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ABSTRACT

In the present paper we have studied the temperature dependence of
knight shift of simple liquid metals through the Harrison’s first principle
(HFP) pseudopotential technique. The structure factor needed for liquid
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metals has been taken from experimental measurements [X-ray and neu-
tron diffraction]. The results have been compared with experimental data
and theoretical values of other authors. Reasonable agreement has been

obtained. © 2010 Trade SciencelInc. - INDIA

INTRODUCTION

The frequency of nuclear magnetic resonance
(NMR) associated with ametallic stateis generally
higher than the corresponding frequency for non-me-
tallicstate. Suchashift of theNMR frequency isknown
astheknight shift. Thisarisesduetothe hyperfinecon-
tact interaction between the nucleus and the surround-
ing conduction eectrons. Theknight shift K isdefined
astheratio of thefrequency shift to the frequency at
whichtheNMRisobserved for themetallic state. The
hyperfineinteraction between conduction e ectron and
nuclear moment inmetalsprovidesaricharray of prop-
ertiesthat can bestudied through nuclear magnetictech-
nique™®. Although the experimental technique of the
measurement of knight shift had been devel oped much
earlier, itstheoretica devel opment had beeninastate
of infancy and hasbeen developed muchlater. Thepre-
vioustheoretica work?"#1214 on the magnetic prop-

erties of metal ssubstantiatesthe view that like el ectri-
cd resgtivity, thenearly freeelectron approximationis
alsovdidfor thetheoretica treatment of various mag-
netic propertiesviz, knight shift, magnetic susceptibility,
Hall coefficient etc. Thestudy of theplethoraof litera-
ture on pseudopotentia theory and specidly Harrison’s
first principle (HFP) technique brings out thefact that
this property has not been studied through thistech-
nique except by Singht*¥ who has applied it to some
multivaent liquid metals. We proposeto proceed on
thislinefor theinvestigation of theknight shift of alkali
metadsfor whichtheexperimentd dataisavalable. Itis
interesting to notethat the previous authorg®+1% have
observed that eveninthesmplemetds, theorbital ef-
fect of thee ectrons aso contributes.

FORMALISM

We shd| now present the concisetheory withinthe
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framework of pseudopotential technique. Theknight
shift’® may bewritten as,
8

K= (?")xPPFQ @
Herey, isthe spin paramagnetic susceptibility of con-
duction e ectron per unit volume, Q isthevolumeof the
crystal and P_the averageelectron density a thesite of
the nucleusfrom the conduction €l ectronswith energy

Thiselectron density isrepresented by an average
of theform,

P :<N_12|\Vkp(Ri)|2> 2
i

where, R isthe position vector of thei™ions, N isthe
total number of ionsand y, . arethee ectron wavefunc-
tions. In OPW approximation thewavefunctionisex-
pressed in terms of the pseudo wave function ¢, (R)
andy (R).

The corewavefunctioniswritten as,

wk(R)=ck[¢k(R)—Z(wa,¢k M(R)] 3

here, C, is the normalization factor, Since the
psedopotentia isvery weak in nature. We can expand
¢, accordingto thefirst order perturbation theory,

b = b+, @)
where,
o0 =0t exp(ik .R) (5)

C_ Q d K,
¢k=81|:3 [ qa(q)w(k,q) 0% ©)

Ek —Ek+q

Using theabove anal ogy we can expresstheelec-
tron density as,

P. =P +P; ™
Similarly theknight shift may alsobewritten as,
K=K,+K, C)

Thevariationof ¢, (R) inthecoreregionissmall
thustheequation (2), (3) and (6) may beusedto obtain

' (R
P orelN_T ¢EF( ) =2_93PJ-W(k,q)a(q)d3q
P T 0 (R) 8n Ey _Ek+q

F

where Pisthe Cauchy principal value. Assumingthe
form factor w (k, g) and structure factor a(q) to be
sphericaly symmetricwe get,

= Pyl Paper

Ky

(10)

g+ 2k,
q_sz}dq

where E_isthefermi energy and k_isthefermi wave
vector.

Thetemperature coefficient of knight shiftisrepre-
sented by
_ Ry-Ry,
- RT (RT - RTM )

fat@w,aain

% (1)
where, T isthedesired temperatureand T, isthe melt-
ing point of themetals.

