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ABSTRACT

The Pseudo potential method is based on some fundamental assumptions for the

calculations of physical and chemical properties of metals. In the present paper, the
form factors are used to calculate different physical and chemical properties using the
structure factors of metals and alloys. Our calculated results are found excellent and
good agreement with standard experimental values.
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1. INTRODUCTION

Our understanding of metals begin in 1900,
when Drude suggested that the electrons were
free to run through the entire metal rather than
simply associated with individual atoms and
Somerfield applied quantum statistic to explain
this phenomenon(John, 2001; Ashcroft and
Mermin, 1976; Yu and Cardona, 1996; Charles,
1996; Burns, 1995). Theoretical understanding of
a wide variety of properties developed rapidly
using the nearly free electrons approximation of
Ziman and Bradley have given expressions for
the computation of electrical resistivity,
conductivity thermoelectric power etc of solid

and liquid metals by using modified pseudo
potential theory (Ziman, 1967). At the same time
known, Fermi, Surface could rule out many
models which have been proposed to study
some property of particular metal. Out of this
work comes one fact which is fundamental of
the “pseudo potential theory”. It is interesting to
note that the nuclear and solid state physics has
been concurrently using analogous method. In
view of this we look for a method which starts
from the atomic structure and provides a
method to construct the different types of crystal
potentials (Thakur, 1980). In this approach the
input required other than fundamental
constants are the core eigen values, core wave
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function and Lattice constants. This Pseudo
potential method is based on three fundamental
assumptions  for  the  calculations  of
physical/chemical properties of metals. Viz, (i)
The self consistent field approximation (ii) The
small core approximation and (iii) The
perturbation theory. The base ionic potentials
calculated from the core eigen functions and
core eigen values include within itself the
following components for the study of electronic
transport properties of metals and alloys: (a)
Valence charge potential (b) Core potential (c)
Conduction Band core exchange potential. (d)
Conduction electron potential (e) screening
potential and (f) Repulsive potential (Harrison,
1970). Vora reported the electrical transport
properties of some mono valent, divalent and
poly valent liquid metals using made potential
formalism and concluded that the comparative
study of his work and standard
theoretical/experimental findings(Vora, 2008).
Thakur et al. used different local field correction
function and found good agreement with the
standard experimental results (Thakor et al.,
2011). The generalized mean spherical
approximation technique is embraced for the
processing the structure factor of liquid metals
(Jani and Vora, 2018). Bhatai et al. confirmed
that the t-matrix approach is mere approximate
and physically sound for particular case of
transition metals (Bhatai, Bhatt and Vyas, 2019).

In the present paper, the form factors are used to
calculate different physical and chemical
properties using the structure factors of metals
and alloys. The results obtained from our work
are found in excellent and good agreement with
experimental values of Cusack.

2. THEORETICAL TREATMENT

In self consistent field approximations, the
Schrodinger equation for the conduction band
state k is given by the following equation
(Harrison, 1970).

HW, = (T+V(I‘)) W= ExWx (1)
Where H is the Hamiltonian, T is the kinetic

energy, V(r) is the self consistent potential
assumed spherically symmetric. Wi & Ex are the

eigen functions and eigen value of the kth state
respectively.

We expand Wi as a linear combination of
orthogonal plane wave (OPW) and hence we
have

W= X aqOPWi(q) VA

Substitution of Wk in Equ (1) gives
(T+W (1)) Ppr = Exepx 3)

whereqx is the pseudo-wave functiondefined by
the following equation.

¢x = Zagk+q (4)
andW(r) =V (r) + Z(E-H) | a>< af @)
W(r) is known as the pseudopotential.

Linearization of the optimum pseudo potential
leads to (Harrison, 1970).

W(r)=V(r)+Z(v2+<k W k>-EJ) |a><al ©

where E, is the eigen values of the core state.

The pseudo potential V (r) consists of the

following (Harrison, 1970).

(@) The valence charge potential Vaq (r).

(b) Core potential Vb (r).

