
Vol. 133 (2018) ACTA PHYSICA POLONICA A No. 1

Screening Dependence Study
of Superconducting State Parameters

of 4d- and 5d-Transition Metals Based Binary Alloys
H.P. Davea,∗, R.C. Malanb and A.M. Voraa

aDepartment of Physics, University School of Sciences, Gujarat University, Ahmedabad 380 009, Gujarat, India
bDepartment of Physics, Government Engineering College, Valsad 396 001, South Gujarat, India

Screening dependence study of the superconductivity in 4d- and 5d-transition metals based binary alloys was
performed using the model pseudopotential approach, which was found quite successful in explaining supercon-
ductivity in metals, alloys, and metallic glasses. In the present work the superconducting state parameters viz.
electron–phonon coupling strength λ, the Coulomb pseudopotential µ∗, transition temperature TC , isotope effect
exponent α and effective interaction strength N0V of some transition metals based binary alloys of 4d- and 5d-
transition metals groups were determined in the BCS–Eliashberg–McMillan framework. A considerable influence
of various exchange and correlation functions on λ and µ∗ is found from the present study. The present results of
the superconducting state parameters are found in qualitative agreement with the available experimental figures
wherever exist.
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1. Introduction

Superconductivity phenomenon has been beguiling
and bedeviling physicists for a century while numerous
other quaint and curious collective phenomena have been
discovered and analyzed, yet it maintains its mystery in
spite of the enormous amount that has been learned and
the vast competition for the physical scientist’s attention
and devotion. The simple problem of determining the
superconducting transition temperature TC of a super-
conductor has two separate parts viz. first one of under-
standing the material properties such as electron–phonon
coupling strength λ, the Coulomb pseudopotential µ∗ and
the phonon spectrum which is usually oversimplified by
some frequency ω and second one of calculating transition
temperature TC which depends on such properties. Such
paper is to provide links to the first part. With the im-
proved information of the phonon spectrum and electron–
ion coupling, more accurate calculations of these parame-
ters have been made, where one uses the theory of super-
conductivity, with its sophisticated Green’s-function for-
malism taking into account the retarded electron–phonon
interaction and including the important energy renormal-
ization effects due to many-body interactions [1–23]. The
electron–phonon (EP) interaction is an important pro-
cess in solids and the most dramatic manifestation of
this interaction is superconductivity in metals, where all
of the properties are drastically modified with respect to
the normal (non-superconducting) state [24].

In earlier communications [3–17], we have intended
the superconducting state parameters (SSP) electron–
phonon coupling strength λ and Coulomb pseudopoten-
tial µ∗, and hence the transition temperature TC , the iso-
tope effect exponent α and effective interaction strength
N0V using various forms of screening with model po-
tential formalism for metals, alloys and metallic glasses.
Earlier, we have reported screening dependence study of

superconducting state parameters of some 3d-transition
metals based binary alloys using model potential ap-
proach [17]. But, in the present paper, we only focus
our attention to study the screening dependence on the
superconducting properties of some 4d- and 5d-transition
metals based binary alloys. In all these former studies,
we made the drastic approximation of replacing the mean
square phonon frequency

〈
ω2
〉
by θD, the Debye temper-

ature, which incidentally could not provide a sufficiently
reliable assessment of the phonon spectrum for a weak-
coupling superconductor. Moreover, a systematic search
for an accurate and accessible characteristic temperature
has not yet been made but would be of considerable
value. Therefore, we use

〈
ω2
〉
to estimate the param-

eters λ and µ∗ as suggested by Allen and Cohen [22] and
adopt the most reliable values of band structure mass
mb [23]. Such considerations are liable to reproduce sat-
isfactorily the values of SSP for 4d- and 5d-transition
metals based binary alloys. Bose [24] has reported pres-
sure dependence electron–phonon coupling and spin fluc-
tuations in 3d- and 4d-transition metals using the linear
response method and the linear muffin-tin orbitals’ basis.
He pointed out that spin fluctuations play an important
role in the validity of the Matthias rule [25, 26] that in
metallic systems the optimum conditions for (electron–
phonon) superconductivity occur for 5 and 7 valence elec-
trons/atom. Superconductivity in transition metals has
been studied by Peretti [27] using Garland’s model. He
noted that the s–d interaction leads to superconductiv-
ity. Pettifor [28] reported variation of the electronic con-
tribution (η) to the electron–phonon mass enhancement
factor of electron–phonon coupling strength (λ) which is
studied across the 4d-transition metal series within the
Gaspari-Gyorffy rigid-muffin-tin (RMT) approximation.
Ratti et al. [29] reported the volume dependence of the
width of the d-resonance in some transition metals us-
ing the Matthias [25, 26] prescription for the crystalline
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electron–ion potential.
The application of pseudopotential to binary alloys in-

volves the assumption of pseudoions with average prop-
erties, which are assumed to replace three types of ions
in the binary systems, and a gas of free electrons is
supposed to permeate through them. The electron–
pseudoion is accounted for by the pseudopotential and
the electron–electron interaction is involved through a
dielectric screening function. For successful prediction of
the superconducting properties of the alloying systems,
the proper selection of the pseudopotential and screening
function is very essential [3–19].

In the present article, well recognized model potential
of Patel and co-workers [30, 31] is applied in the present
study of the SSP viz. electron–phonon coupling strength
λ, the Coulomb pseudopotential µ∗, transition temper-
ature TC , isotope effect exponent α and effective inter-
action strength N0V of transition metals based binary
alloys. To see the influence of various exchange and cor-
relation functions on the aforesaid properties, we have
used five different types of local field correction functions
suggested by Hartree (H) [32], Taylor (T) [33], Ichimaru–
Utsumi (IU) [34], Farid et al. (F) [35] and Sarkar et
al. (S) [36]. We have employed here pseudo-alloy-atom
(PAA) model used to explain electron–ion interaction for
binary superconductors. Such model is a more meaning-
ful method to explain such kind of interactions in binary
systems [3–17].

