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ABSTRACT 
Comparative study of superconducting state parameters (SSPs), such as electron-phonon 

coupling strength (λ), Coulomb pseudopotential (μ*), critical temperature (Tc), effective interaction 
strength (N0V) and isotopic effect parameter (α) and pressure dependence of SSPs have been carried out 
in the BCS-Eliashberg-McMillan framework for aluminium by using parameter free form of Ashcroft’s 
empty core (AEC) pseudopotential and energy dependent Ashcroft’s empty core (EAEC) 
pseudopotential. Critical volume is also predicted at which λ=μ* where Tc and N0V becomes zero. 
Present results are compared with available experimental as well as other theoretical results and it is 
found that EAEC pseudopotential is better than AEC pseudopotential for the study of SSPs and their 
pressure dependence. 
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INTRODUCTION 
Research in Superconductivity has increased many folds during last several years due to increase 

in demand of novel materials which are required in many sophisticated technological applications. 

During literature survey, we observed that pseudopotential theory has proven itself a powerful tool to 

investigate various physical properties of materials successfully1-3. Many theoretical studies using 

different methods have also been reported in literature to investigate SSPs of metals, alloys and metallic 

glasses4-12. Theoretical studies of pressure dependence of SSPs have also been carried out to describe 

effect of compression in volume13-14.Encouraged by such studies, in the present study, we have 

computed superconducting state parameters and their pressure dependence of Al to examine superiority 

of very simple parameter free form of EAEC pseudopotential over AEC pseudopotential employing 

BCS-Eliashberg-McMillan formalism. 

 

THEORY 
In the present study, we have used very simple Ashcroft’s empty core (AEC) pseudopotential 

along with energy dependent Ashcroft’s empty core (EAEC) pseudopotential15-16 to carry out theoretical 

study of SSPs and their pressure dependence for Al. Exchange and correlation function due to Taylor17 

has been used to screen the pseudopotential. The pseudopotential parameter ݎ௖(core radius) has been 

computed by using ݎ௖ = 0.51ܴ௔ܼି
ଵ
ଷൗ 2. Here, ܴ௔ is radius of Wigner-Seitz sphere. 

The electron phonon coupling strength (λ) is calculated by following equation5. 

ߣ = ଵଶ௠∗௓
ଵ଺ெ௞ಳ

మఏವ
మ ∫ ଶݔଶ݀|(ݔ)ܹ|ଷݔ

଴          (1) 

In equation (1), ܹ(ݔ) is pseudopotential,݉∗ is specific heat  mass,  ܼ is valency, ܯ is ionic mass, ݇஻ is 

Boltzmaan constant, ߠ஽is Debye temperature at 0K and ݔ = ி݇/ݍ	 . The Coulomb pseudopotential (ߤ∗) 

is calculated by following equation5. 

∗ߤ = ఓ

ଵାఓ௟௡൬ ಶಷ
ೖಳഇವ

൰
           (2) 

ிܧ , which appears in equation (2) is Fermi energy and ߤ is given by4ߤ = ௠್
గ௞ಷ

∫ ௗ௫
௫ఌ(௫)

ଶ
଴ . The band structure 

density of mass at Fermi surface has been denoted by ݉௕ . We have computed ݉௕  using the 

relation6݉∗ = ݉௕(1 +  ..(ߣ
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The superconducting transition temperature, Tc is given by5
஼ܶ = ఏವ

ଵ.ସ
݌ݔ݁ ቂ− ቄ ଵ.଴ସ(ଵାఒ)

ఒିఓ∗(ଵା଴.଺ଶఒ)
ቅቃ. 

The effective interaction strength (N0V) is computed by4
଴ܸܰ = ఒିఓ∗

ଵାభబభభఒ
. 

The isotopic effect parameter (α) is calculated by4ߙ = ଵ
ଶ
൤1 − ቀߤ∗݈݊ ఏವ

ଵ.ସହ்಴
ቁ
ଶ ଵା଴.଺ଶఒ
ଵ.଴ସ(ଵାఒ)

൨.

