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Evaluation Of Dielectric Relaxation Parameters
From Ionic Thermocurrent Measurements

O DR. Praveen Kumar Singh

Introduction:

A method is sugeested for the evaluations of dielectric relaxation parameters including
order af kinetics from the lonicthermocurrent measurements. These parameters in a number of
cases have been evaluated following the suggested method of analysis. The correctness af the
evaluated parameters has been checked through the known value of evaluated parameters
calcwlated by Buceil, Fieschi and Guidi method.

Introduction:

Diglectric relaxation parameter of impurity-vacancy (IV) dipoles are evaluated
after analyzing the ionicthermocurrent (ITC) spectrum following either the method suggested by Cardick
and Gibson or by Bucci, Fieschi and Guidi. The earlier method is the convenient and quick meathod for
the evaluation of dielectric relaxation parameters. Since this method utilizes that portion of the ITC
spectrum where uncertainties are more due to background current. Thus, the background current plays a
significant role in deciding the accuracy of the evaluated parameters. The other mathod for the evaluation
of dielectric relaxation parameters is Bucci, Fieschi and Guidi (BFG) method, which incorporates the
graphical integration of the whole ITC spectrum. For simple non interacting dipoles having single
relaxation mechanisms, one gets a simple ITC peak. For system involving multiple relaxation processes,
the recorded ITC spectrum is complicated Peak cormesponding to different relaxation processes can be
scanned in such cases following peak cleaning technigque. In BFG method the evaluation of the area
enclosed in ITC spectrum associated with each individual peak involve a fair degree of uncertainty in the
paak cleaning technigue, which leads to increase the value of dielactric relaxation parameters. Obviously
BFG method is not that effective in the case where multiple relaxation times are involved. In the present
paper, an improvemeant method has been suggested. Improve method of analysis has been applied to a
numbers of cases for the evaluation of dialectic relaxation parameters. The accuracy of the evaluated
parameters has been checked through the BFG method.

Proposed Method of Analysis:

In ionic crystal dielectric properties will be either due to the orientation of IV dipoles or due to the
drift of the defects in the presence of an electric field or due to both. To record an ITC spectrum, the
system consisting of frozen-in IV dipoles is heated at a constant linear heating rate and the resultant
dapolarization current is measured as a function of temperature. At the low temperature the relaxation
time i practically infinite which decrease exponentially with the increase in the temperature. While
haating the sample a stage comes when IV dipoles just become able to reorent in the lattice with the
simultaneous appearance of the depolarization current. With further increase in the temperature, one
records the ITC Spectrum. The shape of the ITC spectrum gives information about the type of kinetic

invahyed and also about the extent of distribution in the relaxation time.
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After the application of the electric field, the polarization P(t) increases exponentially with t controlled
through the relaxation ime t depends on the temperature through the relation..

1= 15 exp [EJKT] (1)

where 1 is the relaxation time at infinite temperature and i now as pre-exponential factor or fundamental
relaxation time and E,; is the activation energy for orientation /disorientation of IV dipoles.

The decay of polarization i.e. depolarization will be controlled by

d {P(tjpdt = - (/ (2-1)) [P(t) <)] (2)

where | is the order of kinetics involved in the system. Eqn. (2) after integration gives
P(t) = Poexpl- (L/(2-1)) (¥ <)) (3)

where Py is the equilibrium or steady state polarization, which depends on polarizing electric field E, and
polarization temperature T, as

Po= [a Ngp* Ey KT, (4)

where N is the number of IV dipoles per unit volume each with dipole movement p, k is the Boltzmann
constant and o is a geomefrical parameter which for freely rotating dipoles has a value (1/3).
The depolarization current density Jit) is expressed as
Jt) = - (1A [d P(t)/dt ] (5)
Eqn.(5) can be written as

T
Jit) = (Pol{2-1)) exp|(-1/ (2-1)bg) [ exp (Eo KT )dT']  (B)

i}

With the help of Eqns.(1) and ( &), one can write down the expression for the depolarization current
ifT) as

.
iT) = (QA21-1) 10) expl(-EokT) - (L] (20-1) brg) [ exp (£, / kT )dT '] (7)
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where Q) is the total charge released in the ITC measurement and is related fo P, through

Q = PyA = [aNg ' E,AT KT, (8)
where A is the effective area of the specimen.
Condition for the Peak of the ITC spectrum:
Maximum depolarization current (iy) appear at a temperature Ty, according fo

Tw® =[((2-1)/ ) bEgry [ K] (9)
Where 1, is the corresponding relaxation time at Ty, .
Evaluation of dielectric Relaxation Parameters:
From Eqn.{5) one gets

iff) = (-1/1) dQdt {(10)
If the system is heated following a constant linear heating rate b, as par Egn.

