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Abstract

In this paper the specific heat and compressibility of quasiefestivere computed
based on the modified Landau theory of Fermi Liquids using the elatgrmity parameter. The
Landau Fermi liquid theory’s basic idea is to compare the exsties of the quantum liquid
with those of the free Fermi gas. The excited states dfytstem consist of states where one or
more fermions are excited to higher energy states. The metmdsed to compute the specific
heat and compressibility of quasi-particles for some methksrdsult obtained revealed that as
temperature increases the specific heat of quasiparticlestalsnncreases. For compressibility,
at high density region, there is good agreement between expetic@niaressibility of metals,
computed and Landau values for compressibility of quasi-particlds atipow density limit, the
level of disagreement between them increases with increadedinon density parameter.The
Landau Fermi liquid theory overestimated some properties of gadsites, which are
supposed to be a contribution to bulk properties of metals. But the ndoldafirelau Fermi liquid
theory give a better estimation of the contribution of quasi-pasticdethe bulk properties of
metals when compared with experimental values. The agreemigveddn the computed results
and experimental valuesrevealed that the introduction of the elad#rmity parameter in the
Landau theory of Fermi Liquidsis promising in predicting the contidoutif quasi-particles to

the bulk properties of metals.
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1.0 Introduction

The free electron model formulated by Drude described the ‘ealelectrons of the
atoms in a metal as a gas of non-interacting conduction eleclioeyg are non-interacting in the
sense that no forces are assumed to act between the pastitlesveen the particles (electrons)
and the positively charged ions of the lattice. A quasi-paiscietype of low-lying excited state
of the system (a state possessing energy very close todtnedgstate energy) that is known as
an elementary excitation. As a result of this closeness, ahtis¢ other low-lying excited states
can be viewed as states in which multiple quasi-particlespasent, because interactions
between quasi-particles become negligible at sufficientlytemperatures. By investigating the
properties of individual quasi-particles, it is possible to obtajreat deal of information about
low-energy systems, including the flow properties and heat itgpaandau’s theory is to a
large extent based on the idea of a continuous and one-to-one corresgonelsveen the eigen
states (ground state andexcited states) of the non-interactthgha interacting system[1].
Landau’s Fermi liquid theory is concerned with the propertiesrainy-fermions system at low
temperatures (much lower than the Fermi energy) in thenotatal ghat is in the absence or at
least at temperatures above any symmetry breaking phasgitra (superconducting, magnetic,
or otherwise). The ideal example for Landau’s theory is lidie, above its superfluid phase
transition, however, the conceptual basis of Landau’s theory iflyegpplicable to a variety of
other systems, in particular electrons in metals [2].In quamh@Thanics, a group of particles
known as fermions (for example, electrons, protons and neutrons) lobdyatili Exclusion
Principle. This states that no two fermions can occupy the gane-particle) quantum state.
The states are labelled by a set of quantum numbers. In emsy@tgaining many fermions (like
electrons in a metal), each fermions will have a differentfsquantum numbers. To determine
the lowest energy a system of fermions can have, we first gheugtates into sets with equal
energy, and order these sets by increasing energy. Staitingn empty system, we then add
particles one at a time, consecutively filling up the unoccupied guoastates with the lowest
energy. When all the particles have been put in, the Fermiyeigethge energy of the highest
occupied state.The Landau Fermi liquid theory overestimated tipenties of quasi-particles,
which are supposed to be a contribution to bulk properties of metals[Beésnodified Landau
Fermi liquid theory is therefore used to study the contribution ofiqaascles to the bulk

properties of some metals. Andregt al., [7] considered the non-analytic temperature
dependences of the specific heat coeﬁic@(ff)/T, and spin susceptibility)(S(T) of 2-

dimensional interacting fermions beyond the weak-coupling limit. Tiysvas demonstrated
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within the Luttinger-Ward formalism that the leading temperatiggendences c(E(T)/T and

