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Abstract

In this work ,we have employed for the analysis of TL glow curves of Eu3+ : Y2O3

material. The continuous promotion in numerical methods has greatly helped to

solve the complex TL kinetic equations (rate equations) which can not be solved an-

alytically. The complexity of the rate equations increase with the number of traps

considered. In this thesis,the properties of the thermoluminescence glow curves of

Eu3+ : Y2O3 has been employed theoretically in view of first order kinetics. As acti-

vation energy increases the glow curve shifts to higher temperatures with a decrease

in the height. For higher E values or deeper traps more energy or higher temperature

is needed to release the charge carriers. Therefore, Similar changes can be noticed as

the parameter s is varied but now in the opposite way: As frequency factor s increases

the peak shifts to lower temperatures with an increase of the height and a decrease in

width. A trapping center with a high frequency factor needs less energy or it needs

lower temperature to free a charge carrier.

Keywords: TL (Thermoluminescence), Eu3+ (Europium ion), Y2O3 (Yittrium ox-

ide)
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Chapter 1

Background of the Study

1.1 Introduction

In order to understand how thermoluminescence (TL) can be used to study lumines-

cent materials, a theoretical background of the phenomenon is important [1]. The

luminescence process usually takes place at low temperatures (i.e. it is cold body

radiation) in contrast with incandescence which occurs at very high temperatures

only is caused by heat. From the type of luminescence, Thermoluminescence is one

of them for this case it has also definition. The term ”thermoluminescence” (TL)

consists of two words: thermo, meaning heat and luminescence, meaning emission of

light [2]. These words may appear to mean that the emission of luminescence also

called thermally stimulated luminescence is widely used to study defects in insulators

and semiconductor material, applicable in field of radiation dosimetry. Thermolu-

minescence (TL) is a luminescence phenomenon of an insulator or semiconductor

which can be observed when the solid is thermally stimulated. TL should not be

confused with the light spontaneously emitted from a substance when it is heated to

incandescence. At higher temperatures (say in excess of 2000C) a solid emits (infra)

red radiation of which the intensity increases with increasing temperature. This is

thermal or black body radiation. TL, however, is the thermally stimulated emission

of light following the previous absorption of energy from radiation . From this de-

scription the three essential ingredients necessary for the production of TL can be

deduced. Firstly, the material must be an insulator or a semiconductor metals do

not exhibit luminescent properties. Secondly, the material must have at some time

absorbed energy during exposure to ionizing radiation. Thirdly, the luminescence

emission is triggered by heating the material [3] . A thermoluminescent material is

1
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thus a material that during exposure to ionizing radiation absorbs some energy, which

is stored. The stored energy is released in the form of visible light when the material

is heated. Note that TL does not refer to thermal excitation, but to stimulation of

luminescence in a sample which was excited in a different way. This means that a

TL material cannot emit light again by simply cooling the sample and reheating it

another time .It should first be re-exposed to ionizing radiation before it produces

light again. The storage capacity of a TL material makes it in principle suitable for

dosimetric applications.It should first be re-exposed to ionizing radiation before it

produces light again. The storage capacity of a TL material makes it in principle

suitable for dosimetric applications.

1.2 Statement of the Problem

Many researchers have been done on the nanoparticles of materials and dosimetery

of thermoluminescence materials. The luminescence investigations were carried out

using thermoluminescence (TL) methods. But luminescence properties of Eu3+:Y2O3

with thermoluminescence(TL) methods plays significant role in the area of the ap-

plication of this material Eu3+:Y2O3. In addition to this the knowledge of the lu-

minescence properties of Eu3+:Y2O3 is very important to distinguish it from other

materials. To the best of our knowledge this problem has not be studied in other

researcher. Therefore, the major concern of this research is to compare the experi-

mental value of luminescence properties of Eu3+ : Y2O3 with theoretical values. In

this context, this statement of the problem expected to answer the following basic

questions.

• What is the effect of activation energy on the thermoluminescence glow curves of

Eu3+ doped Y2O3nanophosphor in view of first order kinetics?

•How to describe effect of variation of electron concentration on the thermolumines-

cence glow curves of Eu3+ doped Y2O3 nanophosphor in view of first order kinetics ?

• What is the effect of frequency factor on the Thermoluminescence (TL) glow curves

of Eu3+ doped Y2O3 nanophosphor in view of first order kinetics?

• What is the effect of heating rate on the Thermoluminescence glow curves of Eu3+

doped Y2O3 nanophosphor in view of first order kinetics?
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1.3 Objectives of the Study

1.3.1 General Objectives

The general objective of this study is to investigate theoretically the thermolumines-

cence properties of the material Eu3+ doped Y2O3 nanophosphor in view of first order

of kinetics.

