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ABSTRACT

The study of recent literature reveals that the discovery of high T_ (T .=
39K superconductivity (SC) in MgB, has generated considerable interest
inthisbinary system. The appearance of high T _ SCin such asimple system
which does not contain transition metals has led to considerable optimism
among workers. The phonon mediated BCS type mechanism has been ac-
knowledged to be agood tool for itstheoretical study viaMcMillan formal-
ism. Recent studies are the milestones in this direction. In this paper, we
report the Harrison’s First Principle Pseudopotential (HFPP) study of this
system so as to bring out the effectiveness of this technique which has not
been explored as yet. It has been observed that due to the unique double
layered structure of MgB, some adj ustable parameter isto be introduced in
the computation of the form factor so as to predict the SC parameters in
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reasonabl e agreement with experiment.
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INTRODUCTION

Superconductivity isaproperty of many metals, a-
loysand chemica compoundsat temperaturesnear ab-
solute zero by virtue of whichtheir eectrical resistivity
vanishesand they become strongly diamagnetic. The
discovery of superconductivity (SC) in magnesium
diboride (MgB,) with remarkablehigh transition tem-
perature (T = 39K) hasgenerated considerabl einter-
estinthissystem™. MgB, adopt asimpleprimitive hex-
agond crysta structure comprising of interleaved two
dimensional of magnesium and boronlayers. Theap-
pearanceof high T _insuchasmplesystemwhichdoes
not containtransition metal isquiteencouraging from

theoretical and experimental point of view. It hasgen-
erated optimismfor achievinghighvaueof T_inbinary
systemswith smpleconstituents.

It has been noted that the theories devel oped to
explain SCinthelayered high T . curateswould not be
helpful in understanding MgB, and hence Loui and
Cohen andtheir co-workershave used thewel | estab-
lished BCS theory to explain the superconducting
behaviour of MgB22. The phonon mediated BCStype
of mechanismisagood tool for the study of such sys-
temsviaMcMillan formalism. Recently such attempts
are being made*” and we have al so persued over in-
vestigation aongtheselinesusing Harrison’sfirst prin-
ciple pseudopotentia (HFPP) technique®.
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Formalism and computation
TheHFPPformfactor isrepresented as
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where v is the valence charge and core electron
potential, vg isthe conduction band-core exchange
potentia, v}, isthescreening potentia, WR istherepul-
sivepotential, €*(q) isthemodified Hartree didlectric
screening function and G(q) isthe exchange-correla
tion function. The potentials are computed fromfirst
principlesonthelinesof Harrison®.

Thebasicinput parameters needed for the compu-
tation are the core energy eigenvalue ¢ radial
wavefunctions P (r), Fermi wave vector k_, atomic
volume Q2 and valenceZ. The pseudopotential form
factor and other parameters of thebinary system may
be computed through
X 6e=(1-0)X +cX 2

where X, and X, are the parameters or the form factor of the

condtituents and X, , those of the binary system, c is the con-
centration of the second constituent!®.
The Debyetemperature of thebinary systemisrep-
resented by
1/(8,),5=(1-c)/(8,,),+c/(8,.)%, (©)
The SC parameters have been computed through
theMcMillan formalismi®. Thed ectron-phonon cou-
plingstrength

1
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wherem* isthe effective massof the electron, Z* the effective
valence, M the atomic mass, <o?> the averaged phonon fre-
quency andn =q/ 2k_.

The Coulomb pseudopotentid isrepresented by
p* =[m,/(rk )] /[1+m, /(mk )In(E /K 6,)I] (5)

1
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where m, is the band mass, E_ the Fermi energy, k, the
Boltzmann’s constant, 0, the Debye temperature and k_ the
Fermi wave vector. The superconducting transition tempera-

tureis given by

0 —-1.041+ A
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Thecomputation of the HFPPform factor hasbeen
done with Herman-Skillman!*! eigenvalues and
eigenfunctionsusing X o. exchange parameters (o, ) st-
isfying Viria theorem and exchange-correl ation func-
tion G(q) suggested by Vashishta-Singwi (V-S)*?form
which satifiescompressibility someruleand provides
physically acceptablepair correl ation function.