)(S(T)are linear inT, and are described by the Fermi liquid theory. The temperature

dependences were shown to be universally determined by the statésenEermi level and, for
a generic interaction, are expressed via the spin and charge compohetite exact
backscattering amplitude of quasi-particles. Katnelson and ldve\B] obtained the general
expressions for the contributions of the Van Hove singularity (MAShe electron density of
states to the thermodynamic potential V in the framework ofcaostopic Fermi-liquid theory.
The renormalization of the singularities in V connected with tlighltz electronic topological
transition (ETT) is found. Screening anomalies due to virtuakitians between VHS and the
Fermi level are considered. It is shown that, in contrast tivétone-particle picture of ETT, the
singularity in V turns out to be two sided for interacting etewtrLi et al., [9] studied the
thermodynamic response, effective masses, and collectivatexes for thin (submonolayer)
®He films as a function of density and polarization using Feqnidi theory. The Landau
parameters'f, f'¥, f* were obtained to quadratic order in the low-density s-wave -avaivp T-
matrix interaction parameters. Values for the effectiveratdtion components are determined by
fitting zero-polarization experimental data for the cases of e films on graphite and also
thin *He films in surface states of thin superflide films. By fitting the interaction parameters,
the Landau parameters were calculated to all orders, and sheswdts rfor the behaviour of
F'fort<30. With knowledge of the Landau parameters the polarization dependetive
state-dependent effective masses, compressibility, spin sisidyptnd zero-sound spectra for
the mobile submonolayer range of a real densities were daldul@he results predicted a
dramatic decrease in the effective massesHer on graphite as a function of polarization at
higher coverages. At fixed density, the compressibility is showdecrease monotonically with
increasing polarization. At small polarization the inverse spateptibility is largest for small
density whereas at large polarization it is largest fayelatensity. The result also showed that
zero sound will propagate at all densities and polarizations whepga zero sound does not
propagate in these systems. The condition for thermodynamictstabiin arbitrarily polarized
Fermiliquid film is derived and discussed. The Fermi surfastodion due to the presence of a
zero-sound mode was explicitly stated. Sykes and Brooker [10] derxaetl expressions for the
transport properties of a degenerate Fermi liquid. The caeffic of shear viscosity, thermal
conductivity, diffusion and second viscosity were evaluated giving soltdgioshear viscosity,
and diffusion that agree within 25% with those originally quoted. Howether thermal

conductivity is reduced by a factor of about 2. The coefficieseobnd viscosity was shown to
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vary with temperature like T Caspar and Gotz [11] introduced a continuous unitary
transformation which realizes Landau’s mapping of the elemeataniyations (quasi-particles)
of an interacting Fermi liquid system to those of the systemmowt interaction. The
conservation of the number of quasi-particles is important. Thefdraretion is performed
numerically for a one-dimensional system, that is, the warse ¢or a Fermi liquid approach.
Yet evidence for Luttinger liquid behaviour is found. Such an approachop®y a route to a
unified description of Fermi and Luttinger liquids on all energy scale

In this work, we modified the Fermi liquid theory using the tetet density parameter
and the modified Fermi liquid theory is used to compute the specéicamel compressibility of
Fermi liquid in other to see the predictability of our modifiednkidiquid theory.

20 Theory and Calculations.

21  Specific heat of quasi-particles

The specific heat is the energy increase for a temperatarease of one Kelvin keeping the
volume and the particle number constant. The general definition afispeat is given as,

c=129 (2.1)
N AT

The Fermi liquid theory enables us to investigate the effecpasficle interactions on
macroscopic properties of the many-body system in terms gihy@omenological parameters
of the quasi-particle model [12-15].

Considering the free energy for the thermodynamic propertiggstha
F=E-uN=F,+ Z(ep —,u)ang +%z f_.(p p')on,,on,, (2.2)
po pp’

Where F is a function of the temperature, T, the number of legitid, and the system volume,
V.The dependence on temperature determines thermodynamic memrth as the specific
heat at constant volume, given by,
c, =(6_Fj 2.3)

aT v
The linear term in equation (2.2) is of ordEt, while the quadratic term is of ordar*.Hence,

at low temperatures,

F(-F, =[§jg(&)(KBT)Z+0(T“) (2.4)

so that,



C,=yT+0(T°) (2.5)

where,
. (T _mPK?
equation (2.6) is the coefficient of specific heat.
* 2
thereforeC, = % (2.7)

equation (2.7) is the Landau Fermi liquid theoeggression for specific heat of quasi-particles

at constant volume.

