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ABSTRACT

Harrison’s First Principle (HFP) has been used to study the liquid el ectri-
cal resigtivity and Knight shift of polyvalent liquid metals with special
reference to the energetic of the core electronic states. The role of self
consistently computed core energy eigenvalues has been studied in re-
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spect of the non-local screened form factor and the computed properties.

Reasonable agreement has been obtained.
© 2009 TradeSciencelnc. - INDIA

INTRODUCTION

Harrison’sFirst Principle (HFP) method hassome
inherent approximationsinvolved in the theoretical
framework, theseareas under:

Small coreapproximation

Through this approximation, we assumethat the
coresaresmall and clearly distinguishable. Theadja
cent coresdo not overlap and hencethereisno direct
interaction between ions except Coulomb repulsion.
Thevariation of potential over the coreregion dueto
the conduction el ectrons and the adjacent ionsis ne-
glected.

Self-consistent field (SCF) approximation

Inthisapproximation, theinteraction betweenthe
electronsisreplaced by an average potentia depend-
ing upon the states occupi ed by the el ectronsand the
states depend upon the potentia and they areindepen-
dent. Hence, their computationiscarried out till one
reproducesthe other.

Perturbation theory approximation

It isassumed that the pseudopotential isso weak
that it can betreated through the perturbation theory.

Thetheoretical study of thephysica propertiesof
liquid meta senjoysthe attention of several workers
since past decades. With the inception of the
pseudopotentia technique based on the concept of the
orthogondized planewave (OPW) insurmountabledif-
ficultiesin such cal culations have been surmounted.

Thebeauty of thistechniqueliesinthefact that the
crystal potentia <k+q|V k> can befactorized into po-
tentia dependent form factor <k+qw|k> and the posi-
tion dependent structurefactor a(q). The computations
of many physica propertiesrequirethesetwo ingredi-
ents. Theform factor being not measurable, hasto be
computed by theoretica techniqueswhilea(q) ismea-
surableeither through X-ray diffraction (XRD) or neu-
trondiffraction (ND) techniques.

The non-uniqueness of the pseudopotentia ledto
form factors computed through different model s pro-
posed by various authors (Aschroft™, Shaw!?,


mailto:dr.jp_yadav@yahoo.co.in

54 Study the electrical resistivity and knight shift of liquid metals

PCAIJ, 4(2) December 2009

Full Paper ==

Srivastava and Singh®). Harrison® proposed an
igenioustechnique called the Harrison First Principle
(HFP) technique. Inthisthe variousinteracting poten-
tiasarearrived a through fundamental considerations
employing quantum mechanicd and satistical mechani-
ca gpproachesd ong with Poisson’sequation. Although
the technique was much rigorous than the model po-
tential techniqueand dso freearbitrarinessin choosing
amode or its parameter, it lagged behind dueto cum-
bersomecal culationsinvolved. However, thiswasem-
ployed by King and Culter®™ and Hafner®® along with
their co-workersand we have also applied if for the
study of physical propertiesof liquid metas.

Ingpiteof variousgood pointsinfavour of HFPtech-
niquetheworkersfound that thereare several consider-
ationsto bekept in mind while choosing theinput pa-
rameters, themost significant among themwastheener-
getic problem. In computation of theform factor theim-
portant input parametersarethee genfunctionand elgen-
valuesof thecoreelectronsrepresented by Pnl and € |
(), nand| being thequantum numbersof thecore states.

Usudly theworkersinthisfield obtained thesein-
put parameters from Herman-Skillman'™ or generated
themwith someimprovementin hisprogramwhilesome
authors preferred to usethe experimenta elgenvalues.
Clementi® a so published hisatomic structureca cula-
tionsinwhich he providesthee genfunction and eigen-
vauesof e ementsof onethird of the periodic TABLE.
When the eigenva ues of a particular metal obtained
through self-cons stent ca cul ationsby different authors
were compiled by usit wasfound that they differ sub-
stantially for some states amongst themselves (vide
TABLE-1).