2. Computational methodology

In the present investigation for binary mixtures, the
electron–phonon coupling strength λ is computed using
the relation [3–19]:

λ =
mbΩ0

4π2kfm〈ω2〉

∫ 2kf

0

q3 |W (q)|2 dq. (1)

Here mb is the band mass, M — the ionic mass, Ω0

— the atomic volume, kf — the Fermi wave vector and
W (q) — the screened pseudopotential. The mathemat-
ical expression of W (q) is narrated in their respective
paper [30, 31]. The effective averaged square phonon
frequency

〈
ω2
〉
is calculated using the relation given by

Butler [37] viz.
〈
ω2
〉1/2

= 0.69θD, where θD is the Debye
temperature of the transition metals based binary alloys.

Using X = q/2kf and Ω0 = 3π2Z/k3f , we get Eq. (2)
in the following form:

λ =
12mbZ

m〈ω2〉

∫ 1

0

X3 |W (X)|2 dX. (2)

Here, Z is the valence of the transition metals based bi-
nary alloys. The Coulomb pseudopotential µ∗ is given
by [3–19]:

µ∗ =

mb

πkf

∫ 1

0
dX
ε(X)

1 + mb

πkf
ln
(

Ef

10θD

) ∫ 1

0
dX
ε(X)

, (3)

where Ef is the Fermi energy, mb — the band mass of
the electron and ε (X) — the modified Hartree dielectric

function, which is written as [32]:
ε (X) = 1 + (εH (X)− 1) (1− f (X)) . (4)

εH (X) is the static Hartree dielectric function [32] 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 influ-
ence of exchange and correlation effects. The details of
all the local field corrections are discussed in their re-
spective papers [32–36]. After estimating λ and µ∗, the
superconducting transition temperature TC and isotope
effect exponent α are investigated from the McMillan for-
mula [3–21]:

TC =
θD

1.45
exp

(
−1.04 (1 + λ)

λ− µ∗ (1 + 0.62λ)

)
, (5)

α =
1

2

[
1−

(
µ∗ ln

θD
1.45TC

)2
1 + 0.62λ

1.04 (1 + λ)

]
. (6)

The expression for the effective interaction strength N0V
is studied using [3–19]:

N0V =
λ− µ∗

1 + 10
11λ

. (7)

3. Results and discussion

The constants and parameters used in the present
study are tabulated in Tables I and II. To determine
the input parameters and various constants, we use PAA
model [3–17] in the present computation for transition
metals based binary alloys (A1−xBx). Here, x is concen-
tration factor of the second metallic component of the
alloys.

TABLE I

Input parameters and other constants of 4d-transition
metals based binary alloys.

Alloy Z rC [a.u.] Ω0 [a.u.3] M [amu] θD [K]
Zr0.50Nb0.50 4.50 0.7085 131.98 91.62 238.00
Zr0.25Nb0.75 4.75 0.7008 119.60 91.81 246.00
Nb0.85Mo0.15 5.15 0.7894 106.91 92.6 265.00
Nb0.60Mo0.40 5.40 0.7644 106.39 93.58 370.00
Nb0.40Mo0.60 5.60 0.7678 105.98 94.37 429.00
Nb0.30Mo0.70 5.70 0.7835 105.78 94.76 442.00
Nb0.20Mo0.80 5.80 0.7169 105.57 95.15 461.00
Nb0.10Mo0.90 5.90 0.6585 105.37 95.55 487.00
Mo0.95Re0.05 6.05 0.6369 104.86 100.45 450.00
Mo0.90Re0.10 6.10 0.6038 104.56 104.97 440.00
Mo0.80Re0.20 6.20 0.5292 103.97 113.99 420.00
Mo0.70Re0.30 6.30 0.5189 103.37 123.02 395.00
Mo0.60Re0.40 6.40 0.5574 102.77 132.05 340.00
Mo0.50Re0.50 6.50 0.5845 102.18 141.08 320.00
Mo0.50Tc0.50 6.50 0.7091 100.76 97.43 300.00
Zr0.97Rh0.03 3.97 0.7509 154.78 91.54 244.00
Zr0.96Rh0.04 3.96 0.7769 154.13 91.65 226.00
Zr0.95Rh0.05 3.95 0.7930 153.47 91.75 210.00
Zr0.94Rh0.06 3.94 0.8079 152.82 91.86 196.00
Zr0.93Rh0.07 3.93 0.8135 152.16 91.97 192.00
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TABLE II

Input parameters and other constants of 5d-transition
metals based binary alloys.

Alloy Z rC [a.u.] Ω0 [a.u.3] M [amu] θD [K]
Hf0.30Ta0.70 4.70 0.6209 130.61 180.21 209
Re0.30Os0.70 4.90 0.4661 95.81 181.41 382
Ta0.84W0.16 5.16 0.6080 121.43 182.11 265
Ta0.60W0.40 5.40 0.6241 121.07 182.69 291
Ta0.40W0.60 5.60 0.6375 120.76 183.27 317
Ta0.20W0.80 5.80 0.6444 120.46 183.56 354
Ta0.10W0.90 5.90 0.6929 120.31 183.97 368
W0.95Re0.05 6.05 0.6366 119.11 184.03 380
W0.925Re0.075 6.08 0.5877 118.59 184.09 378
W0.90Re0.10 6.10 0.5858 118.06 184.2 375
Re0.70Os0.30 6.10 0.6046 97.74 184.32 351
W0.85Re0.15 6.15 0.5447 117.01 184.44 365
W0.80Re0.20 6.20 0.5350 115.97 185.93 359
W0.75Re0.25 6.25 0.5227 114.92 187.41 351
W0.88Re0.12 6.88 0.5616 101.71 189.00 332

Tables III and IV show presently calculated values
of the SSP viz. electron–phonon coupling strength λ,
the Coulomb pseudopotential µ∗, transition temperature
TC , isotope effect exponent α and effective interaction
strength N0V at various concentrations for 4d- and 5d-
transition metals based binary alloys with available ex-
perimental [21] and theoretical [3–5] findings.

