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ABSTRACT

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

has been obtained.

INTRODUCTION

Thepresent theoreticd investigationisconcerned with
thestudy of thetemperature dependence of the el ectri-
cd residivity of liquid dkai metd snear and abovetheir
respectivemdting points. For the purposetheHarrison’s
firgt principle (HFP) pseudopotentia techniquehasbeen
used. Thisis basicaly an orthoganlized plane wave
(OPW) techniquefirst proposed by Herring™ and later
devel oped by Phillips & Kleinman*”, Harrison3,
Cohen and otherg>® and Antoncick!. Hencewehave
been encouraged to use thistechniquefor the present
investigation. Inthefollowing sectionswe present the
formdismfor thecomputationof eectrica resstivity fol-
lowed by result, discussion and conclusion.

FORMALISM
Thetheory of dectrica resstivity of smplemetas

was devel oped through the pioneering work of Bardeen
(1937), Faber®, Bhatiaand K rishnan®, Gerstenkron*”l,

© 2010 Trade ScienceInc. - INDIA

Bailyn? and others. It was Ziman? who re-discov-
ered thisbasicformulaat thetimewhen the concept of
pseudopotential wasbeingintroduced. Ziman’sformula
based on nearly free d ectron approximation could suc-
cessfully describethe behavior of conduction eectrons
inagmpleliquidmetdseg. dkadi metds. Inthisgpproach
the conduction electrons are supposed to form ade-
generate electron gas having spherica Fermi surface.
They arescattered by theirregular arrangement of me-
tallicions. Their scattering can be treated within the
framework of perturbation theory whichgivesrisetoa
finite relaxation time t, which is substituted in the
Boltzman equationto derivethetransport properties.
Theéectrica conductivity isgiven by

=%e2v|2:N(E|:)1: )
where, eistheélectronic charge. v_isthevelocity of
electron onthe Fermi sphere, N(E,) istheelectronic
density of states on the Fermi surface and t is the
relaxationtime.
Therdaxationtimetisgivenby



2 Temperature dependence of electrical resistivity of liquid alkali metals

Short Commumnlicgtion ==

% = [ (1- cos0)Q(6)dw )

where, Q(0) isthescattering probability throughanangle
0 into the solid angle dw. There are various form of
equation (1) but Ziman'? hasshown that this expres-
sonisbased on minimum number of gpproximations.

Thetrangtionrateper unit solid angle between states
| k) and | kY onthe Fermi surfaceisgiven by

2%
Q(e) = Y

Sincethe spin of the electron doesnot change on
scatteringonly haf of density of stateswill beavailable
for transition. Hence afactor of half has been intro-
ducedinequation (3). Here W isthecrystal potential
which may be expressed as
W(r):Zw(r—rj) @

J
where, r isthe center of thej™ion carrying thepotential
w(r— rj), by an argument exactly equivaent to the stan-
dard calculation of x-ray or neutron diffraction by lig-
uidions.

We get the matrix e ementsfor the crystal potential

<k|W‘k'>EN(EF)/4N ®

<k|W|k>:w(k,q)%Zexp(iq.rj) ®)

J
where, q=k -k’ andw(k, q) isthe Fourier transform
of thepotentia of anion normalizedto atomicvolume.
Therest part onr.h.s. givesthe structure factor a(q).
Squaring theexpression and teking the Satitical aver-
ageover thearrangement of ionintheliquid givesus

(kiwlk )} = N~k 0) (o) ©
where, a(q) isthe structure factor and w(k, q) isthe
form factor, putting together the above equation and
usng

q=2k_sin 6/2 (7
weget thebasicformulafor eectrical resitivity,

2 3
3nZQqg 1 2 1
R =20 [w(k,q) a(q)z(ki] d(ki] ®
he® VEQ F F

COMPUTATIONAND RESULT

Theformfactor hasbeen computated through vari-
ous combinationsof input parametersviz, coreenergy
eigenvalues €, Xa-exchange parameter o and
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orthogonalition hole parameter 3. To computethetem-
perature co-efficient of thedectrica resstivity theform
factors have been computed at two different tempera-
turesone abovethe melting point of respectivemetals.
For Li these temperatures are 170°C and 250°C for
Na105°C and 200°C for K, these are 70°C and 105°C.
The abovetemperatures have been chosen becausethe
experimentd sructurefactorsareavailaoleat thesetem-
peratureswhich arerequired for electrical resistivity
cdculations.
Lithium

It is observed that with both the eigenvalues
Herman-Skillmanl*¥ and Clementi! to bereterred to
asH and C eigenvaues. Theformfactorsusingo.= o,
and 3 = 1 givethe closest agreement with the experi-
menta datathat is23.7 and 23.4 against 24.8 uyQQcmat
170°C and 29.0 and 27.8 against 29.1 uQ cmat 250°C.
However, with boththeeigenvalueso.=2/3and 3 =5/
8 also givesreasonable agreement at 250°C.
Sodium

Noneof theformfactorsgivecloseagreement with
theexperimenta datathe H-eigenvaues, with o =2/3
and 3 = 5/8 givestheresistivity 12.6 uQcm and the
Clementi eigenvalueswith o = 2/3and 3 =5/8, gives
theresistivity 13.3 against 9.43 uQQcm at 105°C. At
200°C the H-eigenvalues with . = 2/3 and 3 = 5/8
gives the resistivity 13.7 against 12.38 uQQcm and
Clementi eigenvalueswith o =2/3and 3 = 1 givesthe
resistivity 17.8against R, , =12.38 uQcm. Itistobe
mentioned that using Harrison first principle
pseudopotentia techniqueand experimental structure
factor Singh*® has obtained R = 14.2 to 19.55,
Khan!*®l has obtained R = 12.0-26.8 and Prasad(*®
hasobtained R = 27.8-18.4 usng HFPtechnique. Hence
our resultsarein reasonableagreement with experiment.

Potassum

For Potassium the C-eigenvad ueswith o =2/3and
B =5/8givesR =13.7 andtheH-eigenvalueswitha =
2/3and B =5/8givesR=12.0against R, =13.95
uQcm at 70°C. At 105°C the H-eigenvalueswith o =
2/3and  =5/8 givesR = 15.8 and C-eigenvalueswith
the same combination givesR = 13.3 against R =
14.64 pQcm.

Thetemperature dependenceof eectrica resistiv-
ity of Li, Naand K hasbeen shownin Figurel, 2 and
3respectively. For Li itisobserved that thevariation of
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Figurel: Temperaturedependenceof electrical resistivity
of Li
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Figure2: Temperaturedependenceof electrical resistivity
of Na
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Figure3: Temperaturedependenceof dectrical resistivity
of K

resistivity agreeswell with experimenta data. For Na
theresult computed through C-el genva uesagreesqudii-
tatively with experiment. Thesameisthecasefor K.
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CONCLUSION

From the above mentioned facts it may be con-
cluded that the HFP techni que can be successfully used
for thecomputation of theelectrica restivity of liquid
metal s provided suitableinput parameters are used.
However, asvariousgpproximationsareinvolved within
theframework exact reproduction of the experimental
dataisneither expected nor desired.
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