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Abstract

Models for computing thermal resistivity, compressibility ratio, and screening
parameter of metals was developed and used to study the effects of screening on the
thermal resistivity and compressibility ratio of metals. The results obtained revealed that
the thermal resistivity of metals increases with an increase in the electron gas
parameter. It also increases with an increase in the screening parameter showing that
the screening in metals affects the thermal resistivity of metals. The results obtained
further revealed that thermal resistivity of metalsincreases with increase in temperature.
On the compressihility ratio, the results obtained shows that the compressibility ratio
decreases with an increase in the electron gas parameter. Also, the compressibility ratio
decreases with an increase in the screening parameter.
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1. Introduction

Transport processes in solids leads to electrioatactivity, thermal conductivity, thermal resistyvetc. These are
affected by electron-electron, electron-impurityd aglectron-phonon scattering. These scatteringgss®s are temperature
dependent. Carriers in conductors move in a defidirection under applied fields and temperatusslignts. At the same
time they will also be scattered by impurities, edd$, and lattice vibrations. The circumstancesvirich electrons are
scattered in a material determines its conductieityesistivity [1]. Over the years, the thermaisévity of solids has been
studied both theoretically and experimentally. Rechand Toussaint [2] applied the Mannori-ZimaniBaheory to
calculate the thermal resistivity anisotropy ofczand cadmium in two symmetry directions. The rssabtained revealed
that thermal resistivity is temperature dependand it increases with increase in temperature.cBfeulation introduced an
inelastic contribution peculiar to anisotropic ntetaNumerical calculations using inelastic conttibn, empirical form
factors and experimental phonon spectra reveakdlile inelastic contribution could explain the {mmperature behaviour
of zinc.

Prakash and Hemkar [3] studied the electrical Aednbal resistivities of alkali metals and their parature dependence
in the free electron approximation using the maafeBehari and Tripathi [3] for the phonon spectrunhe results they
obtained were compared with experimental values iandas found that the results followed the sanmendr as the
experimental values but the agreement with experiatevalues was poor. Kus [4] studied the electrahermal resistivity
of potassium and lithium and their dilute alloysngstwo new functional which gives the energy dejmnte of the trial
function. He found that the effect of anitropy waegligible for lithium. He also studied the dewetiof dilute potassium
alloy from Mathiessen’s law. MacDonald and Geld&}tdeveloped a simple approximation that gavevidlees of electron-
electron contribution to the thermal resistivity 9imple metals that are in good agreement with exm@atal values. The
metals were modelled using electron gas with edeatrmass and electron-electron interaction to aetdor crystalline
effects. They compared their values of electrotede scattering contribution to thermal resistivitith the ones published
by Kukkonen and Wilkin [6] and found that apartrfr@\l, their results were generally lower for thetale investigated.
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Iwamoto [7] studied the effect of screening on ttiermal resistivity of alkaline metals by using tscreened Coulomb
interaction with effective potential composed c# thare Coulomb potential divided by the dieledwiection using the static
long wavelength limit of the dielectric functioneHtompared the results obtained with experimerghles and the results
obtained using other models. The results he go¢ wkrsed to experimental values and he found Heathtermal resistivity
of metals is affected by ionic core polarizationdaipand mass. Lundmark [8] studied the exchange camcelation
contribution to electron-electron scattering pdrth@ thermal resistivity in Na and K using a Fetiguid model. He found
that at high pressures, the local density apprakimgLDA) dielectric function gave results for tieal resistivity of metals
that are twenty times higher than results from othielectric functions or experimental results.

Lundmark [9] calculated the electron-electron sréiy contribution to the thermal resistivity ofdiom (Na) and
potassium (K) for various pressures using isotropégemi —liquid model. The fractional Umklapp scettg function
calculated in the work were hundred times highantthe most commonly accepted values. This catmsedl¢ctron-electron
scattering part of the thermal resistivity to besfpercent higher when compared with earlier cattahs where the Umklapp
scattering function was omitted.

