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Abstract

The aim of this work is to give, for practical purposes in routine works, an easy way for obtaining
approximated values of E which can be useful for testing, in a very quick way, the stability of the
trap levels corresponding to the dosimetric peak in thermoluminescent materials used for
environmental, personnel and clinical dosimetry applications. Furthermore, the E values
obtained with this method can be used as input data for deconvolution procedure.

Resumen

El objetivo de este trabajo es dar, para fines pricticos en trabaios de rutina, una forma fAci de
obtener valores aproximados de E [as cuales puedan ser 6tiles para probar de una manera
rApida, la estabilidad de los niveles de atrapamiento correspondientes al pica dosimdtrico en
materiales termoluminiscentes usados para aplicaciones en dosimetria ambiental, personal y
clinica. Adem;4s, los valores de E obtenidos con este m6todo pueden ser usados como datos
de entrada para el procedimiento de deconvoluci6n.

Introduction

The large community of people involved in thermoiuminescence studies knows how
many problems may be encountered in this field, specially when thermoluminescence is used
for routine works, i.e. clinical dosimetry, environmental and personal dosimetry. In all these
applications, it is not necessary, in principle, to carry out very accurate and deeply studies on
the kinetics properties of the thermoluminescent (TL) materials used for.

Any way, in many cases it should be necessary to have some ideas concerning the
kinetics parameters, i.e. the activation energy, E, associated to the trap levels, which are
associated to the dosimetric properties of a given TL material. For instance, it is very important
to know if a given peak in the gow curve, i.e. the dosimetric peak, is enough stable for practical
uses. In another field of thermoluminescence, i.e. the application of the glow-curve
deconvolution technique used for analysis of complex TL glow curve, some input data are
needed. which can be obtained using one or more of the classical methods for the activation
energy determination.

Some methods for the evaluation of the activation energy, the so-called heuristic
methods, make use of the only peak temperature at its maximum, Tm. These methods have to
be considered as a first approximation compared to other methods.

Urbach 1 , first, suggested a very simple expression, deduced from TL experiments on
KCI:

E 23kT,,
500

which gives reasonable values, if applied to other materials, when the frequency factor, s, is 10'9
s



Randall and Wilkins (I 1, for alkaline earth and zinc sulphides, with s = 1 08 s", proposed
the following expression

E = TV In s (2)

Halperin and coil. 1) suggested, for NaCl

E = 8kTw (3)

Finally, Bube [1 gave a very similar expression for F

E = 9kTw (4)

This paper mainly consists in two parts. The aim of the first part is to present a series of
modified expressions derived from the peak shape methods, namely Lushchik 1 , Grossweiner
[21, Halperin and Braner 31, Balarin 4]and Chen 561. These methods are based on three
characteristic temperatures of a single TL peak, namely TI, on the low temperature side of the
peak at its half intensity, T2 the temperature on the fall-off of the peak, at half intensity, and TM
the peak temperature at its maximum intensity. The modified equations are given as a function
of the only peak temperature at the maximum. Indeed, the asymmetrical and symmetrical
properties of the glow peaks following a first 7] or a second order kinetics (81 respectively,
allow to express the characteristic peak temperatures T, and T2 as a function of TM. For this,
synthetic glow peaks for first and second order kinetics have been computed for a wide range of
the activation energy values, from 07 to 21 eV. For taking into account the influence of both
the frequency factor s and the pre-exponential factor s' fr each value of E s and s' vary from
1 0to 10'(. This procedure allows to determine the values of TI, T2 T, T1TM and T21TM. After
that, as a convenient first approximation one may take 0.95TM for T, in both first and second
order peaks, T2 = 1.036Tm and T2=1.054Tm for a first and a second order peak respectively.
The other parameters used are: = T - T1, the half-width at the low temperature side of the
peak, � = - T, the half-width towards the fall-off of the glow-peak, = - T, the total half-
width (FWHM).

In all the cases where the glow-curve analysis is complicated by

overlapping of several glow-peaks, each one characterized by its trap depth, the

use of the temperature at the maximum should be given a reasonable value for

the activation energy. After that, the interpolated values can be used as input

data in the computerised glow curve deconvolution (CGCD).

The second part of the paper is concerning with the use of the peak

temperature at the maximum for the activation energy determination, and the

cause of the obtained approximated results, comparing to other methods, is

analysed and discussed.

Equations related to the peak shape methods

The equations for determining the activation energy according to the

peak shape methods are the followings:

Grossweiner

ist order (EG 1. 41k

2nO order EG 1. 68k (2)



The coefficient 141 in 5q.(1) has been computed by Dussel and Bube 91 for getting a
better approximation.

Lushchik

U�
1$' order (EL ), = ' 9765M (3)

2 nd order (EL = . 706 k Y:�' (4)

where the coefficients have been computed by Chen 5].

Halperin Braner

ist order (EVB 1. 72 E-Z (I - .58AM (5)
r

7kT2
2nd order EHB 3AII) (6)

where A 2kTv
E

Both the previous equations (5) and 6) require an iterative process owing the presence
of the quantity 7m. To avoid this difficulty, Chen modified them as following 5]:

1 s' order (EHB 1.52 3.16kT,, (7)

2nd order (Ejl 1.8I3 kT - kT (8)

Balarin

T�
1 order (El (9)

-4998

2n, order (E3 ) T�._ ( 0)
co -3542

All the previous expressions were summed up by Chen 6 who
considered a general order kinetics ranging from to 2 then giving the

possibility of non-integer values for the kinetics order. The general expression is

E,,, = ckT�f b. ()kTv

a

where Ci is E, '7 or �1. The values of c.- and br are summarized as below

c = .51 + 3. 0(� - .42) b = .58 + 4.2(i.L O. 42)

0. 9 76 + 7.3(l. - 0. 4-) b = 0

2.52 - 10-2(l.L - 0. 42) b =I



with

.5 T, TM
IU =_

co T, T,

being = 042 for a first order kinetics and = 052 for a second order.
All the previous equations can be modified according to the temperature approximations

so far given. Tables and 2 list the modified equations

Results and discussion

Tables and 2 list the modified expressions, for kinetic orders b = and 2.

