in the
nine potential interaction functions can be, in principle,
determined by experimental values of heat of formation of
only two alloys.

Once the values of parameters ES. EP. ES and
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E7" are known, the cohesive energies of characteristic and can change from O to /. [ is the coordination number
crystal can be calculated from the corresponding potential and is equal to 12 for Au-Cu alloys. Table 2 lists the co-
functions of components where the subscript ¢ is the num- hesive energies of Au and Cu characteristic in AuCu al-
ber of Cu atoms in the nearest neighboring configuration loys.

Table 1 Interaction functions of potential energy( Q= E) and
volume( Q= V) of disordered binary solid solution

No. Interaction functions

! 0= w0+ 50+ xgl [ 01— Qi+ [ 06— 0] ]

2 0= nGhe sl wl 01— 0l o LTt Tl g g

; 0= xihs e xinl @l- 0l 4 LU Tl g g

! 0= wi0hs wle LB ot )l 0l gl

5 O auhe mfs = l)xA[xi+ s o of , (= 1)xf}x3+ s on o]
6 0= n0h+ w@l+ w0} - @b+ T ”x’z}x“ =2 05— ¢f]

B
7 Q= x,0o+ x50, + + xp(Qo- Q1)

(I- l)x2x+[xx A (I- 1)x2x+xx
8 0= x0o+ w07+ =] ) - Q) + ] 05— ¢f]

I- 1)x] I I— Vaps+ L
9 Q= xA(j?)"' xg()f"" ( )x4lxu+ xAxBl (j;’_ Q?)]+ ( )xA;ﬂB'*' xAxBI Oté_ Qﬂ

2
(I- l)xA[xB+ IxAxBl 014_ (7?)]

Table 2 Cohesive energies of Au and Cu characteristic crystals in Au- Cu alloys( kJ/ mol)
No. i 0 1 2 3 4 5 6 7 8 9 10 11 12

Au 367.54 367.07 366.61 366.14 365.68 365.22 364.75 364.29 363.82 363.36 362.89 362.43 361.96
Cu 361.96 359.82 357.68 355.55 353.41 351.27 349.13 346.99 344.85 342.71 340.57 338.43 336.29
Au 367.93 370.15 372.36 374.58 376.79 379.01 381.22 383.44 385.65 387.87 390.08 392.30 394.51
Cu 323.79 325.72 327.48 329.07 330.50 331.76 332.85 333.77 334.53 335.12 335.54 335.79 335.87
Au 367.93 368.13 368.34 368.54 368.74 368.94 369.14 369.34 369.54 369.74 369.94 370.14 370.34

Cu 347.96 347.87 347.62 347.20 346.61 345.86 344.94 343.84 342.59 341.16 339.56 337.80 335.87

Au 367.93 368.02 368.27 368.69 369.28 370.03 370.95 372.05 373.30 374.73 376.33 378.09 380.02
Cu 349.36 348.23 347.11 345.99 344.86 343.74 342.62 341.49 340.37 339.24 338.12 337.00 335.87
Au 367.93 368.10 368.62 369.47 370.66 372.19 374.07 376.28 378.84 381.73 384.97 388.55 392.47
Cu 348.32 346.33 344.52 342.87 341.41 340.11 338.98 338.03 337.26 336.65 336.22 335.96 335.87
Au 367.93 367.92 367.86 367.77 367.64 367.48 367.28 367.04 366.77 366.46 366.11 365.73 365.31

Cu 350.58 350.48 350.18 349.67 348.95 348.03 346.91 345.58 344.05 342.31 340.37 338.22 335.87

Au 367.93 366.00 364.24 362.65 361.22 359.96 358.87 357.95 357.19 356.60 356.18 355.93 355.85
Cu 373.53 370.39 367.25 364.11 360.98 357.84 354.70 351.56 348.42 345.29 342.15 339.01 335.87
Au 367.93 372.56 376.79 380.62 384.04 387.06 389.68 391.89 393.71 395.12 396.12 396.73 396.93
Cu 294.79 301.36 307.35 312.77 317.62 321.89 325.60 328.74 331.31 333.30 334.73 335.59 335.87
Au 367.93 368.07 368.19 368.29 368.39 368.48 368.55 368.62 368.67 368.71 368.74 368.75 368.76

