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ABSTRACT

Calculations of the dependence of the electrical resistivity

in liquid Ag-Au binary alloy on composition are reported. The structure

of the binary alloy is described as a hard-sphere system. A one-

parameter local pseudopotential, which incorporates s-d hybridization

effects phenomenologically, is employed in the resistivity calculation.

A reasonable agreement with experimental trend is observed.

I. INTRODUCTION

The pseudopotential theory has proved to be a powerful, theoretical

tool in the study of electronic properties of simple Liquid metals. Some

difficulties are expected to arise when the method is applied to the noble,

transition and rare earth metals. In the noble metals Ag and Au, for example,

narrow d-bands are filled and lie few ev below the Fermi energy. The

experimental studies suggest that d-bands are not seriously affected by melting

i.e. by liquid disorder. The pseudopotentials are energy dependent and non-

local. One may thus expect that the use of local pseudopotentials in the

liquid noble metals will not give reasonable results. But a number of

Studies with local pseudopotentials have already proved to be successful [l].

It is interesting to further test this simple approach in the case of alloys

as a first order approximation.

Relatively few calculations exist for liquid noble metal alloys. The

main reason may be the non-availability of experimentally determined partial

structure factors. In this paper, we study the electrical resistivity of the

liquid Ag-Au alloy.

The plan of the paper is as follows. In See.II, we present a brief

discussion of the model pseudopotential and partial structure factors we have

used In the diffraction theory of Faber and Ziman [2] for electrical resistivity

of liquid binary alloys. In Sec.Ill, we present our results on the composition

dependence of electrical resistivity along with a brief summary of our

conclusions.

II. THE ELECTRICAL RESISTIVITY OF NOBLE METAL BINARY ALLOYS

The well-known Faber-Zijnan formula for the resistivity of a. liquid

binary alloy modified by Ashcroft and Langreth [3];
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where

V = x = concentration of species 2, Z* = effective valence,

requires a knowledge of electron-ion pseudopotentials V. and partial structure

factors S y . In the following, we give a brief discussion of each of these

factors,

A. Model Pseudopotentials

The simplest of the commonly used model pseudopotentials in the study

ofelectronic properties of liquid metals is the Ashcroft empty-core potential,

(2)

where Sj = 2\f H cQre, X = U a Q kj,)""1 and f(y) is the Llnhard dielectric

function. In their study of the electrical resistivity Ashcroft and Langreth

have chosen

of the concentration.

H c o r e to fit the resistivity of the molten metal at both ends

A reasonable agreement with experiment is claimed.

In this study, the model pseudopotential recently introduced by

Idrees et al. [l] is employed. The potential has the form,

O<r<

u — Rurt I

_ £
(*.«/

(3)

E /R,, = E (core
a » m 1

So that , i t i s repulsive in the region from r = 0 to r

radius), attractive and constant in the region r = Effl to r = ^ ( = (3il/!nr)

the Wigner-Seitz radius) and purely Coulombie beyond. The attractive and

constant part i s claimed to give an improved account of the s-d mixing

which has been introduced phenomenologically. I t is important to note that
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this is a one-parameter potential. The Fourier transform of Eq.(3) is

given by

— Z e1^ Cos ̂  K.W 1

where

A = Z

B = 2Z e

- Em)

(1*)

The parameter R is fixed by fitting the theoretical factor Eq.(lt) to the

experimental one or to a "better calculation. The electron-ion pseudopotential

to be used in Eq.(l) is the screened one. We have used both Shaw [h] and

Vashista-Singwi [5] dielectric functions without any significant difference

in the final result. Ehls may be due to the fact that in the diffraction

theory of Faber and Ziman for ltauid metal alloys, the electrical resistivity

is mainly determined by the structure factors in the region of wave number

q. less than but close to the value 2 ^ . And the role of conduction

electron screening is becoming less important and almost equivalent in this

region according to the prescriptions mentioned above.

B. Partial Structure Factors

For the partial structure factors, the hard sphere solution of the

Percus-Yevick equation is used. The analytic expressions for these are given

by Aahcroft and Langreth [ 6 ] , (Their original paper contains a number of

typographical errors which are corrected in a following Errata.) We give

the correct expressions in the Appendix for the sake of completeness.
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III. NUMERICAL RESULTS AMD CONCLUSIONS

The input parameters and the model pseudopotentials appropriate for

Ag and Au are taken from Ref. [l]. Liquid metal properties like electrical

resistivities, thermoelectric power and effective ion-ion interactions for

liquid Ag and liquid Au, based upon these pseudopotentials are discussed at

some length in their paper. The results seem to be somewhat better that those

of other investigations. Thus, our work can be considered as an extra test

of the proposed pseudopotentials.