1.3.2 Specific Objectives

• To describe effect of activation energy on the thermoluminescence glow curves of

Eu3+ doped Y2O3 nanophosphor in view of first order kinetics.

• To obtain the effect of variation of electron concentration on the thermolumines-

cence glow curves of Eu3+ doped Y2O3 nanophosphor in view of first order kinetics.

• To study effect of frequency factor on Thermoluminescence (TL) glow curves of

Eu3+ doped Y2O3 nanophosphor in view of first order kinetics.

• To examine the effect of heating rate on the Thermoluminescence glow curves of

Eu3+ doped Y2O3 nanophosphor in view of first order kinetics.

1.4 Significance of the Study

This work helps us:

• To understand the peculiar properties of Thermoluminescence glow curve of Eu3+

:Y2O3 in view of first order kinetics theoretically.

• To investigate the error of theoretical result when compared with experimental

results of the Thermoluminescence properties of Eu3+ :Y2O3 in view of first order

kinetics.

•To be used as a reference for the scientific community to know about thermolumi-

nescence properties of Europium doped Yttrium oxide nanophosphore. Also helps as

base for other researchers.
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1.5 Scope of the Research

The scope of this study is theoretical investigation of thermoluminescence and defect

centers in Europium doped yttrium oxide nanophosphore.

1.6 Limitation of the Study

Due to lack of suitable apparatus that helps practical measurements, the study is de-

pend on the theoretical calculation and the scope of the study is limited to investigate,

effect of heating rate, effect of frequency factor, activation energy and concentration

of electron in trap on the material Europium doped yttrium oxide nanophosphore by

using rate equation in view of first order kinetics.

1.7 Thesis Outline

This study contains five chapters and organized as follows: In chapter 1, we have

discussed some of the background of Thermoluminescence, including the statement

of the problem, objectives, significance and scope of the study. In chapter 2, we review

the theoretical backgrounds of Luminescence, Thermoluminescence process, definition

of phosphor, Thermoluminescence application, simple model of thermoluminescence,

methods of determining kinetic parameters and the properties of Eu3+ :Y2O3. In

chapter 3, We discuss some of the methodology we used for our work In chapter 4, We

discuss the properties and the effect of varies heating rate on the Thermoluminescence

glow curve of Eu3+ : Y2O3 with parameter activation energy (E), frequency factor

(s), the dose and the concentration of the trapped electron in the trap and compare

the theoretical and experimental result on Eu3+ : Y2O3 material. Finally in chapter

5, we draw some conclusions.

.



Chapter 2

Review of Related Literatures

2.1 Luminescence Phenomena

Luminescence is defined as the emission of light above that expected for black body,

from some solids commonly called phosphors. This emission is the release of energy

stored within the solid through some type of prior excitation of the solid electronic

system, i.e. by visible, infrared (IR) or ultra violet (UV) light and ionizing radia-

tion. The light emitted has a longer wave length of the one of the incident radiation

(Stoke’s law). Furthermore, the wavelength of the emitted light is a characteristic

of the luminescent material. The ability to store the radiation energy is important

in luminescence dosimetry and is generally associated with the presence of activators

(i.e., impurity atoms and structural defects) which act as trapping levels for the free

electrons generated by excitation. Luminescence is the emission of light by a material

as a consequence of it absorbing energy. A material that emits light is called lumi-

nescent material. The emission of light takes place in a characteristic time t after the

absorption of the radiation and this parameter allows us to sub classify the process of

luminescence. Thus we can distinguish between fluorescence in which t < 10−8 s and

phosphorescence in which t > 10−8s [4]. To describe light emitting or luminescent

material the Greek word ’phosphor’ is usually used and it means ’light bearer’. A

phosphor emits energy from an excited electron as light and the excitation of the elec-

tron is triggered by absorption of energy from one of the external excitation sources.

An excited electron occupies a quantum state whose energy is above the minimum

energy ground state. In semiconductors and insulators, the electronic ground state is

commonly referred to electrons in the valence band, which is completely filled with

these electrons. The excited quantum state often lies in the conduction band, which

5
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is empty and separated from the valence band by gap. Therefore unlike metallic ma-

terials, small continuous change in electron energy within the band is not possible.

