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ABSTRACT

The numerical calculations of binding energies and elastic

constants for Cu, Ag and Au are carried out using a one-

parameter model potential. A comparison of the results obtained

in these calculations with experimental data and some previous

theoretical results showed that the one-parameter model potential

simulates the real electron-Ion Interaction of Cu, Ag and Au,

and Rives a much improved degree of agreement between theory and

experiment for binding energies and elastic constants.

In a previous paper we proposed a phenomenalogical one-parameter model

pseudopotential for the noble metals Cu, Ag, and Au [ l ] . This potential,

which contains the n-d hybridization and core-core exchange contricutionsywas

analyzed in some detail there and it was shown that i t s prediction on the liquid

metal resistivity, thermoelectric power and band gaps were in better agreement

with experiment than those of the other model potentials considered in the literature.

Encouraged by this and a ntm&er of other successful calculations [2,3] based on

our potential we undertook a computation of the binding energies and elastic

constants for the three metals. In this report we present the results of our

calculation and compare them with the experimental data, as well as with the

results of other calculations '[4-6].

The one-parameter (bare) ion model potential proposed in [l] is given by

w (r) =
_ 2 z e

ze2

r VJ

(1)
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that is, the potential is repulsive from zero to r = R /R (core radius),
1 /*->

attractive and constant In the region T = \ t o r = R
w
 = ^ " Z 1 " 1 ' (Wigner

Seitz radius) and purely Coulombic -beyond. The value of E m for Cu, Ag and

Au have been determined and tabulated In [l].

* To be submitted for publication.

** Permanent address: Department of Physics, Qua.id-1-Azam
University)Islamabad, Pakistan.
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2. BI1TDIWG ENERGY AND ELASTIC CONSTANTS

2 . 1 Binding energy

Following Mor ia r i ty [ I t ] , t h e t o t a l energy ( in ryd) per i o n , o r , what i s

t h e same t h i n g , t h e binding energy of t h e m e t a l , may he w r i t t e n as

+ E + r

where the various pieces are

ft rs
_ 0-031

vT'I^L^ <S^\ I*W

Et'S
A'Z

(5)

and E , is the overlap energy which has been calculated in an essentially

model independent way by Moriarity and is Riven as \k].

-i-

Here r^ i s the nea res t neighbour d i s t ance . The numerical values of

a, 6, T and I a re given in [It]. Hote t h a t r = (3 t J /4 i r s ) 1 ' 3 and A i s
s

the Madelung constant which equals - 1-792 for f . c . c . s t r u c t u r e s .

The quan t i ty e(q) in equation {k) i s t he Hartree d i e l e c t r i e funct ion,

modified to include the exchange and correlation corrections through the

function f(q) to provide screening of the bare potential. As for the structure

factor S(c), i t is unity at the reciprocal l a t t i c e vectors ? and zero elsewhere,

so that the right-hand side of equation (h) simplifies in an obvious way.

2 . 2 Elastic constants

By the method of homogeneous deformation, the three independent elastic

constants cf the cubic crystal can be obtained as the second order derivative of

the total energy with respect to certain deformation parameters. The elastic

constants C,, , C. „ and Cj^ can "be determined from the bulk and shear

respectively: '
11'

modules B, C and

C 1 2 and

B -

c •=

-•tot
(7)

where {, y( and % are parameters of bulk deformation,shear

deformation in one plane and compression in one direction respectively.
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3. RESULTS AMD DISCUGSIOM

To c a l c u l a t e the binding ene rg i e s of t h e t h r e e no"ble me ta l s , we have

summed over 512 r e c i p r o c a l l a t t i c e v e c t o r s in equation (h) in order t o ob ta in

p rope r convergence. The ca lcu la ted va lues of "binding energ ies a re given in

Table I , where we a l so g i v e the corresponding exper imenta l numbers [T-9]» For

compar ison, t h e values c a l c u l a t e d by Mor i a r i t y a re a l so shown.

While Che Moriarity predictions do not satisfy even the experimental

inequalities

y\ E.
1 tet

tho prediction of our one-parameter model pseudopotential showp detailed

iigreeinent with experiment for all the three metals.

The computed values of the elastic constants are given in Table 11

together with the observed data [9,10] as well as the results of some previous

calculations.

C.~

It Is seen that while the agreement between theory and experiment for C* , and

i s at l eas t as good as that in Kulshrestha et a l . and Khannars calculat ions ,

we have achieved a much better agreement for C, . than Kulshrestha e t a l . for

al l the three metals Cu, Ag and Au.

These resu l t s together with those presented in [ 1 , 3 ] lead us to believe

that the model potential (1) simulates the real e lectron-ion potent ia ls of

Cu, Ag and Au c lo se ly enough to correct ly predict in any of their e lectronic

and transport propert ies .
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Table II

Table 1

Binding Energy of noble metals (in Ryd)

Element Present
Calculation

•'criarity Expt
[7-9]

Cu

Au

- 0.855

- 0.785

- 0.915

- 0.800

- 0.649

- 0.652

- 0.826

- 0.775

- 0.957

Elastic constants of Cu, Ag and Au
11 -2

in Units of 10 dyne Cm

Cu

Present Calculation

Kulshrestha et al. [5]

Fuchs [7]

Khanna [6]

Observed [9,10]

Ag

Prosent Calculation

Kulshrestha et al. [5]

Fuchs [7]

Khanna [6]

Observed [9,10]

Au

Present Calculation

Kulshrestha et al. [5]

Observed [9.10

11

16.105

15.497

17.500

15.126

16-84

11.824

10.162

12.929

12.400

18.875

19.970

18.600

12

11.821

13.331

12.400

11.680

12.14

10.210

9.105

11.149

9.34

16.342

19.018

15.700

44

7.700

4.174

8.900

7.932

7.54

4.989

2.936

4.969

4.6

4.848

2.431

4.200