From Tables II–III it can be noted that the λ goes on
decreasing from the values of 1.5560→0.4639 as the con-
centration x of Mo is increased from 0.15→0.90, while
for concentration x of Nb, Re and Rh increases, while
the λ goes on increasing in the range of 0.7904→1.3138,
0.5523→1.2582, and 0.4502→1.0285, respectively. The
overall percentile difference found between computed
data of electron–phonon coupling strength λ for 4d-
transition metals based binary alloys with experimental
one is found in the range of 0.11%–0.93%. From Table III
it results that the λ goes on decreasing from the values
of 0.9613→0.5016 and 1.0218→0.3973 as the concentra-
tion x of W and Os is increased, respectively, while λ
goes on increasing from 0.5047→1.4379 for concentration
x of Re increases from 0.05→0.50. Similarly, the over-
all percentile difference found between computed data
of electron–phonon coupling strength λ for 5d-transition
metals based binary alloys with experimental data lies
in the range of 0.25%–0.82%. The increase or decrease
nature in λ with concentration x of second metallic el-
ements shows a continuing transition from weak to in-
termediate coupling behaviour of electrons and phonons,
which may be recognized to an increase of the hybridiza-
tion of sp–d electrons. It is attributed to the increasing
role of ionic vibrations in the 4d- or 5d-transtion metals
rich region. Also, the present results are found in qualita-
tive agreement with the available experimental [21] and
theoretical [3–5] data.

TABLE IIISuperconducting state parameters of the 4d-transition metals based binary alloys. TC [K].

Alloys SSP
Present result Exp.

Theor. [3, 4]
H T IU F S [21]

Zr0.50Nb0.50

λ 0.7903 1.0502 1.0946 1.0969 0.9432 0.88 0.8547, 1.1553, 1.2078, 1.2123, 1.0206
µ∗ 0.1908 0.1998 0.2010 0.2012 0.1957 – 0.1195, 0.1282, 0.1293, 0.1296, 0.1242
TC 4.1404 8.5005 9.2396 9.2696 6.7392 9.3 9.3015, 14.9414, 15.8244, 15.8917, 12.5716
α 0.3026 0.3644 0.3710 0.3711 0.3468 – 0.4534, 0.4639, 0.4651, 0.4652, 0.4605

N0V 0.3488 0.4350 0.4478 0.4484 0.4024 – 0.4138, 0.5010, 0.5140, 0.5151, 0.4650

Zr0.25Nb0.75

λ 0.9587 1.2605 1.3110 1.3138 1.1303 0.93 0.8995, 1.1955, 1.2460, 1.2498, 1.0604
µ∗ 0.1898 0.1982 0.1993 0.1995 0.1943 – 0.1170, 0.1252, 0.1263, 0.1265, 0.1212
TC 7.6019 12.7145 13.5042 13.5370 10.6361 10.8 10.8032, 16.4101, 17.2635, 17.3179, 14.0242
α 0.3639 0.4000 0.4040 0.4040 0.3889 – 0.4591, 0.4674, 0.4684, 0.4684, 0.4647

N0V 0.4108 0.4950 0.5072 0.5077 0.4616 – 0.4305, 0.5129, 0.5250, 0.5259, 0.4782

Nb0.85Mo0.15

λ 1.1533 1.4968 1.5529 1.5560 1.3383 0.70 0.6643, 0.8474, 0.8748, 0.8760, 0.7698
µ∗ 0.1897 0.1974 0.1984 0.1986 0.1934 – 0.1143, 0.1220, 0.1230, 0.1232, 0.1179
TC 12.2182 17.8423 18.6536 18.6882 15.4496 5.85 5.8528, 10.0027, 10.6126, 10.6288, 8.3132
α 0.3990 0.4216 0.4241 0.4241 0.4140 – 0.4369, 0.4501, 0.4515, 0.4514, 0.4467

N0V 0.4703 0.5504 0.5616 0.5621 0.5164 – 0.3429, 0.4098, 0.4188, 0.4191, 0.3835

Nb0.60Mo0.40

λ 0.6587 0.8520 0.8833 0.8850 0.7610 0.41 0.3834, 0.4887, 0.5046, 0.5053, 0.4428
µ∗ 0.2017 0.2102 0.2113 0.2115 0.2057 – 0.1178, 0.1260, 0.1271, 0.1273, 0.1216
TC 2.5510 6.7694 7.5441 7.5768 4.6898 0.60 0.6006, 2.1685, 2.4906, 2.4972, 1.3945
α 0.1475 0.2689 0.2812 0.2813 0.2283 – 0.2812, 0.3480, 0.3547, 0.3544, 0.3295

N0V 0.2858 0.3616 0.3727 0.3732 0.3282 – 0.1970, 0.2511, 0.2588, 0.2590, 0.2291

Nb0.40Mo0.60

λ 0.5319 0.6863 0.7111 0.7125 0.6125 0.31 0.2961, 0.3755, 0.3872, 0.3877, 0.3407
µ∗ 0.2072 0.2160 0.2172 0.2174 0.2112 – 0.1190, 0.1273, 0.1284, 0.1286, 0.1228
TC 0.5915 2.8671 3.3889 3.4108 1.5931 0.05 0.0501, 0.4245, 0.5277, 0.5297, 0.2075
α -0.1923 0.0920 0.1184 0.1189 -0.0012 – 0.0311, 0.2005, 0.2160, 0.2155, 0.1547

N0V 0.2188 0.2895 0.2999 0.3004 0.2577 – 0.1395, 0.1850, 0.1914, 0.1916, 0.1664
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TABLE III (cont.)