Theresultswhich arebeing presented areonly those
which reasonably agreewith the experimental dataof
T andtheoretica dataof other authors. It wasfelt that
MgB, having special features asregardsitsstructure
mentioned earlier needs some adjustable parameter 3
in the form factor w(k,q) so asto reproducetherea-
sonable agreement with experimental dataT .. For this
Harrison prescriptiont® has been adopted. Thus
w(k,q)=<k+q|w|k>
= (1+B) <k+q|w° |k >/e*(q) (8)
with asuitable choice of 3 wecan obtain arather good
formfactor which can predict areasonablevaueof T .
The adjustable parameter § would throw light onthe
effect of doublelayered structureof MgB,,

RESULT AND DISCUSSION

It has been observed that theform factor of MgB,
isdominated by that of theboron atom. Thisimpliesthe
B-atomsintheboron layersplay more.

It is known that at ambient conditions MgB2
crystdlisesin hexagond structurewhere B-atomsform
honeycomb | atticecong sting of graphitelikesheet sepa
rated by hexagonal layers of Mg atoms. The pairing
mechanismleadingto SCisof phononicorigin. Thus
thedomination of B-atomsin shaping theformfactoris
quitenatura. Gaitonde et a . observesthat the el ec-
tronic band structure shows that the bands near the
Fermi energy are predominantly dueto the boron or-
bital. Theflat bandscontributelargely tothedensity of
statesnear the Fermi level givinghigh T .. Inour com-
putations al so we observethat the most contributing
part of theform factor w(k, q) isintheregion 1<n'<2
wheren'=g/k_.. Thisisbecausetheintegrandinvolves
then®and Q' \w(k, g)|?likeZimanintegrand for el ectri-
cd resdivity.

Two experimental values of the Debyetempera
ture 6, = 750K and 1050K are available®™ and em-
ploying thesetheoriginal formfactor w(k, q) yieldsi =

e, P pterioly Science
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Full Poper =

0.52, u* =0.09, T_=9.95K and A = 0.26, pu*
T.=0.15K.

Thisshowsthat theionicinteractionsare not prop-
erly reproduced asthey existin MgB, structure and
henceand adjustabl e parameters 3 hasbeen introduced
as

w(k, ) ,s=(1+B)[(1-c)w(k,a) . +ew(K, a)g] ©)
where c = 0.6666 (stoichiometric composition).

With 6, = 750K and = 0.3 we get . = 0.88, p* =
0.0944, T = 36.8K and with 3=0.6 we obtain A=
0.83, u* =0.0944 and T_=37.2K (T = 39K expt.).
With 6, =1050K and 3 = 0.7 weobtain 1. = 0.77, p*
=0.0944, T_=38.9K. A has also been estimated by
other techniques*® with similar approximationsand A
=0.69, u* =0.09and T =30.8K has been obtained
hest coefficientY isgivenas

A=Y, Y, -1(20)

wherei , =1/3n°D(E )k > (11)

D(E) beingthedendty of statesnear Fermi level. Y _
has been reported to lie between 2.6-3 mJ/mol- K2
which givesi=0.53and A =0.77 respectively. Taking
p* =0.1, T.=9.4K and 39K have been obtained with
0, = 750K and 1050K respectivelyi®. Thusour results
with HFPPtechniqueusing 6 = 1050K agreewithl?.
With 6, = 750K theresult of?isTC = 9.41K wehave
been abletoimprovetheform factor by a30% correc-
tion to accommodate the doubl e layer interactionsto
get T =36.8 whichisinreasonable agreement with
experiment.

=0.26,

CONCLUSION

The HFPP technique has been used to study the
superconducting parameter of the high T . supercon-
ductor MgB, having doublelayered structure where
boron atomsform honeycomb | atti ce separated by hex-
agonal layersof Mg atoms. The study revealsthat an
adjustable parameter should beintroduced intheform
factor w(k, ) to take account of thisspecia structure
of MgB, |leading to superconducting behaviour with T
=39K. It hasbeen observed that theform factor should
beat |east 30% more negativeto consolidatetheinter
ionicinteractions and reproduce the observed transi-
tion temperature. Thisshowsthat therepulsive compo-
nent WRinvolvedinthe expression of theformfactor is

weakened by asubstantial amount in the formation of
MgB, structure. Thisinvitesfurthersinvestigation either
for theimprovement of theformalism or for using other
setsof wavefunctions, exchange-correlation or the or-
thogondization hole parametersas previoudy adopted
by various authors in the past decades for
pseudopotentia caculations.
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