COMPUTATIONAND RESULT

The computation of knight shift has been done
through equation (10). The result has been givenin
TABLE 1to TABLE 3for Li, Naand K respectively.
Thetemperaturedependence of knight shift of Li, Na
and K hasbeen showninfigure 1tofigure 3 respec-
tively with two sets of eigenvaluesand the estimated
experimental curve havea so been givenfor compari-
son.

Observations
Lithium

FromTABLE 1itisobserved that with C- eigen-
vauestheformfactor usngo.= o, and § = 1 givesthe
closest agreement with the experimenta datai.e. 0.035
against 0.026 at 170°C and 0.044 against 0.028 at

250°C. However, withthe C- eigenvaluesa. = o, , and
[ = 5/8 dso givesreasonabl e agreement.

Sodium

For Sodiumfrom TABLE 2itisobserved that the
C-eigenvalueswitha =0, and 3 =1 givesK =0.144
against Kexp_ =0.116 at 105°C and K = 0.159 against
Kexp: 0.121 at 200°C.
Potassum

For Potasssum from TABLE 3it isobserved that
the C- eigenvalueswitha.=o,, and =1 givesK =
0.315andwitha=0o,, and 3 =5/8itgivesK =0.315
against Kexp. =0.265, at 70°C and K =0.321 against
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TABLE1
a Kp=0.05
Temp.
Metal B Oyt Oyt 2/3 2/3 K exp- ( OCI;)
€ 1 5/8 1 5/8
H 0.059 0.058 0.058 0.158 0026 170
Li C 0.035 0.035 0.035 0.036
H 0.065 0.065 0.064 0.064 .
0.028 250
C 0.044 0.045 0.045 0.045
TABLE?2
o Ko =0.140 Temp
Metal B Oyt Oyt 2/3 2/3 Kexp ( OC) '
€ ! 5/8 1 5/8
H 0.158 0.158 0.156 0.157 0.116 105
Na C 0.144 0.144 0.145 0.145
H 0.159 0.159 0.158 0.156 0121 200
C 0.159 0.158 0.158 0.159
TABLES3
o Ko=0.320 Temp
Metal B Oyt Oyt 2/3 2/3 Kexp- ( OC) '
€ 1 5/8 1 5/8
H 0328 0.333 0.316 0.313
0.265 70
K C 0.315 0.315 0.321 0.321
H 0.339 0.339 0.338 0.337 .
0.278 105
C 03 0.3 0.3 0.3

K, =0.278 at 105°C.
ep e

For Lithium, we observethat thetemperature de-
pendenceof knight shift with C-eigenvauesiscloser to
theexperimentd curvewith dight differenceinthedope.
However, thecurvefor H- eilgenvalueshasalmost the
same dope asthat of the experimental curve. Thusin
generd reasonable qualitative agreement hasbeen ob-
tained.

For Sodium, temperaturedependence of knight shift
with H-eigenval ueshas almost the same sl ope asthat
of theexperimental curve. But the slope of the curve
using C-eigenvaduesisdightly different fromthat of ex-
perimental curve. Inthiscasealso qualitative agree-
ment hasbeen obtained.

For Potassium, thetemperature dependence curve
with H and C- eigenvauesare very closeto each other
and agreement withtheexperimenta curveisquiterea
sonable,

Thuswe observethat inspite of various approxi-
mationsinvolvedinthetheoretical framework reason-
able qualitative agreement has been obtained for the
alkali metals. Theformulamay berefined for further
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Temperature

== =@ == 'E-Exp =t F.Th(H == === = E.Th(C) |

Figurel: Temperaturedependenceof knight shift of Li
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Figure2: Temperaturedependence of knight shift of Na
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Figure3: Temperaturedependence of knight shift of K

improvement on thelines of Beer [1972], for future
studies. From the above mentioned factsit isapparent
that theknight shift and itstemperature dependencehave
been reasonably predicted on thebas s of the HFP tech-
niquein conjunctionwith Pake’sformalism.

Itisto bementioned that theZiman’sformaismfor
theeectrica resstivity involvesthesquare of theform
factor withinitsintegrand hence, it dependsonly onthe
magnitude of theform factor. In contrast, the Pake’s
formalismfor the knight shift involvestheform factor
linearly withinitsintegrand. Henceit dependsboth on
themagnitudeand thesign of theform factor.

CONCLUSION

From the above mentioned facts it may be con-
cluded that the HFP techni que can be successfully used
for thecomputation of theknight shift of liquid metals
provided suitableinput parametersare used. However,
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