Instead a minimum energy equal to the band gap energy is necessary to excite an

electron in semiconductors and insulators, and the energy released by de-excitation is

often nearly equal to the band gap. The band gap of semiconductor material is such

that at room temperature, very few electrons are promoted from the valance band

to the conduction band leaving holes in the valence band. In general, luminescence

emission is explained by the transfer of energy from radiation to the electrons of the

solid, thus exciting the electrons from a ground state to an excited state. The emis-

sion of a luminescent photon takes place when an excited electron returns to a lower

energy state [5].

2.2 Definition of Phosphor

• Phosphors (or luminophors) may be defined as solid materials showing lumines-

cence. Phosphors essentially consist of very pure inorganic materials doped with

suitable ions called activators [6, 7].

•The activator is usually present in concentration levels varying from one to five parts

per million of the host lattice. Often, additional ions act as charge compensators or

donors in the lattice. These are termed co-activators. Luminescence [8] is produced

when activators are inserted into the host lattice. They create local centres that can

be excited to produce Luminescence. Normally phosphors are made from crystalline

materials that act as host crystals. They contain x amount of controlled impurities

which are called activators, that generate the luminescence. Different methods and

type of excitation gives rise to various kinds of luminescence [9]. Emission obtained

a) From the absorption of photons (light) is called photoluminescence.

b) By applying electric currents or electric fields (a.c or d.c) is called electrolumines-

cence.

c) By bombardment with an electron beam is called cathodoluminescence.

d) From the use of pressure is called triboluminescence.

e) By the use of heat is called thremoluminescence.

f) From a chemical reaction is called chemiluminescence.

Phosphors have seen wide spread use in for example televisions tubes, cathode ray

tubes, fluorescent lighting (strips and compact light bulbs).The cathode ray tubes
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have now been almost totally replaced by flat screen technologies [9,10]. Colour tele-

vision technology was invented and started by John.L.Baird in 1928 and was further

developed in 1940 by Peter Goldmark. Initially the colour television was transmitted

in red, blue and green [11].

2.3 Thermoluminescence Process

Thermoluminescence(TL)is defined as the emission of light from a semiconductor or

an insulator when it is heated, due to the previous absorption of energy from irra-

diation. The graph of the amount of light emitted during the Thermoluminescence

process as a function of the sample temperature is known as a ”Thermoluminescence

glow curve.” On subsequent heating the energy may be released and some of it may be

in the form of light, which we call thermoluminescence (TL). The underlying mecha-

nism involves the role of:-

• crystal defects which allows the storing of energy derived from exposure to radiation

through the trapping of carriers at these defect centers

• Subsequent release of stored energy as visible light when these trapped carriers,

after having been freed by thermal stimulation, recombine at the luminescent centers

provided by impurity atoms in the solids [12-13].

The fundamental principles which govern the production of Thermoluminescence are

essentially the same as those which govern all luminescence processes and hence Ther-

moluminescence is one member of a large family of luminescence. However, the

application of heat stimulates the release of the stored energy in the sample due to

pre-exposure to the ionizing radiations which in turn produces luminescence. The ba-

sic effect leading to the production of Thermoluminescence is the trapping of charge

carriers, i.e. electrons and holes, produced during exposure to an external source

at defect sites in the material. Defect sites can be divided into two categories:- i,

Those inherently present in the material ii, Those produced by external means, such

as deliberately doping the sample with impurities. A well-known example of the first

category is a negative ion vacancy. Such a vacancy can trap an electron and is then

called an F center. An example of the second category is a lattice vacancy caused

by a higher valence impurity ion at the position of a lattice ion. A trivalent cation

impurity in a divalent lattice, for example, would induce the formation of a cation

vacancy in the lattice to maintain charge neutrality. Cationic vacancies are potential

sites for trapping holes. There are many other types of defects that can act as electron
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or hole trapping centers. Revealing the nature of those defects is part of the research

of luminescent materials. Heating of the material causes the release of the trapped

charge carriers and the recombination of electrons and holes at a luminescent center.

The release of some of the stored energy excites the center and relaxation may lead

to the emission of light. The nature of the luminescent center can be revealed by

measuring the emission spectrum which is in many cases characteristic for a specific

element. We note that not every recombination event leads to luminescence. If, for

example, there is not enough energy available to excite the center, the recombination

will be non-radiative. The process leading to recombination includes, in many cases,

the transition of charge carriers through the conduction or valence band, but localized

transitions may also take place [14-15].

2.4 Application of Thermoluminescence

The modernization and development in the instrumentation and better understand-

ing of Thermoluminescence have helped the professionals to solve their problems in

many fields. The present research on Thermoluminescence has explored its very high

application potential in various fields such as archaeology, analysis of defects in solids,

radiation dosimetry, geology, forensic sciences, quality control in industry for control-

ling the quality of many glass, ceramics, and semiconductor products; biology and

biochemistry for studying the properties (involving different chemical reactions) or

contents of proteins and leaves. Moreover, Thermoluminescence has also interest-

ing applications in space science,thermostimulated luminescence (TSL) photography,

radiation physics, petroleum exploration.

