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Abstract: Ashcroft’s empty core (EMC) model potential is used to study the superconducting state parameters
(SSPs) viz. electron-phonon coupling strength λ, Coulomb pseudopotential µ∗, transition temperature TC ,
isotope effect exponent αand effective interaction strength NOV of some binary metallic glasses based
on the superconducting (S), conditional superconducting (S’) and non-superconducting (NS) elements
of the periodic table. 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 for the first time with EMC potential in the
present investigation to study the screening influence on the aforesaid properties. The TC obtained from
the H-local field correction function are in excellent agreement with available theoretical or experimental
data. In the present computation, the use of the pseudo-alloy-atom model (PAA) was proposed and found
successful. Present work results are in qualitative agreement with such earlier reported experimental
values which confirm the superconducting phase in all metallic glasses. A strong dependency of the
SSPs of the metallic glasses on the valence ‘Z’ is identified.
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1. Introduction

The field of electron correlation in condensed matter, es-pecially superconductivity, is one of the dynamic areasin condensed matter physics which involves discoveries ofnew and existing phenomena, novel materials and devicesfor sophisticated technological applications. During thelast few years, superconducting metallic glasses based onvarious simple as well as transition metals have been ob-tained and studied by various researchers. The study of
∗E-mail: voraam@yahoo.com

SSPs of metallic glasses may be of great help in decid-ing their applications; the study of the dependence of thetransition temperature TC on the composition of metal-lic glass is helpful in finding new superconductors withhigh TC . Experiments also show that the superconductingtransition temperature TC is grater for amorphous metalsthan for crystals, which also depends on the compositionof the metallic element in the crystalline as well as amor-phous phases [1–27]. Though the pseudo-potential theoryis found very successful in studying the various proper-ties of metallic glasses, there have been very few randomattempts to study the superconducting state parameters(SSPs) of binary metallic glasses based on model poten-tial [10–27]. The application of a pseudo-potential to a
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binary metallic glass involves the assumption of pseudo-ions with average properties, which are assumed to re-place two types of ions in the binary systems. A gas offree electrons is assumed to permeate them. The elec-tron pseudo-ion is accounted for by the pseudo-potential,and the electron-electron interaction is involved througha dielectric screening function. For successful predictionof the superconducting properties of the metallic glasses,the proper selection of the pseudo-potential and screeningfunction is very essential [2–27].Thus far, from the very large numbers of metallic glasses,the SSPs of only few metallic glasses are reported basedon the pseudo-potential. Recently, Vora et al. [4–17] havestudied the SSPs of some metals, in based binary alloys,alkali-alkali binary alloys, Cu100−xZrx metallic glasses anda large number of metallic glasses based on the variouselements of the periodic table and using a single para-metric model potential formalism. The SSPs of Ca70Mg30metallic glass have been reported by Gupta et al. [23] andSharma et al. [24]. The study of SSPs on Mg70Zn30 glasswas made by Agarwal et al. [25] and Gupta et al. [26].They have used Ashcroft’s empty core (EMC) model po-tential [28] in the computation of the SSPs. The screeningdependence of the SSPs of Ca70Mg30 metallic glass hasbeen studied by Sharma and Sharma [27] using Ashcroft’sempty core (EMC) model potential [28], Sharma and Kach-hava’s linear potential [29] and Veljkovic and Slavic [30]model potential. The theoretical investigation of the SSPsof Cu-Zr metallic glasses has been reported by Sharma et
al. [18–20]. In most of these studied, Ashcroft’s empty core(EMC) model potential [28] is adopted in the calculation.But, nobody has used Hartree (H) [31], Taylor (T) [32],Ichimaru-Utsumi (IU) [33], Farid et al. (F) [34] and Sarkar
et al. (S) [35] local field correction functions in their com-putation of the SSPs. In the present computation, the useof the pseudo-alloy-atom model (PAA) is proposed andfound successful. It is well established that pseudo-alloy-atom (PAA) is a more meaningful approach to explain suchtypes of interactions in binary systems [3, 4, 8–17].The theoretical investigation of the SSPs of the metallicglasses used in the present computation is almost negligi-ble in literature. Nobody has reported theoretical studiesof the SSPs of the metallic glasses used under investiga-tion to our knowledge. Hence, the present article’s mainobjective reports for the first time the theoretical inves-tigation of the SSPs of binary metallic glasses. Also, afocus is to verify the applicability of various forms of thelocal field correction as well as to predict the values ofSSP which have not been measured before using wellknown and most recent local field correction functions.Therefore, in the present paper, for the frist time, we undertook the investigation of the SSPs viz. electron-phonon

coupling strength λ, Coulomb pseudopotential µ∗, transi-tion temperature TC , isotope effect exponent αand effectiveinteraction strength NOV of some binary metallic glassesbased on the superconducting (S), conditional supercon-ducting (S’) and non-superconducting (NS) elements ofthe periodic table on the basis of Ashcroft’s empty core(EMC) model potential [28]. Five local field correctionfunctions proposed by Hartree (H) [31], Taylor (T) [32],Ichimaru-Utsumi (IU) [33], Farid et al. (F) [34] and Sarkar
et al. (S) [35] are used for the first time in the present in-vestigation to study the screening influence on the afore-said properties.
2. Computational technique
In the present investigation for binary metallic glasses, theelectron-phonon coupling strength λ is computed using therelation [2–17]

λ = mΩ04π2kFM〈ω2〉
2kF∫
0
q3 |V (q)|2 dq. (1)

whereby m is the band mass, M the ionic mass, ΩOthe atomic volume, kF the Fermi wave vector, V (q) thescreened pseudopotential and 〈ω2〉 the averaged squarephonon frequency, of the binary glassy alloy, respec-tively. The effective averaged square phonon frequency〈
ω2〉 is calculated using the relation given by Butler [36],〈
ω2〉1/2 = 0.69θD , where θD is the Debye temperature ofthe metallic glasses.Using X = q/2kF and ΩO = 3π2Z/(kF )3, we get Eq. (1)in the following form,

