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a b s t r a c t

The theoretical investigation of the superconducting state parameters (SSP) viz. electron–phonon cou-
pling strength k, Coulomb pseudopotential l�, transition temperature TC, isotope effect exponent a and
effective interaction strength NOV of large numbers of binary alloys have been made extensively in the
present work using a model potential formalism for the first time with pseudo-atom-alloy (PAA) model.
A considerable influence of various exchange and correlation functions on k and l� is found from the
present study. The present results of the SSP are found in qualitative agreement with the available exper-
imental data wherever exist.

� 2010 Elsevier B.V. All rights reserved.

1. Introduction

During last several years, the superconductivity remains a
dynamic area of research in condensed matter physics with contin-
ual discoveries of novel materials and with an increasing demand
for novel devices for sophisticated technological applications. A
large number of metals and amorphous alloys are superconduc-
tors, with critical temperature TC ranging from 1 and 18 K. Even
some heavily doped semiconductors have also been found to be
superconductors. The pseudopotential theory has been used suc-
cessfully in explaining the superconducting state parameters
(SSP) for metallic complexes by many workers [1–14]. Many of
them have used well known model pseudopotential in the calcula-
tion of the SSP for the metallic complexes. Recently, Vora et al. [3–
11] have studied the SSP of some metallic complexes using single
parametric model potential formalism. The study of the SSP of
the binary alloy based superconductors may be of great help in
deciding their applications; the study of the dependence of the
transition temperature TC on the composition of metallic elements
is helpful in finding new superconductors with high TC. The appli-
cation of pseudopotential to binary alloys involves the assumption
of pseudoions with average properties, which are assumed to re-
place three types of ions in the binary systems, and a gas of free
electrons is assumed to permeate through them. The electron–
pseudoion is accounted for by the pseudopotential and the elec-
tron–electron interaction is involved through a dielectric screening
function. For successful prediction of the superconducting proper-

ties of the alloying systems, the proper selection of the pseudopo-
tential and screening function is very essential [3–12].

A well known empty core (EMC) model potential of Ashcroft
[15] is applied here in the study of the SSP viz. electron–phonon
coupling strength k, Coulomb pseudopotential l�, transition tem-
perature TC, isotope effect exponent a and effective interaction
strength NOV of transition metals based binary alloys. To see the
impact of various exchange and correlation functions on the afore-
said properties, we have used five different types of local field cor-
rection functions proposed by Hartree (H) [16], Taylor (T) [17],
Ichimaru–Utsumi (IU) [18], Farid et al. (F) [19] and Sarkar et al.
(S) [20]. We have incorporated for the first time the more advanced
and newly developed local field correction functions i.e. IU, F and S
in the investigation of the SSP of transition metals based binary al-
loys. In the present work, we have reported SSP of transition metals
based binary alloys using pseudopotential method with five differ-
ent types of local field correction functions.

In the present work, the pseudo-alloy-atom (PAA) model was
used to explain electron–ion interaction for binaries. It is well
known that the pseudo-alloy-atom (PAA) model is a more mean-
ingful approach to explain such kind of interactions in binary sys-
tems [3–11]. In the PAA approach a hypothetical monoatomic
crystal is supposed to be composed of pseudo-alloy-atoms, which
occupy the lattice sites and form a perfect lattice in the same
way as pure metals. In this model the hypothetical crystal made
up of PAA is supposed to have the same properties as the actual
disordered alloy material and the pseudopotential theory is then
applied to studying various properties of an alloy and metallic
glass [3–11]. The complete miscibility in the alloy systems is
considered as a rare case. Therefore, in such binary systems the
atomic matrix elements in the pure states are affected by the
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characteristics of alloys such as lattice distortion effects and charg-
ing effects. In the PAA model, such effects are involved implicitly.
In addition to this it also takes into account the self-consistent
treatment implicitly [3–11]. Looking to the advantage of the PAA
model, we propose a use of PAA model to investigate the SSP of
transition metals based binaries.

To describe electron–ion interactions in the binary systems, the
Ashcroft’s empty core (EMC) single parametric local model poten-
tial [15] is employed in the present investigation. The form factor
W(q) of the EMC model potential in wave number space is (in
au) [15]

WðqÞ ¼ �8pZ
XOq2eðqÞ cosðqrCÞ: ð1Þ

Here Z, XO, e(q) and rC are the valence, atomic volume, Hartree
dielectric function and parameter of the model potential of transi-
tion metals based binary alloys, respectively. Our study is differen-
tiated with previous work in such a way that, in the most of the
previous work, the model potential parameter is fitted with exper-
imental data of the transition temperature TC. But, in the present
work, the model potential parameter rC is determined using the first
zero of the form factor.

