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ABSTRACT

Inthe present paper we have studied the temperature dependence of fermi
energy of simpleliquid metalsthrough the Harrison’sfirst principle (HFP)
pseudopotential technique. The structure factor needed for liquid metals
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has been taken from experimental measurements [X-ray and neutron dif-
fraction]. The results have been compared with experimental data and
theoretical values of other authors. Reasonable agreement has been ob-

tained. © 2010 TradeSciencelnc. - INDIA

INTRODUCTION

Numerous cal cul ation have been performedinthe
past decadesfor the band structure of metalsusing a
variety of methods based on APW (augmented plane
wave) and OPW (orthogonalised planewave) method.
A study of literaturereved sthat theHarrison’sfirst prin-
ciplemethod whichisbasically an OPW method has
scarcely been used for the purposeexcept by Thakur*
and Singht®. Hence, wehave persued thisinvestigation
with suitablechoice of form factor w(k,q) and structure
factor a(q).

FORMALISM

In the framework of conventional perturbation
theory, theenergy of aliquid metal isexpressed ag?,

- om < a(q)‘N<k+q|w|k>2‘
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a(q) istheliquid structurefactor andisnon-zero
for aliquid. (k| W/|k) arethe matrix element for the
crystal potential W. N(k+q| W| k) are the screened
formfactor whichwewill assumeto beloca after evau-
atingthesameat k =k asdonein perviouschapter and
denoted by w(q), misthedectronicmassand 7 = h/ 2z,
wherehisthe Planck’s constant.

At themedting point, the above expression reduces
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Replacing Zq: by g"sfd%l and putting k = k_,

weobtainfor theenergy at thefermi level,
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and
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Heren(= Q—O; Q, istheaomicvolume) isthenum-

ber of atomsper unit volumereated tothefermi wave
number k_and valenceZ by therelation,
k:
"=z ®)
Hereit has been assumed that a(q) and w(q) are
isotropic.

COMPUTATIONAND RESULT

Thefermi energy E(k.) has been computed through
equations(3). The computed result of the present com-
putation hasbeen givenin TABLE 1 dongwiththecom-
puted result of perviousauthorsand thefreeelectron
datafor comparison. Thefermi energy has been ex-
TABLE 1: Computed fermi energy of liquid metals (102 erg)
and g F(Ao'l) with other theor etical and experimental data

Metal K E(ke)
E°:Free Schneider
~1 €p F
Temp.(°’C) ¢A° nP\r/:jsSgt electron and stoll Izggg;
Fer mi energy (1967)
Li
H 7.8457 7.3238 7.3643
170 1.0926
C 7.9584
H 7.7894 7.2789
250 1.0514
C 7.6584
Na
H 5.3354 4.9412 4.8493
105 0.8456
C 5.4857
H 5.2145 4.8952
200 0.8378
C 5.2586
K
H 3.6548 3.2215 3.146 3.1440
70 0.6808
C 3.5689
H 3.5487 3.1792
105 0.6789
C 3.5529
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pressedinunit of 10" erg, k_isexpressedas po.

A perusal of TABLE 1 brings out thefact that the
computed fermi energy areinreasonableagreement with
theresultsof perviousauthorsaswell aswith freedec-
tronfermi energy.

Thefermi energy E(k.) of theakali metashasbeen
theoretically investigatedin thispaper. Asthe previous
dataof thesequantitiesareonly for the higher tempera-
ture have been estimated for comparison. It has been
observed through TABLE 1 that thefermi energiesfor
thealkai metalscomputed by usarein fair agreement
with the previousdataand with thefree e ectron fermi
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Figurel: Temperaturedependenceof fermi energy of Li
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Figure2: Temper ature dependenceof fermi ener gy of Na
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Figure3: Temperaturedependence of fermi energy of K
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energy 2.
Temperaturedependence

Thetemperature dependence of thefermi energy
E(k.) hasbeen showninfigurel1, 2and 3for Li, Na
and K respectively. Qualitative agreement has been
obtained in genera. However, thereisdight difference
inthe slope of two curvesof K and Cs.

CONCLUSION

From the above mentioned facts it may be con-
cluded that the HFP techni que can be successfully used
for the computation of thefermi energy of liquid metals
provided suitableinput parametersare used. However,
asvariousgpproximationsareinvolved withintheframe-
work exact reproduction of the experimental datais
neither expected nor desired.
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