2.4.1 Archeology

The thermoluminescence output from the specimen is mostly attributed to Thermo-

luminescence sensitive mineral inclusions (mostly quartz) in the host clay matrix of

the pottery fired in the kiln sometime in the long past. That event is considered to

be the starting of the ’Thermoluminescence clock’ for archaeological dating [16].

2.4.2 Defects in Solids

TL is very sensitive to traces of impurities or defects within the host material of

a given sample and experiments on TL yields useful information on the properties
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of the various types of defect present within an insulator or semiconductor. This

includes the position of the defect within the energy gap and sometimes the type of

defect itself. There are early reports on the effect of impurities on the TL properties

of various materials. In general the impurities give rise to the localized energy levels

within the forbidden energy gap and that these are crucial to the TL process. For

the purpose of detecting the presence properties of these defect levels, the analysis

of TL glow curves is important. In addition to defect levels produced by external

means such as irradiation or doping, there are also those due to defects, such as

lattice vacancies and interstitial inherently present in the material. The presence of

this type of imperfection is also crucial to the TL process in many materials[17].

2.4.3 Radiation Dosimetry

Thermoluminescence has an interesting application in the field of radiation dosimetry

[18]. It is clear that the absorption of radiation increases the level of Thermolumi-

nescence observed from a given sample by filling the localized energy levels with

trapped electrons while the absorption of heat from the environment tends to reduce

the numbers of trapped electrons by de-trapping them.

2.4.4 Geology

In geology the sun light bleaching is considered to be the basis for dating the geological

event. The exposure of sand grains to sun light during their weathering and transport

through wind and water results in bleaching of their geological Thermoluminescence.

This bleaching is effective enough to reduce Thermoluminescence level to a negligible

value [19].

2.5 Properties of Eu3+doped Y2O3 Nanophosphor

In recent years, some attention has been paid to the study of radiation induced de-

fects in laser and luminescent materials, since they affect the optical and stimulated

emission properties. Like many oxide based materials rare earth doped Y2O3 has

a resilience to ionized radiation [20].The wide variety of materials of dopants that

can be incorporated allows the material to be tuned to emit in the red Eu3+ region

of electromagnetic spectrum[21,22].Additionally ,the wide energy gap of the Y2O3

material system reduces the effect of optical absorption by the host. Y2O3 : Eu3+
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has attracted much attention because of its high brightness as a red color phosphor

under UV or cathode ray excitation ,acceptable atmospheric stability and reduced

degradation under applied voltages[23-25]. Y2O3 : Eu3+ were found to be suitable

for field emission display (FED), Vacuum fluorescent display panel (PDP) devices.

It has also been reported to show high photo and cathodoluminescence efficiency for

Y2O3 : Eu3+.Europium is efficiently used as a luminescent center in phosphors for

various purposes. Phosphors doped with europium ions are of greater importance for

observing red colors on the monitors of various display devices [26]. Red phosphor

of Y2O3 doped with trivalent ions such as Eu has in particular attracted consider-

able interest in terms of its high chemical durability and thermal stability [27]. This

phosphor has been widely used in CRT displays. Nanoparticles have gained an im-

mense interest, in anticipation that this unexplored range of material dimensions will

yield size-dependent properties. The physical and chemical properties vary drasti-

cally with size, which clearly represents a fertile field for materials research [28-30].

Producing nano scale materials opens new opportunities in the creation of product

with enhanced properties for applications such as electronics, optics, medicine and

magnetism. Luminescent phosphors are among the current nanostructures of ma-

terials that can be incorporated into various applications,viz., the development of

flat-panel displays depends critically on the design of bright and stable phosphors

[31]. Nanocrystalline phosphors are suitable for high definition television (HDTV)

where conventional bulk phosphor cannot be used [32]. The morphology and the par-

ticle size affect the emission intensity of phosphor [33-35]. In general, the luminous

efficiency of phosphor reduces with decreasing particle size as long as the quantum

size effect does not occur [36]. Optically transparent yttrium oxide Y2O3 appears to

be a perspective laser material, because its thermal conductivity is two and ten times

higher than thermal conductivity of YAG and glass respectively [37]. Nanophosphor

Y2O3 crystallites have high luminescence efficiency in the orange-red, high purity,

good chemical resistance and thermal stability. Therefore the Y2O3 : Eu3+ pow-

der is largely used in optical display technology, medical image and illumination [38].

