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ABSTRACT

In the present paper we have studied the electrical resistivity (R) and the
Knight shift (K%) of liquid alkaline earth metals Mg and Causing two sets
of self consistently computed eigenval ues viz. those of Herman-Skillman
(H) and Clementi (C) a ongwith the X a-exchange parameter o, , satis-
fying Viria theorem Schwartz!® orthogonalisation hole parameter =1
Harrison® and Vashi shta-Singwi™ form of exchange correl ation. Reason-
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able agreement has been obtained with experimental data. The impact of
the choice of two sets of eigenvalueson the form factor and the computed

properties has been studied.

INTRODUCTION

Liquid dkalineearth metal s have not been exten-
sively studied through Harrison’sFirst Principle (HFP)
pseudopotential technique because of s-d hybridiza-
tion. Moriarty!®” has extended the HFP theory includ-
ing hybridization effect which hasimproved hisresigtiv-
ity resultsin some cases. However, in some casesthe
hybridization effect hasnot been very successful.

In case Mg the el ectronic configuration does not
contradict thefreed ectron likebehavior which hasbeen
supported by Faber® through mean free path and ef -
fectivemass considerations. It has been observed that
Beand Mgalthough beingingroup I1A of theperiodic
tableresembletheelementsof group I1B i.e. Zn, Cd
and Hg. Thesimilarity with Caand Sr arenot so pro-
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foundin Beand Mg. Incomparisonto akali metasthe
alkaline earth metal s have been supposed to be more
tediousfor treatment dueto their non-smplemetal like
character. Through the present investigation we have
shown that if proper choiceof coreenergy eigenvaues
ismade, the el ectronic transport propertiesof Mgand
Camay be predicted reasonabley accurately.

The HFP pseudopotential techniqueisbased on
sound theoretical background, no arbitrary model is
proposed and no adjustable parametersareintroduced
to get good agreement of the computed properties. The
basicinput parameter arethe coreenergy eigenvaues
e, , theradid wavefunctionsP, (r) areevol ved through
self cons stent field approximation. Two such setsare
available viz. those of Herman-Skillman and
Clementi™ represented by H and C eigenval ues. It has
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TABLE 1a: Tableof constants(ina.u.)
(V-S) constants

M etal K F Qo Oyt A B
Mg 06992 1732 0.7285 1 11318 0.2975 2
Ca 05649 3285 0.7194 1 11115 0.2827 2

where K_ — Fermi wave vector, , — Atomic volume, e, - Xa-
exchange parameter satisfying Virial theorem, p — opw multi-
plier, Z — Valence and A ,B- (V-S) constants

TABLE 1b : Tableof eigenvalues(Ryd) in respect of magni-
tude

Metal Author € €, €, €, €y
H 9495 655 414 - -
Mg C 98.06 753 456 - -
Exp 96.0 463 3.69 - -
H 29352 3163 26.18 3.87 248
Ca C 298.73 3364 2726 449 268
Exp 29740 3190 2550 310 1.90

TABLE 2: computed electrical resigtivitiesR (nQcm)

Metal €, Computed resigtivitiesR(uf2cm) Reg(p2cm)
Cc 25.9 274
Mg
H 52.17
Cc 140.10 330
Ca
H 39.9

where H-with Herman-Skillman’s eigenvalues, C-with
Clementi’s eigenvalues

TABLE 3: Computed knight shift (K%)

Metal Ko . K% (K% )expt.
Mg 0.13 C 0.15 0.11
Ca 0.31 H 0.55 -

been observed that these sets of eigenvaluesare not
identicd. They differ from each other and alsofromthe
experimental values[videTABLE 1b]. Therefore, itis
quiteinteresting to examine how far these discrepan-
ciesof eilgenva ues affect thenon-local screened form
factorsw(k,q) and consequently the computed prop-
ertiesviz, theeectrica resstivity (R) and Knight shift
(K%).

Formalism

The non-local screened form factor obtained
through theHFP pseudopotentid techniqueisgiven by,

w(k,q)=V,, +V_+V, +V; +WF €y
wherethequantitiesonthe R.H.S. representsthe ef -
fective, screened va ues of thevaencechargeand core
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Figurel: Natureof thecomputed form factorsw(k,q) of Mg
using different eigenvaluesalongwith. a=a, , and p=1, (V-S)
exchange-correlation
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Figure2: Natureof thecomputed form factor w(k,q) of Ca
using different eigenvaluesalongwith. a=o,  and =1, (V-S)
exchange-correlation

electron potentia, the conducti on band-core exchange
potential, the conduction electron potential and the
screening potential respectively. wRistherepulsivepart
of the pseudopotential (vide Harrison®).

In the present computation we have used X a-ex-
change parameter o.= o, Which stisfiestheVirid theo-
rem and has been supplied by Schwartz®. The
orthogonalisation hole parameter 3 = 1 hasbeen taken
asoriginally suggested by Harrison®. This parameter
occursinthe OPW potentid V . Theexchange cor-
relation function G(q) of Vashishta-Singwi®™ hasbeen
used which has been acknowledged to be superior to
various other formsasit satisfiesthe compressibility
someruleand givesabetter picture of interionic pair
potential. The experimental structure factor a(q) of
Woemer et a.[® and Waseda et . has been used
for Mg and Carespectively.

Electrical resistivity

Theéelectrical resistivity (R) has been computed
through thewell known Ziman’sformuld™ given by,
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where Q Z, v, k., w(k,q) and a(q) are the atomic
volume, vd ence, Fermi energy, Fermi wavevector, form
factor and structurefactor of themeta respectively.
The computed resultsusing two setsof elgenvaues
have been presented in TABLE 2 dongwith theexperi-
mental datafor comparison. Theform factor of Mg

and Cahavebeen presented infigure 1 and 2 respec-
tively for inspection.
Knight shift

TheKnight shift (K%) has been computed through
the Pakeformuld*? given by,

K, 3z % +2k ¢
— = wi(k, In d
K. 4Epk§£ a(@)w(k,q) o | 3)

where E_isthe Fermi energy of themetal and K isthe
single OPW vaueof theKnight shift of themetal.

Theform factorsyielding better agreement of the
electrical resistivity have been used to compute the
Knight shift of themeta sunder investigation. Thecom-
puted result hasbeen presentedin TABLE 3.

Findings

A perusal of thefigure 1 and figure 2 revealsthat
the computed form factorsw(k,q) have been signifi-
cantly affected by the choiceof eigenvauesspecidly in
theregion of n>1 whichisthemost contributing region
of the Ziman and Pakeintegrands. Thisisduetothe
fact that thefirst peak of thestructurefactor a(q) liesin
thisregion.

TABLE 2 showsthecomputed dectricd restivities
of themetalsMg and Ca. For Mg the C eigen values
and for CatheH elgenvalues gives better agreement
with experiment. Astheelectricd resistivity isaprop-
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erty whichisfarly sengtiveto thenatureand magnitude
of theform factor isused asatest of the propriety of
theformfactor itself.

The selected form factors have been used to com-
putethe Knight shift (K%) presented in TABLE 3. For
M g reasonabl e agreement has been obtained. How-
ever, for Catheexperimenta dataisnot availablefor
comparison.

CONCLUSION

From the above study it may be concluded that the
HFP pseudopotentia techniqueisfairly successful in
predicting the transport properties of akaline earth
metals provided suitable choice of core energy
elvenva uesismade.
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