Cu 348.78 348.69 348.42 347.98 347.35 346.54 345.56 344.39 343.04 341.52 339.82 337.93 335.87
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4 VOLUME INTERACTION FUNCTIONS OF Awr
Cu ALLOYS

If V is used instead of E, nine potential energy
functions in Table 1 become nine V-functions of CC theo-
ry. Parameters V5" and V§" are respectively the atom vol-
umes with primary state of Au and Cu characteristic crys-
tals. Because the AurCu alloys have the same type of fcc
crystal structure as that of pure elements Au and Cu, the

characteristic crystals with primary states 9" and 7" are
respectively pure elements with atomic states ¢}, and
$2. From this it can be known that, Vau= Vﬁiu, Vo=

Ve.. The parameters, V7" and Vg", are respectively
atomic volumes of terminal characteristic crystals ¢ and
6" of components Au and Cu. The values of the nine V-
function can be, in principle, determined by experimental
values of lattice constants of only two alloys.

Once the values of V3", V3", V¥ and V§" of each
V-function are known, the lattice constants a?" and V&
of obtained by
(a= (4V)"?) . can be calculated from the atomic vol-

characteristic ~ crystal, equation
ume equations of components corresponding to each V-

function of the Au-Cu alloys. The results are listed in
Table 3.

Table 3

S ELECTRONIC STRUCTURE OF CHARACTER-
ISTIC CRYSTAL IN Au Cu ALLOYS

Obtaining the cohesive energies and lattice constants
of characteristic crystals in alloys, the electronic structure
[16. 17 [ OA

theory, the electronic structures of pure metals is de

can be calculated according to OA theory

scribed by the quast electromr occupation( QEO) number of
the one-atom state ¢, which is made up of some basic
atom states %:

b, = kzk@k (1)

The atoms are condensed into the crystal by metallic
bond, which is a mixing bond of urr saturated covalent
electronic bond, free electronic bond and magnetic elec-
tronic bond. Therefore,
(n¢), nearfree electrons( ny), magnetic electrons( nm) ,

there exist covalent electrons

and norrbond electrons( n,) in the metals. The potential
function with many-atom interactions in solid relates the
atomic state to the cohesive energy and lattice constant of
the crystal. For a given crystal with a certain electronic
structure, a set of more complete data about cohesive en-
ergy, lattice constants, bulk modulus, elastic modulus,

shear modulus, Poisson s ratio, specific heat and thermal
expansion coefficient as a function of temperature can be

Lattice constants of Au and Cu characteristic crystals in Au-Cu alloys( nm)

No. i 0 1 2 3 4 5

6 7 8 9 10 12

0.
0.

407 8
3891

.407 8
.3627
.407 8
.360 2

0. 406 3
0.387 0

0.408 2
0.362 5
0.408 4
0.360 2

0.404 8
0.384 8

0.403 3
0.382 6

0.401 8
0.380 3

0.409 5
0.362 0

0.410 1
0.360 4

0.400 3
0.378 1

0
0
0
0
0
0

.398 7
.3758

.410 3
.361 8
.411 3
.360 5

.3956
L3711

3940
368 7

411 6
3615

413 0
360 9

oo o0 o9

389 1
3614

4129
3615

414 8
3615

oo o0 o9

.407 8
.369 2
.407 8
. 368 6
.407 8

.369 8

0.407 8
0.368 5
0.407 8
0.367 5
0.407 8

0.369 8

0.407 7
0.366 6
0.406 9
0.364 7
0.408 3

0.368 9

0.

0

0

0

0.

