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ABSTRACT

In the present paper the partial liquid structure factors Su.(k) and the total
structure factor S(k) of lithium based alkali-alkali binary alloys have been
computed onthelinesof Ashcroft and Langreth™ and Enderby and North?
on the basis of Percus-Yevik hard sphere system for the equiatomic com-
bination. The electrical resistivity R(u€2cm) has been computed through
Faber-Ziman formalism®® and the K night shift has been computed through
Pake’s formalism® which has been extended to the alloys on the lines of
Faber-Ziman formalism. Reasonable agreement with the ideal value of
obtained through the experimental data has been obtained. The form fac-
tor w(k,q) needed for the computation of these properties has been ob-
tained through the Harrison’s First Principle (HFP) pseudopotential tech-
nique® which has been successfully used for the theoretical study of the
variety of physical properties of metals and alloys.
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Liquid metalsand aloys have been favorite sys-
temsfor thetheoretical structura study aswell asthe
study of their variousphysical propertiesinthisdecade.
Thestudy of the physicd propertiesishinged upontwo
ingredient namely the non-local screened form factor
w(k,q) which is potential dependent and the partial
structurefactor S”.(k) which are position dependent.
Theformer hasbeen computed through the HFP tech-
niquewhilethelatter has been computed onthebasis
of Percus-Yevik hard sphere model on the lines of
Ashcroft and Langrethi® and Enderby and North@. The

eectricd resdivity (R) and Knight shift (K%) havebeen
computed through Faber-Ziman formalismi¢ and ex-
tension of Pake’sformalismi® to binary aloys. Inthe
subsequent sectionswe present theformalism, compu-
tation, result and observationsaswel | asconclusion.

FORMALISM

Thethreepartia structurefactorsfor abinary lig-
uid mixture can beexpressed intermsof Fourier trans-
formof direct correlation functiong*2:
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Figurel: Form factorsof congtituent metals

[1-n,Cee ()]

RN @
(n41p)"*C.p (@)

=" N

with

Dy (@) = [1-1,C o (DI[1-NgCpg ()] -N,NeCZy (4
S, Sy and S, arecalled theAshcroft-Langreth par-
tid structurefactors.

Here

Cop (@)= [C (r)ed ®)
TheFourier transform of thedirect corrdation func-

tionsstand as,

C,(Q) = -(4n/9?)(Asingo + Beosqo + Csing,,, + Dcosdh,,) (6)

Coo(0) = - (4n/0°)(A,singo,, +B,) )
Theexplicit expressonfor thecoefficientsis,
Thetotal structurefactor isrepresented by
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Figure 2 : Thetotal structure factor for Li-based alloys
(equiatomic composition) at 200°C
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S(k) =C S, (k) + C,S,,(k) + 2(C,C)"*S,,(K) (8)
whereS |, S,,and S, arerespectively denoting S (K),

BB(k) and Saﬁ(k) respectively. C, and C, arethe con-
centrations of first and second species.
It was shown by Faber and Zimani3® that the diffrac-
tion model formula for liquid metals proposed by
Ziman®8 could easily be extended for binary alloys.
For the sake of better representation, we expressthe
resistivity of binary aloysascons sting of threedistinct
contributions; i.e.
R=R,, * Ry + Ry 9)
wherethefirgt two termsonright hand sdearisedueto
thesame particlecorrdation and thethird term (RQB) IS
due to the cross term scattering. o and 3 represent
herethe constituent species of thebinary alloys. The
different contributionsaregiven by

(o3
(e

D=

J4I Cifwi(k ) *Su()m’dn (1q)

}qc w, (kS om’dn (1)
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Inacompositeform R can be expressed as

[3 & ][ ]<Z(clcz>1’28.,(k)w (k,mwy (k, n)n> (13)

where< > standsfor

<>=[4[C,S,, (K)w, (k0| +C, Sy, (K)w, (k)|
° (14)
+2(C,C,)"2S,, (K)|w, (k,nfln’dn
wheren=g/k_

Herew, (k) and w,(k,n) aretheform factors of
species 1 and 2 congtituting thealloys; C,, C, arethe
concentrations and S, (k), S,, (k) & S, (k) are the
partid structurefactorsof thealoy and n=g/k...

The frequency of nuclear magnetic resonance
(NMR) associated with ametallic state is generally
higher than the corresponding frequency for non-me-
tallic state, such ashift of theNMR frequency isknown

astheKnight shift.
TheKnight shift vide Pake may bewritten as
8
K= ( ")xpp o) (15)

Herey, isthe spin paramagneti c susceptibility of con-
duction eectron per unit volume, Q2 isthevolumeof the
crysta and P_the averageelectron dengity a thesite of
thenucleusfrom the conduction € ectronswith an en-
ergyE.