Inthe present paper we study theimpact of eigen-
values € , onthe computation of form factor and con-
sequently on two important propertiesviz, theliquid
electrical resistivity (R) and the Knight shift (K%) for
Mg, Al, Znand Ga

The cause of discrepancy in eigenvaluesisquite
understandable because achieving self-consistency is
by itself atedious cd culation and then matchingwitha
particular set of eigenva uesisquitedifficult. Hencethe
guestion arises how much impact these discrepancies
of elgenva ueshave on the computed form factor and
consequently onthecomputed properties. Thishasbeen
investigated by usin quite detail®*Y. It hasbeen ob-
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served that the energetics of thesecomputationsismore
prominent than other input parameterssuch as X a-ex-
change, orthogonalisation hole parameter 3 or theform
of exchange-correlation to be used.

Formalism
(a) Electrica resdtivity: Thedectricd resdivityiscom-
puted through thewell-known Ziman formuld*? given

by

R - STCZQO

IIW(k o) I* a(@)4(a/ kg ) d(a/ k) (g

where Q| Z, v, k., w(k,q) and a(q) aretheatomic vol-
ume, va ence Ferm| velocity, Fermi wavevector, form
factor and structurefactor of themeta respectively.

(b) Knight shift (K%) : TheKnight shift (K%) =K +K,

iscomputed through Pakeformula (1955)1*

Ki__ 3 T q+2ke
— a(q)w(k,q)qIn=——"Fdq
Ko~ 2k a-kr @

where E_isthe Fermi energy of themetal and K isthe
singleopw vaueof the Knight shift of thelinesof our
previous papers®Y through

W(K,Q) = Vop + Ve + Vg +V; + W ©)
where the terms on RHS represent the effective
screened values of the valence charge and core el ec-
tron potential, conduction band-core exchange poten-
tial, conduction electron potentia, screening potential
and therepulsive part of pseudopotential respectively.

The computation of liquid eectrica resitivity (R)
and Knight shift (K%) has been done through equa-
tions (1) and (2) respectively using two forms of ex-
change-corrdaion functionsG(q) eg., Vashishta-Singwi
(V-S) and Hubbard-Sham (H-S), alongwith the suit-
able X a-exchange parameter o = o, [ Swartz!*!] or o
=2/3[Kohn-Sham*™!]. The orthogonalisation hole po-
tentid isretained asthat of Harrison™™. Two setsof wave
functionsnamely those of Herman-Skillman (H)™ and
Clementi (C)® havebeen utilized. Theexperimentd lic-
uid structurefactor of Woerner et d 1", Coglioti et d .19,
Gamertsfel der™¥ and Page et a.[? have been used for
Mg, Zn, Al and Garespectively.

Observations: To bring out the energetic problem
we present the comparative TABLE 1 of eigenvalues
obtained through the self consi stent computati ons of
Herman-Skillman” and Clementit® for the metasun-
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der investigationviz., Mg, Zn,Al and Ga(in Rydberg =
2.4258x108)).

A perusa of the TABLE bringsout thefact that the
Clementi eigenvalues (C) areingenerd higher than
those of Herman-Skillman (H) except for 3d of Zn, 2p
of Al and 2sand 2p of Mg, wherethey arelower than
H-vaues. Themaximum departureisfoundin 1sof Ga
(8.436 Ryd.) followed by 1sof Zn (8.208 Ryd.). The
departures range from this value to a minimum of
0.3466. However, through theinvestigation of energy
dependent components of theform-factor namely the
screening potentid v; and WR, we have cometo the
conclusion that theimpact of eigenvaluesontheform
factor w(k,q) ismost pronounced dueto variationin
thehighest field up sand p states. Thecontribution of d
dateiscomparatively smdler. Thecontribution of sstate
isconstant throughout theentirerange of n = g/k.., k.
bei ng the Fermi wavefactor. Hence, it decidesthemag-
nitudeof WRand v; and consequently controlsthemag-
nitudeof formfactor w(k,q). Thecontribution of p state
isvariableduetotheinclusion of polynomia withinits
formalism. Hence, it controlsthe gradient of WR and
v; and consequently that of the computed form factor
w(k,q) (videFigurel).