0

407 6

.365 4
.405 9

.3633

409 0

.367 8

0.404 4
0.362 3
0.409 9

0.366 2

0.407 3
0.363 4
0.403 4
0.361 9
0.410 4

0.365 2

0.402 4
0.361 7
0.4111

0.364 1

0.401 2
0.361 5
0.4117

0.362 8

0.406 8
0.361 5
0.399 9
0.361 5
0.412 5

0.361 5

Au
Cu
Au

Cu

Cu

.407 8
. 366 7
.407 8
.3555
.407 8

.3633

0.408 0
0. 366 3
0.408 7
0.356 5
0.408 2

0.363 3

0.408 1
0.3659
0.409 5
0.357 4
0.408 5

0.363 2

0.408 2
0.365 4
0.410 2
0.358 1
0.408 9

0.363 2

0.408 4
0.365 0
0.4109
0.358 9
0.409 1

0.363 1

0.408 5
0.364 6
0.411 4
0.359 5
0.409 4

0.363 0

0.
0.
0.
0.
0.
0.

408 5
364 1
411 9
360 0
409 6

362 8

0.408 7
0.363 2
0.4127
0.360 8
0.409 9

0.362 5

0.408 7
0.362 8
0.413 0
0.361 1
0.410 1

0.362 3

0.408 8
0.362 4
0.413 2
0.361 3
0.410 1

0.362 0

0.408 8
0.361 9
0.4133
0.361 4
0.410 2

0.361 8

0.408 8
0.361 5
0.4133
0.361 5
0.410 2

0.361 5
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obtained. The electronic structure and properties of Au
and Cu characteristic crystals in Au-Cu alloys obtained by
OA theory are listed in Tables 4 and 5, in which s. and
st refer respectively to covalent electrons and near-free
electrons in the s orbit; d. and d,, refer covalent elec
trons and nomrbond electrons in the d orbit, respectively;
E ., cohesive energy(kJ/mol); a, lattice constant equal
to (4V) 3 nm; B, bulk modulus, 10"Nem 2% aq,
linear thermal expansion coefficient at 293 K, 107 °.
Some understanding can be obtained from these results.

Electronic structure, cohesive energy, lattice con-
stant and physical properties of each characteristic crystal
are correlative. Therefore, the E-function and V-function
for a given alloy system must be correlative.

Comparing cohesive energies of Au and Cu charac
teristic crystals in Tables 4 and 5 with those in Table 2, it
can be seen that the correct E-function of AuCu alloys is
the 5th function in Table 1, namely

E= xp Bt e Bt

([_ l)xAux(zlu-i- X Au® Cy
1

2
([_ l)xAuxCu+ X Au® Gy

; (2)
Ex,= — 368 kJ*mol™ ', E¢,= — 338 kJ*
E}'= 392.47 kJemol™ ', Eg"'= 348.32.47 kJ*
I= 12.

(E7'- Eq)+

(Ef'- E&)

where =

-1
mol

-1
mol

Comparing lattice constants of Au and Cu character-
istic crystals in Tables 4 and 5 with those in Table 3, it
can be known that the correct V-function of Au-Cu system
is the Sth function in Table 1, namely

V= x4, V?\.H‘ % Cu Vgu"‘

2
([_ l)xAuxCu+ X Au® Cy

; V"= Vi) +
([_ l)xiuxCuJ’- X AuX Cy ou
. (V"= Ve (3)

V2,= 0.016 955 3 nm’, Vi,= 0.011 807 1

, V2'=0.015993 6 nm’, Vi'= 0.012 517 3 nm’,
I= 12,

As to Au( Cu) characteristic atoms, atomic potential
energies rise as the numbers of Cu( Au) atoms in the
nearest neighboring shell increase, which are essentially

where

3
nm

due to the increase of d. covalent electrons in the Au
(Cu) characteristic atoms with increase in the ¢ value.
Such changes lead to the tendency to form ordering struc-
ture for Au-Cu alloys.