Recall that the Fermi momentum at the Fermi suriaggven by,

P =1k, = h(g—”js 1
4/ (2.8)

inserting equation (2.8) into (2.7) the modifiedndau Fermi liquid theory's expression for the

specific heat of quasi-particles in terms of trectbn density parameteyis obtained as,

vToepr L 4) 1

o MKET (9_nj% 1
s (2.9)

2.2  Compressibility of quasi-particles
Compressibility of solids is defined generallytlas ratio between the volume changes in

response to the change in pressure [12,14,15]compressibility for zero temperature is given

by,

=—=—=— == (2.10)

Recall that the equilibrium distribution is gives, a

0 1
= 2.11
npg e(fpo_/-l)/KBT +1 ( )
Then from equation (2.11) we find,
on’
oy, =5 % (o, — ) (2.12)
po



on
Since, a—p”vanishes except at the Fermi surface gmgroduces a variation of,that is
po

isotropic (that is, exhibiting identical propertigsall directions) and independent of spin, such
that,

XE=>¢,0n, and
po

f, S =2|T+1 j_lld(cosé P, (cos )L J'; (2.13)

Then,

%, = f; Y on,, = fson (2.14)
po’

Summing equation (2.12) oves,p

on=N(0)(du~ fson) (2.15)

Or equivalently,

ou 1+F; '
Hence,

_ 1 N(0)
o= 1% F: (2.17)

where equation (2.17) is the Landau Fermi liquidotly's expression for compressibility of
guasi-particles.

Recall thatthe quasi-particle concentration atRéeni surface is given by,

N 3 )1

n=—=—|= 2.18
\% (47‘[} re (2.18)
and the quasi-particle density is given by [15],
_ m* PF

e (2.19)

N(0)



then by inserting equation (2.8) into equation 92\e obtain,
5 %
no)=2:( %)
s (2.20)
Then, inserting equation (2.18) and equation (2iu2@)(2.17) the modified Landau Fermi liquid
theory's expression for the compressibility of dgupasticles in terms of the electron density

parameter {J is obtained as,

x5
LM
S

h (2.21)

o=3.411

where F’is the Landau parameter obtained from the dispersiation,

A A+l 1

Anlitg= =

2 /1 _1 Fo (222)

where A = 2% and o = 0.5211. (2.23)
Vi

3.0 Resultsand Discussion
31 Specific heat of quasi-particles

Figure 1 shows the variation of computed specifeathof quasi-particles with
temperature for some metals. The result showedathwmperature increases the specific heat of
quasi-particles increases for all the metals catedl. It is observed in Table 1 that the specific
heat of quasi-particles for monovalent metals igdain transitions metals (copper (Cu), silver
(Ag) and gold (Au)) than most of the alkali metdlkis is due to the d-block electrons that have
filled electron shell which lies high up in the cuction band in noble metals. It is also revealed
that the specific heat of quasi-particles for divélmetals is larger in transition metals than the
alkali earth metals and this is because the tiansihetals have d-block and f-block electron
shells that can enhance the value of the speait bf quasi-particles. The result also revealed
thatspecific heat of quasi-particles depends oreffective mass of the particles as the higher
the effective mass the higher the specific heata#p of quasi-particles in the metals. For

example Niobium (Nb), Platinum (Pt), Manganese (ngl Nickel (Ni) have effective masses,



of 12, 13, 27, and 28 respectively and they hagedrivalues of specific heat. Generally, it is
observed that for incomplete filled electron shiedt specific heat of quasi-particles is large due
to the motion of the free quasi-particles, whicltdsees more energetic at high temperatures
[12]. This is more pronounced in transition metdlscause the quasi-particles in the
incompletely filled d-blocks are close to the coctitn band hence they could be excited at any
temperature. The result further revealed that treputed value for the specific heat of quasi-
particles of metals with large values of Fermi matnen is high. This may be due to the fact
that as Fermi momentum of metals increases interaeimong quasi-particles also increases
and hence more quasi-particles are excited todhduction band with increase in temperature.