Eu3+activated Y2O3 nanophosphors have been studied for a long time because of their

efficient luminescence under UV excitation. In recent years, the nanoparticles of Y2O3

:Eu has been rewarded much attention for its incredible potential applications in op-

tical display and lighting materials and dosimetry due to their excellent chemical and

thermal stability, good corrosion resistivity, broad optical absorption and low phonon
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energy which reduces the multiphonon relaxation process which leads to high lumines-

cence efficiency [39,40]. Rare earth ions have long been used for producing phosphor

materials. Doping appropriate host matrix (usually oxide) with these ions products

sharp and intense emission under UV excitation [41]. Researchers have succeeded

to produce many kinds of rare earth-doped oxide phosphors emitting various colors.

To date,they succeeded to produce blue phosphor of (Zn,Mg)O:Zn, green phosphor

of ZnGa2O4:Mn, red phosphor of Y2O3:Eu and CrTiO3:Pr [42, 43], red phosphor of

SrTiO3:Pr,M(M = Al or Ga) [44], and yellow-green phosphor of (Y,Gd)Al5O12:Ce

[45, 46].

2.6 Simple Thermoluminescence Model

The process by which materials emit light when heated can be understood by con-

sidering the simplest possible model consisting of two localized levels, an isolated

electron trap (T) and a recombination center (RC), as shown in Figure 2.1. This is

commonly referred to as the one-trap-one-recombination center model (OTOR). Let

us denote by N the total concentration of the traps in the crystal m−3, by n(t) the

concentration of filled traps in the crystal in,m−3 at time t,and by nh(t) the concentra-

tion of trapped holes in the recombination center in, m−3. The initial concentration

of filled traps at time t=0 is denoted by no. In a typical thermoluminescence experi-

ment the sample is heated with a linear heating rate β = dn
dt

from room temperature

up to a high temperature usually around 500oC. As the temperature of the sample

is increased, the trapped electrons in T are thermally released into the conduction

band, as shown by the arrow for transition 1 in Figure 2.1. These conduction band

electrons can either recombine with holes in the recombination center RC (transition

2), or they can be retrapped into the electron trap T (transition 3), as shown in

Figure 2.1. The intensity of the emitted light is equal to the rate of recombination of

holes and electrons in the recombination center, and is given by

I(t) =
dnh

dt
(2.6.1)
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Figure 2.1: The simple two-level model for the thermoluminescence process[47]

2.7 Expressions for First-, Second-, and General-

Order Thermoluminescence Kinetics

The equations governing the thermoluminescence processes have been given by Randall-

Wilkins [48] ,Garlick-Gibson [49] and May-Partridge [50] for first, second, and general

orders.

2.7.1 Thermoluminescence Equations For First-Order Kinet-
ics

In 1945, Randall and Wilkins [48]extensively used a mathematical description for a

TL peak in a glow curve. Their mathematical treatment was based on the energy

band model and yields to the well-known first order expression. Between the de-

localized bands, conduction band, CB, and valence band, VB, two localized levels
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(metastable states)are considered, one acting as a trap, TR, and the other acting as a

recombination center, RC. The distance between the trap TR and the bottom of the

CB is called activation energy or trap depth: E. This energy is the energy required

to liberate a trapped charge.

The probability p, per unit of time, that a trapped electron will escape from the

trap, or the probability rate of escape per second, is given by the Arrhenius equation,

having considered that the electrons in the trap have a Maxwellian distribution of

thermal energies .

p = s.exp
−E

KT
(2.7.1)

Where:E is the trap depth (eV), k is the Boltzmann’s constant= 8.617105 ev/k, T

is the absolute temperature (K), S is the frequency factor sec−1, depending on the

frequency of the number of hits of an electron in the trap, seen as a potential well.

If n is the number of trapped electrons in the trap, and if the temperature is kept

constant, then n decreases with time t according to the following expression

dn

dt
= −pn (2.7.2)

Integrating Eq. (2.7.2) one obtains

n(T ) = noexp[exp[(
−s

β
)]

∫ T

TO

exp(
−E

KT
dT )] (2.7.3)

Where n0 is the number of trapped electrons at the initial time to = 0. Assuming

now the following assumptions:

•Irradiation of the thermoluminescent material at a low enough temperature so that

no electrons are released from the trap,

•The life time of the electrons in the conduction band is short,

• All the released charges from trap recombine in luminescent center,

• The luminescence efficiency of the recombination centers is temperature indepen-

dent,

• The concentrations of traps and recombination centers are temperature indepen-

dent,

• No electrons released from the trap is retrapped according to the previous assump-

tions, the TL intensity, I, at a constant temperature, is directly proportional to the

detrapping rate;dn
dt

:

I = −C[
dn

dt
] = cpn.... (2.7.4)
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Where c is a constant which can be set to unity. Eq. (2.7.4) represents an exponential

decay of phosphorescence. Introducing now a linear constant heating rate, β = dT
dt

one obtains

I(T ) = nosexp
−E

KT
exp[

−s

β

∫ T

TO

exp
−E

KT
dT ′] (2.7.5)

This expression can be evaluated by mean of numerical integration.