Theimpact on the computed propertiesviz. the
eectrica residivity (R) and Knight shift (K%) hasbeen

al

Figurel
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TABLE 1: Eigenvaluesof metals(in Joule)
Eigenvalues (Ryd = 2.425x 10"2J)

Met
€0l €2 |€af |€xl |€a| ezl
C 9606 558 3.02 - - -
Mg H 9495 655 414 - - -
E 1.11 -097 -1.12 - - -
C 706.60 88.72 7785 11.28 7.66 0.59
Zn H 69840 8520 7555 979 6.66 1.26
E 821 352 230 148 0.10 -0.40
C 11700 9.82 4.20 - - -
Al H 11366 872 5.95 - - -
E 334 111 -1.74 - - -
C 757.63 96.34 8499 1279 896 2.39
Ga H 749.20 9264 8263 11.24 6.66 2.04
E 844 370 236 155 230 0.35

C-Clementi, H-Herman-Skillman, AE- Discrepancy
represented in TABLE 2, using the X a- exchange pa-
rameter o = o, as proposed by Schwartxz!*¥ except
for Zn for which o = 2/3 proposed by Kohn and
Sham™ providesabetter resuilt.

Theorthogondisation holeparameter =1 hasbeen
retained as per Harrison®. The popular V-Sexchange
hasbeen employedinal the casesexcept for Al, where
Hubbard-Sham (H-S) form provides better picture.

Itisto bementioned that thee ectrical resstivity has
been acknowledged to beaproperty whichisfairly sen-
stivetothenatureand magnitudeof theform factor spe-
cidlyintheregionn>1. Weobservethat itinvolvesthe
sguare of theform factor withinitsintegrand, whereas
theKnight shift dthoughlesssenstivetotheform factor
and having smdler magnitude, involvestheform factor
linearly withinitsintegrand. Thus, weinfer that thee ec-
trical resistivity may beagood test for the accuracy of
theformfactor inrespect of magnitudeonly. But theK night
shift can be used to check the correctness of the magni-
tude aswell asthe sign of the form factor. Hencethe
combination of thesetwo propertiesmay beused asa
test for anoverdl corresctnessof theform factor.

I mpact of eigen-values

Theimpact of e genvalueson the above mentioned
computed properties R and K% is apparent from
TABLE 2. Theimpact ismore pronounced on there-
sdtivity asexpected from the above observations. For
Mg thedepartureisvery high, followed by ZnandAl,
whereasin caseof Gaitislower. Thedectricd resistiv-
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TABLE 2: Computed electrical resigtivity (uQcm) and knight shift (K %)

Eigenvalues  Xa-exchange Orthogonalisation hole R(uQcm) K%
Metals (enm) parameterg Exchange parameter (B) Theol.l‘Q Expt. Theo. Expt.
C 213.2 0.209
Mg o = Ol V-S p=1 274 0.112
H 26.74 0.159
C 32.35 0.363
7n H o=2/3 V-S p=1 37.4 0.337
78.8 0.093
C 29.08 0.175
Al o=0s V-S B=1 24.7 0.164
H 71.95 0.144
C 25.01 0.460
Ga o=0s V-S p=1 258 0.449
H 145 0.043
H : Herman-Skillman, C:Clementi, V-S : Vashista-Singwi, H-S : Hubbard-Sham
ity computed through theform factor using C eigenval- REFERENCES

uesarelower thanthosewith H eigenvaluesfor Znand
Al, whilethey are higher in case of Mg, and Zn. The
Knight shift of Mg and Gacomputed through theform
factor using C eigenvalues are al so higher than those
computed through H eigenvalues. In contrast, for Zn
andAl theeigenvaueswhich givelower resistivity, yield
higher vaues of Knight shift. Thisisdueto the peculiar
nature of Ziman and Knight integrands. Theformer is
always positive, reaches amaximum, goesto azero
valueat aparticular vaueof n (=g/k_) andfinaly in-
creases. But the Knight integrand isgenerally always
negative, goesdown to azero and then increases al-
mogt linearly.

Itisobserved from TABLE 2 that for Mg theform
factor computed withH eigenvauesusinga.= o, B =
1 andV-Sexchange correl ation provide abetter agree-
ment of dectricd resstivity R=26.74 yQcmagaing R
(expt.) = 27.4 uQcm and K% = 0.159 against K%
(expt.) =0.112. For Zn the combination of C-eigen-
values, .= 2/3, f = 1 and V-S exchange correl ation
and for Al and Gatheeigenvaluesof Cwitha.=a,
=1 and H-S and V-Sforms of exchange correlation
respectively reproducethese propertiesreasonably well.

Hence, we concludethat the C eigenval ues present
better picture than those of H except in case of Mg.
Further, theimpact of elgenvauesisquite substantial.
Hence, precaution must betaken asregardsthe choice
of eilgenvaluesin the study of physical properties of
metal sthrough HFP technique, which isfound to be
suitablefor the study of these properties.
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