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A MODEL POTENTIAL FOR NOBLE METALS
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The validity of the model potential of Krasko-Gurskii has been tested for noble metals
and used to calculate the form factor and liquid metal resistivity for copper. The resulis
are in good agreement with experimental data.

In the recent decade a number of papers appeared concerning pseudopotentials of
noble metals [1-6]. Moriarty [1] succesfully applied the generalized theory of the pseudo-
potential of d-band metals to calculate several properties of noble metals. This theory
however is intricate in its applications. Because of this, a few local model potentials
for these metals were proposed [2-6]. The main problem is to take into account the hybridi-
zation of d-states with the free-electron-like conduction band.

The purpose of this communication is to test the validity of the Krasko~Gurskii [7]
model potential for noble metals. Compared to others [2-6], this pseudopotential, proposed
originally for simple metals, has an advantage of being given by a smooth function in
r-space. Thus, its Fourier transform does not demonstrate oscillations for larger values
of wave vector and consequently ensures a good convergence of sums or integrals in the
reciprocal space. In r-space this potential is given by
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where a and r, are two unknown parameters and Z is the valence of the ion. The repulsive
part of this potential arises form the tightly bound inner core states and the attractive
part is due to s—d hybridization. To determine @ and r, we need a set of two independent
equations. The first one follows from the requirement of equality of the ground state
energy of an electron in the field of a pseudo-ion which generates the potential (1) and of
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an electron in a real ion [7]. Consequently the model potential (1) should obey the radial
Schrodinger equation
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where E, is the first ionization potential of a real ion with the valence Z—1, and yo(r) is
a wave function of a ground state. The second parameter is determined by using the rela-
tion
Vi(h)
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where (k) is the value of a screened form factor at a’ certain point of the Brillouin zone
(in our case point L), and v(h), is the same quantity measured experimentally (one half
of the s-p band gap at L). In a reciprocal space, the bare model potential is
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where Q, is the atomic volume. In Eq. (3), &(q) is the dielectric function of Geldart and
Vosko [8] which describes the screening of the conduction electrons.

The set of Eqs. (2) and (3) was solved numerically for copper. First the value of a was
found from Eq. (3), then the parametric solution for V,(r) was put into Eq. (2) to calcu-
late .. In order to solve Eq. (2) a simple method described by Belenkii and Krasko [9] was
adopted. The values of the ionization potential were taken from spectroscopic data for

TABLE 1
Quantity . zZ l 26 \ kg \ a { Yo
Value ‘ 1 l 78.9 ) 0.7163 l 54.195 \ 0.097

All values in atomic units.

free ion [10]. The experimental values of the form factor v(h),, were taken at point L of
the Brillouin zone (¢ = & (111)) according to Pells and Shiga [11]. The parameters used
in the computation (€, and kg) and values of @ and r, are listed in Table I. A computed
form factor along with that of Moriarty [1] is displayed in Fig. 1. As-a test of the model
potential determined in such a way, the resistivity of liquid copper has been calculated,
using Ziman’s well-known formula [12].
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where Ep is the Fermi energy and

2kg

1
Ca(q) l(@I*> = | 9@ lv(q)1>q’dq, (6)
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where kj is the Fermi wave vector and a(g) is the expectation value of [S(q)|?, S(g) being
the structure factor. The structure factor data for copper were taken from Wagner et al. [12].
The calculated value of the resistivity of liquid copper is found to be 22.37 pQ - cm in
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Fig. 1. Model potential form factor of Cu; solid line proposed model, dashed line Moriarty [1]. Circle
represents the experimental value [11]

a good agreement with the experimental (21.5 pQ - cm [14]) and calculated values (Mo-
riarty [1] — 21.6 pQ - cm, Leoni et al. [3] — 23.6 uQ - cm).

In conclusion, the model potential of the form (1) seems to be a reasonable approxi-
mation of the electron-ion interaction in noble metals. Of course, this conclusion should
be confirmed by calculation of other quantities such as, e.g. elastic constants, the density

of states, or phonon spectra. Only then it will be possible to estimate fully the validity of
this approximation.

The author wishes to thank Professor K. F. Wojciechowski and J. Peisert for helpful
discussions.
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