λ = 12mZ
M〈ω2〉

1∫
0
X 3 |W (X )|2 dX, (2)

where Z and W (X ) are the valence of the metallic glassesand screened EMC pseudo-potential [28] for binary mix-ture, respectively.The well known PAA screened Ashcroft’s empty core(EMC) model potential [28] used in the present compu-tations of the SSPs of binary metallic glasses is of theform,
W (X ) = −2πZΩOX 2k2

Fε (X ) cos (2kFXrC ) , (3)
here rC is the parameter of the model potential of bi-nary metallic glasses. The Ashcroft’s empty core (EMC)model potential is a simple one-parameter model potential[28], which has been successfully found for various metallic
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complexes [5–15, 18–27]. When used with a suitable formof dielectric screening functions, this potential has alsobeen found to yield good results in computing the SSPsof metallic glasses [5–15, 18–27]. Therefore, in the presentwork we use Ashcroft’s empty core (EMC) model potentialwith more advanced Ichimaru-Utsumi (IU) [33], Farid et
al. (F) [34] and Sarkar et al. (S) [35] local field correctionfunctions for the first time. The model potential parameter
rC may be obtained by matching either some experimen-tal data, realistic form factors, or other data relevant tothe properties being investigated. In the present work,
rC is fitted in such a way that, the presently computedvalues of the transition temperature TC of the metallicglasses obtained from all local field correction functionsare found as close as possible with the experimental dataof TC for metallic glasses whichever are available in theliterature [37]. For Nb75Ge25 metallic glass, the model po-tential parameter rC is fitted with the experimental dataof the electron-phonon coupling strength λ, which camefrom the experimental tunneling data [37]. After fitting themodel potential parameter rC , same rC is then used in thecomputation of the SSPs of binary metallic glasses.The Coulomb pseudopotential µ∗ is given by [2–17]

µ∗ =
m
πkF

1∫
0
dX
ε (X )

1 + m
πkF

ln( EF10θD
) 1∫

0
dX
ε (X )

. (4)
Where EF is the Fermi energy, m the mass of the electron,
θD the Debye temperature and ε (X ) the modified Hartreedielectric function, which is written as [31]

ε (X ) = 1 + (εH (X )− 1) (1− f (X )) . (5)

Here εH (X ) is the static Hartree dielectric function [31]and the expression of εH (X ) is given by [31],
εH (X ) = 1+ me22πkF h̄2η2

(1− η22η ln ∣∣∣∣1 + η1− η
∣∣∣∣+ 1) ; η = q2kF(6)while f (X ) is the local field correction function. In thepresent investigation, the local field correction functionsdue to H [31], T [32], IU [33], F [34] and S [35] are incorpo-rated to determine the impact of exchange and correlationeffects. The details of all the local field corrections arebelow.The H-screening function [31] is purely static, and it doesnot include the exchange and correlation effects. The ex-pression of it is as follows:

f (X ) = 0. (7)Taylor (T) [32] has introduced an analytical expression forthe local field correction function, which precisely satisfiesthe compressibility sum rule. This is the most commonlyused local field correction function and covers the over-all features of the various local field correction functionsproposed before 1972. According to Taylor (T) [32],
f (X ) = q24k2

F

[1 + 0.1534
πk2

F

]
. (8)

The Ichimaru-Utsumi (IU)-local field correction function[33] is a fitting formula for the dielectric screening func-tion of the degenerate electron liquids at metallic andlower densities; this accurately reproduces the Monte-Carlo results as well as also satisfying the self consis-tency condition in the compressibility sum rule and shortrange correlations. The fitting formula is

f (X ) = AIUQ4 + BIUQ2 + CIU + [AIUQ4 + (BIU + 8AIU3
)
Q2 − CIU

]{4−Q24Q ln ∣∣∣∣2 +Q2−Q
∣∣∣∣} . (9)

On the basis of Ichimaru-Utsumi (IU) [33] local field correction function, Farid et al. (F) [34] have given a local fieldcorrection function as follows:
f (X ) = AFQ4 + BFQ2 + CF + [AFQ4 +DFQ2 − CF ]{4−Q24Q ln ∣∣∣∣2 +Q2−Q

∣∣∣∣} . (10)

Based on Eqs. (9)-(10), Sarkar et al. (S) [35] have pro-posed a simple form of local field correction function, which is as follows:
f (X ) = AS

{1− (1 + BSQ4) exp (−CSQ2)} . (11)
Where Q = 2X . The parameters AIU , BIU , CIU , AF , BF ,
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CF , DF , AS , BS and CS are the atomic volume depen-dent parameters of IU, F and S-local field correction func-tions. The mathematical expressions of these parametersare narrated in the respective papers of the local fieldcorrection functions [33–35].After evaluating λ and µ∗, the transition temperature TCand isotope effect exponent α are investigated from theMcMillan’s formula [2–17]
TC = θD1.45exp

[
−1.04 (1 + λ)

λ− µ∗ (1 + 0.62λ)
]
, (12)

α = 12
[1− (µ∗ln θD1.45T C

)2 1 + 0.62λ1.04 (1 + λ)
]
. (13)

The expression for the effective interaction strength NOVis studied using [2–17]
NOV = λ− µ∗1 + 1011λ . (14)

3. Results and discussion
The input parameters are other constants used in thepresent computation of the SSPs of some metallic glassesas shown in Table 1. To determine the input parametersand various constants for PAA model, the following def-initions for binary metallic glasses A1−CBC are adopted[3, 4, 8–17],

