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2.1 Introduction | _ J
) Preparation of the samples is an important stage in matcrialiscience. This is a
process in which one mixes chemical component in different proportions following
different chemical procedﬁres and subjects the same to a series of treatments. The 'type
of cﬁemicals or metal s%ilts and steps involved could vary from method to method.
There are many processes as depending on many methods of sample preparation
available. The method of sample preparation could be simple like co-precipitation
method of sample preparation or highly complex and complicated like plasma method.
Not all methods of sample preparation yield nano particle samples, mor€ ever many
' times the method of preparation diffefs from sample to sample dépending upon the type
] ( of mazex-ial%@amﬁwe There are solid state methods, chemical methods as well
as methods employing the combination of both. Each method has its own merits and
demerits. The suiiability of a particular method . for preparing the required sample is

mainly depends on the properties one expects to get or aims at.

Ceramic method:

This is the common method for preparing metal oxides and other solid
materials. Thié involves grinding powders of oxides, carbonates or other compound

containing relevant methods and heating mixture at desired temperature. Several

oxides, phosphides and sulphides have besn prepared by this method. Platinum, silica _

b et to g and alumina are used for the synthesis of metal oxides, while graphite.

X i i . _
et afd“aﬂk’;. are used for sulphides and other chalcogenides. Most of the ceramic

preparations require very high temperatures, which are generally aitained by resistant

o * heating, This method suffers from many disadvantages such as: (I) no simple way of
U,ﬁn‘“ ' ) v

sore " monitoring the progress of the reaction in ceramic method, (I) Sometimes it becomes
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difficult to obtain the compositionally mpmduéts by the ceramic techniques
even when reaction proceeds almost to completion
Sol-gel synthesis:
Sol-gel method is one of the most important methods of preparing inorganic
oxides. It is wet chemical method and a multi step process involving both chemical and
physical process such as hydrolysis,. polymerization, gelation, drying, dehydration and

densification. The name “sol-gel” is given to the process because of distinctive

viscosity increase that occurs at particular point in the sequence of the steps. A sudden

increase in viscosity is the comumon feature of sol gel processing. The important
features of the sol gel methods are better homogeneity, high purity, lower processing

temperature, more uniform phase distribution in multi component systems, better size

and morphological control.

Co—precipitat.ion method: .

In chemistry, the co-precipitation is the carrying down by a precipitate of
subél‘;mxces normally soluble under the conditions employed. Analogously, in medicine,
coprecipitation is specifically the‘prgcipitation of an unbound "antigen along with an
antigen-antibody complex”. Co-precipitation is an important issue in chemical analysis,
where it is often undesirable, but in some cases it can be exploited. In gravimetric
analysis, which consists on Aprecipitating the analyte and measuring its mass to
determine its conceniration or purity, co;pr'ecipitation is a problem because undesired
impurities often co-precipitate with the analyte, resulting in excess mass. fhis problem
can often be mitigated By "digestion" (waiting for the precipi';ate to equilibrate and
form larger, purer particles) or by redissolvin g the sampleA and pfecipitating it again.

On the other hand, in the analysis of trace elements, as is often the case in
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radiochemistry, co-precipitation 1s often the only way of separating an element. Since
the trace element is too dilute (sometimes less than a part per trillion) to precipitate by
conventional means, it is typically co precipitated with a carrier, a substance that hés a
similar crystalline structure that can incoprrate the desired element. An example is the
separation of francium from other radioactive elements by co-precipitating it with |
cesium salts such as cesium perchlorate.

2.2 Basics of co-precipitation:

Theory aﬁd Thermodynamics of co-precipitation:

Co—precipitation reactions tend to exhibit the following characteristics:

 The products of precipitation reactions are generally spa-ringly soluble under the

. conditions of high super saturation.

Such conditions indicate that the nucleation will be a key step of the

precipitation process and that a large number of small particles will be formed.

Secondary process such as Oswald ripening and aggregation, will dramatically

affect the size, morphology and properties of the products.