6 ELECTRONIC STRUCTURE AND PROPER-

TIES OF DISORDERED Aw Cu ALLOYS

According to CC theory, no matter what imaginable
variation the atomic arrangement in the lattice occurs, the

Table 4 Electronic structure and properties of Au characteristic crystals in Au-Cu alloys

i 0 1 2 3 4 5

6

7 8 9 10 11 12

4.650 3 4.647 8
4.7188 4.724 1
0.6115 0.608 4
1.0194 1.0197
4.0781 4.077 5
367.93 368.1
1.6850 1.6858
14.26  14.25

4.6404 4.627 9
4.740 0 4.766 4
0.599 0.5835
1.0207 1.0222
4.0759 4.0732 4.069 5
368.62 369.47 370.66
1.6882 1.6921 1.697 5

14.23  14.20

4.6105
4.803 4
0.561 9
1.024 3

4.5879
4.850 9
0.534 4
1.026 7
4.064 6 4.058 7
372.19 374.07
1.7045 1.713 1
14.10 14.03

4.560 2
4.909 0
0.501 4
1.029 4

14. 15

4.5271
4.9777
0.463 2
1.032 0
4.0517
376.28
1.723 2
13.94

4.488 7 4.444 7
5.0569 5.146 5
0.4202 0.3729
1.0343 1.0359
4.0435 4.034 2
378.84 381.73
1.7350 1.748 2

13.85 13.74

4.3949 4.339 1
5.246 5 5.356 9
0.3222 0.268 9
1.036 4 1.0351
4.0238 4.0122
384.97 388.55
1.7630 1.779 4
13.63  13.50

4.2770
5.4773
0.2144
1. 0313
3.9995
392.47
1.797 4
13.37

Table 5

Electronic structure and properties of Cu

characteristic crystals in Au-Cu alloys

0 1

2 3 4 o) 6

7

8 9

10 11

12

B

a

5.6275 5.644 0
3.7535 3.7576
0.8052 0.776 4
0.8138 0.8220
0.368 6 0.367 5
348.32 346.33
1.476 8 1.468 3
15.83  15.92

5.6598 5.6747 5.6885 5.7009 5.7115
3.769 8 3.7902 3.818 8 3.8556 3.900 6
0.7405 0.6977 0.6484 0.5930 0.5321
0.82909 0.8374 0.8443 0.8505 0.8558
0.3664 0.3655 0.3647 0.3639 0.363 3
344.52 342.87 341.4 340.11 338.98
1.4607 1.4537 1.4474 1.4420 1.4372
16.01 16.08 16.15 16.22 16.27

5.719 9
3.954 0
0.466 2
0.859 9
0.362 7
338. 03
1.433 2
16. 32

5.7253 5.727
4.0158 4.086 0
0.3963 0.323 6
0.8627 0.8635
0.3623 0.3619
337.25 336.65
1.4299 1.427 3
16.35 16.38

5.723 8
4.164 8
0.249 5
0.861 9
0.361 7
336.22
1.4255
16. 40

5.471 0
4.379 5
0.1150
1.034 4
0.3615
335.96
1.424 4
16. 42

4.9289
4.748 4
0
1.3227
0.361 5
335.87
1.424 0
16. 42
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relative concentrations of characteristic crystals would
change, but their electronic structure and properties of
characteristic crystals will not. Therefore, once the elec-
tronic structure and properties of characteristic crystals
have been determined, no matter what the designed atomr
ic arrangement in the lattice is, the electronic structure
and properties of the alloy can be predicted. For disor
dered alloys, the concentration of characteristic crystals
can be calculated by Eqn. (2). Substituting the electronic
structure, cohesive energies and atomic volumes of char
acteristic crystals in Tables 4 and 5 into Eqn. (1), the
average electronic structure, cohesive energies and lattice
constants of disordered Au-Cu alloys and their components
can be obtained.

The common equations for calculating average elec
tronic structure and properties of components Au and Cu
are, respectively

(I-1) A
Q= ;xAu L x(u ’
=0
. o (4)
L -i) i u
QCu: IxAu xCu

i=0
The electronic structure parameters, cohesive ener-
gies( kJ/mol) and lattice constants (nm) of disordered
AurCu alloys and their components are listed in Table 6.

