Available online at www.scholar sresear chlibrary.com

ScholarsResearch Library & Py
(2] )
Scholars Research g ?"6
Archives of Physics Research, 2015, 6 (5):5-10 g ¢ 9 2
(http://scholar sresear chlibrary.com/ar chive.html) % R

Library
I SSN : 0976-0970
CODEN (USA): APRRC7

The deter mination of the dielectric relaxation parametersand order of
kinetics of TSD spectrum by using Prakash method

Devendra Prasad

Department of Physics (Basic Science), U P Textile Technology Institute, 11/208, Souterganj Kanpur, (U P), India

ABSTRACT

In this paper we analyze the suitability and feasibility of the method proposed by Prakash for the determination of
the dielectric relaxation parameters, namely activation energy and fundamental relaxation time, and order of
kinetics, of a thermally stimulated depolarization (TSD) spectrum, also known as ionicthermocurrent (ITC)
spectrum, by applying it both to numerically generated TSD spectrum of hypothetical system and experimentally
reported TSD spectrums of AgCl:Pb?* and KI:S. It is found that the method is simpler, convenient and can be used
for the analysis of TSD spectrum or I TC spectruminvolving any order of kinetics.

Keywords: Dielectric relaxation parameters, Order of kinetics, Thermally stimulated depolarization,
[ onicthermocurrent.

INTRODUCTION

The specimen of alkali halide matrix having impuracancy (V) dipoles gets polarized in the pree of an
electric field. With the electric field still onf the specimen is rapidly cooled down to a faidyvltemperature,
where the relaxation time is very large or pradiycafinite, 1V dipoles are frozen-in in the talline lattice and
remain polarized even after switching off the eiedield. If the specimen is heated at a consliaetar heating rate,
a stage comes when frozen-in polarized dipolest stipolarizing. Consequently, thermally stimulated
depolarization current ( TSDC ) or ionic thermaeunt ( ITC) starts appearing. The plot of thdhnstimulated
depolarization current as a function of temperaiarknown as TSD spectrum or ITC spectrum. TSDCTE
technique is employed to determine the charadieristlectric dielectric relaxation parameters, emactivation
energy £,) and fundamental relaxation time,) of specimen. There are several methods for Hig,eported in
literature suggested by different workers engagedhie same work, and the technique has been entploye
successfully. Most of the already existed methadsi$ on evaluation of dielectric relaxation partarg only few
methods are focused on order of kinetics paramaite [1,2]. In all the discussed methods, thee some
anomalies, like few of them are not concerned watder of kinetics, few of them are suitable only fo
monomolecular or first order kinetics, few of théxave suggested different methods for different oadekinetics
and most of them are not interested whether théuatesd values of dielectric relaxation parametélsand r,)
satisfies equation of peak temperature. Startiomfthe basic idea that ITC curve corresponding taamolecular
kinetics is very much similar to a thermoluminasoe(TL) glow curve involving monomolecular kiros{i3], and
TL glow curves involving second and higher ordieickics [4-8] have already been reported in ttexdture. It was
hence thought proper by Prakash [9] to assessWdévement of second and higher order kineticdTi€ spectra.
ITC technique has emerged as an effective and wsejul tool [3] for studying the reorientationalhl@ior of
dipoles because of its sensitivity, accuracy and/enience.
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2. Prakash method of analysis
Following Prakash [9] the expression for ionic thecurrent ( 1) involving general order kineticgisen by

Ea

1 T Eq ’
kKT bl fTo exp (_W) ar @

= % —
I = e exp[
whereqQ, is the total charge released during ITC riis order of kinetics involved, k the Boltzmanninstant, T
the absolute temperature, b is linear heating Tatis, the temperature wherefrom ITC spectrum stargppear and
T' any temperature betwe&pand T. Equations for ITC spectra involving firsecond or higher order can be
obtained from above equation after substitutingctreesponding value dfinto it.