Z = (1− C )ZA + CZB, (15)
M = (1− C )MA + CMB, (16)

ΩO = (1− C ) ΩOA + CΩOB, (17)
θD = (1− C )θDA + CθDB. (18)

Where C is the concentration factor of the second metalliccomponent.The presently calculated results of the SSPs of somemetallic glasses of superconducting (S) (Al, Zn, Ga, Zr,Nb, In, Sn, Pb, Mo, Re and La ), conditional supercon-ducting (S’) (Si, Ge and Bi) and non-superconducting(NS) (Cu, Ag, Au, Co, Ni and Pd) elements of the pe-riodic table are tabulated in Tables 2-6 with the ex-perimental [37] findings. Here, the SSPs of binarymetallic glasses are tabulated in five different cate-gories viz. superconducting-superconducting (S-S) ele-ments, superconducting-conditional superconducting (S-S’) elements, superconducting-non superconducting (S-NS) elements, non superconducting- conditional super-conducting (NS-S’) elements and non superconducting-superconducting (NS-S) of the periodic table.

The calculated values of the electron-phonon couplingstrength λ for all binary metallic glasses using five dif-ferent types of the local field correction functions withEMC model potential, are shown in Tables 2-6 with avail-able experimental data [37] in the literature. The presentstudy demonstrates the percentile influence of the vari-ous local field correction functions in respect to the staticH-screening function on the electron-phonon couplingstrength λ as 12.99%-69.25%. Also, the H-screening yieldsthe lowest values for λ, whereas the values obtained fromthe F-function are the highest. The present results agreewith the available experimental [37] data. The increasein λ shows a gradual transition from a weak coupling be-haviour to an intermediate coupling behaviour of electronsand phonons; these may be attributed to an increase inthe hybridization of sp-d electrons.The computed values of the Coulomb pseudopotential µ∗,which accounts for the Coulomb interaction between theconduction electrons, obtained from the various forms ofthe local field correction functions, are tabulated in Ta-bles 2-6. Tables 2-6 illustrates that for all binary metallicglasses, the µ∗ lies between 0.12-0.15. This is in accor-dance with McMillan [38] who suggested µ∗ ≈ 0.13 fortransition metals. The weak screening influence is shownon the computed values for µ∗. The percentile influenceof the various local field correction functions with respectto the static H- screening function on µ∗ for the metallicglasses is observed in the range of 2.62%-10.87%. Againthe H-screening function yields the lowest values µ∗, whilethe values obtained from the F-function are the highest.The theoretical or experimental data of µ∗ is not availablein the literature.According to the PAA model, the input parameters areused in the computations of electron-phonon couplingstrength λ and the Coulomb pseudopotential µ∗, whichare used in the computation of the transition temperature
TC . Tables 2-6 contain calculated values of the transitiontemperature TC for all binary metallic glasses computedfrom the various forms of the local field correction func-tions along with the experimental [37] findings. It canbe gleaned from Tables 2-6 that the static H-screeningfunction yields the lowest TC , whereas the F-functionyields the highest values of TC . The present results ob-tained from the H-local field correction functions agreewith available experimental [37] data. But the results pro-duced from the other local field correction functions arefound in order. The reason behind this order is that themodel potential parameter is not fitted well with the par-ticular local field corrections, which may be avoided byvarying the model potential parameter. These problemswill be addressed and communicated in the near future.In the present work, we have used a common fitting pro-
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cedure for the selection of the model potential parameter.In fact, the present study spans the proper tests of thelocal field correction function.Also, the above observations indicate that simple metal-lic glasses having a low valance of one or two, tendto have a low TC , while those involving a high va-lence (more than two) tend to have a higher TC . Per-haps only exceptions in the results of the TC of thedivalent Be based metallic glasses where high TC isobserved likely to be due to unusually high Debyetemperature of Be metallic elements. The lower val-ues of TC for Zr35Cu65, Zr50Cu50, Ag70Bi30, Ag51Bi49,Cu61Sn39, Cu49Al51 and Au50In50 metallic glasses and thehigher values of TC for Mo68Si82, Ag15Bi85, Cu40Sn60,Cu25Sn75, Cu16Sn84, Au20Sn80, Au15Sn85, Au10Sn90 andAg20Sn80metallic glasses may be due to the electron trans-fer between two metallic elements. The increase in TC hasalso been attributed to the excitonic mechanism resultingfrom the granular structure separated by semiconductingor insulating materials [1].The presently computed values of the TC are found inrange which is suitable for the further application explo-ration of the metallic glasses and the usage like losslesstransmission line for cryogenic applications. Most of themetallic glasses show good elasticity and they could bedrawn in the form of transmission wires, therefore havinga good chances of being used as superconducting trans-mission lines at low temperatures in the order of 7 K.The values of the isotope effect exponent α are tabulatedin Tables 2-6. The computed values of the α show a weakdependence on the dielectric screening, as its value islowest for the H-screening function and highest for theF-function. The negative value of α is observed in somebinary metallic glasses, which indicates that the electron-phonon coupling in these metallic complexes do not fullyexplain all the features regarding their superconductingbehaviour. It may be due to the magnetic interactionsof the atoms in these metallic complexes. The electron-phonon coupling strength λ is dependent on the D (EF ),the total density of states at Fermi energy EF . For bi-nary metallic glasses, the photoemission measurementsshowed that the d-band is split into the following twocomponents: one crossing the Fermi level which arisesfrom the A-element, the other due to the B-element ofthe alloy is below EF . The relative intensities of thesetwo components vary strongly depending on the concen-trations. Such a band splitting is a well known effect inconcentrated alloys where nuclear charges or exchangefields of the components differ sufficiently. Then each al-loy components has its own d-band. and has a minimumoverlap with the 3d bands of the other components. Theimportant point is that the B-element of the alloy provides