7 ELECTRONIC STRUCTURE AND PROPER-
TIES OF ORDERED Au Cu ALLOYS AND IN-
TERMETALLIC COMPOUND

The Au Cu system is a typic ordering alloy system.
According to CC theory, the transformation from a disor-
dered state to ordered state is the degenerative process of
characteristic atom. In AuzCurLl,, there just exist the
characteristic atoms 4)‘2" and tbﬁ“, therefore, the electron-
ic structure of the compound is combined by the charac
teristic atoms in states ‘bf;\u and dﬁ”, which is

0. 75[ Xe] (5d.) ' (5d ) * *(65c) " (6s) - P+
0.25[ Ar] (3d.) ¥ *(3d.)* P (4s.)(4sp)

Just the same, the electronic structures of compound
AuCur L1 and Au-CusL1, are

0. 5[ Xe] (5d.) *®(5de) > ®(6s.) " P (6s) P+
0.5[Ar] (3d.) > ®(3do) P (4s0) " P (4sp) * ¥
and

0. 25[ Xe] (5d.) *2(5d.)> B(6sc) " (6s1) P+
0.75[Ar] (3dy) > P(3do)* P (4se) " P(4s) ¥
respectively.

For the ordered alloys of norrstoichometry, the con-
centration of the characteristic atoms can be calculated by

Table 6 Average electronics and properties of disordered Au-Cu alloys and their components

X cu 0. 10 0.25 0. 30 0. 40 0. 50 0. 60 0.75 0. 80 0.90
de  4.7443  4.8850 4.9326 50296 51296 52313 53594 53760  5.2987
de  4.6353  4.5336  4.5055 4.4573  4.4192  4.3916  4.3829  4.3984  4.4936
se  0.6199  0.6052  0.5930 0.5580 0.5092 0.4468  0.3254  0.2751  0.152°8

A st 1.O005 0.9762 0.9690 0.9551 0.9420 0.9303 0.9324 0.9505 1.0549

a 4.0387 3.9770 3.9557 3.9119 3.865 3.8196 3.7460  3.7207  3.668 6

E.  366.13 363. 16 362.06 359. 65 356.91 353.77 348. 16 346. 02 341.28

de  4.6440  4.6223  4.6117  4.5854  4.5522  4.5120  4.4382  4.4099  4.3474

de 47321 47783 4.8006 4.8558  4.9248  5.0078  5.1582 52152  5.3395

A se  0.6037 0.5767 0.5638  0.5324  0.4937  0.4483  0.3690  0.3399  0.2787
component g 1.020 2 1.022 8 1.0239 1.026 5 1.029 3 1.0319 1.034 7 1.0350 1.034 4
a 4.0767  4.0720  4.0697 4.0641 4.0570 4.0485  4.0329  4.0270  4.0140

E.  368.36 369. 85 370. 57 372.35 374. 58 377.26 382. 12 383. 96 387.99

de 5.6468 56734 56814 56959 57071 57108 56664 5.6175  5.404 4

de 3.7638  3.7994  3.8167 3.8595 3.9136  3.9809 4.1244  4.1942  4.3996

Cu se  0.7660 0.6905 0.6611 0.5965 0.5247 0.4459  0.3109 0.2589  0.1388
eomponent; g 0.8234  0.8367 0.8408  0.8481 0.8547 0.8625 0.8983  0.9294  1.057 1
a 36969  3.6920 3.6895 3.6836  3.6760  3.6670  3.6504 3.6441  3.6302

E.  346.05 343. 07 342.19 340. 60 339. 24 338. 11 336. 84 336. 54 336. 09
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statistics method. As to fce AB-L1y type of ordered al- Pi= x4+ (1- V)5
loys, the relationship expressions between the concentra- p2 Y
. o y B= x4— Vs
tions of the characteristic atoms, compositions of the ele- i (8)
ments and ordering degrees of alloys are Pyp= 1- [x+ (1= V)s]
A_ Y 1620'1 Lyinj  ply[4 (=01 o Py=1- [x- V3]
x; = VP 2 (Pg) (P - . -
4,5 (Pe)( A)( i where s is the ordering degree, which is defined as
e 1
2. 2 1 2 i-j _
(PR (P 4 VP, D T (9)
j=k -