T =T, +bt (11)

Eqn.(10) after integration can be rearranged as
Qr = (U/b) [Ti(T))dT =1A; (12)

where Oy is the number of remaining charge carrier par unit volume at the temperature T comesponding
to time t and Ar represent the area of the ITC spectrum enclosed within the temperature range Ttlo =
such that

Ar = (Ub) [Ti(T))dT (13)
Further Eqn.(10) can also be represents as
Q= (U/b) [[i(T))dT =1h, (14)

where Ag represent the total area enclosed within the ITC spectrum such that
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where Ap represent the lotal area enclosed within the ITC spectrum such that

Ao = (U/b) JTi(T)) dT" (15)
Rearrangement of Eqns.(5) and (12) gives
Xr = [(21-1) 10/ exp( EalKT] (16)
where Xr= (Ar/i(T)) (17)
Eqn.(16) can further be written as

Ln(¥;) = Lo[(2-1) 1 /] +( E,/KT] (18)

For a given ITC curve | 1 and Es are constant, so the plot of In(¥r) vs (1/T) will be a straight line
with the slope (Egk) and intercept equal to Ln[{21 -1) 15 [ 1]. Thus the activation energy can be evaluated
from the slope of the straight line plot. The intercept gives the value of either | or t, provided the other is
known. In order to evaluate the order of kinelics we have calculated the value of form factor v = [ Ty/
(T2-Ty J]- The calculated value of form factor for different sets of E, 1, and | are presented in Table(1).
From this table it is clear that the average value of form factor for first order kinetics is 30.37 and for
second order kimetics it is 29.61 and for third order kinetics it is found to be 28.63. A graph plofied
between the average value of the form factor vs order of kinetics is shown in Fig.(1). From this eurve, for
a known value of form factor corresponding to an ITC spectrum of a system, the order of kinetics involved
can be ascertained. Once the order of kinetics is known, the relaxation time can be evaluated from the

intercept of the straight line plot drawn in accordance with Egqn.(18). Thus the dielectric relaxation

parameters L, 1, and E, can be evaluated.

Proposed method of analysis and evaluation has been applied in a number of causes of ITC
spectra. Experimental data of ITC spectrum have been utilized to evaluate the dielectric relaxation
parameter following proposed method of analysis. Evaluated dislectric relaxation paramelers are
presented in Table (2). It is obvious from the table that there is the good agreement in between the
reported and evaluated values of dielectric relaxation parameters. It is worth mentioning that reported
value corresponds to a monomolecular kinetics. Table (2) includes of monovalent, divalent and frivalent
doped alkali halide crystals where data have been recorded following ITC technigue. Corresponding
references in different investigated systems have also been including in the table. It is obvious that a
agreement exists in between the reported values evaluated following BEFG method (assuming
monamelecular kinetics) and those evaluated following the proposed method of analysis. For the systems
presented in Table (2), values of | have been evaluated with the help of Fig. (1), after knowing the value
af form factor from their respective ITC curves. The value of L has been determined with an accuracy of
10%. In most of the system presented in Table (2) the value of L have been found to be 1 suggested that
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monomaolecular kinetics is involved in these systems leading 100% recombination. However, in some of

the system presented in Table 2, 1 has been found to be greater than unity leading to simultaneous
presence of recombination and retrapping. Consequently, the evaluated value of ¢, does not agree well
with the reported value as expected. However, E, remain unaffected by the value of | as it is evaluated
from the slope of the straight line curve. Hence, reported and evaluated values of E, are found to be in
good agreement even in the cases when 1= 1. The data presented in Table (2) thus justify the validity
of the proposed method of analysis.

The accuracy of evaluated parameters depends on the extents to which the area of the ITC spectrum
and the depolarization current are evaluated accurately. It should be mentioned, however, that the exact

evaluation of area and current is restricted due to uncertainties in the background current. However, a
slight error in the background current will not create a significant change in the magnitudes of 1, 13 and

Ea

Table =1
Form Factor for ITC Spectra for Different Set of |, E; And 5

Tals) Form Factor w = [ Tu! (Tz=Tu il

E. {2V}
=1 =2 I=3
0.60 1.0 x 10 aA0.42 29,58 2845
0.80 2.0 x 10t 30,28 28.45 2872
.80 3.0 x 0t 30,51 25 41 28 GO
.80 4.0 x 107 30.38 20 88 2870
0.65 1.0 x 10 3A0.45 29.46 2878
0.65 200 x 10 30,60 29.59 28.70
0.85 3.0 x 10t 30.42 258.44 28 65
0.85 4.0 x 1ot A0.27 29 87 2870
070 1.0 = 107 30.25 2028 2868
070 2.0 x 10 30,20 29,58 2825
o.70 3.0 x 10t 30,81 28 81 2865
o.70 4.0 x 1ot 30,36 2873 2875
Average Value 3037 28841 28 .63
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