the main contribution to the density of states at EF [39].Therefore, as the concentration of the B-element of thealloy element increases, the magnetic interactions of theatoms increase in metallic complexes. This may be dueto the negative values of α in the present computation.Also, the electron-lattice interactions are not deeply in-volved in this case which may cause the negative α . Sincethe experimental value of α has not been reported in theliterature so far, the present data of α may be used forthe study of ionic vibrations in the superconductivity ofamorphous substances.The values of the effective interaction strength NOV arelisted in Tables 2-6 for different local field correction func-tions. It is observed that the magnitude ofNOV shows thatthe metallic glasses under investigation lie in the range ofweak coupling superconductors. The values of the NOValso show a low dependence on dielectric screening asits value are the lowest for the H-screening function andthe highest for the F-screening function. The variation ofpresent values of the NOV show that, the metallic glassesunder consideration fall in the range of weak coupling su-perconductors.It can be noted from Tables 2-6 that, when wego from La84Ga16 → Re70Mo30 metallic glasses ofsuperconducting-superconducting (S-S) elements, theSSPs decrease except for La78Zn22 where the metallicglass the SSPs increases. The SSPs decrease for themetallic glasses of superconducting-conditional supercon-ducting (S-S’) elements (i.e. Nb75Ge25 → Mo68Si82). TheSSPs increase (except for La76Au24, Zr70Co30, Zr70Ni30and Zr70Pd30 metallic glasses where the SSPs decrease)for the metallic glasses of superconducting-non super-conducting (S-NS) elements (i.e. Zr35Cu65 → Zr70Pd30).For metallic glass of non superconducting-conditionalsuperconducting (NS-S’) elements (i.e. Ag70Bi30 →Au41Ge59), the present results of the SSPs decreaseexcept for Ag15Bi85and Au41Ge59metallic glasses wherethe SSPs increase. Also, the metallic glasses of nonsuperconducting-superconducting (NS-S) elements, fromCu80Sn20 → Ag20Sn80, show that the SSPs increase, ex-cept for the SSPs for Cu49Al51and Au50Ga50where theydecrease.All the metallic glasses are based on superconducting (S)(Al, Zn, Ga, Zr, Nb, In, Sn, Pb, Mo, Re and La ), con-ditional superconducting (S’) (Si, Ge and Bi) and non-superconducting (NS) (Cu, Ag, Au, Co, Ni and Pd) ele-ments of the periodic table. Most of the amorphous alloysexhibit the superconductivity phenomena under pressureor as a thin film. But, in this instance, these theoreti-cal computations show all the metallic glasses of differentelements of the periodic table accurately exhibiting a su-perconducting nature. The nature of the parameters of the
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superconductivity is highly affected by the nature of theelements of the periodic table. This may be the reasonthat the composing elements of the metallic glasses haveplayed an important role in the nature of the SSPs.The main differences of the local field correction functionsplay an important role in the production of the SSPs of bi-nary metallic glasses. The Hartree (H) dielectric function[31] is purely static and it does not include the exchangeand correlation effects. Taylor (T) [32] has introduced ananalytical expression for the local field correction function,which satisfies the compressibility sum rule exactly. TheIchimaru-Utsumi (IU)-local field correction function [33] isa fitting formula for the dielectric screening function of thedegenerate electron liquids at metallic and lower densi-ties, which accurately reproduces the Monte-Carlo resultsas well as also satisfies the self consistency condition inthe compressibility sum rule and short range correlations.Therefore, the Ichimaru-Utsumi (IU)-local field correctionfunction [33] agrees best with the experiment of the EMCmodel potential and is also found suitable for the presentexperiment. On the basis of the Ichimaru-Utsumi (IU)-local field correction function [33], Farid et al. (F) [34] andSarkar et al. [35] have given a local field correction func-tion. Hence, IU- and F-functions represent the same char-acteristic nature of the SSPs. Also, the SSPs computedfrom Sarkar et al. [35] local field correction are found toqualitatively agree with the available experimental data[37].The effect of local field correction functions plays an im-portant role in the computation of λ and µ∗, making adrastic variation on TC , α and NOV . The local field cor-rection functions due to IU, F and S are able to generateconsistent results regarding the SSPs of the binary metal-lic glasses based on the superconducting (S), conditionalsuperconducting (S’) and non-superconducting (NS) ele-ments of the periodic table as those obtained from morecommonly employed H and T-functions. Thus, the useof these more promising local field correction functionsis established successfully. The computed results of αand NOV do not demonstrate any abnormal values for allmetallic glasses.Also, it is pointed out that the investigated systems arein the weak coupling regime. This means that insteadof the strong coupling Eliashberg theory, one can use amuch simpler BCS theory in the present computation ofthe binary systems. This is very well applicable to themetallic systems and of importance for future investiga-tions as the BCS theory allows the calculation of almostall measurable quantities. In the strong coupling theorysuch calculations are much more difficult.According to Matthias rules [40, 41], the metallic glasseshaving Z <2 do not exhibit a superconducting nature.