Super saturation conditions necéssary to induce precipitation are usually the
result of a chemical reaction. Although precipitation can be induced in any
number of ways, chemical reactions are by, far the mosf common methods for
the synthesis of nanOparticles;. Generally chemical reactions are chosen that
results in products with low solubilities such thét the solution quickly reaches a

super saturation condition.

Consider a simple addition reaction for the formation of an electrolyte,

xA” (aq)+ yB* (ag)«—> A B, (s) - ' 2.1
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The equilibrium relationship between the products and its reactants is expressed as the
t
solubility product constant, K.

Ky =(2,)(asY @2

4

where, aa and ap are the activities of cation A and anion B in aqueous solution. Kg
values tend to be very low for many hydroxides, carbonates, oxalates and
chalcogenides in aqueous solutions, solubility data for compounds in solvents other

than water are substantially sparser.

When the product contains only one or two elements (e.g. metal, binary oxide,
etc.), precipitation reactions are relatively straightforward. In more complicated ternary
and quaternary systems, the process becomes more complex as multiple species must
be precipitated simultaneously, ¢
Ir..
reactions involve the simultaneons occuirence of nucleation, growth, coarsening, and/or

Co-precipitation

agglomeration processes.

Nucleation- The key to any precipitation process is the degree of super saturation, S

given by

_aiby

K

sp

S 23)

where aa and agp are the activities of solutes A & B and K;; solubility product constant,

. ' C ' . . .
or alternatively by § = T where, C and Cq are the soluté concentrations at saturation

and at equilibrium, respectively.

. Lo, . . ol
\<——As nucleation begins in a supersaturated solution there exists equilibrium

critical radius, R”.
=2 1 l 24
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The term a is given by

.20'3,4 :
= —= IVC .
‘af (lenS) = @3)

where, gs. is the surface tension at the solid — liquid interface, v is the atomic volume -
) uﬂ; t

of solute, k is Boltzmann ccnstant, T is ‘temperature and S is super saturation. u)ha_a/g o ah?
it Mol doihesiabeisdetd

. . . 1e7 S
Nucleated particles with R > R will continue to grow, while those with R < R" will o

dissolve. The activation energy of the cluster formation is given by [1]

_dmrgR? _ 16mogv?

AG 26
3 3k*T%1In%S 6
Thus for stationary conditions, the homogeneous nucleation rate, Ry is given by
R =(ffﬁ L Aex -lag)] - 2.7
v Ca v T '

where, N is the number of nuclei formed per unit time per unit volune, Vand A is a pre

— exponential factor typically ranging from 10%° 10 10°6S'm™.

Combining equations (2.6) and (2.7)

_ 3,2
l6nog v } 2.8)

Ry = Aexp| ——=—5%—
N r[Bk’T3lnzS

Revealing that Ry is an exponential function of S. Ry remains negligible until certain

critical supersuration S~ is reached.

Growth: The growth process of the precipitated particles is complicated. The process
can be either diffusion—limited or reaction-limited. Majoritﬂz reactions are diffﬁsion—
limited. As such, concentration gradients and temperature become the predominant
factors determining growth rate as new material is supplied to thg paiticlq surface via
long distanc_e mass transfer. The balance of that material as monomer, crossing the

surface of spherical crystallite is given by
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where, 1 is the crystal radius, t is time, D is the diffusivity of the monomer, Q is the
molar volume, and §; is the thickness of the layer over which the concentration changes
from C, the bulk solute concentration, to Cs the solute cdncentration in the vicinity of
crystal surface {2-3]. The relation between monomer concentration and crystal structure

is given by the Gibbs — Thomson eqixation [4]

1+20 YJ (2.10)

C.(n=C.
(1) ""( RIR

C. is constant, v is the interfacial tension, T is temperature and Rg is universal gas
constant. The relation between the rate of growth G and super saturation ratio, S can be

expressed as a power law equation [5).

dL
G=—=k.5¢ 2.11
a ¢ 4 @11

ke

where @is the growth rate constant and g is the growth order.