It is observed from Table 1 that the experimenpecgic heat of metals is higher than
the computed values of specific heat of quasi-gadiat different temperatures. This may be
due to the fact that the specific heat of metals d@ntributions from quasi-particles, electrons
and other interactions in the metals. But for heawtals, for example, Antimony (Sb) the
computedspecific heat of quasi-particles is claséhe values of experimental specific heat of
metals. This may be because of the high numbeuasieparticles that it contains. Furthermore,
the computed value of specific heat of quasi-plagiat 1200 K is closer to experimental value
of specific heat of quasi-particles of some of thetals used in the work and for others it is
higher compared to experimental values of spebiat of metals at lower temperatures. This
may be due to the fact that as temperature incsghsenumber of quasi-particles in the metals
increases and their contribution to bulk specigatof the metals increases.

Figure 2shows the variation of Landau specific ledaguasi-particles with temperature
for some metals. Also as observed in the compueifep heat of quasi-particles, heavy metals
and transition metals have higher values of speti@at of quasi-particles compared to the
simple and alkaline metals that their specific liajuasi-particles is lower. It is observed also,

that the values of Landau specific heat of quadigdes are higher than bulk specific heat of



metals. This may be due to the fact that the Lapdaameter must have been over estimated in
its application.
3.2  Compressibility of quasi-particles

Figure 3 shows the variation between experimentdk ltompressibility of metals,
computed and Landau compressibility of quasi-pagievith electron density parameters. The
figure 3 revealed that at high density limit thase agreement between experimentalbulk
compressibility of metals, computed and Landauesfor compressibility of quasi-particles. In

this regioi<r < 3au, we have the transition, inner transition and aahktals. These metals

have high number of quasi-particles and they amdgepresentation of a system of quasi-

particles. For,>3au, the disagreement between the experimentalcompiggsof metals,

computed and Landau values for compressibility wdsitparticles increases with increase in
electron density parameter. These may be due téattehat, the metals in these low density
limit are simple and alkaline metals that have tmwcentration of quasi-particles. Hence, more
guasi-particles could be excited from just below fermi energy to just above the Fermi
energy. That is, as compressibility of the systemigh the system requires only an infinitesimal
energy for more quasi-particles to be added tostrstem [12, 14, 15]. From the figure it is
observed that the computed and Landau values fopassibility of quasi-particles in metals
are close and the level of disagreement between thereases with increase in electron density
parameters. It is also, observed that the compuakees of compressibility of quasi-particles is
closer to experimental values of compressibilitynmaétals than the Landau compressibility of
quasi-particles in metals. This may be due to #doe that the introduction of the electron density
parameter which modified the expression of Landatmi liquid theory might have given a
better estimation of the computed values of congilbéiy of quasi-particles than Landau Fermi

liquid theory.



It is observed from table 3 that the compressibitit quasi-particles of transition and
heavy metals have smaller values than the compilissiof quasi-particles of simple and
alkaline metals. This is because the electron tdeparameter of simple and alkaline metals is
larger than the electron density parameter of ridesttion metals. This could also be attributed
to the fact that transition metals have high cotregion of quasi-particles which makes the
system denser and will make the system not to acwmate more quasi-particles. Therefore,
for the transition metals the system is more cosgeé, that is, more quasi-particles are found
above the Fermi surface and adding more quaskifemtimake the Fermi Sea denser or
compressed.