Alloys SSP
Present result Exp.

Theor. [3, 4]
H T IU F S [21]

Nb0.30Mo0.70

λ 0.5215 0.6719 0.6961 0.6975 0.5995 0.29 0.2737, 0.3455, 0.3557, 0.3562, 0.3140
µ∗ 0.2081 0.2170 0.2181 0.2183 0.2121 – 0.1190, 0.1273, 0.1284, 0.1286, 0.1227
TC 0.4908 2.5847 3.0784 3.0992 1.3875 0.016 0.0161, 0.1996, 0.2545, 0.2561, 0.0868
α -0.2495 0.0634 0.0922 0.0927 -0.0397 – -0.1070, 0.1218, 0.1413, 0.1408, 0.0611

N0V 0.2125 0.2824 0.2927 0.2932 0.2507 – 0.1238, 0.1660, 0.1717, 0.1719, 0.1488

Nb0.20Mo0.80

λ 0.4986 0.6417 0.6646 0.6659 0.5723 0.33 0.3101, 0.3956, 0.4089, 0.4095, 0.3562
µ∗ 0.2096 0.2185 0.2196 0.2199 0.2136 – 0.1192, 0.1276, 0.1286, 0.1289, 0.1229
TC 0.3039 1.9801 2.4046 2.4224 0.9812 0.095 0.0953, 0.6922, 0.8567, 0.8601, 0.3393
α -0.3923 -0.0044 0.0303 0.0309 -0.1319 – 0.0907, 0.2377, 0.2522, 0.2518, 0.1939

N0V 0.1988 0.2672 0.2773 0.2778 0.2359 – 0.1489, 0.1972, 0.2043, 0.2045, 0.1762

Nb0.10Mo0.90

λ 0.4643 0.5968 0.6181 0.6193 0.5321 0.36 0.3444, 0.4439, 0.4599, 0.4609, 0.3945
µ∗ 0.2117 0.2207 0.2219 0.2221 0.2157 – 0.1196, 0.1280, 0.1291, 0.1293, 0.1233
TC 0.1189 1.1926 1.5047 1.5178 0.5061 0.30 0.3009, 1.5946, 1.9219, 1.9368, 0.8195
α -0.6968 -0.1395 -0.0918 -0.091 -0.3200 – 0.1943, 0.3009, 0.3120, 0.3120, 0.2641

N0V 0.1776 0.2438 0.2536 0.2541 0.2132 – 0.1712, 0.2251, 0.2333, 0.2337, 0.1996

Mo0.95Re0.05

λ 0.5523 0.7085 0.7335 0.7349 0.6313 0.45 0.4276, 0.5518, 0.5719, 0.5733, 0.4882
µ∗ 0.2077 0.2162 0.2173 0.2175 0.2114 – 0.1179, 0.1260, 0.1270, 0.1272, 0.1213
TC 0.8473 3.5435 4.1266 4.1514 2.0238 1.5 1.5015, 4.5753, 5.2008, 5.2352, 2.8568
α -0.1251 0.1210 0.1442 0.1446 0.0356 – 0.3318, 0.3826, 0.3882, 0.3883, 0.3638

N0V 0.2294 0.2994 0.3096 0.3101 0.2667 – 0.2230, 0.2836, 0.2927, 0.2932, 0.2541

Mo0.90Re0.10

λ 0.5658 0.7254 0.7508 0.7522 0.6461 0.51 0.4864, 0.6308, 0.6544, 0.6564, 0.5539
µ∗ 0.2065 0.2149 0.2160 0.2162 0.2102 – 0.1173, 0.1254, 0.1264, 0.1266, 0.1208
TC 1.0380 3.9675 4.5801 4.606 2.3347 2.9 2.9530, 7.3847, 8.2153, 8.2760, 4.8998
α -0.0704 0.1488 0.1697 0.1700 0.0718 – 0.3757, 0.4110, 0.4150, 0.4151, 0.3968

N0V 0.2372 0.3075 0.3178 0.3183 0.2746 – 0.2559, 0.3212, 0.3311, 0.3318, 0.2881

Mo0.80Re0.20

λ 0.5985 0.7662 0.7928 0.7943 0.6822 0.68 0.6492, 0.8500, 0.8828, 0.8868, 0.7344
µ∗ 0.2042 0.2123 0.2133 0.2135 0.2076 – 0.1162, 0.1241, 0.1251, 0.1253, 0.119
TC 1.5677 5.0221 5.6974 5.7265 3.1399 8.5 8.5066, 15.7302, 16.9035, 17.0362, 11.5863
α 0.0316 0.2023 0.2189 0.2191 0.1408 – 0.4312, 0.4481, 0.4501, 0.4502, 0.4403

N0V 0.2553 0.3264 0.3367 0.3372 0.2928 – 0.3352, 0.4095, 0.4203, 0.4216, 0.3687

Mo0.70Re0.30

λ 0.6560 0.8388 0.8677 0.8693 0.7464 0.76 0.7210, 0.9432, 0.9795, 0.9840, 0.8134
µ∗ 0.2013 0.2091 0.2101 0.2103 0.2046 – 0.1150, 0.1227, 0.1237, 0.1239, 0.1182
TC 2.6872 6.9313 7.6933 7.7265 4.6889 10.8 10.8041, 18.3277, 19.5003, 19.6370, 14.0154
α 0.1469 0.2656 0.2775 0.2777 0.2218 – 0.4443, 0.4570, 0.4585, 0.4586, 0.4510