Total released charged during ITC run is given by
Qo = Jy 1(TaT’ )

and charge released in ITC run in between temperatinge T teo is given by
Q =4 J;1(TdT’ 3)

Q, andQ can be obtained from ITC spectrum using eqs.(8)(8nrespectively.
Equations for remaining polarizatidhand current densityyat temperature T in specimen is given by [9]

1 T Eq r
P = Poexp[=7— [ exp(=7)dT’] 4)
and
P, Eq 1 T Eq ’
J = exp[———— v, fTO exp(—-)dT’] )

whereP, is the maximum polarization or initial polarizatio

In order to establish a method for the analysi§®D or ITC spectrum with a view to determine diglieaelaxation
parameters and order of kinetics, Prakash hasdenesl the mechanisms responsible for the TSD orpffbCesses.

It has been established that the dielectric relamgparameters, activation enerfy and fundamental relaxation
timet,, are characteristic features of the specimen a@$ ahot depend anyway on experimental conditions of
polarization and rate of rapid cooling. Howevere tbxperimental conditions of polarization and raferapid
cooling are the prime parameters which decide tiwolvement of different order of kinetics in TSD trC
spectrum. The analysis of TSD or ITC spectrumsavhes specimen under different experimental conditioh
polarization and rate of rapid cooling results ame value of, andt, . Thus the evaluated values &f andr,
correspond to an TSD or ITC spectrum of first ordligretics and remain unaffected with either numbkr IV
dipoles per unit volume or order of kineti.sThe order of kinetic does not represent the characteristic feature of
the system under consideration. The experimentaported data for single crystal [3] KCI*Srsupport this
statement.

Thus, E, andrt,, are the characteristic dielectric relaxation pseters of the system and are found to be

independent of the order of kinetics and experirlecbnditions. Hence, these parameters can beneltdirom
eg.(1) after substituting = 1 in it. In such a case eq.(1) with the help of @gsand (5) for# = 1 can be written as

B _fa
1= = exp( . T) (6)

which can be rearranged as
in(2) = in(z,) + = @

From eq.(7) it is obvious that Whém(%) plotted agains@) will give a straight line. The slope and intercepthe

straight line give the values df, andr,, respectively. Knowing the values Bf andr,, order of kineticg can be
obtained from equation of peak temperaffj;e given by
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T3 = iem ®

where t,, is relaxation time at peak temperature and giweAirhenius relation [10] as

Tm = Ty exp(:T“m) 9

3. Analysis of TSD spectrum
In above discussion it is clear that, in orderétedmine dielectric relaxation parameters by Ptakasthod, one has

to evaluate(%) which is given by the area of a TSD spectrum ftbentemperature under consideration until the end
point and corresponding current.

3.1. Analysisof experimentally reported TSD spectrums
Following the method suggested by Prakash, expetaiig observed TSD spectrums, already reported in
literature, of specimens AgCl:PH11] and KI:$ [12] are analyzed and the results are given below:

Data collected from already reported TSD spectrdmmpecimen AgCl:PB [11] are given in Table.1. As per the
eq.(7) plot ofin[Q/I] vs 1/T is shown in Fig.1. From experimentatBported spectrum,,J= 112.3K, },= 1.796E-
13A, b=(1/30)K/s, @= 4.872E-09 C. Boltzman’s constant k = 8.617E-3ke\From Fig.1 slope = 4348.2 and
intercept = -29.9. Using eqs.(7), (8) and (9) catmd values of different parameters are as giwovb

(i) Activation Energy E=0.3746885 eV ,

(if) Fundamental Relaxation Tine = 1 06851E-13 s and

(iii) Order of Kinetics? = 0.01244336.

