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Abstract

The purpose of the paper is to study the relationship between temperature and various physical
properties of Lead Sulfide (PbS) such as atomic radius, nanoparticle size, compressibility, energy
band gap, and density. It is noted that PbS has a narrow band gap at low temperatures and acts as a
semiconductor. The atomic radius is found to be linearly dependent on temperature. The size of the
nanopar ticle is influenced by the energy band gap and the effective mass of electrons and holes in the
material. The unique properties of PbS have various applications in the fields of optoelectronics,
thermo-electronics, and nanotechnology. We have used various parameters to calculate the atomic
radius, bulk modulus, nanoparticle size, and compressibility, which play an important role in recent
technologies and devices. The results are in good consistent with experimental data.
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1. Introduction radius, nanoparticle size, energy band gap and
The lead sulfide (PbS) is narrow band gap (0.2- ~ compressibility. The atomic radius and energy
0.4 eV) semiconductor at lower temperature. The ~ band gap are function of temperature [5,6]. The
lead sulfide (PbS) has unique structural and  calculated  values are  compared  with
electronic  properties[1, 2]. It has wide  experimental results.

technological applications and uses to fabricate 2. Theoretical Methodology

in various optoelectronic, spintronic, thermo-  The lead sulfide (PbS) is narrow band gap
electronic devices, nanoscience,  semiconductor. The energy band gap and atomic
nanotechnology[3,4].  The theoretical and  radijus are the function of temperature [7,8]. The
experimental studies have been performed on  crystal structure of lead sulfide is NaCl (B1)
their structural and electronic properties .Those  type. The coordination number of lead sulfide is

properties have been studied in terms of atomic 6. The electronic and structural properties were
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studied in terms of atomic radius, and energy
band gap with temperature. Various experimental
studies have been found the lead sulfide exhibit
strongly anharmonic lattice dynamics[9,10].The
Coulomb interaction and short range two-body
interactions between lead sulfide is given by

5

Uij:%‘i+xe P —;f:' (¢D)]

In equation (1), The first term describe the long
range coulomb interaction between two charges
.The second term indicates the repulsive
potential. Third term represent the dipole- dipole
interaction Abuckingham potential. Where X , p
and De are fitting parameters but the short
range cation —cation interactions are ignored.
The thermodynamics the enthalpy in lead
sulfide NaCl (B1) structure is given by

H=E+PV )
The Gibbs free energy is given by

G=H-TS 3)
According to the Classical Heisenberg Model,the

Hamiltonian is given by

H= - %E §z’ [f1 E;m §_;|' +J/z E?M §}) (4)
With normalized spin vectors S; and 57} and
where summation over nearest neighbor and
next nearest neighbor.

The energy gap is related with temperature and

lattice parameter by following relation

aE, aE, a

[a_f]uﬂ:cz = ':a_f] ':g_,_,.] (5)
The forbidden width is a linear function of

temperature [11,12] then

E,(T) = E, (0)+22T (6)
E, (0) be the energy at absolute zero

The atomic radius of lead sulfide is the function
of temperature then
R(T)=A+BT+CT* (7)
Where A, B and C are the fitting parameter.
The lattice parameter in term of atomic radius is
given by following relation
a(T) = 2+/2 R(T)
The lattice parameter for any composition of
lead sulfide is given by,
a=(1-x)ap_s+xap s (8)
apy,— ¢ De the lattice parameter of lead(
Pb) and ( S) compound.

The bulk modulus

B =("25) (9)

av=

Again,the value of B bulk modulus (Bo) in

term of Ci1 an Caz is given by

B, = Can #2C.5 (10)

3

The compressibility K = 1/B,=

Cyy +2C,

1 13

The particle size of lead sulfide (PbS) has been
calculated by effective mass of hole and
electron. Now the carrier effective mass of hole
IS given by

m, = L44m, (11)

Where, m_ be the carrier effective mass of

electron,

Generally, electrons and holes are in conduction

band and valence band respectively. Both are
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achieved the lowest energy of an optical
transition from valence band to conduction band
then the expression for the radius of nanoparticle

is given by

_;j [L + L] (12)

Mg mh
Where,AE  be the energy gap at 4.2 K and 300
K respectively, AE ener gyvgapatOK

The crystal structure and the variation of lattice
parameter with temperature are shown in Fig 1
and 2 respectively. The lattice parameter is the
linear function of temperature. The value of
atomic radius and nanoparticle are calculated.
The calculated atomic radius, nanoparticle size
and compressibility are shown in table 1. Finally
our calculated values are close agreement with

the experimental results.

3. Results and Discussion

In this method, the atomic radius, nanoparticle
size, compressibility, energy band gap and
density have been studied in lead sulfide (PbS)
.The atomic radius and nanoparticle size in lead
sulfide has been calculated and studied under the
effect of temperature. We have calculated atomic
radius with help of fitting parameter,
nanoparticle size and compressibility of lead
sulfide (PbS) . The values of atomic radius,
nanoparticle size, bulk modulus, energy band
gap and compressibility are shown in table 1.
The variations of lattice parameter with
in Fig 1. Our

calculated parameters are close agreement with

temperature are predicted

experimental result.

Table 1. The values of atomic radius, energy band gap, nanoparticle size and compressibility of lead

sulfide (PbS)

Temperature K | PbS

[ )
R(t)=——
(t) ~
A=2.082 (A)

B=0.367x107*(AK 1)
C=2.938x10(AK~?)
Calc. Exp.[7-12]

Compound- PbS (Lead Sulfide)

0 2.082 Energy gap [:.r_"u'_:.;.Ir )atl]f{ 0.290
Exp.[16]
4 2.082 Energy gap (AE, )at4K ev 0.20
75 2.085 Particle Size (R) nm 5.42
150 2.088 Energy gap [:.r_"u'_:.;.Ir )at 300K eV 0.26
225 2.091 Particle Size (R ) nm 9.39
300 2.095 Density kg/m® 7.61
375 2.100 Bulk modulus 50.33
400 2.101 Compressibility .019
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Fig.2. Lattice parameter with temperature for PbS
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