4.0 Conclusion.

The expressions for the modified Landau Fermi LdgUiheory obtained in terms of the
electron density parameter were used to computeptbperties of quasi-particles and the
computed values are compared with the Landau vandsexperimental values available and
revealed that it can account and predict very Wl contribution of quasi-particles to the bulk
properties of metals. The specific heat of quasiiglas increases as temperature increases for
all the metals investigated. The landau specifiathef quasi-particles is higher than
experimental specific heat of metals but the comghwalues is smaller than the experimental
specific heat of metals. For compressibility, aghhdensity limit there is agreement between
experimentalcompressibility of metals, computed amehdau values for compressibility of
quasi-particles while at low density limitthe lev#ldisagreement between them increases with
increase in electron density parameters. Theselraajue to the fact that, the metals in these
low density limit are simple and alkaline metalatthave low concentration of quasi-particles.
Hence, more quasi-particles could be excited frash pelow the Fermi energy to just above the

Fermi energy.
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Table 1. Computed Specific Heat of Quasi-particles in metals and its variationwith
electron density parameter (rs). The electron density parameter and Experimental Specific

heat wer e taken from[12,15].

Metals | Z | rga.u) | Calculated values of the Specific Heat of quasi-particles at | Exp. Specific
different Temperatures (J/kg K) heat (kJ/kg K)
200 400 600 800 1000 1200 300

Li 1 |3.28 89.71 179.43 269.14 358.86 448.5[7 538.283.57

Na 1| 3.99 41.69 83.37 125.05 166.74 208.42 250.11 .21 1

K 1496 30.95 61.91 92.86 123.81 154.7)7 185.72 50.7

Rb 1|5.23 31.802 63.60 95.41 127.21 159.01 190.81 .36 0

Cs 1] 5.63 34.09 68.17 102.24 136.3b 170.44 204.52 .24 0

Cu 1| 2.67 62.29 124.59 186.88 249.1y 311.46 373.76.39

Ag 1] 3.02 46.60 93.20 139.80 186.40 233.00 279.60 .23 0

Au 1]3.01 46.76 93.51 140.27 187.02 233.78 280.53 .13 0

Be 2| 1.87 28.74 57.47 86.21 114.94 143.68 172.41 83 1.

Mg 2 | 2.66 62.53 125.05| 187.58  250.11 312.64 375.161.05

Ca 2| 3.27 70.43 140.85| 211.28 281.70  352.13  422.5%.63

Sr 2 | 3.57 71.68 143.35| 215.03 286.70 358.38  430.09.30

Ba 2| 371 48.28 96.56 14484  193.12 24140 289.68.20 0

Nb 2 | 3.07 500.09 1000.20 1500.30 200040 2500.5000.80 | 0.27

Fe 2| 212 482.79 965.59| 144840 193120 2414.00 6.289| 0.45

Mn 2 | 214 1614.20 3228.40 4842.60 6456.80 8071.088520 | 0.48

Zn 2 | 2.30 47.28 94.56 141.85 189.13 236.41 283.69.39 0

Cd 2| 259 36.55 73.11 109.66 146.22 18277 219.33.23 0

Hg 2 | 2.65 101.39 202.77 304.16 405.55 506.93 608.320.14

\ 2 | 1.64 110.78 221.56 332.33 443.11 553.89 664.660.39

Ni 2 | 2.07 1730.60 3461.20 5191.80 6922.40 8653.00384.00| 0.44

Zr 2 | 211 124.30 248.60 372.91 497.21 621.51 745.810.27

Bi 3 |225 2.67 5.35 8.02 10.69 13.36 16.04 0.13

Ti 3 |1.92 73.30 146.60 219.90 293.20 366.50 439.790.54

Al 3 207 86.53 173.06 259.59 346.12 432.65 519.180.90

Ga 3| 2.19 36.22 72.44 108.64 144.88 181.10 217.32.37 0

In 3 |241 79.63 159.26| 238.89] 318.52 398.15 477.78.24

Tl 3 | 248 56.75 113.50 170.24 226.99 283.74 340.490.13

Sn 4| 2.22 74.92 149.84 224.764 299.68 374.60 449.52.21

Pb 4 | 2.30 105.69 211.38 317.07 422.76 528.45 634.19.13

Sb 5| 214 22.72 45.44 68.16 90.87 113.59 136.31 1 0.2
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Table2: Landau Specific Heat of Quasi-particles at different temperatures. The effective

mass wer e taken from[12,15].