(c) Conduction band core exchange potential
Veq (r). This potential is modified by
Slater’s Xa - exchange o is called electronic
exchange parameter.

(d) Conduction electron potential Vdq (r). This

arises on account of use of a single un-

normalized OPW. In calculation of above
mentioned potentials the contribution of
the valence electron has been left over.

These electrons are responsible for the

screening variations of the ionic potential.

The modified potentials are called

screening  potential and  Repulsive

potential.

The screening potential.

(f) The repulsive potential.

—
)
~
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All these potentials discussed above are
calculated by the formula given by the following
equation (Thakur, 1980).

(i) The valence charge and core potential are
given by

v = () ZInlg) —n(0) - 2] )

WhereQ, is atomic sphere volume and n(q) is
core electron density and is equal to

(@) = [ 2L u(r)dr (8)

qr

Where U(r) = X,,(21 + 1D)y2,(r) and
Y are the wave functions of 1s, 2s & 2p states of
core electrons moving in the orbit.

(i) The conduction Band core Exchange
potential is given by

ave = — (Z22) & [ singrlru () sdr ©)

as this potential arises due to exchange
interaction between conduction and core
electrons.

(iii) The conduction- Electron potential

da_ _8mz [z n@
qv® = q2Qg [z 1] n(0) (10)

(iv) The screening potential is given by

qu __4 qa <k+q/wB/k> a3k (1)

w2q? “k<kp k2-|k+q|?

Where <k+q/w®/k> 1is the repulsive
potential.

(v) Repulsive potential is given by
<kt q/of/k>= ) (€ + )L+ 1)
nl

<k + g/nlo >< k|nlo > Pl(cos8)

Yulk?+ fL)L+ 1) < k/nlo >2
1-YMnl+1) <k/nlo >?

x 2(21 +1) < k + q/nlo >< k/nlo > Pl(cos6)
12)

wheref,,; = core shift and

< k/nlo >= (;—’:)' [ )y (k) dr (13)

wherej, (kr) is Bessel’s function andk, q&ky are
electron wave vector, phonon wave vector and
Fermi wave factor respectively. These values are
tabulated in Table 1.

The modified screened form factor is expressed
as

q

4 ab ¢ 4
<k+o>=l117% ol
k

v
M ERAL RALRNIDy IRVLIES
€*(q) k

av]

@ (14)

whereG qu /€* (q) is correction term.

The correction term is screening potential given

by

G(q) = A(1 - e—Bﬂz) (15)

And(q) = (1 -G(@)(e(@ -1 +1 (16)
wheree(q) is the Hartree Dielectric function

Using the nearly free-electron approximation for
the computation of the electrical resistivity,
which is given as (Ziman, 1967).

1
3T, 3
p= [ 41tk + awtioze (51 (51)
0

17)
Where Q, is the atomic volume, Z is the valence
U? the Fermi velocity and a(q) the liquid
structure factor, Thermo electric power Q at
temperature T is obtained from

_ mPKET
Q=- 3le|ER (18)
Where kg is the Boltzmann constant and
X = —Er |72 (19)

0E E=Efp

The different components of the screened
potentials are plotted in Fig -I and contributions
of core states (1s, 2s & 2p) are plotted in Figure
2.
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3. RESULT AND DISCUSSION

The screened components of valence charge core
potential V;, (= VP /er (q)), conduction band

core exchange potential V" (= Vi€ (q)),
conduction exchange potential V; (= vi/e (q))

and screening potential V; (= qu /€ (q)) and

repulsive potential <k +q/w/k > core are
plotted in Fig. I using table 1.

The calculated value of Electrical Resistivity and
Thermoelectric power of sodium are Tabulated
in Table 2 and are compared with experimental
values. Electrical Resistivity, p (1Q cm) and
Thermo electric power Q (pv/k) of sodium at
the melting point, 100°C are tabulated in Table 2.
The calculated values of electrical resistivity and
thermo electrical power are compared with
standard experimental values and found
excellent and good agreement with standard
experimental values.