Ostwald ripening: Ostwald ripening is the phenomena by which smaller particles are
essentially consumed by larger particles during the growth process [6-7]. A detailed
mathematical description of Ostwald ripening was developed by Wagner; their

combined models are today referred as LSW theory. The principles of LSW theory ére

summarized as follows.

D) For a diffusion—controlled process, the average radius of the precipitate particles r as

a function of time, t'is [8],

ro=¥& 2.12
;(f) ‘ik ; (2.12)

where, k is the coarsening rate and D is the diffusion current of solute across the grain

I

W -
A
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boundary. Particle size is thus proportional to the cube — root of time.

II) During diffusion ~controlled ripening, number density N of nucleated particles

decays as

4

¢.220, _ 022 (2.13)

M= 7t 2Dat

where, Qo is the total initial super saturation. The number of solute particles decreases

as r'* during ripening.
1T The size distribution of particles is given by -

| N .
fR.D) ~[ 0 }po(pm) | (2.14)

p () = R/ R (1] and po(p) is a time-independent function of the absoiu‘te dimension of
the grains. ‘

Growth krmination and nanoparticles stabilization: The agglomeration of small
particles precipitated from sclutions’ is practically inevitable in the absence of a
stabilizer. It should be poiﬁted oﬁt that agglomeration can occur at any stage during
sypthesis. There are generally two appreaches to nanopa'rticles stabilization (a) steric
repulsion between particles caused by surfactants, pélymers or other (_)rganic species
bound to the nanoparticles surfz;lces, (b) Electrostatics repulsion resulting from the

chemosorption of charged species.
2.3 Mechanism of co-precipitation

There are three main mechanisms of co-precipitation: inclusion, occlusion, and
" adsorption [9]. An inclusion occurs when the impurity occupies a lattice site in the
crystal structure of the carrier, resulting in a crystallographic defect; this can happen

when the ionic radius and charge of the impurity are similar to those of the carrier. An
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adsorbate is an impurity that is weakly bound (adsorbed) to the surface of the
precipitate. An occlusion occurs when an adsorbed impurity gets physically trapped

inside the crystal as it grows.

Besides its applications in chemical analysis and in radiochemistry, co-
precipitation is also pot_entially important to many environmental issues closely related
to water resources, including acid mine drainage, radionuclide migration in fouled
waste repositori;as, metal contaminant transport at industiial and defense sites, metal
concentrations in aquatic systems, and wastewater treatment technology [10]. Co-

precipitation is also used as a method of magnetic nano particle synthesis [11].
2.4 Characterisation techniques

2.4.1 X-ray diffraction (XRD) technique

A given suvbsta,ncg always produces a characteristic diffraction pattern, whether
that substance ié bresem 'in the pure state or as.one of the constituent of a mixture of
substances. This fact is the basis for the diffraétio’n method of chemical analysis.
- Qualitative analy;sis for a péxticular substance is accbmplished by identification of the
pattern of that substance. Quantitative analysis is also possible, because the intensities
of the diffraction lines due to one phasé of a mixture depend on the proportion of that
phase in the specimen. Detailed treatments of chemical analysis b)II X~ray diffraction ’
are given by Klug and Alexander [12] and Zwell and Danko [13]. Charles, Nenadic andr N !
Crable [14] have reviewed diffraction methods of determining quartz, _asbestq_s_ and tale . . o
in industrial dust; all of these minerals can caﬁse lung disease. ' ' ' 0
Basic principle of X—ray diffraction technique

The crystallographic features aré studied by the process of X-ray diffraction.

The X-ray technique based on monochromatic radiation is generally more important
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because the spacing of the planes (d-spacing) can be deduced from the observed
diffraction angles. The phenomenon of X-ray diffraction can be considered as a

reflection of X—rays from the crystallographic planes of the material and is governed by
- B;agg’s equation

2dsinf@=n i 2.15)
where‘d’ is the lattice spacing, A is the wavelength of monochromatic X-rays, n is the
order of diffraction and &is the diffraction angle.