Table 3a and 3b list the data obtained using the experimental methods

given by the original equations as well as the approximated values obtained by

the modified equations. The differences, in percentage, are also given for
comparison.

It can be noted, from Tables 3a and 3b, that there is a quite large

discrepancy between the activation energy values obtained using the peak

shape methods and the ones calculated using the modified equations where

only the peak temperature at the maximum is used. The reason of these

discrepancies depends on the fact that for a given value of E it is possible to

have a range of frequency factor, s (or pre-exponential factor, s' ) values and

then a variation of the peak temperature at the maximum. As a consequence

the ratios TTm and T2iTm are not so strictly constant although they are almost

stable comparing to the large variations of E, s and s'.
To explain the discrepancies between the data shown in Tables 3a, 3b a new computer

simulation was carried out. The ratios TTM and T2/Tm have been evaluated under the following
conditions:
• Using a stable value for T, pairs of E and s were found which give the same pre-selected

TM

• The previous search was done in an activation energy range from 0.5 to 24 eV and for a
frequency factor region, expressed as In(s), between and 5

• The pre-selected T values were 400, 500 and 600 K

Fig.1 shows the T,/Tm and T2/Tm behaviour as a function of the activation energy for each
pre-selected values of T. Fig.2 shows the behaviour of the sarne quantities as a function of s.

The basic conclusion from Fig.1 is that all the possible values of T,/TM and T2/Tm can
correspond to the same T. This makes quite impossible to evaluate E using expressions which
give E as a function of only. The meaning of Fig.2 is that the same TM could be obtained for
all the s values if an E value is properly selected.

Indeed, all the heuristic methods give very approximated values of E if applied to different
phosphors from the ones for which the expressions where deducted.

Any way, the expressions based on the peak temperature at the maximum can be useful for
finding preliminary values of E when the peaks under study are strongly overlapped. After that,
these approximated values can be used as input data for deconvolution.
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Original Equations Modified
Equations

Eq. 1 - Grosweiner E0 = 23.1 E4-Tm
Eq.(3 - Lushchik E = 23AE-4-Tm

I Eq. 7 - Halperin & E0 = 23.5E-4.Tm
16raner
i Eq.(9 - Balarin Ea = 23.3E-4.Tm
Eq.(13 - Chen general E�,= 23.3E-4-Tm
equation
Eq.(13) - Chen general Ec = 23.4E-4-Tm
equation
Eq.(13) - Chen general EF1 =23.5E-4-Tm
equation

Table 1. 1 s' order kinetics equations

Original Equations Modified
Equations

1 Eq.(2 - Grosweiner E,- = 27.5E-4-Tm
Eq.(4 - Lushchik I Ec = 27.2E-4-Tm
Eq. (8 - Halperin & E = 27.SE-4.Tm
Braner
Eq. (1 0 - Balarin E = 27.2E-4-Tm
Eq.(13 - Chen general E,-3= 27.8E-4.Tm
equation
Eq.(13) - Chen general E,-� 27-2E-4-Tm
equation

[-E-q --(I 3 - Chen general E_;- 27.6E-4.Tm
i_equation I

Table 2 2 d order kinetics equations



Material Pea b TM E R E- OE,
k (K) (eV) ef (eV)

M
KMgF3:Ce Mai 2 500 EG=1-10 10 1.38 25%

n EL=1.08 1.36 26%
pea EHB=1 09 1.39 28%

k Ecc=1.08 1.39 26%
Ecc]=1.08 1.36 26%

1 1Ecci=1.08 11.38 28%
KMgF3:Er Mai 1.1 538 EG=1.03 10 124 20%

n EL=1.01 1.26 25%
Pea EHB=1.04 1.26 21%

k Eco=1.05 1.25 19%
Ecc=1.09 1.26 16%

1 1Ec,,=1.07 11.26 18%
CaF2:Tm 1 1 390 EL=0.69 11 0.91 32%
(TLD-300) EHB=0.72 0.92 28%

3 1 437.8 EL=1.20 1.02 15%
EHB=I. 18 1.03 13%
Ec--=1.10 1 02 7%
Ec,-=1.20
Ec--=1.10 1.02 15%

5 2 523 EL=1.68 1.03 6%
EHB=1.82 1.42 15%
Ecz=1.70 1.45 20%
Ec--=l 90 1.45 15%
Ec::=l 0 1.42 25%

1.44 20%j

BaSO4:Eu Mai 1.0 540 Ec- 16 12 1.27 9 %� 8 1:1
EHE-:1 1.27 9%

I pea EL=1.13 1.26 12% i
k

this work

Table a



Material Pea b Tm E R E- 0 E,
k (K) (eV) ef (eV) a,,

KMgF3:L 1 2 434. EG=1.04 13 1.19 14%
a 5 EL=1.03 1.18 15%

EHB=l 0 1.21 16%
4 1.18 15%
EB=1.03 1.21 16%
Er0=1.0 1.18 15%
4 1.20 15%
Ecc=1 0

2 1.9 3 1.54 27%
558. Ecc=1.0 1.52 21%

7 4 1.55 29%
1.52 23%

EG=1.21 1.55 31%
EL= 1 26 1.52 26%
EHB=1.2 1.54 28%
0
E,3= 1 24

i 8
I

Ec7=1.2

1

EcE=1.2
10

Table 3b
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