(P3) ™ (P3P Oy Py) () F Y

(5)
% \}PBZC Y(Py) (P
(PLY(PR)%) 4 VRS YT s

(L)) D g plyi ()0
(6)

where V', V' represent the site fraction of sublattice
[, II, respectively, V= V= 1/2; k and G take their

values according to

k=0, G= i, if i <4
k=i-4 G= i, if 4< i <8 (7)
k= i-4 G= 8 if 8< i <I2

P4, Py, P, P} are the probabilities of A and B
atom occupying the first and second sublattice, which can
be calculated by the equations:

The maximum ordering degree s, is determined
from composition x4 of alloys.

For the stoichiometric alloy, due to, Pil =1, S
= 1.

For the alloys with x,< V due to Pi =0, s,u=
x4/ V.

For the alloys with x, < V', due to P}lz 0, s,w=
(1= x0)/(1- V).

As to fee A3B-L1; and ABsL1; type of ordered al-
loys, there are also equations to calculate the concentra-
tions of characteristic crystals'' .

The average electronic structure and properties of or-
dered alloys in such types as AusCuL1,, AuCu-L1y and
AuCusz L1, with maximum ordering degree as a function of
composition are respectively listed in Tables 7, 8 and 9.

Fig. 1 varying

illustrates  the tendencies of

Table 7 Average electronic structure and properties of ordered AusCu alloys and their components

% cy 0. 10 0.25 0.30 0. 40 0.50 0. 60 0.75 0. 80 0.90
d, 4.8647  4.8254 49133 50132 51171 52234  5.3586  5.3769  5.3002
d. 45409  4.5689  4.5128  4.4640  4.4247  4.3953  4.3832  4.3980  4.4928
se  0.6227  0.6249  0.6085 0.5697  0.5174  0.4522  0.3279  0.2769  0.153 4
S se 09717 0.9808  0.9654  0.9531 0.9408 0.9291 0.9303  0.9483  1.0535
a 3.9767  3.9977 3.9555 39118 3.865 3.8196 3.7460 3.7207  3.6686
E.  365.07 365. 40 363. 80 361. 03 357.93 354. 47 348. 46 346. 22 341. 33
de  4.6430  4.6105 45978  4.5685  4.5339  4.4940  4.4236  4.3972  4.340 1
d. 4.7343  4.8034 4.8301 4.8913 4.9630 5.0452 5.1879 52407  5.3539
Au se  0.6024 0.5619 0.5466  0.5119  0.4722  0.4278  0.3535  0.3270  0.2718
eomponent; g 1.020 3 1.024 3 1.0256 1.028 3 1.0309 1.033 1 1.035 1 1.0352 1.034 2
a 4.0765 4.06095 4.0668  4.0605 4.0531 4.0447 4.0299 4.0243  4.0125
E.  368.43 370. 66 371.52 373.49 375. 81 378. 46 383. 08 384.79 388. 46
d, 56275 56275 56495 56803 57003 57097 56703  5.6218  5.4069
d.  3.7535 3.7535 3.7725 3.8231  3.8864  3.9620 4.1150  4.1873  4.3972
Cu se  0.8052  0.8052 0.7531 0.6563 0.5626  0.4685  0.3194  0.2644  0.140 3
component g, 0.8138 0.8138 0.8248 0.8402 0.8506 0.8598 0.8954 0.9266 1.0556
a 3.6084  3.6984 3.6957 3.6886  3.6798  3.6695 3.6514 3.6447 3.6304
E.  348.32 348. 32 345.77 342.32 340. 06 338. 47 336. 92 336. 58 336. 10




