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The structure and electrical resistivity of Nai.xRbx binary alloys (where x =0, 0.1, 0.2,...,1) are computed using Percus-Yevick (PY)
equation, hard-sphere model and Faber-Ziman formula respectively. The partial structure factors and total structure factor are
computed using hard-sphere model for NaixRbx. In the calculation of resistivity using Faber-Ziman formula, we have employed
Ashcroft empty-core pseudo-potential and Hartree dielectric screening. Calculated values of resistivity are compared with the
experimental results and other theoretical values reported in literature. It is found that the electrical resistivity calculated using
Faber-Ziman formula for binary alloy NaixRbx is in good agreement with the values reported experimentally.
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The study of structural and electron transport properties of liquid metals have attracted many researchers [1-2].
The studies related to liquid structure have been a concern for condensed matter physics and material science. The
knowledge of the structural information and electron transport properties of liquid alloys are essential for understanding
the alloys. Recently, the applicability of alkali-liquid metal alloys (such as Na-Rb, Na-K) in developing futuristic
electrochemical devices makes it inevitable to study the electronic and chemical properties of such alloys [3-7]. The
electrical resistivity of liquid binary alkali alloys has been computed theoretically by pairing Faber-Ziman formula [8]
with a suitable pseudo-potential [9-10]. Islam et.al [9] has computed the electrical resistivity of Na;.«Rby binary alloys
using Faber-Ziman formula employing Bretonnet and Silbert (BS) pseudo-potential [10] with two different local field
corrections viz. Ichimaru-Utsumi (IU) and Vashishta-Singhwi (VS). It is important that a suitable potential associated
with electron-ion interaction is chosen for the computation of the electrical resistivity as the choice of electron-ion pair
potential plays a crucial role in the study of electrical resistivity.

In this paper, we compute the partial structure factors of Na;xRby binary alloys (where x =0, 0.1, 0.2,..., 1)
employing the solution of Percus-Yevick (PY) equation for a multi-component hard-sphere model given by Hoshino
[11] and the electrical resistivity of Na;4Rby binary alloy is computed using the method given by Faber-Ziman [8]. In
the computation of electrical resistivity, we employ Ashcroft empty-core pseudo-potential [12] and the dielectric
screening function due to Hartree [13-14]. The results obtained are compared with experimental results available in
literature.

THEORY
Resistivity
The electrical resistivity of a liquid metal binary alloy is given by Faber and Ziman [§] as
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Here Z is the valence of the liquid alloy andZ = ¢,Z; + c,Z,, where ¢, and c, are the concentration of elements, Q, =
c1Q; + ;9 is the atomic volume of the alloy system, V(q) is the form factor, S(q) is the structure factor and kis the

2
Fermi wave vector define by kf = (32 Z).
0

For the computation of electrical resistivity, we have considered Ashcroft’s empty core potential [12] given by

0, r <R,
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where R, is the core radius. The values of R for the constituent elements Na and Rb is taken from the values given in
[12]. The form factor with dielectric screening effect is given by
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where w(0) = — gEf.
Following Hartree’s theory of dielectric screening, the dielectric screening function £(q) is given as [13]
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where D(Ef) = 3n/2E; represents the density of states at the Fermi energy Ef, n is the number density.
Structure factor
Computation of partial structure factors is a crucial step in calculating the electrical resistivity of an alloy. The
partial structure factor, following the definition of Ashcroft-Langreth [11, 12] is given by the following expression

Si(@) = & + Jeici(a(@) — 1), (5)

where, §;; is the Kronecker delta function, ¢; and ¢; are the concentration of components, and

a;j(@) =1+ nf dr(gij(r) - 1) exp(ik- 7).

Where n is the number density of the mixture and g;;(7) is the pair distribution function. For the detailed derivation and
the analytical expressions of partial structure factors see Hoshino [11].

The total structure factor S(q) of the alloy can be expresses by the weighted average of partial structure factors from
equation (5) as

S(q) = c1b3511(q)+2vC1Cab1b2S12(q)+c2b3S22(0) (6)
c1b?+c,b2

where the weights b; and b, are the neutron scattering lengths of the component elements of the alloy [15] and ¢; and
¢, are the concentrations of the component elements of the alloy.

CALCULATIONS
For computing the structure factor of the binary alloys, we need to fix the hard-sphere diameters (o;), packing
fraction (1;), and the concentration of components of elements. The hard sphere diameters (g;) have been determined
using the relation,

U
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where the value of n; (packing fractionof ith species) is adjusted at temperature 373K according to the following
relationship [16].

n; = A;exp(—B;T). (¥

The atomic volume ; of the ith species is calculated using the experimental values of densities at the desired
temperature using the formula [17]

db
b; = b, — (T — Tpy) ar 9

Where T,,; is the melting temperature and b, is the density at melting point of the ith species. Here, the densities are
adjusted to the temperature 373 K.

Accordingly, the calculated value of Q;, g; and the other input parameters at the desired temperature are listed in
Table 1.