N0V 0.2848 0.3572 0.3676 0.3681 0.3227 – 0.3660, 0.4418, 0.4527, 0.4540, 0.3997

Mo0.60Re0.40

λ 0.8627 1.1015 1.1392 1.1414 0.9797 0.86 0.8155, 1.0588, 1.0984, 1.1025, 0.9208
µ∗ 0.1950 0.2023 0.2032 0.2034 0.1980 – 0.1126, 0.1200, 0.1209, 0.1211, 0.1156
TC 7.5272 13.2687 14.1511 14.1902 10.4227 12.6 12.6061, 19.4510, 20.4785, 20.5741, 15.7183
α 0.3217 0.3699 0.3751 0.3751 0.3515 – 0.4568, 0.4655, 0.4665, 0.4666, 0.4616

N0V 0.3741 0.4492 0.4597 0.4603 0.4134 – 0.4036, 0.4784, 0.4891, 0.4901, 0.4383

Mo0.50Re0.50

λ 0.9524 1.2145 1.2558 1.2581 1.0796 0.85 0.8007, 1.0329, 1.0703, 1.0736, 0.9044
µ∗ 0.1924 0.1994 0.2003 0.2005 0.1953 – 0.1115, 0.1186, 0.1196, 0.1197, 0.1144
TC 9.5387 15.3912 16.2568 16.2955 12.5123 11.5 11.5018, 17.7178, 18.6511, 18.7213, 14.4160
α 0.3568 0.3926 0.3964 0.3965 0.3787 – 0.4567, 0.4653, 0.4663, 0.4663, 0.4616

N0V 0.3568 0.3926 0.3964 0.3965 0.3787 – 0.3989, 0.4715, 0.4819, 0.4827, 0.4336

Mo0.50Tc0.50

λ 1.5992 2.0375 2.1064 2.1103 1.8106 0.91 0.8611, 1.0821, 1.1143, 1.1157, 0.9763
µ∗ 0.1898 0.1966 0.1975 0.1976 0.1926 – 0.1104, 0.1174, 0.1183, 0.1185, 0.1132
TC 22.6121 28.4582 29.2355 29.2692 25.7115 12.6 12.6064, 17.9538, 18.6717, 18.6911, 15.5701
α 0.4349 0.4454 0.4466 0.4466 0.4414 – 0.4622, 0.4682, 0.4688, 0.4688, 0.4665

N0V 0.5743 0.6454 0.6548 0.6553 0.6114 – 0.4211, 0.4863, 0.4948, 0.4951, 0.4572
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TABLE III (cont.)

Alloys SSP
Present result Exp.

Theor. [3, 4]
H T IU F S [21]

Zr0.97Rh0.03

λ 0.4501 0.6108 0.6392 0.6406 0.5493 0.59 0.5833, 0.8109, 0.8521, 0.8560, 0.7139
µ∗ 0.1957 0.2065 0.2079 0.2081 0.2020 – 0.1256, 0.1355, 0.1369, 0.1371, 0.1313
TC 0.0886 0.9882 1.2703 1.2812 0.5170 3.1 3.1000, 7.5696, 8.4111, 8.4845, 5.6233
α -0.4260 0.0368 0.0772 0.0778 -0.0682 – 0.3959, 0.4295, 0.4333, 0.4335, 0.4194

N0V 0.1805 0.2599 0.2727 0.2733 0.2316 – 0.2991, 0.3888, 0.4030, 0.4043, 0.3533

Zr0.96Rh0.04

λ 0.5238 0.7107 0.7437 0.7454 0.6392 0.64 0.6291, 0.8703, 0.9139, 0.9176, 0.7697
µ∗ 0.1928 0.2032 0.2046 0.2048 0.1989 – 0.1244, 0.1341, 0.1354, 0.1356, 0.1300
TC 0.4250 2.2067 2.6420 2.6588 1.3949 3.8 3.8008, 8.3216, 9.1388, 9.2006, 6.4424
α -0.0418 0.1967 0.2195 0.2198 0.1396 – 0.4125, 0.4389, 0.4419, 0.4421, 0.4312

N0V 0.2242 0.3082 0.3216 0.3222 0.2784 – 0.3211, 0.4110, 0.4252, 0.4263, 0.3763

Zr0.95Rh0.05

λ 0.6061 0.8222 0.8604 0.8623 0.7394 0.70 0.6931, 0.9556, 1.0030, 1.0067, 0.8476
µ∗ 0.1901 0.2002 0.2015 0.2018 0.1960 – 0.1232, 0.1327, 0.1340, 0.1343, 0.1287
TC 1.1362 3.7825 4.3324 4.3538 2.6841 4.8 4.8039, 9.4192, 10.2164, 10.2710, 7.5776
α 0.1501 0.2877 0.3016 0.3018 0.2536 – 0.4285, 0.4485, 0.4508, 0.4509, 0.4428

N0V 0.2682 0.3559 0.3696 0.3702 0.3249 – 0.3496, 0.4403, 0.4545, 0.4555, 0.4060

Zr0.94Rh0.06

λ 0.6948 0.9424 0.9862 0.9884 0.8476 0.78 0.7592, 1.0433, 1.0945, 1.0982, 0.9280
µ∗ 0.1876 0.1974 0.1987 0.1990 0.1933 – 0.1221, 0.1315, 0.1328, 0.1330, 0.1275
TC 2.1652 5.4618 6.0769 6.1010 4.1764 5.75 5.7535, 10.3426, 11.1066 11.1539 8.5754
α 0.2557 0.3425 0.3516 0.3517 0.3205 – 0.4403, 0.4557, 0.4576, 0.4576, 0.4514

N0V 0.3108 0.4012 0.4151 0.4158 0.3695 – 0.3769, 0.4680, 0.4821, 0.4830, 0.4342

Zr0.93Rh0.07

λ 0.7231 0.9806 1.0261 1.0285 0.8819 0.80 0.7757, 1.0645, 1.1164, 1.1201, 0.9479
µ∗ 0.1868 0.1966 0.1979 0.1981 0.1925 – 0.1218, 0.1311, 0.1324, 0.1326, 0.1272
TC 2.5221 5.9641 6.5901 6.6145 4.6416 5.85 5.9528, 10.4922, 11.2417, 11.2862, 8.7620
α 0.2785 0.3549 0.3630 0.3631 0.3354 – 0.4428, 0.4573, 0.4590, 0.4591, 0.4533

N0V 0.3235 0.4144 0.4285 0.4291 0.3826 – 0.3835, 0.4744, 0.4884, 0.4893, 0.4409

TABLE IVSuperconducting state parameters of the d-transition metals based binary alloys. TC [K].