Vol.14 Ne 6

Electronic structure of Au-Cu alloys

* 1047 -

Table 8 Average electronic structure and properties of ordered AuCu

alloys and their components

Xy 0.10 0.25 0.30 0. 40 0.50 0. 60 0.75 0. 80 0.90
d, 4.743 3 4.877 0 4.920 3 5.005 3 5.088 6 5.2057 5.356 4 5.378 2 5.303 5
d. 4.6357 4.536 8 4.510 5 4.467 8 4.4379 4.403 7 4,384 3 4,397 3 4.491 2
Se 0.620 8 0.6113 0.601 9 0.574 0 0.534 3 0.463 2 0.3329 0.280 5 0.154 7
Ay s¢ 1. 000 2 0.9750 0.967 3 0.9529 0.939 3 0.927 5 0.926 5 0.944 0 1.050 6
a 4.038 7 3.976 9 3.9556 3.9117 3.866 4 3.8195 3.746 0 3.720 7 3.668 6
E, 366. 23 363. 85 363.09 361.59 360. 12 355.94 349.07 346. 62 341.44
d, 4.643 6 4.616 2 4. 600 9 4.557 4 4.488 7 4.452 1 4.391 9 4.370 4 4.3252
d. 4.733 1 4.791 0 4.823 2 4.914 4 5.056 9 5.1311 5.2517 5.294 4 5.383 4
Au Se 0.603 1 0.569 4 0.550 9 0.499 2 0.420 2 0.381 6 0.3209 0.300 1 0.257 7
component 1.020 2 1.023 4 1.0250 1.029 1 1.034 3 1.035 3 1.035 5 1.035 2 1.033 8
a 4.076 6 4.070 7 4.067 4 4.058 1 4.043 5 4.035 8 4.023 2 4.018 7 4.009 4
E. 368. 39 370. 26 371.3 374.24 378. 84 381.24 385. 14 386. 52 389. 42
d, 5.640 5 5.659 3 5.665 4 5.6772 5.688 5 5.708 1 5.677 8 5.630 1 5.412 2
d. 3.758 7 3.773 9 3.780 9 3.797 9 3.818 8 3.918 8 4.095 2 4.173 0 4,392 1
Cu Se 0.780 5 0.737 1 0.720 9 0.686 3 0.648 4 0.517 6 0.336 9 0.275 6 0.143 3
component g (,8203  0.8297  0.8327 0.8386 0.8443  0.8556 0.8902  0.9213  1.0524
a 3.697 7 3.6955 3.694 5 3.692 2 3.689 3 3.6753 3.653 6 3.646 2 3.630 7
E. 346.77 344. 60 343.92 342. 62 341. 40 339.07 337.05 336. 64 336. 11
Table 9 Average electronic structure and properties of ordered AuCus alloys and their components
X cy 0.10 0.25 0.30 0.40 0.50 0. 60 0.75 0. 80 0.90
d, 4.744 0 4. 882 2 4.928 3 5.021 0 5.1154 5.212 3 5.363 2 5.390 3 5.3175
d. 4.635 4 4.534 17 4.507 3 4.461 1 4.425 8 4.400 9 4,381 2 4,391 3 4.484 0
Se 0.620 2 0.607 2 0.596 0 0.563 4 0.517 7 0.459 5 0.350 8 0.2950 0.160 8
Alloy St 1. 000 4 0.9759 0.968 5 0.954 5 0.941 0 0.927 4 0.904 9 0.923 4 1.037 7
a 4.038 7 3.9770 3.9556 3.911 8 3.866 5 3.8196 3.746 1 3.720 7 3.668 6
E, 366. 16 363. 39 362. 41 360. 32 358.03 355. 47 351. 06 347.90 341.76
d, 4.643 9 4.620 0 4. 607 6 4.574 8 4.527 9 4.460 2 4.2770 4.2770 4.2770
d. 4.732° 5 4.783 0 4.809 0 4.877 8 4.974 7 5.112 7 5.477 3 5.477 3 5.477 3
Au Se 0.603 5 0.574 0 0.559 1 0.520 2 0.466 9 0.393 7 0.214 4 0.214 4 0.214 4
component g 1.020 2 1.023 0 1.024 3 1.027 3 1.030 6 1.033 3 1.031 3 1.031 3 1.031 3
a 4.076 7 4.071 5 4. 068 9 4.061 9 4.0519 4.037 6 3.999 5 3.999 5 3.999 5
E, 368. 37 370. 00 370. 84 373. 06 376. 19 380. 65 392. 47 392. 47 392. 47
d, 5.644 7 5.668 9 5.676 4 5.690 4 5.703 0 5.713 6 5.7253 5.668 7 5.433 1
d. 3.761 9 3.789 8 3.803 1 3.836 0 3.8770 3.926 3 4.015 8 4.119 8 4,373 7
Cu Se 0.771 0 0.706 9 0.682 2 0.628 3 0.568 5 0.503 3 0.396 3 0.3151 0.154 9
component g 0.822 4 0.834 5 0.838 2 0.8453 0.8515 0.856 8 0.862 7 0.896 5 1.038 4
a 3.697 2 3.6933 3.691 4 3.686 8 3.681 1 3.674 2 3.661 6 3.651 0 3.6319
E. 346.29 343.55 342.73 341. 21 339. 87 338. 69 337.25 336.75 336. 13
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Fig. 1 Electronic structure of Au-Cu alloys
(a) —Disorder alloy; (b) —AuszCurL1; style alloy relative to disorder structure;
(¢) —AuCir L1 style alloy relative to disorder structure; (d) —AuCus L1, style alloy relative to disorder structure