2. Method of computation

In the present investigation for binary mixtures, the electron–
phonon coupling strength k is computed using the relation [3–12]

k ¼ mbXO

4p2kFMhx2i

Z 2kF

0
q3jWðqÞj2dq: ð2Þ

Here mb is the band mass, M the ionic mass, XO the atomic vol-
ume, kF the Fermi wave vector and W(q) the screened pseudopo-
tential. The effective averaged square phonon frequency hx2i is
calculated using the relation given by Butler [21],
hx2i1=2 ¼ 0:69hD, where hD the Debye temperature of the transition
metals based binary alloys.

Using X ¼ q=2kF and XO ¼ 3p2Z=ðkFÞ3, we get Eq. (2) in the fol-
lowing form,

k ¼ 12mb Z
Mhx2i

Z 1

0
X3jWðXÞj2dX; ð3Þ

where Z and WðXÞ are the valence and the screened EMC pseudopo-
tential [14] of the transition metals based binary alloys,
respectively.

The Coulomb pseudopotential l� is given by [3–12]

l� ¼
mb
pkF

R 1
0

dX
eðXÞ

1þ mb
pkF

ln EF
10 hD

� � R 1
0

dX
eðXÞ

; ð4Þ

where EF is the Fermi energy, mb the band mass of the electron and
e(X) the modified Hartree dielectric function, which is written as
[16]

eðXÞ ¼ 1þ ðeHðXÞ � 1Þ1� f ðXÞÞ; ð5Þ

eH(X) is the static Hartree dielectric function [16] and f(X) the local
field correction function. In the present investigation, the local field
correction functions due to H, T, IU, F and S are incorporated to see
the impact of exchange and correlation effects. The details of all the
local field corrections are below.

The H-screening function [16] is purely static, and it does not
include the exchange and correlation effects. The expression of it is,

f ðXÞ ¼ 0: ð6Þ

Taylor (T) [17] has introduced an analytical expression for the
local field correction function, which satisfies the compressibility

sum rule exactly. This is the most commonly used local field cor-
rection function and covers the overall features of the various local
field correction functions proposed before 1972. According to Tay-
lor (T) [17],

f ðXÞ ¼ q2

4k2
F

1þ 0:1534

pk2
F

" #
: ð7Þ

The Ichimaru–Utsumi (IU)-local field correction function [18] is
a fitting formula for the dielectric screening function of the degen-
erate electron liquids at metallic and lower densities, which accu-
rately reproduces the Monte-Carlo results as well as it also,
satisfies the self consistency condition in the compressibility sum
rule and short range correlations. The fitting formula is

f ðXÞ ¼ AIUQ 4 þ BIUQ2 þ CIU

þ AIUQ 4 þ BIU þ
8AIU

3

� �
Q2 � CIU

� �
4� Q2

4Q
ln

2þ Q
2� Q

����
����

( )
:

ð8Þ

On the basis of Ichimaru–Utsumi (IU)-local field correction
function [18], Farid et al. (F) [19] have given a local field correction
function of the form

f ðXÞ ¼ AFQ 4 þ BFQ 2 þ CF

þ AFQ 4 þ DFQ 2 � CF

h i 4� Q 2

4Q
ln

2þ Q
2� Q

����
����

( )
: ð9Þ

Based on Eqs. (8) and (9), Sarkar et al. (S) [20] have proposed a
simple form of local field correction function, which is of the form

f ðXÞ ¼ AS 1� ð1þ BSQ 4Þ exp ð�CSQ 2Þ
n o

: ð10Þ

where Q ¼ 2X. The parameters AIU, BIU, CIU, AF, BF, CF, DF, AS, BS and CS

are the atomic volume dependent parameters of IU, F and S-local
field correction functions. The mathematical expressions of these
parameters are narrated in the respective papers of the local field
correction functions [18–20].

After evaluating k and l�, the transition temperature TC and iso-
tope effect exponent a are investigated from the McMillan’s for-
mula [3–14]

TC ¼
hD

1:45
exp

�1:04 ð1þ kÞ
k� l�ð1þ 0:62kÞ

� �
; ð11Þ

a ¼ 1
2

1� l� ln
hD

1:45TC

� �2 1þ 0:62k
1:04ð1þ kÞ

" #
: ð12Þ

The expression for the effective interaction strength NOV is
studied using [3–12]

NOV ¼ k� l�

1þ 10
11 k

: ð13Þ

3. Results and discussion

The constants and parameters used in the present investigation
are tabulated in Table 1. To determine the input parameters and
various constants for PAA model [3–11], the following definitions
for transition metals based binary alloys A1�xBx are adopted,
Z ¼ ð1� xÞðZAÞ þ xðZBÞ; ð14Þ

M ¼ ð1� xÞðMAÞ þ xðMBÞ; ð15Þ

XO ¼ ð1� xÞðXOAÞ þ xðXOBÞ; ð16Þ

rC ¼ ð1� xÞðrCAÞ þ xðrCBÞ; ð17Þ
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