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ABSTRACT

In the present paper some superconducting (SC) state parameters of simple
metals Mg, Al and Zn have been studied through Harrison’s First Principle]
HFP] pseudopotential technique using McMillan’sformalism. Theimpact of
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choosing two different setsof core energy eigenvaluesviz, Herman-Skillman
and Clementi has been studied. It has been observed that the choice of
eigenval ues has appreciable impact on the form factor and consequently on
the SC state transition parameter viz, electron-phonon coupling strength (A.)
and superconducting transition temperature Tc. Hence the choice of suit-
able eigenvaluesis essential for these computations .Reasonable agreement
with experimental and theoretical data have been obtained.

© 2008 Trade SciencelInc. - INDIA

INTRODUCTION

Oneof thethrust areasin thefield of condensed
matter physicsisthetheoretical and experimenta stud-
iesof metalsand alloysin respect of their supercon-
ducting behaviors. The pseudopotentia technique has
been used by different workersin the past decades™ .
Intheresent yearsa so some attemptshave been done
inthisdirection and they have been reported inthelit-
erature*.

Thetheoretical studiesof the superconducting pa
rameters of metalsand aloysare based on thefamous
BCStheory and McMillan formadism™. Inthe present
paper the Harrison’s First Principle[HFP]
pseudopotential technique has been used which has
someinherent advantagesover themodel potentid tech-
nique. Inthistechniqueno arbitrary model of potential
isproposed, no arbitrary adjustable parameter isin-
corporated to give agreement with experimental data.
Thenumber of input parametersrequired are minimum

vizthevaenceZ, atomicvolumeQ , Fermi wavevec-
tor k., core energy eigenvalues € , and radial wave
function P (r). TheHFPtechniquehasbeenwidely used
inthe past for the study of atomic, el ectronic and other
physical propertiesof metalsand alloyswith reason-
able success. Hence we have been encouraged to use
thistechniquefor the present investigation .Inthe next
section we present theformalism, followed by results
and figuresand conclusion.

Formalism

Within the pseudopotentia modd theHamiltonian
of themetal isthe sum of kinetic energy of the elec-
trons, the Coulomb interaction between electrons, the
Kinetic energy of bareions, the coulomb interaction
betweenionsand thebare e ectron-ioninteractiongiven
by the pseudopotential.

Thisionic pseudopotentia is screened by the con-
duction electronsand in momentum space the screen-
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ing potentia is 1/e(q) timesthe bare pseudopotential,
where €(q) is the dielectric screening function
.McMillan[ 1] onthebasisof the pseudopotentia theory
has obtained the expansion for the Coulomb
pseudopotantia p* which hasbeen expressed by Gupta
and Tripathi® as

W= "
I+pIn(Ee/ks 00)

@
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where p= @
ke £ qe(a)

Here 0, isthe Debyetemperature, E, isthe Fermi en-
ergy, k; isthe Fermi wave vector, (q) isthedielectric
screening function.
Variousother express onshavebeen proposed with
different modification®®.
In the present paper we have used the expression of
Guptaand Tripathi®which hasa so be used by various
authors.
FromMcMillan’sformalism the e ectron-phonon cou-
pling strength A isgiven by
A=2[d oo’ (@) F (0)/®
=N () <I?>>/M <a@?> (3
where <o? > is an average of the square of the phonon fre-
qguency.
<@?> = [do 02(0) F(0)/dao(®)F (@)/o @
zfdooF (0)//deF (@)/o (5)
where F(w) is the phonon density of states, (o) isthe aver-
age of electron-phonon interaction. In pseudopotential ap-

proach the average | 2over the Fermi Surface is given by
.qFviad
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where E_ and k_arethe Fermi energy and wave number respec-
tively. A dimensionless average of the pseudopotential isgiven

by
gk F Vaqsdq
J2€F viada
Formthisthefinal expression for A hasbeen ob-
tained as-
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where,

<o’>"=(o +o)/2 (10)
whereo, , o arethemost representative maximum
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frequencies of longitudinal and transverse modes of
phonon spectraas measured by neutroninel astic scat-
tering experiment. Thisexpression aswell as other
equiva ent expressionshasbeen widely used by vari-
ous authorg“™. From p* and A the superconducting
trangtion temperature Tciscomputed throughthewell
knownMcMillanformula,

1.04(1+1.)