Figure 2.2: Randal and wilkins model[48]

2.7.2 Thermoluminescence Equations For Second-Order Ki-
netics

Using the same OTOR model, Garlick and Gibson (GG) modified the model of TL in-

tensity proposed by RW [48]. According to GG model, an electron which is detrapped

into the conduction band from the trap centers after absorption of thermal energy has

two options i.e., it may either recombine with a hole trapped at recombination center

to produce luminescence or may be retrapped by any of the vacant traps. However,

in RW model, retrapping is assumed to be negligible and the detrapped electrons are
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assumed to recombine directly with the trapped holes giving luminescence.. The term

second order kinetic is utilized to explain a behavior in which retrapping is present

I(T ) =
−dn

dt
= −s

′
n2exp

E

KT
(2.7.6)

Where s′ = S
N

is called pre-exponential factor and constant having dimensions of

cm3s−1. A second order kinetics based on such as Eq (2.7.6) are said to follow second

order kinetics. The shape of the TL glow curve is given by Garlik and Gibson[49]is

I(T ) = −s′n2exp
−E

KT
=

n2
os

′
exp(−E

KT
)

N [1 + nos
Nβ

∫ T

TO
exp( −E

KT ′ )dT ′ ]2
(2.7.7)

again equation(2.7.7) can be written as;

I(T ) = s
′
n2exp

−E

KT
= n2

o

S

N
exp

−E

KT
[1 +

nos

Nβ

∫ T

To

exp
−E

KT ′ dT
′
]−2 (2.7.8)

2.7.3 Thermoluminescence Equations For General Order Ki-
netics

May and Partridge (MP) suggested a more general expression for TL emission which

would satisfy not only the first order and second order kinetics expressions when b =

1 and b = 2 respectively, but would also include all other possible values of b including

its non-integral values between 1 and 2 or even outside this range. Accordingly, they

proposed the following expression for TL intensity

I(t) =
−dn

dt
= nbs

′
exp

−E

KT
(2.7.9)

s’ frequency factor b kinetics, Therefore, this expression for TL intensity is called

general order kinetics. Rearranging

dn

nb
= −s

′
exp

−E

KT
dT (2.7.10)

which gives by integration

n = no[1 + s
′
nb−1

o (b− 1)texp
−E

KT
]

1
1−b (2.7.11)

can be written;

n = no[1 + s
′′
(b− 1)te

−E

KT
] (2.7.12)
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where s” = s
′
nb−1

o The frequency factor s” is constant for a given dose and would

vary when the dose is varied. The intensity is given by

I(t) =
−dn

dt
= s

′
nbexp

−E

KT
= s

′′
noexp

−E

KT
[1 + S

′′
(b− 1)texp

−E

KT
] (2.7.13)

Assuming a Linear heating rate dT = γdt

n = no[1 + s
′′
(
b− 1

β
)

∫
exp

−E

KT
dT

′
]

1
1−b (2.7.14)

The intensity is given by;

I(T ) = S
′′
noexp

E

KT
[1 + S

′′
(
b− 1

β
)

∫
exp

−E

KT
dT

′
]

1
1−b (2.7.15)

To get the parameter in general order kinetics the equation above can experienced in

the form of
KT 2

Mbs
′′

βE
exp

−E

KTM

= 1 + S
′′ b− 1

β

∫
exp

−E

KT
dT

′
(2.7.16)