Alloys SSP
Present result Exp.

Theor. [5]
H T IU F S [21]

Hf0.30Ta0.70

λ 0.8297 1.0983 1.1439 1.1463 0.9859 0.82 0.7792, 1.0615, 1.1105, 1.1163, 0.9248
µ∗ 0.2047 0.2118 0.2127 0.2128 0.2085 – 0.1166, 0.1249, 0.1260, 0.1262, 0.1210
TC 3.7034 7.6222 8.2780 8.3066 6.0080 6.81 6.8109, 11.7232, 12.5031, 12.5901, 9.4420
α 0.2765 0.3507 0.3585 0.3586 0.3288 – 0.4492, 0.4620, 0.4635, 0.4636, 0.4573

N0V 0.3563 0.4436 0.4565 0.4571 0.4100 – 0.38708, 0.4767, 0.4899, 0.4914, 0.4367

Ta0.84W0.16

λ 0.7054 0.9231 0.9593 0.9613 0.8270 0.51 0.5845, 0.7833, 0.8172, 0.8209, 0.6835
µ∗ 0.2116 0.2186 0.2195 0.2197 0.2151 – 0.1167, 0.1248, 0.1259, 0.1261, 0.1207
TC 2.2000 5.7908 6.4465 6.4758 4.1363 1.85, 3.80 3.8024, 8.2154, 8.9926, 9.0735, 5.9634
α 0.1457 0.2762 0.2891 0.2894 0.2356 – 0.4156, 0.4399, 0.4427, 0.4429, 0.4306

N0V 0.3009 0.3831 0.3952 0.3958 0.3493 – 0.3055, 0.3846, 0.3966, 0.3979, 0.3471

Ta0.60W0.40

λ 0.6511 0.8494 0.8821 0.8839 0.7604 0.39 0.4883, 0.6493, 0.6766, 0.6793, 0.5689
µ∗ 0.2148 0.2219 0.2228 0.2229 0.2183 – 0.1170, 0.1252, 0.1262, 0.1264, 0.1210
TC 1.4785 4.6432 5.2593 5.2869 3.1052 2.00 2.0002, 5.3718, 6.0266, 6.0867, 3.5802
α 0.0454 0.2229 0.2399 0.2403 0.1672 – 0.3776, 0.4160, 0.4203, 0.4205, 0.4016

N0V 0.2741 0.3541 0.3659 0.3665 0.3205 – 0.2571, 0.3296, 0.3408, 0.3418, 0.2952

Ta0.40W0.60

λ 0.5978 0.7779 0.8074 0.8090 0.6959 0.25 0.4121, 0.5444, 0.5667, 0.5687, 0.4789
µ∗ 0.2179 0.2251 0.2260 0.2262 0.2214 – 0.1174, 0.1256, 0.1267, 0.1269, 0.1214
TC 0.8463 3.4037 3.9474 3.9719 2.0820 0.85 0.8512, 3.0657, 3.5524, 3.5918, 1.8273
α -0.1040 0.1481 0.1714 0.1720 0.0691 – 0.3186, 0.3804, 0.3870, 0.3873, 0.3578

N0V 0.2462 0.3238 0.3353 0.3358 0.2906 – 0.2144, 0.2802, 0.2904, 0.2912, 0.2491

Ta0.20W0.80

λ 0.5207 0.6758 0.7012 0.7026 0.6043 0.26 0.3314, 0.4351, 0.4524, 0.4538, 0.3841
µ∗ 0.2224 0.2298 0.2307 0.2309 0.2259 – 0.1182, 0.1265, 0.1276, 0.1278, 0.1221
TC 0.2271 1.6746 2.0519 2.0691 0.8332 0.16 0.1601, 1.0621, 1.3125, 1.3301, 0.5049
α -0.5074 -0.0334 0.0072 0.0083 -0.1784 – 0.1733, 0.2988, 0.3116, 0.3120, 0.2550

N0V 0.2025 0.2763 0.2873 0.2879 0.2442 – 0.1638, 0.2211, 0.2302, 0.2308, 0.1942
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TABLE IV (cont.)

Alloys SSP
Present result Exp.

Theor. [5]
H T IU F S [21]

Ta0.10W0.90

λ 0.5016 0.6503 0.6745 0.6758 0.5813 0.27 0.2701, 0.3508, 0.3640, 0.3648, 0.3129
µ∗ 0.2238 0.2313 0.2322 0.2324 0.2274 – 0.1184, 0.1267, 0.1278, 0.1280, 0.1223
TC 0.1401 1.3072 1.6344 1.6493 0.5996 – 0.0113, 0.1998, 0.2718, 0.2749, 0.0712
α -0.6836 -0.1070 -0.0589 -0.0576 -0.2823 – −0.1213 01449 01702 01703 0.0627

N0V 0.1908 0.2633 0.2742 0.2747 0.2315 – 0.1218, 0.1699, 0.1775, 0.1778, 0.1484

W0.95Re0.05

λ 0.5047 0.6527 0.6768 0.6781 0.5831 0.32 0.3200, 0.4189, 0.4353, 0.4367, 0.3690
µ∗ 0.2246 0.2320 0.2329 0.2331 0.2281 – 0.1181, 0.1263, 0.1274, 0.1276, 0.1219
TC 0.1511 1.3639 1.6997 1.7151 0.6239 – 0.1196, 0.8935, 1.1172, 1.1336, 0.3963
α -0.6772 -0.1080 -0.0604 -0.0592 -0.2847 – 0.1398, 0.2801, 0.2943, 0.2948, 0.2296