electronic structure parameters of AusCu-L12, AuCu-Lly,

AuCusz L1, type ordered alloys relative to disorder alloy.

8 ANALYZING OF ELECTRONIC STRUCTURE
AND ENERGIES DURING TRANSFORMATION
BETWEEN ORDERED- DISORDERED ALLOYS

From Fig. 1, it can be found that the electronic
structure of alloys varies with the transformation of disor-
derorder transition. Some normrbond electrons and near
free electrons become covalent electrons when the disorder
alloys transform to order alloys. At the composition of sto
ichiometry, there are most electrons to turn to covalent
It's

known that the contributions to cohesive energy are differ

electrons from nombond and nearfree electrons.

ent for covalent, non-bond and nearfree electron. It can
be predicted that there is difference in the cohesive ener
gies of alloys with order and disorder structure. From Ta-
bles 7, 8 and 9, it can be seen that, for the alloy of 25%
Cu( mole fraction) , the cohesive energy of disorder alloy

is 363. 16 kJ/ mol, but the cohesive energy of alloy with

the structure of AuzCurL15 is 365. 40 kJ/ mol; for the al-
loy of 50% Cu( mole fraction) , the cohesive energy of dis-
order alloy is 356. 91 kJ/ mol, but the cohesive energy of
alloy with the structure of AuCu-L1g is 360. 12 kJ/ mol;
for the alloy of 75% Cu(mole fraction), the cohesive en
ergy of disorder alloy is 348. 16 kJ/mol, but the cohesive
energy of alloy with the structure of AuCus- L1, is 351. 06
kJ/mol. The differences between disorder and order alloy
are — 2. 24, — 3. 21, and — 2.9 kJ/mol respectively.
This indicates that the order alloys are in lower energy
states than disorder alloy, i. e. there exists ordering trend

in AuCu system.
9 CONCLUSIONS

1) The energy function and volume function of Au-
Cu system have been chosen by studying the atomic
states, energies and volumes correlatively.

2) The electronic structure, cohesive energies, lat-
tice constants, bulk modulus, and thermal expansion co-

efficients of characteristic crystals in the AuCu system
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have been determined.

3) The variations of electronic structure, cohesive

energies and lattice constants of disordered Au-Cu alloys

and three ordering alloys with the maximum ordering de-

gree as a function of composition have been calculated.

4) The transformation of order-disorder transition in

the AurCu system has been studied based on the analysis

of electronic structure and cohesive energies of the order

and disorder structures in the system.
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