2.8 Methods of Determining Kinetic Parameters

Many differentmethods have been proposed to synthesize Y2O3-based phosphors such

as the sol-gel method [51], chemical vapour deposition [52], combustion synthesis [53],

precipitation [54], spray pyrolysis [55], simple heating of precursor in a polymer solu-

tion [56], hydrothermal [57-59], and bicontinuous cubic phase [60,61]. Among various

methods combustion method has been studied extensively due to its simplicity and

easiness to control the particle size of the products [62-64].The success of this process

is due to intimate blending among the constituents using suitable fuel or complexing

agent (e.g. citric acid and urea etc) in an aqueous medium followed by exothermic

redox reaction between fuel and an oxidizer (i.e. nitrates) [65]. The thermolumi-

nescence technique plays a vital role in getting the information about the trapping

parameters, such as activation energy, frequency factor, and order of kinetics, of the

traps present in the materials. These parameters quantitatively describe the trap-

ping and emitting centers, the knowledge of which is essential for the understanding

of luminescence properties of materials. In the present studies, the kinetic parameters

are calculated using peak shape methods [66]. The TL glow curve is related to the

trap levels lying at different depths in the band gap between the conduction and the

valence bands of a solid. These trap levels are characterized by different trapping

parameters such as trap depth, order of kinetics, and frequency factor [67].



Chapter 3

Research Methodology

This study has been carried out by using the following procedures. These are: mate-

rials used and, the methodology.

3.1 Materials

An intensive survey of literature from published articles, books, Latex software ,jour-

nals, and computers were additional instruments to accomplish this project.

3.2 Methodology

3.2.1 Analytical

Analytical solution of the rate equations are achieved by assuming negligible retrap-

ping in case of first order kinetics, whereas, the consideration of re-trapping compli-

cates the rate equations and hence numerical approaches are employed. Therefore, for

numerical calculations, Mathematica Software will be used to determine the effect of

heating rate, Activation energy(E) and Frequency factor(s) on Thermoluminescence

glow curves of Eu3+ : Y2O3 in view of first order kinetics.

3.2.2 Computational(Graphical)

The properties of Thermoluminescence of the material Eu3+ : Y2O3 with linear heat-

ing rate will be interpreted graphically with Mathematica.

17
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3.2.3 Ethical Consideration

The University guidelines and regulations are strictly followed and respected. Ethical

authorization like proper citations and appropriative verification will be obtained

from research review and Ethical committee of College of Natural Science, Jimma

University. Any concerned will be informed about the purpose of the study.



Chapter 4

Result and Discussion

4.1 Thermoluminescence Glow Curve Properties

of Eu3+
:Y2O3 nanophosphor

In this chapter, we seek to determine the effect of activation energy,frequency fac-

tor, heating rate and concentration of electrons in the traps , the TL intensity as a

function of temperature (the glow curve) of Europium doped yttrium oxide nanophos-

phor in the view of first order kinetics by employing the method which is based on

mathematica software and the input parameters used for first order kinetics are:

E1 = 0.49eV, E2 = 0.53eV, E3 = 0.57eV, S1 = 1 ∗ 107s−1, S2 = 7 ∗ 107s−1, S3 =

2 ∗ 108s−1, β = 6.70cs−1, no = 1010cm−3

4.1.1 Effect of the activation energy (E) on the Thermo-
luminescence glow curve of Europium doped yttrium
oxide nanophosphor

The Thermoluminescence intensity as a function of temperature with different value

of E. Calculations are carried out using equation (2.7.5) which has been generated by

using Mathematica.

19
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Figure 4.1: The effect of activation energy on the Thermoluminescence Properties of
Eu3+

:Y2O3 at three different (E) values
E1 = 0.49eV, E2 = 0.53eV, E3 = 0.57eV, S = 7 ∗ 107s−1, β = 6.7ocs−1, no = 1010cm−3

4.1.2 Effect of variation concentration of electron in traps
on the Thermoluminescence glow curve of Europium
doped yttrium oxide nanophosphor

It is interesting to note that there was no observed shift of the intensity peak positions

to high or low temperature region due to the variation of the initial filled concentration

of electron no in traps by using equation (2.7.3).This means that the peak character-

istics are independent of no in the sample, which indicates the population of electron

in traps. It is observed that the concentration of trapped electrons population de-

creases as the temperature increases just above 270oC, reaching its minimum values

approximately between 345oC and 350oC and at temperature of 150oC − 270oC the

trapped electron is not released from the center of trap because the temperature is
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Figure 4.2: The effect of variation of electron concentration (no) in trap on the Ther-
moluminescence (TL) Properties of Eu3+

:Y2O3 at different initial concentration (no)
of the electron in traps

E = 0.53eV, S = 7 ∗ 107s−1, β = 6.7ocs−1, n1 = 1010.4cm−3, n2 = 1010.5cm−3, n3 =
1010.6cm−3

not enough to eject it, but above the temperature of 270oC the trapped electron start

to excite from trap center.
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4.1.3 Effect of frequency factor (s) on Thermoluminescence
glow curves of Europium doped yttrium oxide nanophos-
phor