Hence, Cu80Sn20, Au80Sn20 and Ag71Pb29metallic glassesare non-superconductors, but they exhibit superconduct-ing nature in the present case. When we go from Z =2.00 to Z = 6.70, the electron-phonon coupling strength
λ changes with the lattice spacing “a”. Similar trends arealso observed in the values of TC for most of the metallicglasses. Hence, a strong dependency of the SSPs of themetallic glasses on the valence ‘Z ’ is found.Literature shows that there is only theoretical or exper-imental data for forty-nine metallic glasses comparingSSPs. This comparison shows qualitative results andfavours the applicability of the EMC model potential withthe PAA approach for studying the SSPs of the binarymetallic glasses. In contrast with the reported studies,the present study spans the metallic glasses based onthe large number of the superconducting (S), conditionalsuperconducting (S’) and non-superconducting (NS) ele-ments of the periodic table on a common platform of themodel potential. Hence, the present investigation providesan important set of data for these metallic glasses whichcan be very useful for further theoretical or experimentalcomparisons..
4. Conclusions
The comparison of presently computed results of the SSPsof binary metallic glasses based on the large number ofsuperconducting (S), conditional superconducting (S’) andnon-superconducting (NS) elements of the periodic tablewith available experimental findings are highly encour-aging. This confirms the applicability of the EMC modelpotential and different forms of the local field correctionfunctions. A strong dependency of the SSPs of metallicglasses on the valence ‘Z’ is found. The TC obtained fromH-local field correction function are in excellent agree-ment with available experimental data. The experimen-tally observed values of the SSPs are not available formost of the metallic glasses; therefore it is difficult todraw any special conclusion However, the comparison withother such experimental data supports the present ap-proach of PAA. Other multi-component metallic glassesstudies on SSPs are in progress.
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Table 1. Input parameters and other constants.

Metallic glass Z rC(au) ΩO(au)3 θD[K]Metallic glasses of superconducting-superconducting (S-S) elementsLa78Zn22 2.78 0.8019 219.16 184.98La84Ga16 3.00 0.8647 232.87 177.20La80Ga20 3.00 0.8535 228.04 184.00La78Ga22 3.00 0.8543 225.62 187.40La76Ga24 3.00 0.8483 223.21 190.80La74Ga26 3.00 0.8509 220.79 194.20La72Ga28 3.00 0.8589 218.38 197.60Re70Mo30 6.70 0.6422 100.98 439.00Metallic glasses of superconducting-conditional superconducting (S-S’) elementsNb75Ge25 4.50 0.9225 118.43 299.75Mo68Si82 5.36 0.7027 114.48 519.20Metallic glasses of superconducting-non superconducting (S-NS) elementsZr35Cu65 2.05 0.8513 106.68 324.80Zr50Cu50 2.50 0.7889 118.24 317.00La76Au24 2.52 0.8171 219.14 153.36La80Au20 2.60 0.8301 224.65 152.80Zr65Cu35 2.95 0.7995 129.79 309.20Zr70Co30 3.40 0.7741 127.93 337.20Zr70Ni30 3.40 0.7789 132.01 338.70Zr70Pd30 3.40 0.8380 139.51 285.90Metallic glasses of non superconducting-conditional superconducting (NS-S’) elementsAg70Bi30 2.20 0.7419 152.32 193.20Au41Ge59 2.77 0.6285 136.49 287.90Ag51Bi49 2.96 0.9456 175.96 173.06Ag15Bi85 4.40 1.0437 220.74 134.90Metallic glasses of non superconducting-superconducting (NS-S) elementsCu80Sn20 1.60 0.3931 100.08 313.40Au80Sn20 1.60 0.4078 127.86 170.20Ag71Pb29 1.87 0.5701 140.64 187.68Au50Ga50 2.00 0.4727 122.93 242.00Au50In50 2.00 0.9101 144.88 136.50Cu49Al51 2.02 0.7383 95.83 386.35Cu61Sn39 2.17 0.6723 119.41 285.28Cu41Al59 2.18 0.7559 98.35 393.15Cu29Al71 2.42 0.8128 102.14 403.35Cu50Sn50 2.50 0.7278 130.61 269.00Cu40Sn60 2.80 0.7517 140.79 254.20Cu25Sn75 3.25 0.8083 156.06 232.00Au25Sn75 3.25 0.9027 164.74 187.25Au20Sn80 3.40 0.8765 168.09 188.80Ag20Sn80 3.40 0.8553 168.2 201.00Ag20Pb80 3.40 1.0171 185.72 122.04Cu16Sn84 3.52 0.8563 165.22 218.68Au15Sn85 3.55 0.8923 171.44 190.35Cu10Sn90 3.70 0.8647 171.32 209.80Au10Sn90 3.70 0.8726 174.8 191.90
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Table 2. Superconducting state parameters of the binary metallic glasses of superconducting-superconducting (S-S) elements.

Glass SSPs Present results Expt. [37]H T IU F S
La84Ga16

λ 0.7137 1.0734 1.1429 1.1510 0.9291 0.85
µ∗ 0.1350 0.1473 0.1490 0.1493 0.1428 -
TC [K] 3.9407 9.0392 9.9428 10.0407 7.0707 3.94
α 0.4130 0.4432 0.4464 0.4467 0.4349 -
N0V 0.3510 0.4687 0.4874 0.4895 0.4262 -

La80Ga20
λ 0.6991 1.0499 1.1175 1.1255 0.9085 0.84
µ∗ 0.1352 0.1476 0.1493 0.1495 0.1430 -
TC [K] 3.8423 9.0189 9.9443 10.0462 6.9974 3.84
α 0.4093 0.4411 0.4445 0.4448 0.4324 -
N0V 0.3448 0.4617 0.4803 0.4824 0.4192 -

La78Ga22
λ 0.6831 1.0240 1.0897 1.0973 0.8867 0.82
µ∗ 0.1353 0.1477 0.1494 0.1496 0.1431 -
TC [K] 3.6422 8.7759 9.7053 9.8068 6.7582 3.64
α 0.4051 0.4387 0.4424 0.4427 0.4296 -
N0V 0.3379 0.4539 0.4724 0.4744 0.4117 -

