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a b s t r a c t

The theoretical investigations 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 N0V of binary metallic glasses have been reported using Ashcroft’s empty
core (EMC) model potential for the first time. Five local field correction functions proposed by Hartree
(H), Taylor (T), Ichimaru–Utsumi (IU), Farid et al. (F) and Sarkar et al. (S) are used in the present investi-
gation to study the screening influence on the aforesaid properties. It is observed that k and TC are quite
sensitive to the selection of the local field correction functions in comparisons with l*, a and N0V. The TC

obtained from H-local field correction function is found in qualitative agreement with available experi-
mental data and show linear nature with the concentration (C). A linear TC equation is proposed by fitting
the present outcomes for H-local field correction function, which is in conformity with other results for
the experimental data. Also, the present results are found in qualitative agreement with other such earlier
reported data, which confirms the superconducting phase in the metallic glasses.

� 2009 Published by Elsevier B.V.

1. Introduction

During the last few years, superconducting bulk metallic glasses
superconductors based on various simple as well as transition met-
als have been obtained and studied by many researchers. Studying
the superconducting state parameters (SSP) of binary supercon-
ductors may be of great significance in deciding their applications
[1–18]. Though the pseudopotential theory is found to be very suc-
cessful in studying various properties of the bulk metallic glasses
superconductors, there are very few scattered attempts to study
the SSPs of bulk superconductors based on model potential [3–
12]. Very recently, we have studied recently the SSP of some bulk
superconductors theoretically using model potential formalism [3,4].
Wang et al. [14–16] have been reported experimental SSPs for
some BMG superconductor. Also, Li and Bai [17] have studied
superconductivity in a representative Zr-based bulk metallic glass.
The theoretical investigation of the SSPs of bulk metallic glasses
superconductors has been reported in the literature very rarely.
In the present work, we have used the screening functions of Har-
tree (H) [19], Taylor (T) [20], Ichimaru–Utsumi (IU) [21], Farid et al.
(F) [22] and Sarkar et al. (S) [23]. Also, binary bulk metallic glasses

superconductors may be quite suitable for industrial applications.
Hence, in this Letter, we study the SSP viz. k, l*, TC, a and N0V of
seven Cu100�CSnC (C = 20, 39, 50, 60, 75, 84 and 90 at.%) viz.
Cu80Sn20, Cu61Sn39, Cu50Sn50, Cu40Sn60, Cu25Sn75, Cu16Sn84 and
Cu10Sn90 binary metallic glasses superconductors theoretically for
the first time on the basis of Ashcroft’s empty core (ECM) model
potential [24]. Also, ‘Cu’ being a good conductor and exhibits con-
ditional superconducting nature, while ‘Sn’ being a metallic ele-
ment and also exhibits superconducting nature in normal
condition, this class of glasses may be quite suitable for industrial
applications. In the present work, the pseudo-alloy-atom (PAA)
model was used to explain electron–ion interaction for alloying
systems [3,4].

2. Computational methodology

The mathematical expressions used for the present computa-
tion of the SSP viz. k, l*, TC, a and N0V for binary metallic glasses
superconductors are as follows [1–17]:
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where mb is the band mass, M, the ionic mass, X0, the atomic vol-
ume, kF, the Fermi wave vector, W(X), the screened pseudopotential,
EF, the Fermi energy, e(X), the modified Hartree dielectric function
[4] and hx2i is the averaged square phonon frequency, respectively.
The hx2i is calculated using the relation given by Butler [25],
hx2i = 0.69hD, where hD is the Debye temperature.

The well known screened Ashcroft’s empty core (EMC) model
potential [24] used in the present computations of the SSP of bin-
ary metallic glasses is of the form,

WðXÞ ¼ �pZ

X0X2k2
FeðXÞ

cosð2kFXrCÞ; ð6Þ

here rC is the parameter of the model potential of binary metallic
glasses. The Ashcroft’s empty core (EMC) model potential is a sim-
ple one-parameter model potential [24], which has been success-
fully found for various metallic complexes [3–12]. When used
with a suitable form of dielectric screening functions, this potential
has also been found to yield good results in computing the SSP of
metallic glasses [3–12]. Therefore, in the present work we use the
Ashcroft’s empty core (EMC) model potential with Hartree (H)
[19], Taylor (T) [20], Ichimaru–Utsumi (IU) [21], Farid et al. (F)
[22] and Sarkar et al. (S) [23] local field correction functions for
the first time. The model potential parameter rC may be obtained
by fitting either to some experimental data or to realistic form fac-
tors or other data relevant to the properties to be investigated. In
the present work, rC is fitted in such a way that, the presently com-
puted values of the transition temperature TC of the metallic glasses
obtained from all local field correction functions are found as close
as possible with available experimental data [18] of TC in the liter-
ature for the particular metallic glass. After fitting the model poten-
tial parameter rC, same rC is then used in the computation of the SSP
of binary metallic glasses. We have not fitted rC from the first-prin-
ciples calculations.

In the present investigation, the local field correction functions
due to H [19], T [20], IU [21], F [22] and S [23] are incorporated to
see the impact of exchange and correlation effects. The details of all
the local field correction functions are narrated below.

The Hartree screening function [19] is purely static, and it does
not include the exchange and correlation effects. The expression of
it is,

f ðqÞ ¼ 0: ð7Þ

Taylor (T) [20] 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) [20],
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The Ichimaru–Utsumi (IU) local field correction function [21] 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 ðqÞ ¼ AIUQ 4 þ BIUQ 2 þ CIU

þ AIUQ 4 þ BIU þ
8AIU

3

� �
Q 2 � CIU

� �
4� Q 2

4Q
ln

2þ Q
2� Q

����
����

( )
:

ð9Þ

On the basis of Ichimaru–Utsumi (IU) local field correction func-
tion [21], Farid et al. (F) [22] have given a local field correction
function of the form,

f ðqÞ ¼ AFQ4 þ BFQ 2 þ CF
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Based on Eqs. (9) and (10), Sarkar et al. (S) [23] have proposed a
simple form of local field correction function, which is of the form,

f ðqÞ ¼ ASf1� ð1þ BSQ 4Þ expð�CSQ 2Þg; ð11Þ

where Q = q/kF. 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

Table 1
Input parameters and other constants.

Metallic glass Z rC (au) X0 (au)3 M (amu) hD (K)

Cu80Sn20 1.60 0.3931 100.08 74.58 313.40
Cu61Sn39 2.17 0.6723 119.41 85.05 285.28
Cu50Sn50 2.50 0.7278 130.61 91.12 269.00
Cu40Sn60 2.80 0.7517 140.79 96.63 254.20
Cu25Sn75 3.25 0.8083 156.06 104.91 232.00
Cu16Sn84 3.52 0.8563 165.22 109.87 218.68
Cu10Sn90 3.70 0.8647 171.32 113.18 209.80
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Fig. 1. Variation of the model potential parameter rC with Sn-concentration (C) (in
at.%).
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