We have checked the accuracy of the hard sphere structure factors by

comparing them with the experimental results for pure liquid Ag and Au at

both ends of the concentrations range. The experimental values are taken

from Y. Waseda [7]. The results seem to be reasonable as shown in Figs.l

and 2. The partial structure factors are shown in Fig.3.

The concentration dependence of the calculated electrical resistivity

of liquid Ag-Au system is shown in Fig.lt. The experimental trend is generated

well. In intermediate concentrations the model pseudopotential and hard-

sphere structure factors used seem to be overestimating the resistivity. To

get a better numerical agreement with experimental resistivity values (taken

from Roll and Mota [8] as noted by Hove and Enderby [9]) one is farced to use

hard sphere diameters which tend to result in structure factors that are in

disagreement with experimental ones.

In our calculations, ve have made use of the fact that the atomic

volume and the Fermi wave number of the alloy remain practically constant

across the whole concentrations range [9]. Thus, the atomic volume of the

alloy is linearly interpolated between the values of the pure components.

The Fermi vave number is calculated with this atomic volume. The packing

fraction is taken to be 0.1+5.

Our results confirm the generalization that the resistivity of binary

alloys is a "smooth" function of concentration at constant temperature. The

addition of Au in Ag increases the resistivity in an expected manner. And the

use of local pseudopotentials even in the case of noble metals seems to be

reasonable. But it is still interesting to see what role any non-locality

of the pseudopotential will play in binary alloys. Work along these lines

is in progress.

APPEHDIX

The analyt ical expressions for the p a r t i a l s tructure factors S. ,(y)

obtained by Ashcroft and Langreth in the hard-sphere Percus-Yevick model are

as follows:

a is the hard-sphere diameter of the larger sphere and

The total packing fractions

where y = q a ,

n. are number densities of the ith component.

n, the ratio of the hard-sphere diameters a and the concentration x are

defined as

n = T^ + n = " n " & + u n a ^

The direct correlation functions C. Ay) can be expressed in terms of parameters

n, a and x and are given by the following expressions.

-n, C M ly) = ̂ tli. { a^i
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To obtain -n o C o o(y), simply replace
-3

r^ Toy n £ , o^ t y a2 > ay by y ,

X+ 0-->

j- ^ a. JJ

where

s'— f -

• - 7 -
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FIGURE CAFTIOHS

Fig.l Comparison of theoretical and experimental structure factors for

i^uid Ag.

Fig.2 Comparison of theoretical and experimental structure factors for

liquid Au.

Fig.3 Calculated structure factors S..(y) for the oombinatuonB n = 0.1*5,

x = 0.50 and a = 0.95.

Fig.U The res is t iv i ty of liquid Ag-Au. • Present resul ts .
x Experimental values from

Roll and Motz (Ref.8).

to

Ag

050

— Exp«rimantal(Ref.7) 7
* Theoretical (This work)

- 1 0 -



Au
T=1150°C

Cft

-Experimental (Ref. 7)
Theoretical (This work)

Fig. 2

- 1 1 -

«

-1

n - 0.45
x =0.50
a - 0.95

FiQ. 3

- 1 2 -



t;uHirarrx xv-xx- ruouiuuiunj

42

38

34

30

26

22

18

• Present results

'Roll andMotz(Ref.8)

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 1 0 0

At % Au

Fig. 4

IC/82/63 a.S. CBAIGIE, V.K, DOBEEV and I.T. TODOROV - Conformal techniques for OPE
in asymptotically free quantum field theory.

IC/62/64 A. FRYDRY5ZAK and J. LUKIERSKI - N = 2 massive matter multiplet from
quantization of extended classical mechanics.

IC/82/65 TAHIR ABBAS - Study of the atomic ordering in the alloys HI-IE using
diffuse X-ray scattering and pseudopotentiale.

IC/82/66 E.C. HJAU - An analytic examination of distortions in pover spectra due
IDT.HEP.* to sampling errors.

IC/82/6T E.C. HJAU - Power estisiation on sinusoids mounted upon D.C. background:
IHT.REF.* Conditional problems.

IC/B2/68 E.C. HJAU - Distortions in power spectra of signals with short components.
INT.REP.*

IC/82/69 E.C. NJAU - Distortions in tvo- and three-dimensional power spectra.
INT.REP.*

IC/82/70 L. SCHWARTZ and A. PAJA - A note on the electrical conductivity of
disordered alloys in the muffin-tin model.

IC/82/T1 D.C. FAKIROV - Mass and form factor effects in spectrum and width of the
IHT.REP.* semi-leptonic decays of charmed mesons.