La76Ga24
λ 0.6782 1.0159 1.0809 1.0885 0.8796 0.80, 0.82
µ∗ 0.1354 0.1478 0.1495 0.1497 0.1432 -
TC [K] 3.6220 8.8003 9.7405 9.8441 6.7547 3.62, 3.68
α 0.4037 0.4379 0.4416 0.4419 0.4285 -
N0V 0.3357 0.4513 0.4698 0.4719 0.4092 -

La74Ga26
λ 0.6609 0.9881 1.0510 1.0582 0.8563 0.77
µ∗ 0.1355 0.1478 0.1495 0.1498 0.1433 -
TC [K] 3.3913 8.4937 9.4341 9.5362 6.4646 3.39
α 0.3987 0.4352 0.4391 0.4394 0.4252 -
N0V 0.3282 0.4426 0.4610 0.4630 0.4009 -

La72Ga28
λ 0.6401 0.9542 1.0146 1.0214 0.8283 0.75
µ∗ 0.1355 0.1478 0.1495 0.1498 0.1433 -
TC [K] 3.0903 8.0436 8.9751 9.0732 6.0621 3.09
α 0.3923 0.4316 0.4358 0.4361 0.4210 -
N0V 0.3190 0.4318 0.4500 0.4519 0.3908 -

La78Zn22
λ 0.7186 1.0927 1.1645 1.1741 0.9383 0.82
µ∗ 0.1362 0.1487 0.1504 0.1507 0.1441 -
TC [K] 4.1500 9.6585 10.6179 10.7402 7.4710 4.15
α 0.4120 0.4432 0.4465 0.4469 0.4344 -
N0V 0.3523 0.4736 0.4926 0.4950 0.4286 -

Re70Mo30
λ 0.6389 0.8115 0.8384 0.8398 0.7219 -
µ∗ 0.1147 0.1223 0.1233 0.1235 0.1177 -
TC [K] 8.6071 15.0498 16.0578 16.0965 11.7772 -
α 0.4317 0.4463 0.4479 0.4479 0.4410 -
N0V 0.3316 0.3966 0.4058 0.4062 0.3648 -
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Table 3. Superconducting state parameters of the binary metallic glasses of superconducting-conditional superconducting (S-S’) elements.

Glass SSPs Present results Expt. [37]H T IU F S
Nb75Ge25

λ 0.6505 0.8340 0.8587 0.8611 0.7614 0.65
µ∗ 0.1206 0.1294 0.1306 0.1308 0.1252 -
TC [K] 5.8377 10.3834 10.9796 11.0298 8.6468 3.9
α 0.4243 0.4404 0.4417 0.4418 0.4365 -
N0V 0.3330 0.4008 0.4089 0.4096 0.3760 -

Mo68Si82
λ 0.5833 0.7601 0.7893 0.7910 0.6785 -
µ∗ 0.1244 0.1337 0.1349 0.1351 0.1288 -
TC [K] 6.7008 13.9027 15.1526 15.2064 10.5640 6.7
α 0.3987 0.4242 0.4272 0.4271 0.4161 -
N0V 0.2999 0.3705 0.3810 0.3815 0.3400 -
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Table 4. Superconducting state parameters of the binary metallic glasses of superconducting-non superconducting (S-NS) elements.

Glass SSPs Present results Expt. [37]H T IU F S
Zr35Cu65

λ 0.2969 0.4217 0.4450 0.4470 0.3723 -
µ∗ 0.1370 0.1492 0.1509 0.1512 0.1444 -
TC [K] 0.0101 0.3980 0.5824 0.5974 0.1463 0.01
α -0.3257 0.1191 0.1576 0.1594 0.0166 -
N0V 0.1260 0.1970 0.2094 0.2103 0.1703 -

Zr50Cu50
λ 0.4372 0.6195 0.6532 0.6566 0.5442 -
µ∗ 0.1343 0.1459 0.1475 0.1478 0.1412 -
TC [K] 0.8013 3.8732 4.6294 4.6992 2.3815 0.80
α 0.2588 0.3577 0.3679 0.3685 0.3304 -
N0V 0.2167 0.3030 0.3173 0.3186 0.2696 -

Zr65Cu35
λ 0.5105 0.7150 0.7525 0.7558 0.6312 -
µ∗ 0.1322 0.1433 0.1449 0.1451 0.1388 -
TC [K] 2.0022 6.3749 7.2985 7.3715 4.4407 2.00
α 0.3405 0.3976 0.4039 0.4041 0.3817 -
N0V 0.2584 0.3465 0.3608 0.3620 0.3129 -

La80Au20
λ 0.7276 1.1177 1.1931 1.2032 0.9580 -
µ∗ 0.1347 0.1471 0.1488 0.1490 0.1426 -
TC [K] 3.6016 8.3517 9.1746 9.2785 6.4945 3.6
α 0.4165 0.4466 0.4497 0.4500 0.4382 -
N0V 0.3569 0.4815 0.5010 0.5035 0.4359 -

La76Au24
λ 0.7055 1.0865 1.1600 1.1701 0.9297 -
µ∗ 0.1349 0.1473 0.1490 0.1493 0.1428 -
TC [K] 3.3003 7.9871 8.8092 8.9163 6.1276 3.3
α 0.4114 0.4442 0.4475 0.4479 0.4350 -
N0V 0.3476 0.4725 0.4921 0.4946 0.4265 -

Zr70Co30
λ 0.5549 0.7646 0.8024 0.8055 0.6769 -
µ∗ 0.1301 0.1408 0.1422 0.1425 0.1362 -
TC [K] 3.3001 8.6287 9.6688 9.7444 6.3119 3.3
α 0.3726 0.4137 0.4183 0.4184 0.4018 -
N0V 0.2824 0.3680 0.3817 0.3828 0.3347 -