Metals | Z | m/m | Landau Specific Heat of Quasi-particlesat different Temperatures (kJ/kg K).
200 400 600 800 1000 1200 | 1400
Li 1 1230 26.81 53.63 80.44 107.25 134.06 160.88 7.688
Na 1 | 1.30 12.45 24.90 37.35 49.80 62.25 74.69 87.14
K 1 1120 9.37 18.74 28.10 37.47 46.84 56.21 65.58
Rb 1 | 1.30 9.47 18.94 28.42 37.89 47.36 56.83 66.3]
Cs 1 | 1.50 10.15 20.30 30.45 40.60 50.74 60.89 71.0
Cu 1 | 1.30 18.40 36.81 55.21 73.61 92.01 110.42  8228.
Ag 1 ]1.10 13.74 27.479.6 42.19 54.96 68.70 82.44 186
Au 1 ]1.10 13.85 27.71 41.56 55.42 69.27 83.13 96.9¢
Be 2 | 042 8.48 16.96 25.44 33.93 42.41 50.89 59.3]
Mgq 2 | 1.30 18.54 37.08 55.62 74.15 92.69 111.23 7129
Ca 2 | 180 20.80 41.59 62.39 83.19 103.99 124.78 .5845
Sr 2 | 2.00 21.23 42.47 63.70 84.94 106.1Yy 127.41 .6248
Ba 2 | 140 14.28 28.56 42.84 57.12 71.41 85.69 99.9
Nb 2 | 120 147.39 294.78 442.17 589.56 736.95 884.34031.73
Fe 2 | 8.00 142.39 284.78 427.17 569.57 711.96 854.3996.74
Mn 2 |27.00 | 477.77 955.55 1433.3 1911.09 2388/87 6638 | 3344.41
Zn 2 | 085 13.98 27.96 41.94 55.92 69.90 83.88 97.8
Cd 2 | 0.74 10.78 21.57 32.35 43.13 53.92 64.70 75.4
Hg 2 | 210 29.95 59.89 89.84 119.79 149.74 179.68 9.630
Y 2 |142 23.50 47.00 70.50 94.01 117.51 141.01  5164.
Ni 2 |28.00 | 501.30 1002.60 1503.9 2005.20 25065000730 | 3509.10
Zr 2 | 205 28.38 56.76 85.14 113.52 141.90 170.28 8.6
Pt 2 | 13.00 | 208.39 416.79 625.18 833.57 1041/96 .BB50 1458.75
Bi 3 |0.047 | 0.65 1.30 1.95 2.60 3.25 3.90 4.55
Ti 3 [1.10 19.12 38.24 57.37 76.49 95.61 114.73  883.
Al 3 |1.40 25.50 51.00 76.50 102.01 127.51 153.01 8.89T
Ga 3 | 0.62 10.71 21.43 32.14 42.85 53.56 64.28 74.9
In 3 |1.50 23.58 47.15 70.73 94.30 117.88 141.46 .05
T 3 [1.10 16.72 33.43 50.15 66.87 83.58 100.3 a7.
Sn 4 | 1.30 22.19 44.38 66.58 88.77 110.96 133.15 .3455
Pb 4 | 1.90 31.25 62.50 93.75 125.00 156.24 187.49 8.721
Sb 5 | 0.38 6.72 13.45 20.17 26.90 33.62 40.3 47.0
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Table 3: Computed Compressibility of Quasi-particles in terms of the eectron density

parameter (rs). The Electron density parameter, Effective mass and Experimental

Compressibility of metals were taken from[12,15] while the Landau parameter is

computed using equation (2.22) and equation (2.23).