Table 1. Input parameters use in calculating the structure factor and electrical resistivity of Naj.xRbx binary alloy

Element T (K) Valence (2) Q, (a.u.) o (a.u) R (a.u)
Na 373 1 278.240 6.265 1.663 [12]
Rb 373 1 659.220 8.279 2.722[12]
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RESULTS AND DISCUSSIONS
The representative partial structure factors and total structure factor as per the Ashcroft-Langreth [12]and Hoshino [11]
for NasoRbso binary alloy is shown in Figure 1(a) and Figure 1(b) respectively. Using the partial structure factors for
different compositions, the electrical resistivity of Na;<Rby binary alloy system is computed. The electrical resistivity of
Na,.<Rby binary alloy calculated at 373K using the Faber-Ziman formula [8] given in equation 1 are shown in Figure 2
along with the available experimental data reported by Hennephof et al. [17]. As seen in Figure 2, the result of the
resistivity for Na;«Rby binary alloys reported in this paper are very close to the data reported in literature.
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Figure 1. Representative partial structure factors S;;(q) and total structure factor S(q) for NasoRbso binary alloy. (a) Partial structure
factor of NasoRbso, dashed, dot-dashed and solid lines represent Na-Na, Na-Rb and Rb-Rb respectively.
(b) Total structure factor of NasoRbso binary alloy.
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Figure 2. Resistivity of NaixRbx with concentration at 373K along with the experimental value [17].

We have used Ashcroft empty core pseudo-potential and Hartree dielectric screening function for computing
resistivity of Na;.xRby binary alloys. The results reported in this paper show better agreement with experimental data
compared to previous theoretical study on resistivity of Na;xRby binary alloys as reported by Islam et.al [9] employing
BS pseudo-potential along with Ichimaru-Utsumi (IU) and Vashishta-Singhwi (VS) dielectric field corrections.

CONCLUSIONS

We have computed the partial structure factors and total structure factor of Na;.<Rby binary alloys following the
method prescribed by Ashcroft-Langreth [12]. The partial structures obtained for Na;«Rby binary alloys were used for
calculating electrical resistivity of Na;«Rbybinary alloys using Faber-Ziman formula [8]. In calculating the resistivity,
we have employed Ashcroft empty core pseudo-potential along with Hartree dielectric screening function. The results
obtained show good agreement with the experimental data available in literature. The use of Ashcroft empty core
pseudo-potential along with Hartree dielectric screening for computing resistivity of Na;.«Rby binary alloys by Faber-
Ziman formula shows good results. We are also working on the computation of the electrical resistivity of other alkali
metal binary alloys using this approach.
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PO3PAXYHOK CTPYKTYPHU TA EJIEKTPUYHOI'O OIIOPY PITKHUX CILIABIB Na-Rb
P.P. Koiipeur®P, ILK. Arapsais, Aabnana [oxpoo?
aCampam Ipimsipaii Yayxan Jepoasnuii Konneoow, Atimep-305001, Padscacmxan, Indis
bHayionanonuii incmumym ocsimu (NCERT), Hoio-Ieni-110016, Inois
¢Pezionanvruti Incmumym Oceimu (NCERT), bxybaneweap-751022, Ooiwa, Inoia

CTpyKTypa Ta MATOMHIA eNeKTpUUHMA omip OiHapHuX cmiaBiB Nal-xRbx (me x = 0, 0,1, 0,2,...,1) po3paxoBaHi 3a JOIOMOTOIO
piBusuHs [lepkyca-€Bika (PY), Mmogeni TBepaoi chepu ta popmynu Padepa-3imana BianosinHO. YacTKOBI CTPYKTYpHi Koe(illieHTH
Ta 3arajJbHUH CTPYKTYpHHH KoeQilieHT po3paxoBaHi 3a mormoMororo Mojeni tBepmoi cdepm mrss Nal-xRbx. IIpu pospaxyHky
muroMoro omnopy 3a (opmynoro Pabepa-3iMaHa MH BUKOpHCTaIH IceBponoreHmian EmxpodTa 3 MOpOXKHIM CepAeIHHKOM 1
JiesekTpuyHe ekpaHyBaHHS Xaprpi. Po3paxoBaHi 3Ha4YeHHsI MUTOMOTO ONOPY HOPIBHIOIOTHCS 3 Pe3ysIbTaTaMU EKCIIEPUMEHTY Ta
[HIIMMH TEOPETHYHUMH 3HaYeHHSIMH, HaBEACHUMH B JIiTepaTypi. BcTaHOBIIEHO, 1110 MTUTOMUN EIEKTPUYHUM OMip, pO3paxoBaHuil 3a
(dopmynoro Pabepa-3imana mis 6inapHoro criaBy Nal-xRbx, 1o0pe y3romkyeThes 3 eKCIIepUMEHTAIbHUMH 3HAYCHHSIMHU.
KurouoBi ciioBa: cTpykTypHuit haktop, MUTOMHUI €ISKTPUIHUI OIip, NCEBAONOTEHIial, AieNIeKTPUYHIN eKpaH, PIIKUI MeTal.