Zr70Ni30
λ 0.5384 0.7442 0.7814 0.7845 0.6585 -
µ∗ 0.1309 0.1417 0.1432 0.1434 0.1371 -
TC [K] 2.8730 7.9748 8.9956 9.0712 5.7388 2.87
α 0.3618 0.4077 0.4129 0.4131 0.3946 -
N0V 0.2736 0.3594 0.3732 0.3742 0.3261 -

Zr70Pd30
λ 0.5341 0.7350 0.7713 0.7737 0.6556 0.61
µ∗ 0.1293 0.1399 0.1413 0.1415 0.1354 -
TC [K] 2.4026 6.6098 7.4549 7.5010 4.8645 2.372, 2.4,2.57
α 0.3646 0.4090 0.4141 0.4141 0.3973 -
N0V 0.2725 0.3568 0.3703 0.3711 0.3259 -
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Table 5. Superconducting state parameters of the binary metallic glasses of non superconducting-conditional superconducting (NS-S’) elements.

Glass SSPs Present results Expt. [37]H T IU F S
Ag70Bi30

λ 0.5564 0.8366 0.8895 0.8969 0.7184 -
µ∗ 0.1340 0.1460 0.1477 0.1480 0.1416 -
TC [K] 1.8015 5.9624 6.7962 6.9109 4.1111 1.8
α 0.3617 0.4182 0.4238 0.4244 0.4020 -
N0V 0.2805 0.3922 0.4101 0.4126 0.3489 -

Ag51Bi49
λ 0.5288 0.7513 0.7933 0.7960 0.6687 -
µ∗ 0.1289 0.1397 0.1412 0.1415 0.1356 -
TC [K] 1.4008 4.2593 4.8597 4.8924 3.1369 1.4, 2.0
α 0.3630 0.4127 0.4183 0.4183 0.4008 -
N0V 0.2701 0.3634 0.3789 0.3797 0.3316 -

Ag15Bi85
λ 0.8470 1.1458 1.1963 1.1981 1.0455 -
µ∗ 0.1216 0.1311 0.1324 0.1326 0.1273 -
TC [K] 5.1009 8.2615 8.7400 8.7500 7.2964 5.1, 5.3
α 0.4505 0.4614 0.4626 0.4626 0.4593 -
N0V 0.4098 0.4970 0.5097 0.5100 0.4708 -

Au41Ge59
λ 0.5311 0.7731 0.8171 0.8238 0.6646 -
µ∗ 0.1335 0.1450 0.1466 0.1469 0.1404 -
TC [K] 2.2000 7.3129 8.3429 8.4976 4.8470 2.2
α 0.3492 0.4081 0.4139 0.4147 0.3892 -
N0V 0.2681 0.3688 0.3847 0.3870 0.3267 -
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Table 6. Superconducting state parameters of the binary metallic glasses of non superconducting-superconducting (NS-S) elements.

Glass SSPs Present results Expt. [37]H T IU F S
Cu80Sn20

λ 0.5255 0.7993 0.8484 0.8583 0.6731 -
µ∗ 0.1408 0.1539 0.1558 0.1561 0.1489 -
TC [K] 2.0008 8.0658 9.2817 9.5308 5.0012 0.0, 2.0
α 0.3184 0.3976 0.4046 0.4059 0.3719 -
N0V 0.2603 0.3738 0.3910 0.3944 0.3252 -

Cu61Sn39
λ 0.5261 0.7727 0.8182 0.8248 0.6651 -
µ∗ 0.1359 0.1480 0.1496 0.1499 0.1433 -
TC [K] 2.0001 7.0515 8.0958 8.2449 4.6626 1.9, 2.0
α 0.3375 0.4027 0.4092 0.4099 0.3828 -
N0V 0.2640 0.3670 0.3834 0.3857 0.3252 -

Cu50Sn50
λ 0.5802 0.8411 0.8894 0.8955 0.7295 -
µ∗ 0.1336 0.1452 0.1468 0.1471 0.1407 -
TC [K] 3.0006 8.4610 9.5175 9.6462 6.0399 3.0, 3.01
α 0.3743 0.4201 0.4249 0.4254 0.4063 -
N0V 0.2923 0.3943 0.4106 0.4126 0.3540 -

Cu40Sn60
λ 0.6554 0.9422 0.9953 1.0015 0.8210 -
µ∗ 0.1318 0.1430 0.1445 0.1448 0.1385 -
TC [K] 4.5012 10.4253 11.4941 11.6113 7.9379 4.5, 4.7
α 0.4049 0.4361 0.4396 0.4398 0.4268 -
N0V 0.3281 0.4305 0.4466 0.4484 0.3908 -

Cu25Sn75
λ 0.7395 1.0466 1.1035 1.1088 0.9215 -
µ∗ 0.1292 0.1399 0.1414 0.1416 0.1356 -
TC [K] 6.0032 11.7797 12.7707 12.8535 9.5265 5.8, 6.0
α 0.4275 0.4484 0.4508 0.4509 0.4424 -
N0V 0.3650 0.4646 0.4803 0.4816 0.4276 -

Cu16Sn84
λ 0.7616 1.0615 1.1166 1.1205 0.9442 -
µ∗ 0.1274 0.1377 0.1391 0.1394 0.1335 -
TC [K] 6.2018 11.5035 12.4019 12.4558 9.5411 6.2
α 0.4336 0.4514 0.4536 0.4536 0.4467 -
N0V 0.3748 0.4701 0.4851 0.4860 0.4362 -