In this work, we develop models for computing thertal resistivity, compressibility ratio, and semang parameters of
metals. Based on the results obtained from the atingp the effects of screening on the thermal stasly and
compressibility ratio of metals will be studieddnder to get an insight into how thermal resisgivahd compressibility of
metals is affected by screening in the metals.

2. 0 Theoretical Consideration
2.1 Thermal Resistivity of Metals
The thermal resistivity of metals is given [10] as
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where ¢ is specific heat capacity; 6 the Fermi velocityr, and k are related to the angular averages ofciitesing rate.

For a quasiparticle at the Fermi surface, the mglar time is 24+, where 11, isproportional to an angular average of
the scattering rate i.e
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where W(8', @) is the collision probability,d" is the angle between the two incoming particieis the angle between

the planes of the incoming particles and that df gning particles. For scattering of electronsha Fermi surfaceg is
identical with the centre of mass scattering aBdhetween the incoming and outgoing relative momenta

p=0 3)
The incident energy in terms of the two incomingmenta leads to
E
cosf '= 1-— 4)
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The transition rate for the collisiok, 0, + K, 0, - k0 + K g, is obtained through the Thomas-Fermi golden rule
[11] as
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where the delta functions of momentum and energse liseen left out and is the scattering cross section and the
potential v(K) is

V(K) = [expi (r ) €y =—[2’Z jf 0) ®

where f@) is the scattering amplitude in the centre of n®s$em on the Born approximatiqnis the reduced mass and
T is the normalized Planck’s constant. For the paakahder consideration,
1
f(0)=—
k2 +k
where k is the wave vector angi& the screening wave vector . The transition wgf&g) in equation (2) is obtained by
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multiplying equation (5) by ¥ because equationirgiglicitly include the sum over final spins. Hence
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a@) =1 f@)F|+|f 7-6)f - Reff ¢ -6) (©)

Hence equation (1) becomes
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where kis the Thomas-Fermi wave vector . The exact résult

and
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It is assumed that phase shifts beydpdre negligible. Hence
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The integration in equation (17) is carried out ewically. Kukkonen and Smith [11] by settinl}jS = Arj/zkf,

S

orr Vs
on r;and A. They estimated this dependence and obtdireithterpolation formula

w=1.10x10° (r2* /A*®)T  cmk W (18)
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2.2 Screening parameter and Compressibility
The interaction potential between two electrona potential is

V(g =7

As a result of screening, the electrons avoid eatbler in accordance with Pauli exclusion principke the mutual
Coulomb repulsion between them. This interactiam lwa written as

(19)
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whereg(q) is the dielectric constant expressed as
A 2
£(g) =1+ q—sz (1)
where/]s is the inverse Thomas Fermi screening length. elenc
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Fourier transforming we have
1 5 .
Un(0) =50 _[,U « (Q) expigrdq (24)
U, (r) = %exp(—/]sr) (25)

The effective interaction between an electron @nRarmi surface and the test charge is given [6] as
Ugr = Z(ki )A(K;, @)U () (26)

where Z(K) is the vertex function\(k; ,r) is the quasi particle renormalization factor.
Since the two electrons exchange with the screeglimgtrons independently, each electron acquinesrtex correction
and the approximate effective interaction betwdeontens with opposite spins is

Uy = [Z(k)AK 9] Uy (1) @)

Since Thomas-Fermi screening is used in this wooky Z(k) andA(ks,q) are taken to be unity.
The compressibility of the uniform electron gaslétermined by the second derivative of the totargy with respect to

volume.
2
k = (V ZVEJ (28)

The compressibility of the ratio of the non-inteiag electron gas. to that of the interacting electron gas, k is give
[12] as

e = (1—ﬂars yOJ (29)
s

k
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Isis electron density paramete¥, = (4/977)]/ and E is the correlation energy per electron.

The correlation energy used in this work is tha€Caperley and Alder [13] as parameterized by PeraeivZunger [14]
expressed as
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_ -0.1423 (30)
E. =
1+1.0529Y2 + 0.3334
In the long wavelength limit, the effectivegraction is determined by the compressibility i.e

u, = 4_’27 _k (31)
As kfree
whereAs is the screening parameter expressed as [15]
12
AS = —I' (32)
1.56318

The thermal resistivity, compressibility ratio, sening parameter of metals will be computed and dffects of
screening on the thermal resistivity and comprdggilbatio will be studied.