IC/82/72 T. MISHOHOV and T. SAEIISKY - Acoustic plasma vaves in inversion layers
INT.SEP.* and sandwich structures.

IC/82/73 T. MISHIHOV - An exactly averaged conductivity in a disordered electronic
IHT.REP. model.

IC/82/Tlt S.M. MUJIBUR RAHMAH - Structural energetics of noble metals.

IC/8S/75 E. SEZGIH and P. van NIEUWENHUIZEH - Ultraviolet finiteness of H - 8
supergravity, spontaneously broken by dimensional reduction.

IC/B2/76 JERZY RAYSKI and JACEK RAYSKI, Jr. - On a fusion of supersymmetries with
gauge theories.

IC/82/77 A. BOKHARI and A. QADIR - A prescription for n-dimensional vierbeins.
IHT.REP.*

IC/82/78 A. QADIR and J. QUAMAR - Relativistic generalization of the Newtonian force.
IHT.REP.*

IC/82/79 B.E. BAAQUIE - Evolution kernel for the Dirac field.

IC/8S/80 5. RAJPOOT AMD J.G. TAYLOR - Broken supersymmetries in high-energy physics.

IC/82/8I JAE HYUHQ IEE - Photon propagators at finite temperature.

IC/82/82 S.M. MUJIBUR RAHMAH - Roles of electrons-per-atom ratio on the structural
IHT.REP.* stability of certain binary alloys.

IC/82/83 D.K. SRIVASTAVA - Geometrical relations for potentials obtained by folding
INT.HEP.* density dependent interactions.

IC/62/81* C.A. MAJID - Glass forming tendencies of chalcogenldes of the system
IHT.REP.* (As£ 3 e 3 ) 1 x : {Tl£ Se) x .

IC/82/85
INT.REP.*

C.A. MAJD - Surface photoconductivity in amorphous As Se,

-13-
THESE PREPRINTS ARE AVAILABLE FROM THE PUBLICATIONS OFFICE, ICTP, P.O. Box 586,
I-3*tl00 TRIESTE, ITALY.

1* (Limited distribution).



IC/82/86 FAHEEM HUSSAIN and A. QADIR - Quantization in rotating co-ordinates revisited.

IC/82/87 G. MUKHOPADHYAY and S. LUNDQVIST - The dipolar plasmon modes of a small
INT.REP.* metallic sphere.

IC/82/88 A.P. BAKULEV, N.N. BOGOLIUBOV, Jr. and A.M. KURBATOV - The generalized Mayer
theorem in the approximating Hamilton!an method.

IC/82/89 R.M. MOHAPATRA and G. SENJANOVIC - Spontaneous breaking of global B-L symmetry
and matter-anti-matter oscillations in grand unified theories.

IC/82/90 PRABODH-SHUKLA - A microscopic model of the glass transition and the glassy
state.

IC/82/91 WANG KE-LIN - A new vacuum structure, background strength and confinement.

IC/82/92 G.A. CHRISTOS - Anomaly extraction from the path integral.
INT.REP.*

IC/82/93 V. ALDAYA and J.A. DE AZCARRAGA - Supergroup extensions: from central charges
to quantization through relativistic wave equations.

IC/82/9U ABDUS SALAM and E. SEZGIN - Maximal extended supergravity theory in seven
dimensions.

IC/82/95 G. SENJANOVIC and A. SOKOBAC - Observable neutron-antineutron oscillations
in SO(10) theory.

IC/82/96 Li TA-tsein and SHI Jia-hong - Global solvability in the whole space for a
INT.REP. class of first order quasilinear hyperbolic systems.

IC/82/97 Y. KJJIMOTO and ZHAO Zhi Yong - Avoiding domain vail problem in SU(H)
INT.REP.* grand unified theories.

IC/82/98 K.G. AKDENIZ, M. ARIK, M. HORTACSU and M.K. PAK - Gauge bosons as composites
INT.REP.* of fermions.

IC/82/IOO M.H. SAFFOURI - Treatment of Cerenkov radiation from electric and magnetic
charges in dispersive and dissipative media,

IC/82/101 M. OZER - Precocious unification in simple GUTs.

IC/82/102 A.N. ERMILOV, A.N. KIREEV and A.M. KURBATOV - Random spin systems with
arbitrary distributions of coupling constants and external fields,
Variational approach.

IC/82/103 K.H. KHANNA - Landau's parameters and thermodynamic properties of liquid He II.

IC/82/104 H. PUSZKARSKI - Effect of surface parameter on interband surface mode
INT.REP. frequencies of finite diatomic chain.

IC/82/105 S. CECOTTI and L. GIRARDELLO - Local Nicolai mappings in extended supersymmetry.