 In the next step of calculation, we have studied volume variation of SSPs by calculating explicit volume 

dependence of physical quantitiesߠ஽ ிܧ , , ݇ி and ܹ(ݍ). The volume variations of Debye temperature is 

computed using relation ߠ஽ = ஽଴ߠ ቀ
௏
௏బ
ቁ
ିఊ

. We have computed the Gruneisen constant-ߛ using equation 

described in Ref.14 which is independent of volume-ܸ.Here subscript 0 denotes corresponding variables 

at normal volume.  

 

RESULT AND DISCUSSION 
Presently calculated results of SSPs of Al are compared with experimental and other theoretical 

results available in literature. Comparison of present results of ௖ܶ with experimental result suggests that 

EAEC pseudopotential is better than AEC pseudopotential. Allen and Cohen6 have used different 

pseudopotetials while Vora7 has used different exchange and correlation functions to calculate SSPs. 

These theoretical results are tabulated in table 1.Our computed results of SSPs are found to be in good 

agreement with these results. 
Table 1. Comparison of SSPs of Al. 

SSP 
Present 

Other (Theoretical) Exp. 
AEC EAEC 

  0.5610 ,0.389 ,0.378 ,0.35317 ,0.46327 ,0.45427 ,0.43587 ,0.29827 ,0.526 ,0.536 0.421 0.454 ߣ

μ* 0.113 0.114 0.146, 0.13397, 0.14527, 0.14687, 0.14707, 0.14047,0.1410  

Tc(K) 2.31 1.478 3.06,2.66, 0.01847, 0.77527, 1.00447, 1.14117, 0.12937, 0.228, 3.65310 1.1966 

N0V 0.242 0.222 0.12927, 0.20817, 0.21767, 0.22257, 0.16107, 0.1408, 0.27810 0.1758 

  0.25510 ,0.378 ,0.0107- ,0.2187 ,0.2057 ,0.1837 ,0.2387- 0.345 0.373 ߙ

 

Motivated by such good agreement of presently obtained results of SSPs with experimental and 

other theoretical results, the present model is extended to investigate pressure and hence volume 

dependence of SSPs. Critical volume is obtained by satisfying condition	ߣ	 = 	  where Tc and N0V are∗ߤ



 N. Vora et al., IJSRR 2018, 7(1) Suppl., 329-334 

IJSRR, 7(1) Special Issue Jan. – March, 2018                                                                                            Page 332 
 
 
 

zero. The SSPs ߣand ߤ∗ of Al as a function of compressed volume are shown in figure 1.Intersection of 

 curves gives critical volume which is shown in table 2. The transition temperatures of Al as a ∗ߤ and	ߣ

function of compressed volume up to lowest experimentally measurable temperature (of the order of 10-3 

K13) is shown in figure 2. 

 

 
Fig. 1. Volume Variation of λ and µ* for Al.  Fig. 2. Volume Variation Tc for Al 

 
Fig. 3. Volume Variation N0V for Al 

 

Table 2 Critical Volume of Al 

 At 

which 

	ߣ = 	  ∗ߤ

At which ௖ܶis 

of the order of 

10-3 K 

At which ௖ܶ = 0 At which 

଴ܸܰ = 0 

AEC 0.44 0.22 0.42 0.46 

EAEC 0.46 0.18 0.38 0.42 

Exp.   0.06318, 0.16319  

Other  0.14313 0.32913  
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Volume corresponding to this temperature is shown in table 2. We have also presented the 

theoretically computed value of critical volume at which transition temperature becomes zero in table 2. 

Volume variation of ଴ܸܰ of Al is presented in figure 3. The volume at which ଴ܸܰ becomes zero is also 

tabulated in table 2. It is observed from table 2 that critical volume computed in the present study by 

different approaches agree well with each other and also with other reported results. 

CONCLUSION 
Present study confirms that a very simple parameter free form of Energy dependent Ashcroft’s 

empty core (EAEC) pseudopotential is better than Ashcroft’s empty core pseudopotential (AEC) for the 

description of superconducting behavior of metals. From present study we conclude that presently used 

parameter free form of the pseudopotential can be used to study effect of pressure on the 

superconducting nature of metallic alloys and glasses.  
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