3.0 Results and Discussion
3.1 Thermal Resitivity

The variation of thermal resistivity computed Inmstwork with electron density parameteglis shown in Figure 1.
As reveled by Figure 1, for the transition metaf&l anner transition metals in the high-density timi <2.75 a.u, the
computed thermal resistivity of metals in the regi® small and varies from one metal to anotheut fBr 3<r;< 5.8 a.u,
the thermal resistivity of metals in this densiggion increases from one metal to another and theimal resistivities are
high compared to metals in the high-density regidrhis may be due to the large number of valeneeteins found in
metals in the low-density region. Furthermore, tbgults show in Figure 1 reveals that the themasiktivity of metals is
highly affected by the valence electrons in theaiseshowing that the number of valence electronthénmetals directly
affects their thermal resistivities.

Figure 2 shows the variation of thermal resigyiviiith screening parameter for metals. Figure Rildts the same
trend as Figure 1. Figure 2 reveals that the therasistivity of metals increases slowly with sarimg parameter till when
the screening parameter is 0.55A. But when theesing parameter is above 0.57A, the thermal iesjsincreases
exponentially with the screening parameter. Figligeems to suggest that the screening betweegldbigons affects the
thermal resistivity of the metals as metals withaBrmacreening parameter have small thermal regissvand metals with
high screening parameter have high thermal regtistv

Figures 3 shows the variation of thermal resistiwith temperature for alkali metals. As the temapere increases,
the thermal resitivity of alkali metals increas€hke variation of thermal resistivity with tempenatwobtained in this work is
in good agreement with the results of [2]. Thisyrbe due to the fact that increase in temperatatesas an increase in
electron-electron interaction with a consequemtialease in the thermal resitivity of the metals.

3.2 Compressibility Ratio

Figure 4 shows the variation of compressibilitficavith electron gas parameter for different metedlculated
using equation (29). Figure 4 reveals that thepressibility ratio decreases with an increase endlectron gas parameter.
The decrease in compressibility ratio as the edectyas parameter increases seem to suggest tbhabetein metals in the
high density limit have lower polarizability andghier compressibility while electrons in metalshe tow-density limit have
high polarizability and low compressibility. Theetrd exhibited by the compressibility ratio suggedkts the higher the
number of valence electrons the smaller is the cesgibility ratio. The compressibility ratio obtad in this work is in
perfect agreement with the theoretical predictibfb

Figure 5 shows the compressibility ratio as a fiomctof screening parameter. As revealed in Figbyethe

compressibility ratio decreases with increase i shreening parameter. This suggests that meitishigh screening
parameters like the alkali metals has small congiléity ratio. Also, this seems to suggest thampressibility ratio of
metals is inversely affected by screening in théaise

The results obtained for thermal resistivity oftat in this work follows the same trend as thailissobtained by
Iwamoto [7]. The difference between our results tivad of lwamoto [7] may be due to the band masghvhe put into put
into consideration which we did not put into corsation. The results obtained for compressibilétia in this work is an
improvement over the work of Browen [12] and th&tkaikkonen and Wilkins [6]. The improvement ariseem the
correlation energy used in this work as the cotimteenergy affects compressibility ratio.

4.0 Conclusion
The effects of screening on the thermal resistiaitg the compressibility ratio of metals have baarcessfully studied.
From the study, it was found that the thermal tagig of metals increases with an increase in temfure, also, thermal
resitivity of metals if affected directly by electr-electron interaction and the thermal resistieitynetals is directly affected
by the screening parameter. The compressibilitip @&pends inversely on the polarizability of thetah and it decreases
with an increase in the screening parameter.
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Fig. 1: Variation of thermal resitivity with elecin density parameter of metals.
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Fig.3: Variation of thermal resisty with temperature for alkali metals.
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