N0V 0.1920 0.2641 0.2748 0.2753 0.2320 – 0.1564, 0.2119, 0.2206, 0.2212, 0.1851

W0.925Re0.075

λ 0.5189 0.6707 0.6953 0.6966 0.5990 0.38 0.3801, 0.5009, 0.5211, 0.5232, 0.4371
µ∗ 0.2241 0.2314 0.2323 0.2325 0.2275 – 0.1178, 0.1260, 0.1271, 0.1273, 0.1216
TC 0.2164 1.6457 2.0205 2.0376 0.7934 – 0.5726, 2.4949, 2.9470, 2.9914, 1.3138
α -0.5574 -0.0598 -0.0175 -0.0163 -0.2168 – 0.2760, 0.3559, 0.3642, 0.3648, 0.3240

N0V 0.2003 0.2729 0.2836 0.2842 0.2405 – 0.1949, 0.2576, 0.2673, 0.2683, 0.2258

W0.90Re0.10

λ 0.5344 0.6904 0.7156 0.7170 0.6165 0.42 0.3908, 0.5148, 0.5354, 0.5376, 0.4490
µ∗ 0.2235 0.2308 0.2317 0.2319 0.2269 – 0.1176, 0.1257, 0.1268, 0.1270, 0.1213
TC 0.3062 1.9805 2.3968 2.4158 1.0048 0.70 0.7016, 2.8311, 3.3169, 3.3647, 1.5355
α -0.4463 -0.0134 0.0241 0.0251 -0.1520 – 0.2927, 0.3651, 0.3728, 0.3732, 0.3360

N0V 0.2092 0.2824 0.2932 0.2937 0.2497 – 0.2016, 0.2650, 0.2749, 0.2758, 0.2327

W0.85Re0.15

λ 0.5815 0.7504 0.7777 0.7792 0.6699 0.50 0.4775, 0.6316, 0.6572, 0.6604, 0.5467
µ∗ 0.2218 0.2289 0.2297 0.2299 0.2250 – 0.1169, 0.1249, 0.1259, 0.1261, 0.1205
TC 0.7044 3.1356 3.6674 3.6916 1.7971 2.26 2.2610, 6.1837, 6.9407, 7.0299, 3.8719
α -0.2029 0.0946 0.1216 0.1224 -0.0040 – 0.3721, 0.4121, 0.4165, 0.4169, 0.3947

N0V 0.2353 0.3101 0.3210 0.3215 0.2765 – 0.2515, 0.3219, 0.3326, 0.3338, 0.2847

W0.80Re0.20

λ 0.6196 0.7988 0.8276 0.8292 0.7128 0.54 0.5162, 0.6825, 0.7101, 0.7136, 0.5897
µ∗ 0.2205 0.2275 0.2284 0.2285 0.2237 – 0.1163, 0.1242, 0.1253, 0.1255, 0.1199
TC 1.1658 4.1891 4.8009 4.8288 2.5772 3.20 3.2032, 7.7802, 8.6182, 8.7196, 5.1097
α -0.0738 0.1558 0.1772 0.1778 0.0778 – 0.3930, 0.4248, 0.4283, 0.4287, 0.4106

N0V 0.2553 0.3309 0.3420 0.3425 0.2968 – 0.2722, 0.3445, 0.3554, 0.3567, 0.3059

W0.75Re0.25

λ 0.6684 0.8607 0.8916 0.8933 0.7678 0.60 0.5693, 0.7526, 0.7829, 0.7868, 0.6489
µ∗ 0.2191 0.2259 0.2267 0.2269 0.2221 – 0.1157, 0.1235, 0.1245, 0.1247, 0.1192
TC 1.9158 5.6217 6.3166 6.3484 3.7062 4.64 4.6438, 9.9703, 10.8923, 11.0077, 6.8903
α 0.0420 0.2138 0.2303 0.2307 0.1540 – 0.4133, 0.4376, 0.4403, 0.4405, 0.4265

N0V 0.2795 0.3562 0.3672 0.3678 0.3214 – 0.2989, 0.3735, 0.3846, 0.3860, 0.3332

W0.88Re0.12

λ 1.0934 1.3890 1.4352 1.4379 1.2329 0.70 0.6608, 0.8506, 0.8810, 0.8838, 0.7415
µ∗ 0.2115 0.2173 0.2180 0.2181 0.2138 – 0.1108, 0.1178, 0.1187, 0.1189, 0.1135
TC 12.0103 18.3615 19.2694 19.3121 15.1772 7.47 7.4706, 12.9823, 13.8547, 13.9267, 9.8559
α 0.3502 0.3874 0.3914 0.3915 0.3722 – 0.4413, 0.4546, 0.4562, 0.4562, 0.4486

N0V 0.4423 0.5179 0.5281 0.5287 0.4805 – 0.3436, 0.4132, 0.4233, 0.4241, 0.3751

Re0.70Os0.30

λ 0.7725 0.9862 1.0199 1.0218 0.8771 0.47 0.4351, 0.5603, 0.5805, 0.5821, 0.4929
µ∗ 0.2158 0.2221 0.2229 0.2230 0.2185 – 0.1130, 0.1204, 0.1213, 0.1215, 0.1160
TC 4.1465 9.0396 9.8509 9.8888 6.5076 1.45 1.4501, 4.1089, 4.6327, 4.6671, 2.5642
α 0.1909 0.2921 0.3022 0.3024 0.2532 – 0.3578, 0.4000, 0.4047, 0.4048, 0.3830