Generally, the powder technique in conjunction with diffractometer is most
commonly used. In this instrument, the diffracted radiation is detected by the counter
tube, which moves along the angular range of reflections. The intensities are recorded
on a computer system. Tl;e d’ values are calculated using relation 2.15 for known
values of 6, A and n. The X-ray diffraction data thus obtained is printed in tabular form
on paper and is compared with Joint Committee Powder Diffraction Standards (JCPDS)
data to identify the structure of the material.

2.4.2 Scanning electron microcapy (SEM)

§ia§x_1ix_1g electron micrcscopy is used for inspecting topographies of specimen
at very high magnifications using piece of equipment called scanning electron
microscope. SEM magnifications can go to more than BOOOQX. But some
semiconductors manufacturing applications require magnification less than 300x only.
SEM inspection is 6ften uséd in the analysis of die/packagé cracks and facture surfaces,
bond failures and physical defects on the die or package surface. To produce the SEM
image, the electron beam is swept across the area being inspected, pro&ucing many

signals. During SEM inspection, a beam of electrons is focused on the spot volume of

the specimen, resulting in the transfer of energy to the spot. These bombarding

. electrons, also referred to as primary electrons, dislodge electrons from the specimen
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itself. The diélodged electrons, also known as secondary‘electrons are attracted and
collected by a positivelyAbiased’ grid or collector and transferred into signal. These
signals are then amplified, analyzed and translated into images of the topography being
inspected. Finally the image is shown_on a cathode ray tube (CRT) or any other display
device. The SEM is used primarily for the examinatiox; of tﬁick (i.e. electron opaque)
samples. Elec&ons which are emitted or back scattered from the specimen are collected
to providé:- (1) Topologfcal information (i.e. detailed shape of spécimen surface) if the
low e_nergy: secondary electrons (< 50 eV) are collected, (2) atomic number or
orientation informati.on if the high-energy back s_cattéred electrons are used or if the
leakage curreﬁt to-earth is used. Imaging of magnetic samples using secondary and or
back-Scéttered electrons reveals magnetic domain contrast. In addition, two other
signals can be collected; the elec&on beam induced current and light
cathodcluminescence. The convergence angle of the probe at the specimen is contolled
by the diameter of the final aperture and this angle determines the depth of field of an

“Infact :
SEM. B the large depth of field that is commonly associated with SEM images is4a~

- et due to small convergence angle at the specimen, which is much smaller than the

corresponding angle in optical microscopes. A very large value of depth of field for
high-resolution image, which underlines the value of high magnification SEM images
of rough surfaces. Figure 2.1 shows the schematic diagram of scanning electron

microscope.
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2.4.3 Dielectric properties
A) Introduction
Dielectrics are materials that are poor electrical conductors. In most instances the
properties of Dielectric are due o polarization of the material. When thev('lielecutic is
placed in an electric field, the electrons of an atom or ions of ‘a unit cell reorient
 themselves. As a result of this polarization, the dielectric is under stress and it stores
energy this becomes availabie when an electric field is removed. This polarization is
analogous to the polarization that takes place when a magnetic material is magnetizéd.
The effectiveness of a dielectric material is measured by its relative ability, to store
energy, and is expressed in terms of a dielectric constant or permittivity (¢). The term
dielectric constant is actually frequency-dependem function of real and imaginary parts.
The ratié of the imaginary part to the real part 6f the dielectric constant is called loss
tangent [15]. The ability of a dielecwic to withstand electric fields without losing
insulating propertties is its dielectric strength. A good dielectric must return a largé
percentage of energy sgored in it when the field is reversed. Dielecirics exhibiting high
dielecwric constants at h'igh frequenciés, high diglectric strengths and have low Iéss
tangents are desirable for an application point of view [16].
B) Polarization of Dielectrics:

* Electronic Polarizability: - Electrons and pos‘itiveiy'cha.rged nucleus will Be
displaced such a way thz_it eiecu‘_ons move in the positive field direction and
nuclei in opposite direction.