Metals | Z | Electron density | Effective mass | Calculated Experimental Landau
parameter (r9) | (m'/m) Compressibility | Compressibility | parameter (Fol)
(a.u) (10%'m?/N) (10 m?/N)

Li 1 |3.28 2.30 6.28 8.62 -0.5679
Na 11| 3.99 1.30 6.41 14.70 -0.3629
K 1 |4.96 1.20 11.48 31.00 -0.0250
Rb 1| 5.23 1.30 14.66 32.00 0.0783
Cs 1| 5.63 1.50 21.41 50.00 0.2316
Cu 1| 267 1.30 1.91 0.73 -0.7131
Ag 1 |3.0z 1.1C 2.3¢ 0.9¢ -0.633:

Au 1 |3.01 1.10 2.32 0.58 -0.6358
Be 2 | 1.87 0.42 0.21 1.00 -0.8590
Mg 2 | 2.66 1.30 1.89 2.82 -0.7153
Ca 2 | 3.27 1.80 4.87 6.58 -0.5705
Sr 2 | 3.57 2.00 7.05 8.62 -0.4887
Ba 2 | 3.71 1.40 5.54 9.97 -0.4482
Nb 2 | 3.07 12.00 26.85 0.59 -0.6212
Fe 2 | 212 8.00 5.88 0.59 -0.8189
Mn 2 | 2.14 27.00 20.41 1.68 -0.8155
Zn 2 230 0.85 0.80 1.67 -0.7869
Cd 2 | 259 0.74 0.99 2.14 -0.7300
Hg 2 | 2.65 2.10 3.02 2.60 -0.7174
Y 2 |1.64 1.42 0.48 0.62 -0.8916
Ni 2 | 2.07 28.00 19.15 0.54 -0.8273
Zr 2 | 211 2.05 1.49 1.20 -0.8206
Bi 3 1225 0.047 0.04 3.17 -0.7961
Ti 3 1192 1.10 0.60 0.95 -0.8514
Al 3 |2.07 1.40 0.96 1.39 -0.8273
Ga 3| 219 0.62 0.50 1.76 -0.8068
In 3 |241 1.50 1.62 2.43 -0.7661
T 3 |2.48 1.10 1.30 2.79 -0.7524
Sn 4 | 222 1.30 1.10 0.90 -0.8015
Pb 4 | 2.30 1.90 1.78 2.33 -0.7869
Sb 5| 214 0.38 0.29 2.61 -0.8155
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Table 4: Landau Compressibility of Quasi-particles. Electron density parameter

rsandElectron concentration wer e taken from[12,15].

Metals | Z Electron density Electron Landau
parameter rq(a.u) | concentration Compressibility
(10%m®) (10*'m?N)
Li 1 3.28 4.70 223.92
Na 1 3.99 2.65 221.81
K 1 4.96 1.402 389.66
Rb 1 5.23 1.15 529.48
Cs 1 5.63 0.91 793.22
Cu 1 2.67 8.45 71.61
Ag 1 3.02 5.85 87.28
Au 1 3.01 5.90 87.12
Be 2 1.87 24.20 8.19
Mg 2 2.66 8.60 70.18
e 2 3.27 4.6C 182.4;
Sr 2 3.57 3.56 261.22
Ba 2 3.71 3.20 201.47
Nb 2 3.07 27.80 40.13
Fe 2 2.12 17.00 216.87
Mn 2 2.14 16.50 758.21
Zn 2 2.30 13.10 30.47
Cd 2 2.59 9.28 36.97
Hg 2 2.65 8.65 112.90
\Y 2 1.64 14.44 82.88
Ni 2 2.07 18.28 692.45
Zr 2 2.11 8.58 171.30
Bi 3 2.25 8.46 3.55
Ti 3 1.92 16.98 3.56
Al 3 2.07 18.06 36.09
Ga 3 2.19 15.30 18.88
In 3 2.41 11.49 60.86
T 3 2.48 10.45 49.28
Sn 4 2.22 14.48 42.50
Pb 4 2.30 13.20 67.09
Sb 5 2.14 16.55 10.61
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