Data collected from already reported TSD spectrispecimen K1:& [12] are given in Table.2. As per the eq.(7)
plot of In[Q/I] vs 1/T of Specimen KI:$is shown in Fig.2
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Fig.1: Plot of In[ Q/I ] versus[ 1/ T ] for experimentally reported TSD curve of specimen AgCl:Pb? [11]

TABLE 1 DATA FROM EXPERIMENTALLY REPORTED CURVE [11]

Specime- AgCI:PE*
T uT | /1
® | &Y & @) cay | mom
100 0.01 4.818E-09 6.34E-15 759936.9 13.54099069
105 0.00952381 4.467E-09 4.225E-14 105727.8 11.56862325
110 0.009090909 2.862E-09 1.5E-13 19080 9.856395945
115 0.008695652 4.38E-10 1.7958E-13 2439.024 | 7.799353398
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TABLE 2 DATA FROM EXPERIMENTALLY REPORTED CURVE [12]

Specimen- KI:$
T T Q | ol
B R In[Q/I
® | Y © ) (CA™Y [
180 | 0.005555556 1.812E-09 3.63636E-14 49830 10.81637249
200 0.005 1.078E-09 3.54545E-13 | 3040.513 8.019781471
211 | 0.004736842 1.46E-10 1.72727E-13 | 845.2632 6.739648008

From experimentally reported spectrum, ¥ 204K, |,= 3.6E-13A, b=0.05K/s, £= 1.922E-09 C .Boltzman’s
constant k = 8.617E-5 eV/K. From Fig.2 slope 874864 and intercept = -16.9002. Using eqs.(7),a(8) (9)
calculated values of different parameters are \angbelow

(i) Activation Energy E=0.429804243 eV ,
(if) Fundamental Relaxation Tine = 4 57442E-08 s and

(iii) Order of Kinetics? = 0.087781491.
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Fig.2: Plot of In[ Q/I ] versus[ 1/ T ] for experimentally reported TSD curve of specimen - K1: 5% [12]

3.2. Analysisof hypothetically generated TSD spectrum

Here we consider a hypothetical system wifE0.60 eV, T, = 5.0 x 10°s, Q =3.0x 10 C and b =0.05 K5
and plot current versus temperature curve for dgiffevalues of order of kinetigsin accordance with eq.(1). The
resulting TSD spectrum is shown in Fig.3. Accordiagquation (7) a single straight line is obtainasl shown in
Fig.4, for all the curves of Fig.3 particularly aese of the fact that dielectric relaxation pararseand), are same
for them and slope and intercept evaluated usind®gdo not depend a@,. It is due to this reason that a single
straight line results in Fig 4. The slope and icgépt of the straight line give the values of ditiecrelaxation
parameters Fandt,, respectively. Knowing the values of, Bnd 1,, order of kinetics can be obtained using egs.
(8) and (9). The values are same as assumed fothsfical system.
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Fig.3: TSD spectra involving different order of kinetics for ahypothetical system with E,= 0.60 eV, 1,=5.0x 1025, Q,=3.0x 10°
'C and b =0.05ks™. thenumber on the curvesrepresentstheinvolved order of kinetics

CONCLUSION

In the present paper we have analyze experimentgtigrted TSD spectrums of different specimen andarically
generated TSD spectrum of hypothetical system,emaduate all the three parametgrs s and?, following the
Prakash method. This method for the evaluationieliedtric relaxation parameters, Bnd1, is in fact BFG
method [3] represented through eqgs. (7). Consglyiehe accuracies associated with the evaluatiof, andt,
shall be the same as that obtained in BFG methiglobvious that the Prakash method is simpher @onvenient
for the evaluation of dielectric relaxation paraemst No simplifying assumptions have been incongoraby
Prakash in developing eq. (1). Activation energg ezlaxation time are characteristic features efghecimen and
unaffected by the experimental conditions. The erpental conditions of polarization for getting Zen-in
polarized dipoles decide the order of kinetics Imgd. It is because of this reason that differeBDTruns recorded
on the same specimen give different values of oofid&inetics. Futher, the dependence of peak teatpeT,, on
Q, is also excluded in the suggested model.
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Fig.4: Plot of In [Q/T] versus[1/T] for TSD curveof Fig. 3
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