N0V 0.3270 0.4029 0.4136 0.4141 0.3664 – 0.2308, 0.2915, 0.3006, 0.3012, 0.2603

Re0.30Os0.70

λ 0.3973 0.5137 0.5325 0.5336 0.4588 0.42 0.4200, 0.5619, 0.5854, 0.5891, 0.4802
µ∗ 0.2247 0.2321 0.2330 0.2332 0.2281 – 0.1180, 0.1263, 0.1273, 0.1275, 0.1218
TC 0.0011 0.1347 0.2049 0.2083 0.0279 – 1.1383, 4.1641, 4.8073, 4.9098, 2.2128
α -2.8229 -0.7952 -0.6609 -0.6571 -1.3454 – 0.3238, 0.3862, 0.3926, 0.3934, 0.3571

N0V 0.1268 0.1920 0.2018 0.2023 0.1628 – 0.2185, 0.2884, 0.2989, 0.3006, 0.2494
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Here, the µ∗ lies between 0.18 and 0.23 and is found
quite higher in accordance with McMillan [21] for tran-
sition metals which may be due to the restriction of the
band mass mb = 1 of all alloying compounds for the sake
of simplicity. The weak screening influences show on the
computed values of the µ∗. The experimental data of the
µ∗ is not available for the further comparisons. But, we
have compared our results with theoretical one [3–5] and
found accordance with them.

The present results of TC are found in good qual-
itative agreement with available experimental [21] and
theoretical [3–5] data. The present results show a vast
deviation with the available experimental data [21] and
also are found in the range of experimental data [21] for
some alloying compounds but those for another alloys,
the present results are much higher than those. Also,
the above observations indicate that the transition met-
als based binary alloys having high valence tend to have
higher TC due to unusually high Debye temperature ex-
cept for some alloys, the TC is lower. The higher or
lower values of TC can be due to the electron transfer be-
tween two metallic elements used in alloy construction.
The increase and decrease in TC has also been attributed
to the excitonic mechanism resulting from the granular
arrangement separated by semiconducting or insulating
materials [2].

The computed values of the α show a weak depen-
dence on the dielectric screening. Since the experimen-
tal value of α has not been reported in the literature
so far, the present data of α may be used for the study
of ionic vibrations in the superconductivity of alloying
substances in connections with the available theoretical
data [3–5]. Since H-local field correction function yields
the comparable results of λ and TC for most of the al-
loying complexes, it may be observed that α values ob-
tained from this screening provide the best account for
the role of the ionic vibrations in superconducting be-
haviour of these systems. The negative values of the
α indicate that the electron–phonon coupling in these
alloys does not fully explain all the features regarding
their superconducting behavior because of the magnetic
interactions of the atoms in alloys superconductors [38].
Hence, for alloys A1−xBx, where x is the concentration
of the second metallic component, as the concentration
of the B increases, the magnetic interactions of the atoms
increase in metallic complexes. Also, the electron–lattice
interactions are not deeply involved in such superconduc-
tors, which may cause the negative values of the isotope
effect exponent α. Since the experimental value of α has
not been reported in the literature so far, the present
data may be used for the study of ionic vibrations in the
superconductivity of binary alloys superconductors.

The magnitude of N0V shows that the 4d- and 5d-
transition metals based binary alloys under investigation
lie in the range of weak to intermediate coupling super-
conductors. The values of the N0V also show a feeble
dependence on dielectric screening. The experimental
data of the N0V is not available for the further compar-

isons. But, it is found more comparable with available
theoretical [3–5] yielding.

In general, one can see that among the five screening
functions the screening function due to H (only static
— without exchange and correlation) gives the minimum
value of the SSP while the screening function due to F
gives the maximum value. The present findings due to
T, IU and S-local field correction functions are lying be-
tween these two screening functions. Hence, these local
field correction functions are able to generate consistent
results regarding the SSP of transition metals based bi-
nary alloys in comparison with more commonly employed
H and T-functions. The data generated from IU- and F-
function are seen with overlapping nature with almost
each other. The effect of local field correction functions
plays an important role in the computation of λ and µ∗,
which makes drastic variation on TC , α and N0V . Thus,
the use of these more promising local field correction
functions is established successfully. Also, the presently
computed data of the SSP lie within the theoretical limits
of the Eliashberg–McMillan formulation.

According to the Matthias rules [25, 26], the binary
alloys having Z > 2 i.e. 4d- and 5d-transition metal
based binary alloys organize predictive superconducting
nature. Also, one can go from Z = 3.93 to Z = 6.5
in 4d-alloys and Z = 4.7 to Z = 6.88, in 5d-alloys, the
electron–phonon coupling strength λ varies with lattice
spacing a. Related trends are also observed in the val-
ues of TC for most of the binary alloys. Hence, a strong
dependence of the superconducting transition tempera-
ture TC of the 4d- and 5d-transition metals based binary
alloys on the valence Z is found, which are displayed in
Fig. 1 in accordance with the Matthias rules [25, 26].

Fig. 1. Variation of transition temperature TC with va-
lence Z for (left) 4d- and (right) 5d-transition metals
based binary alloys.

Finally, we would like to highlight the importance of
the precise form for the model pseudopotential. It must
be admitted that although the effect of model pseudopo-
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tential in strong coupling superconductor is large, yet
it plays a pivotal role in weak coupling superconductors
i.e. those substances which are at the boundary dividing
the superconducting and non-superconducting region. In
other words, a small variation in the value of electron–ion
interaction may lead to an abrupt change in the super-
conducting properties of the material under considera-
tion. In this connection we may realize the importance
of an accurate form for the model pseudopotential.

4. Conclusions

The comparison of presently computed results with
available experimental and theoretical findings is highly
promising in the case of transition metals based binary
alloys, which confirms the usage of the model pseudopo-
tential. The experimental values of most of the param-
eters are not available in the literature, hence, the com-
parison with other such theoretical data highly supports
the present computations of the SSP.
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