IC/62/106 K.G. AKDEHIZ, M. ARIK, M. DURGUT, M. HORTACSU, S. KAPTAHOGLU and U.K. PAK -
INT.REP.* Quantization of a conformal invariant pure spinor model.

IC/82/107 A.M. KURBATOV and D.P. SANKOVIC - On one generalisation of the Fokker-Planck
INT.REP. equation.

IC/82/108 G. SENJANOVIC - Necessity of intermediate mass scales in grand unified
theories with spontaneously broken CP invariance.

IC/82/109 NOOR MOHAMMAD - Algebra of pseudo-differential operators over C*-algebra.
INT.REP.*

IC/82/111 M. DURGUT and N.K. PAK - SU(N)-QCD£ meson equation in next-to-leading order.

IC/82/112 O.P. KATYAL and K.M. KHANNA - Transverse magneto-resistance and Hall
INT.REP.* resistivity in Cd and its dilute alloys.

IC/82/113 P. RACZKA, JR. - On the class of simple solutions of SU(2) Yang-Mills
IHT.REP.* equations. ,-»

IC/82/11'4 G. LAZARIDES and Q. SHAFI - Supersymmetrie GUTs and cosmology.

IC/82/115 B.K. SHARMA and M. TOMAK - Compton profiles of some hi transition metals.

IC/82/116 M.D. MAIA - Mass splitting induced by gravitation.

IC/82/11T PARTHA GHOSE - An approach to gauge hierarchy in the minimal SU(5) model
of grand unification.

IC/82/118 PARTHA GHOSE - Scalar loops and the Higgs mass in the Salam-Weinberg-
Glashow model.

IC/82/119 A. QADIR - The question of an upper bound on entropy.
INT.REP.*

IC/82/122 C.W. LUNG and L.Y. XIONG - The dislocation distribution function in the
plastic zone at a crack tip.

IC/82/121* BAYANI I. RAMIREZ - A view of bond formation in terms of electron momentum
INT.REP.* distributions.

IC/82/127 N.N. COHAN and M. WEISMANN - Phasons and amplitudons in one dimensional
INT.REP.* incommensurate systems.

IC/82/128 M. TOMAK - The electron ionized donor recombination in semiconductors.
INT.REP.*

IC/82/129 3.P. TEWARI - High temperature superconducting of a Chevrel phase ternary
INT.REP.* compound.

IC/82/13O LI XINZ HOU, WANG KELIN and ZHANG JIAMZU - Light spinor monopole.

ic/82/131
INT.REP.*

IC/92/132
INT.REP.*

IC/82/133

IC/82/13't
INT.REP.*

IC/82/137
INT.REP.*

IC/82/138
INT.REP.*

IC/82/lto

IC/82/142
IHT.REP.*

IC/B2/1U3

IC/82/1U
IIJTLREP.*

IC/82/1U5

IC/82/1U6

IC/82/l!»7
INT.HEP.*

IC/82/1U8
IHT.EEP.*

IC/82/11+9
IM.REP.*

C.A. MAJID - Thermal analysis of chalcogenides glasses of the system

( A S2 = < T 12

K.M. KHANNA and 3. CHAUBA SINGH - Radial distribution, function and second
virial coefficient for interacting bosons.

A. QADIR - Massive neutrinos in astrophysics.

H.B. GHASSIB and 3. CHATTERJEE - On back flow in two and three dimensions.

M.Y.M. HASSAN, A. RABIE and £.H. ISMAIL - Binding energy calculations using
the molecular orbital wave function.

A. BREZINI - Eigenfunctions in disordered systems near the mobility edge.

I. FUJIMOTO, K. SHIGEHOTO and ZHAO ZHIYONG - No domain wall problen in
SU{H) grand unified theory.

G.A. CHRISTOS - Trivial solution to the domain wall problem,

S, CHAKRABARTI and A.H. NAYYAR - On stability of soliton solution in JJLS-
type general field model.

S. CHAKRABARTI - The stability analysis of non-topological solitons in
gauge theory and in electrodynamics.

S.N. RAM and C.P. SINGH - Hadronic couplings of open beauty states.

BAYAIII I. RAMIREZ - Elctron momentum distributions of the first-rov
homonuelear diatomic molecules, A .

A.K. MAJUMDAR - Correlation between magnetoresistance and magnetization in
Ag Mn and Au Mn spin glasses.

E.A. SAAU, S.A. El WAKIL, M.H. HAGGAG and H.M. MACHALI - Pade approximant
for Chsn.drasekhar H function.

S.A. El WAKIL, M.T. ATIA, E.A. SAAD and A. HENDI - Particle transfer in
multiregion. ^Q