Cu10Sn90
λ 0.8237 1.1467 1.2061 1.2101 1.0212 -
µ∗ 0.1268 0.1371 0.1385 0.1387 0.1329 -
TC [K] 7.2008 12.5176 13.3934 13.4434 10.5974 7.2
α 0.4424 0.4569 0.4586 0.4586 0.4531 -
N0V 0.3985 0.4943 0.5093 0.5102 0.4607 -

Cu49Al51
λ 0.4672 0.6677 0.7046 0.7089 0.5821 -
µ∗ 0.1380 0.1503 0.1520 0.1523 0.1454 -
TC [K] 1.3611 5.8981 6.9516 7.0695 3.6821 1.36
α 0.2758 0.3663 0.3755 0.3763 0.3398 -
N0V 0.2310 0.3220 0.3368 0.3385 0.2856 -
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Cu41Al59
λ 0.5067 0.7174 0.7561 0.7603 0.6283 -
µ∗ 0.1371 0.1492 0.1508 0.1511 0.1443 -
TC [K] 2.2324 7.7198 8.9001 9.0175 5.1792 2.23
α 0.3184 0.3860 0.3932 0.3937 0.3662 -
N0V 0.2530 0.3439 0.3587 0.3602 0.3081 -

Cu29Al71
λ 0.5198 0.7220 0.7588 0.7617 0.6401 -
µ∗ 0.1360 0.1478 0.1494 0.1497 0.1429 -
TC [K] 2.6630 8.1933 9.3519 9.4304 5.7917 2.66
α 0.3329 0.3903 0.3968 0.3969 0.3747 -
N0V 0.2607 0.3467 0.3606 0.3616 0.3143 -

Au80Sn20
λ 0.5906 0.9261 0.9873 0.9996 0.7752 -
µ∗ 0.1349 0.1472 0.1489 0.1492 0.1427 -
TC [K] 2.0009 6.5561 7.3833 7.5505 4.4420 2.0
α 0.3754 0.4291 0.4338 0.4347 0.4124 -
N0V 0.2965 0.4229 0.4418 0.4455 0.3710 -

Au50In50
λ 0.6052 0.8936 0.9494 0.9547 0.7813 -
µ∗ 0.1290 0.1401 0.1416 0.1419 0.1360 -
TC [K] 1.9009 5.1089 5.7315 5.7868 3.8476 1.9
α 0.3956 0.4342 0.4384 0.4387 0.4242 -
N0V 0.3072 0.4158 0.4336 0.4352 0.3773 -

Au25Sn75
λ 0.6557 0.9175 0.9661 0.9692 0.8185 -
µ∗ 0.1268 0.1372 0.1386 0.1389 0.1331 -
TC [K] 3.5010 7.5474 8.2824 8.3211 6.0485 3.5
α 0.4145 0.4403 0.4433 0.4433 0.4338 -
N0V 0.3313 0.4255 0.4405 0.4414 0.3930 -

Au20Sn80
λ 0.7507 1.0526 1.1086 1.1125 0.9360 -
µ∗ 0.1265 0.1367 0.1381 0.1384 0.1326 -
TC [K] 5.2010 9.8427 10.6368 10.6844 8.1435 5.1, 5.2
α 0.4333 0.4517 0.4539 0.4540 0.4469 -
N0V 0.3710 0.4680 0.4833 0.4843 0.4340 -

Au15Sn85
λ 0.7642 1.0642 1.1194 1.1229 0.9502 -
µ∗ 0.1261 0.1363 0.1377 0.1379 0.1322 -
TC [K] 5.5003 10.1268 10.9105 10.9506 8.4701 5.5
α 0.4357 0.4529 0.4549 0.4549 0.4486 -
N0V 0.3765 0.4716 0.4866 0.4874 0.4389 -

Au10Sn90
λ 0.7902 1.1016 1.1589 1.1627 0.9813 -
µ∗ 0.1264 0.1367 0.1381 0.1383 0.1326 -
TC [K] 6.2510 11.2291 12.0619 12.1087 9.4274 6.25
α 0.4388 0.4548 0.4567 0.4567 0.4507 -
N0V 0.3863 0.4821 0.4971 0.4980 0.4486 -

Au50Ga50
λ 0.5674 0.8582 0.9107 0.9207 0.7255 -
µ∗ 0.1354 0.1476 0.1492 0.1495 0.1429 -
TC [K] 2.4012 7.8478 8.8736 9.0695 5.2324 2.4
α 0.3632 0.4193 0.4245 0.4255 0.4011 -
N0V 0.2850 0.3992 0.4166 0.4198 0.3510 -
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Ag71Pb29
λ 0.6497 1.0026 1.0679 1.0796 0.8470 -
µ∗ 0.1354 0.1477 0.1494 0.1497 0.1431 -
TC [K] 3.1011 8.4485 9.3854 9.5513 6.0971 3.1
α 0.3957 0.4367 0.4406 0.4413 0.4241 -
N0V 0.3233 0.4473 0.4661 0.4693 0.3977 -

Ag20Pb80
λ 0.8637 1.1904 1.2493 1.2514 1.0780 -
µ∗ 0.1217 0.1313 0.1326 0.1328 0.1276 -
TC [K] 4.8024 7.8882 8.3796 8.3915 6.9238 4.8
α 0.4519 0.4631 0.4645 0.4644 0.4608 -
N0V 0.4157 0.5087 0.5229 0.5233 0.4800 -

Ag20Sn80
λ 0.8097 1.1404 1.2018 1.2066 1.0103 -
µ∗ 0.1275 0.1379 0.1394 0.1396 0.1338 -
TC [K] 6.6012 11.8445 12.7172 12.7766 9.9185 6.2, 6.6
α 0.4399 0.4559 0.4578 0.4578 0.4516 -
N0V 0.3929 0.4922 0.5077 0.5088 0.4569 -
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