e Tonic Polarizability: - If the bonding is" ionic, cations and anions -will get
.diéplaced with ;espect to one another. |

¢ Orientational Polarizability: If ;he .material contajns complex ioms or

. molecules possessing permanent dipole moment, the dipoles will tend to align
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themselves in the field direction. The net effect will be to induce a dipole
moment within the solid. This Polarizability is absent in the non-polar materials
(171 A po& material may exhibit- a zero dipole moment due to thermal
randomization of dipoles and an applied electric field will induce a et dipole
mo’mént. Thus the polarization is inherently associated with thermal motion of
molecules which depends on temperature. Dipole reorientation polarizz_ition can
follow only up to MHz-GHz (10°- 109cycle/séc). The average degree of

orientation is given by the Langevin function,

2

a,= A
" BK,T)

2.16)

where, Kg denotes the Boltzmann constant and T the absolute temperature. This is why
ferroelectric materials with permanent dipoles cannot be used for microwave dielectrics
materials, their permittivity are typically high at low frequencies (KHz), but decreases
significantly with increasing applied electric field frequency. Below microwave
frequency, the polarization is due to the microstructure of pclycrystalline materials
followed by the'migration of free cl@ges. This polarization is referred as interfacial
polarization or space charge polarization._ It exists in heterogeneous materials
containing semicoﬁducting impurities. This is field distortion due to space charge and it
increases dielectric permittivityA (18]
¢ Space charge polarization: - Space charge polarization exists in a dielectric
“material, which shows spatial homogeneities of charge carrier densities. Space
charge polari%ation effects are not only of importance in semiconductor field- -
effect devices but also occur in ceramic with electrically cohducting grains and
insulating grain boundaries (so called Maxwell- Wagqer polarization). A drift of
~ mobile electro_ns or ions, which are conﬁngd, to outer or inner surfaces, causes

- the épace charge polarization. Depending on the local conductivity, the“space
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charge polarization may occur over a wide frequency range Hz to MHz. The
total polarization of the dielectric material results from all the contributions
discussed ab'ove and given by equation,
E=E et Eign + €6, T &5 2.17)
The contributions from the lattice are called intrinsic contributions, in contrast to
extrinsic contributions
C) Dielectric constant:

The relative dielectrie constz;m is the ratio between the charges stored on an
electrode slab of material brought to a given voltage to the charge stored on a set of
identical electrodes separated by vacuum. In the usual MKS notation, it is the ratio
between the Permittivity in farads per meter and that of free space, o = 8.85 x 107"
F/m.

D) Dielectric Loss (Tand)

With alternating voltages, the charge stored on a dielectric has both real (in
phase) and imaginary {out of phase) components caused by either resistive leakage or
dielectric absorption. The loss is expressed by the ratio of out of phase component to
the in phase component. This is the dissipation factor or the dielectric loss, also
frequently called loss tangent (Tand).

E) Frequenc& dependeﬁce of Dielectric Constant

Total polaﬁzation is coﬁtributed by the electronié ionic and orientational and
space charge polarizability. The response of each type to-the frequency dependence is
différenr; The electronic ‘bolarization'can be quickly built up in 10**-10"%, jonic
polarization ”requires a2 time as long as 10™-10™s ie. both electronic, ionic
polarizability responds in the regions from the microwave to infrared. The total

polarization and dielectric constant decreases in steps as frequency is steadily
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increased. Koop [19] gave phenomenological theory of dispersion based on Maxwell
[20]-Wagner [21] interfacial polarization model for inhomogeneous dielectric structure.
It was assumed that the solid consists of well conducting grains.separated by poorly
conducting layers. This model axialains strong dispersion for dielectric constant & and a
relaxation peak in the dielectric loss (Tand) at low frequency_. It is seen that the
dielectric constant at higher frequencies is due to the presenée of low conducting
surface layers of the grains. The dielectric constant (D) foun& in a dielectric material
when subjected to an alternating field (E) is given »b y
D=¢"E ' _ 2.18)
where, € is a dielectric constant of a material which is a complex quantity involving a