The conduction band core exchange potential is
modified by statistical ya — change ie. a=
0.73115&x =1 and repulsive potential
by g =1&p = 5/8, where f§ is correction factor.

The orthogonality coefficients < k/nlo > for

Number of core electrons n(q), the valence
charge and core potentials anb, the conduction-
band-core exchange potential V;, the conduction

electron potential V%, screening potential qu and
repulsive potential < k + q/wR/k > of sodium.

The screening potential and repulsive potential
are computed by using the orthogonality
coefficient which depends on the wave function
of 1s, 2s & 2p core states in case of sodium. It is
found that 2s- State contributes predominantly
in comparison to core states 1s and 2p. The 2p
state contributes very little at lower k/ks (k=
Electron wave vector; ks = Fermi wave vector).
1s core state got relatively small effect is
comparison to other states. The contributions of
1s and 2s states are practically constant within
the range k/ ks =0 to 1.0. The contribution due to
2p state increased rapidly and reaches
maximum at k/ks =1.0. The only positive
component of the ionic potential of sodium is
repulsive potential where as the valence charge
potential core potential , conduction band core
exchange potential, conduction electron
potential and screening potential are negative in
magnitude. The resultant potential is called
pseudo potential and this potential is weak in
magnitude. The pseudo potential form factors
are calculated by using the Hartee dielectric

core states, < k/100>,<k/200> and < functions and pseudo potential
k/210 > are plotted in Figure 2. '
Table 1: Different types of Potentials

q/Kr n(q) veb Vg vd v/ <k+q/ow®/k>
0.0 9.99998 -0.21126 +0.35836
0.2 9.98980 -10.16118 -0.20954 -0.74270 -23.00025 | +0.35770
0.4 9.96295 -2.60780 -0.20448 -0.18517 -5.49294 +0.35555
0.6 9.91849 -1.20871 -0.19635 -0.08193 -2.30269 +0.34715
0.8 9.85680 -0.71868 -0.18559 -0.08193 -1.21595 +0.34715
1.0 9.77846 -0.49148 -0.17274 -0.02908 -0.69712 +0.34715
1.2 9.68414 -0.36765 -0.15844 -0.01999 -0.45676 +0.33313
1.4 9.57467 -0.29258 -0.14334 -0.01453 -0.30753 +0.32402
1.6 9.45097 -0.24345 -0.12807 -0.01098 -0.20608 +0.31351
1.8 9.31406 -0.20936 -0.11318 -0.00855 -0.14302 +0.30161
2.0 9.16502 -0.18457 -0.09916 -0.00681 -0.7361 +0.2882
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Table 2:
pcalc Q calc p expt. (Cusack 1963) Q expt (Cusack 1963)
9.22 -8.18 9.65 -9.9

The calculated values are in excellent agreement with experimental values.

This shows the variation of different types of potentials (figure 1).

S DI

PoTemTiALS (mipd) —=

Figure 1: Different component of screened crystal potentials

{kI200%

{EI210%

{E[100}

|= k|nkx=|

Figure 2: Orthogonality coefficients < k/nlo > for 1s, 2s & 2p states of Sodium
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4.C
()
(i)

(i)
(iv)

ONCLUSIONS

Valence charge and core potential
decreases with the increase of q/ks
Conduction B and core exchange
potential decreases with the increase of
q/ks.

Conduction electron potential increased
very slowly with the increase of q/k:.
Screening potential increases rapidly as
q/ ke. Increases

All the above components are “NEGATIVE”

(v)

(vii)

(vii

Repulsive potential decreases with the
increase of q/kr and this component is

Positive.
It is found (Fig- 2) that 2s state
contributes predominantly is

comparison to 1s & 2p states. The 2p
state contributes very little at lower /kr .
It crosses 1s state at k/kr = 0.37 and
reaches the intermediate value between
1s & 2s states at k/ky = 1.

The 1s - state has got relatively small
effect in comparison to other states.

) The contributions of 1s & 2s states are
practically constant within the range
k/kr =0 to 1.0 and contribution due to
2p - state increases rapidly and reaches
maximum at k/k; = 1.0.
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