* )] (1)
A—p (1+0.621)

Computation

In the present work we have studied theimpact of
the coreenergy el genva ues on the compuitation of the
form factor w (k, ) and consequently onthe SC state
parameters.

It should be mentioned that the core energy eigen-
valuesareone of themost important input parameters
for the computation of theform factor through the HFP
technique. The eigenvaluesand corresponding eigen
functionshave been computed through different meth-
odsusing thesdf cons stent fiel d[ SCF] approximation
by authorslike Herman-Skillmani*® and Clementi(*4,
Theform factor using these setsof eigenvauesarede-
noted by w(k,q),, and w(k,q) . respectively. Their na-
tureshave been showninfigure1for Mg, Al and Zn
respectively. The computed SC parametersaong with
thetheoretical and experimental dataof other authors
have been presentedin TABLE 1 for comparison.

The computation of form factor has been done
through Vashishta-Singwi (V-S) form of dielectric
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Figurel: Natureof theformfactor for Mg
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TABLE 1

(a): Coulomb pseudopotential p* of metalsusing V-S
exchange-correlation
Metals p* (present) p* (others)

Mg 011  0.15-017"%0.12® 0.15™

Al 0.10  0.141%3 0.108%%

Zn 0.07 0.12**4 0.13-0.14" 0.0918

(b): Computed electron-phonon coupling strength A of
metals
A A (others)
(present)” H C A (others)

0.33-0.4917 0.23" 0.391%

M g 0.24 0.40 0.35[12]'0.32[13]

Al 043 050 0.38%,0.31-0.474, 0.531*3, 0.33133
Zn 017 028 0.38%0.31-0.44" 0.271*4 0.25!*%
(c): Transition temperature T, K of metals
Metals AP—CL(EIpt) T, (others)
Mg 0.01121.5172 0.017 O. os-o.c[)o?“z], ?.]891[ 7
2.6- 3.0%% 1,16, 0.089-
Al 2.27894.9953 1.196 5 s
0.013", 0.7821% 0.852,

Zn  0.24 0.3499 0.85 0.852!“, 0.0329-0.6051",
0.9'%
n
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Figurel: Natureof theformfactor for Mg,Al and Zn

screening function. The Xa- exchange parameter o,
satisfying vira theorem has been used a ong with the
orthogondisation holeparameter B=1asoriginaly used
by Harrison.

RESULT AND FINDINGS

Fromfigure 1 theimpact of different setsof eigen-
vauesviz, those of Herman— Skillman and Clementi
areclearly visudized. Thereisgppreciablevariationin
the magnitudein the higher region of n = g/k_for Mg
and Znwhilethereisamost uniformvariationinthe
formfactor of Al .For Mgthew(k,q),, crossesover the
n-axis for n > 1.8 while w(k,q)_ remains negative
throughout .For Al and Zn both theform factorscross
over then- axiswith different cross-over points.

TABLE 1 presentsthe computed e ectron—phonon
coupling strengths A using theseform factors. Itisob-

served that reasonabl e agreement has been obtained
withthe previoustheoretical data

TABLE 1 summarizesthecomputed T _of themet-
asunder experiment a ongwith the experimental data
and theoretica dataof previousauthors. Itisobserved
that w(k, g),, predicatesthe Tc=0.112 againgt (Tc) o,
=0.017K. ForAI athough experimental datahasnot
been reproduced thevalue Tc = 2.27 against (Tc)
=1.196 K has been obtained with w(k, g),,which I|&s
within therange of previoustheoretica reﬂllts Lastly
for Zn noneof theform factors could satisfactorily re-
produce the experimental T_although A iswithinrea-
sonablelimit. However, using shaw form of dielectric
screeningstheresult hasbeenimproved to 0.35K and
0.24 K withw(k,qg).and w(k,q),, respectively against
experimental T_=0.85K.

CONCLUSION

The HFPtechnique has been applied to the study
of superconducting transition temperature and other
rel ated parametersthroughthewe | known McMillan’s
formalism. With the choiceof suitableinput parameters
andform of diel ectric screening the SC parametersmay
be satisfactorily reproduced.
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