real (£) and an imaginary paits ("),

£ =&-Je ' (2.19)
The physical significance of an imaginary part is the energy dissipation in the system

called dielectric loss. Loss factor {Tand) is given as

Tans == (2.20)
-

The power loss per unit the vblume of the material is given by,

P=¢cE*g,6 tan § 221
where, referred symbols havé their-usual meaning.
The dielectric constant i$ a function of frequency of alternating electric field. As a
consequence, with increasing frequency dielectric constant decreases in steps. At high
frequencies only electron polarizability contributes to the polariz_atiqn and hence a

dielectric constant attains a constant but small value.
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F) Temperatug'e dependence of Dielectric Cons‘tant

In a solid polar dielectric with Curie temperature T;>0, the dielectric constant
increases with increase in temperature due to growing effect of ionic polarization. The
gradual increase in temperature reduces the relaxation time. A furth;ar increase in
temperaturé adds to random vibration motion of molecules, which becomes less
susceptible to orientation in the field directi(;n and hence the dielectric constant
decreases. In non polar dielectrics, the polarizability is independent of temperature.
However, the influence of heat leads to expansion and results in decrease of numt')er of
polarized molecules per unit volume. Thus the dielectric consiant decreases with
increase in temperature. At Curie temperature maximum value of the diéleéu'ic constant
is observed and it decreases above the Curie temperature. It indicates the phase
transition from ferroelectric to paraelectric. However the phase transition in
ferroelectrics is to paraelectric is of three kinds (i) spontaneous polarization abruptly
drops to zero at the curi‘e tetaperature Tc, so that Curie-Weiss temperature T>Te, (ii)
spontaneous polarization smoothly decrease to zero, so that T=Tg, dielectric constant
extends to infinity and (iii) The phase transition takes place within a broad temperawre.
range and spontaneous polarization gradually decreases showing a diffused (broad
maxima). This type of transition is commonly found in feuéelectricé [22]. It is reported
that the diffused phase transition (DPT) is caused due to chemical inhomogeneity from
the cation disorder in complex pervoskites. It is related to the nanoscale ordered micro
regions exhibiting a material acting as location of spontaneous polarization above the
transition temperature [23]. It was suggested that thermal treatment makes the
distribution of orde;ed micr§ regions to diffuse and it tends to increase the width of the
DPT. |

G) A.C. Conductivity:
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A capacitor when charged under a.c. voltage will have some loss current due to
ohmic resiswnFe or impedance by heat absorption. I Q be the chargé in coulomb due to
a difference potential of (V) volt between two plates of a condenser of area A, and
separatéd by distances d, men a.c. conductivity (G..) due to a.c. voltage v (voe'™) is

given by the relation,

T,

ac

(2.22)

g | &

1 is current density and E the electric field strength vector. But electric field Vector, E =
Dle, wheré D is displacement vector of the dipole charges, € is the complex permittivity
of this material. For a parallel plate capacitor the electric field intensity (E) is the ratio

of potential difference between plates of a capacitor to the inter plate distance i.e.

Vv
E=— 223
7 (2.23)

. 4 .
Since the current densily J = d—q . butq is given by
- 't

J=g Vid“i (2.24)

Substituting for E and J in (equation 2.25)

a.c

o, .= é =g jw (2.25)

Since, € bein.g a compfex quantity
o, =le— jer Jjiw= jwe +we~ (2.26)
The a.c. 'conductivity may be a real quantity; the term containing j has to be neglected
hencé, |
o, . =wer ‘ | @.27)
In any dielectric material there will be some power loss because of the work _

done to overcome the fractional damping forces encountered by the dipoles duﬁng their
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rotation. If an a.c. field is considered, then in an ideal casé the charging current I; will
be 90° out of phase with the voltage. But in most of capacitors due to absorption of
electric energy some loss current Iy, will also be producéd, which will be in phase with
the voltage. Charging current L, and loss current Ij, will maices angles & and 0,
respecti;rely with the total current, I , passing through the capacitor. The loss current is
represented by ;inﬁ of the total current.
I) generally, sind is called loss factor but when 3 is small then,

sindz=d=tand
But the two components of the complex dielectric constant £, will be frequency

dependent and is given by

e = Dcosé 2.28)-
E .