Knight shift may also bewritten as

K=K +K, (16)
whereK jand K arezero order and first order terms.
Thevariationof ¢ (R) inthe coreregionissmall thus
weobtain

%=2R2<N12¢'k R4, (R))
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wherePisthe Cauchy’sPrincipa vaue. Assuming the
form factor w(k,q) and structure factor S(k) to be

sphericaly symmetricweget
K, P}
K_:_P_E__4E szs(k)w(k q)qln Edq (18)
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TABLE 1 : Computed electrical resistivity R(u€2cm) and
Knight shift (K%) of Lithium based alloys at 200°C for
equiatomic composition

Knight Shift

Alloys Ry R Theoretical experimental

(Ko (K% (K%)a (K%)s (K%)a.
0.15 0.09 0.03 0.12 0.07
0.32 0.20 0.03 0.26 0.15
0.56 0.30 0.03 0.66 0.34

1.08 055 0.03 144 0.73

(Ko)a
0.05
0.05
0.05
0.05

Li-Na 175 17.0
26.0 193
33.7 25.0

37.7 304

Li-K
Li-Rb
Li-Cs

where E_ is the Fermi energy, k_ is the Fermi wave
vector and the other symbolshavetheir usua signifi-
cance. For thedloystheintegrand of Eq. (6.10) isre-
placed by

| T{clsn(k)wll(k,qhczszz(k)wgz(k,q)ql
k

q+2Kkg
= 1/2 N ok
oL2ACLCo) " “wyy (K, a)Sp2(k) a-

2 %9.(19)

AlsoZ, E_andk_arethoseof thealloysevaluated
through X=C X+ C X, where C and C,arethe con-
centrations of the constituents. Here X, and X, arethe
input parametersof themetd viz., Z, EF, K- and Q,and
X isthat for thebinary dloy.

RESULT AND COMPUTATIONS

Theformfactorsof thecondituent kai metdshave
been computed through the HFP technique and shown
infigurelfor Li, Na, K, Rband Cs. Theseformfac-
torshavebeen used to computethed ectrica resistivity
(R) and Knight shift (K%) of thealloysLi-Na, Li-K,
Li-Rband Li-Cs. The partial structure factors S (k)
have been computed throughtheformaismgiveninthe
previoussection. Thetotd structurefactor S(k) hasbeen
depicted infigure2. The computed dectrical resstivity
(R),,aongwith R and Knight shift (K%), aongwith
(K%)' at 200°C havebeengivenin TABLE 1 for com-
parison. Theexperimenta vauesof R and K% arenot
availableintheliteratureat theequiatomic compostion
for thealoysunder investigation.

OBSERVATIONS

Formfactors

From figure 1 theform factors of the constituent
elementsLi, Na, K, Rband Csshow their usua nature

Hn Tndéan g%wumé
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starting from their limiting value at n=0and crossing

over thex-axisbetween n=1.5ton=2 (where n =%).

Total structurefactors

From figure 2 the nature of thetotal structurefac-
torsof Li-Na, Li-K, Li-Rb and Li-Cshasbeenillus-
trated. For Li-Natheprincipa peak liesat n=2.2 hav-
ing magnitude 2.4 and the secondary pesksliesat n=4.2
andn=5.8 with peak heights 1.2 and 1.01 respectively.
For Li-K theprincipal peak dsoliesat n=2.2 having
peak height 1.6 and the secondary peaksliesat n=4.2
and n=6.0 with peak heights 1.08 and 1.004 respec-
tively. For Li-Rbtheprincipd pesk liesat n=2.2 having
peak height 1.67 and the secondary peeksliesat n=4.0
and n=5.2 with peak heights 1.03 and 1.028 respec-
tively. Findly, for Li-Cstheprincipd pesk liesatn=2.2
having peak height 1.52 and secondary peaksat n=4.0
andn=5.4with peak heights 1.07 and 1.1 respectively.
Thusitisobservedthat theprincipa peaksof all these
alloysliesnear n=2.2. The positions of thefirst sec-
ondary pesksdightly vary withinn=4.0andn=4.2. The
positionsof the next secondary peaksare between =5.2

ton=6.0 (where n=kk—F).

Electrical resistivity (R)

FromTABLE 1if isobserved that the computed
electrica resgtivity of Li-Naisingood agreement with
theideal value (17.5 against 17.0 uQ2cm). For other
aloysthecomputed resgtivitiesarenot insuch aclose
agreement withtheideal vaue. For Li-K, Li-Rb, Li-Cs
the difference between thetheoretical andideal vaues
is6.7, 8.7 and 7.3uQ2cm respectively. Thisindicates
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that these alloys do not show ideal behavior at
equiatomic.compostion. If theexperimenta vaueswere
availablewe could be ableto arrive at better conclu-
son.

K night shift (K%)

Thetheoretical and experimenta Knight shiftsof
the condtituent e ementsand thealloy havebeen shown
iInTABLE 1 fromwhich (K%y)id hasbeen computed.

It isobserved that except for Li-Cs all the com-
puted Knight shiftsarein reasonable agreement with
theidea vaue.

CONCLUSION

Thusit may be concluded that the HFP technique
inconjunctionwiththeAshcroft & Langreth and Enderly
and North techniquefor the computation of theform
factor and partial structurefactorsrespectively may be
safely used to study the el ectrical resistivity and Knight
Shift of the alloysthrough Faber-Ziman’sand Pake’s
extended formaisms.
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