we" = Dsino 2.29)
E )

Since the displacement vector in the time varying field will not be in phase with E and

hence there will be phase difference & between them. We have

tan o =2 ~(2.30)
aE .
O, .=we tand ’ 230

where w = 2nf and € = € &, Here & is the relative permittivity of the material 'and €
is the permittivity of free space. So
O, =2n€E,Tand ) S @232

This equation is used to calculate the a.c. conductivity using- dielectric constant and

_tand at a given frequency. It is to be noted that both tand and & are available from

"diclecn:ic measurements [24].

31 -



2.4.4 Electrical resistivity

Electrical Resistivity is_ an important physical property of dielectric crystals, not
only for practical applications but also for the interpretation of various physical
phenomena. It is important for undgrsmndmg the electrical transport mechanism in any
solid. There are different methods of determining the nature of conductivity. The
simplest way is to measure dc conductivity as a function of time using electrodes,
which blocks ionic conduction. In case of pure ionic conduction dc conductivity
" decreases with time and tends to becéme zero after sufficiently long time, where as for
pure electronic conductor it is essentially independent of time.

The electrostatics interaction between conduction electrons (or holes) and
nearby ions results in the displacements of ions causing the polarization in the
~ surrounding region. The charge carrier is situated at the center of polarization potential
"well. The carriers can be wansferred to the neighboring site by thermal activation. The
process of jumping of electrons {or holes) by thermal activation has been described as
the hoppipg mechanism. ﬁeikesA and Johnson have derived an expression for the

mobility of a charge carrier subject to hopping mechanism.

=Tkt Pt ‘ 233)

where, wyp is the frequency of vibration of crystal laLtiée, ‘a’ is the distance

between nearest néighbour cations, AE is the activation energy and K is Boltzmann
constant.

For mixed samples conductivity decreases with- time but tendé to stabilize at

some finite constant value. This is the elcctronic contribution [25-26]. The dc electrical

conductivity of a material is an intrinsic or inherent property of the materials. It denotes

its ability to conduct ‘eleétric charge. The conductivity of the solid dielectric depends on
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the mobility of charge carriers- and on their concentration. The conduction however
cannot occur unless the charge carriers are made available for the process through

activation by some external agency. The variation of conductivity with temperature can

be expressed by the generél exponential relation

~AE 7
O =0, exp| —— : (2.34)
0 P( KT ) :
. . v, iy e C
where, AE is the activation energy, o is the constant and K is Boltzmann constant I
In terms of dc resistivity, it can be written as | 4 ' Poend ibg,
\lL . N ' c e Cogatertype o at
- : p=poexp(—AE) : g i ; , f g AR
/ KT ' 235) ot

The electrical Féﬁstivitj of oxides is extremely sensitive to the purity and
perfection of the crystal. In all cases the electrical resistivity is very high at low
temperatures and decreases rapidly as temperature raised,_usualiy in an exponential
fashion. This type of variation can be due to ionic conduction or due 1o electronic
semiconduction that has been definitely shown as the primary mechanism in oxides. In
most experiments, electrical conductivity is electrical semiconduction of a donor or
acceptor type dlat has been proved. The defects producing the donor or acceptor states
are usually either impurities or vacancies (or interstitials) caused by non stoichiomertry. .
The electri.cal conductivity and dielectrical behavior of materials depend on sintering
temperature, composition and preparation conditions. The effect of ac conductivity with
frequency gives valuable information of localized charge carriers. This helps to

understand the mechanism of electrical conduction and dielectrical polarazabilities.
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