Properties of TL glow curve for Eu3+
:Y2O3 nanophosphor, showing the variation with

the frequency factor (s) from equation 2.7.5 given in literature. Parameter values

we used are; E = 0.53eV, S1 = 1 ∗ 107s−1, S2 = 7 ∗ 107s−1, S3 = 2 ∗ 108s−1β =

6.7ocs−1, no = 1010cm−3. For a given values of ’E’ and ’β’, the glow peak shifts to

Figure 4.3: The effect of frequency factor on the Thermoluminescence Properties of
Eu3+

:Y2O3 at three different values

lower temperature as ’s’ is increased. Thus, it is clear that ’E’ and ’s’ have opposite

effects on temperature. This is simple to understand since higher ’s’ means faster

escape of the trapped change from the excited state of the trap. Higher frequency

factor (s) leads also to increase in peak height. Therefore, Similar changes can be

noticed as the parameter ’s’ is varied but now in the opposite way as frequency factor
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(s) increases the peak shifts to lower temperatures with an increase of the height and

a decrease in width. A trapping center with a high frequency factor needs less energy

(lower temperature) to free a charge carrier.
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4.1.4 Effect of heating rate on Thermoluminescence glow
curves of Europium doped yttrium oxide nanophosphor

Heating rate is an important parameter for the determination of the various kinetic

parameters of Thermoluminescence glow curves. The glow peak height decreases or

increases with increasing heating rate. In this study, The Thermoluminescence glow

curves intensity of Eu3+
:Y2O3 varies at three different value of heating rates. As we

expected from the result, the intensity maximum shifted to higher temperatures as

the heating rate was increased. Moreover, increase of the glow peak height was ob-

served as increasing heating rate. Change in the linear heating rate (β) results in the

change of the increase of the Thermoluminescence glow curve and faster heating rates

produce a shift in temperature relatively towards higher values of temperature. Gen-

erally, Fig.4.4 shows corresponding Thermoluminescence glow curves of with different

heating rate and from the figure we conclude that:-

XGlow peak height increases with the increase of the heating rate.

XPeak position shifts toward higher temperature.
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Figure 4.4: The effect of heating rate on the Thermoluminescence properties of
Eu3+

:Y2O3 at three different values
E = 0.53eV, S = 7 ∗ 107s−1, β1 = 6.7ocs−1, β2 = 5.7ocs−1, β3 = 4.7ocs−1, no =

1010cm−3

4.2 Comparison of theoretical and experimental

result on the Thermoluminescence glow curve

of Eu3+
:Y2O3 nanophosphor

When we compare the theoretical and experimental result on the Thermolumines-

cence glow curve of Eu3+
:Y2O3:-

XFor given values of ’E’ and ’β’, the glow peak shifts to lower temperature as ’s’

is increased. Thus, it is clear that ’E’ and ’s’ have opposite effects on temperature.

Xwhen the value of the dose was increased then the peak is decreased. This

decrease of the Thermoluminescence glow peak can be attributed to the stronger

competition with non-radiative centers at higher doses.
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XAs we conclude from our work as heating rate increased the TL glow peak of

Eu3+
:Y2O3 was increased and the glow peak is shift to the maximum temperature as

we observe from fig.4.4



Chapter 5

Conclusion

In this thesis, the Thermoluminescence kinetic parameters such as activation energy

(E), concentration of trapped electron population (no), heating rate (β) and frequency

factor (s) was used to express the Thermoluminescence glow curve of Eu3+
: Y2O3. The

thermoluminescence intensity increases with an increase in frequency factor (s) and

then decreases with increase in activation energy . As frequency factor (s) increases

the peak shifts to lower temperatures with an increase of the height and a decrease in

width. A trapping center with a high frequency factor needs less energy or it needs

lower temperature to free a charge carrier. When the initial concentration of electron

in traps (no) changed the peak characteristics are independent of radiation dose given

to the sample. Also the vertical axis represents the trapped electron population

in traps versus temperature . The concentration of trapped electrons population

decreases as the temperature increases just above 270oC, reaching its minimum values

approximately between 345o
C and 350oC and at temperature of 150oC − 270oC the

traped electron is not released from the center of trap because the temperature is not

enough to eject it, but above the temperature of 270oC the traped electron start to

excite from trap center.

Therefore, Similar changes can be noticed as the parameter (s) is varied but now

in the opposite way: As frequency factor (s) increases the peak shifts to lower tem-

peratures with an increase of the height and a decrease in width. A trapping center

with a high frequency factor needs less energy or it needs lower temperature to free

a charge carrier.

Generally, The appearance of a peak in the Thermoluminescence intensity (glow

peak) indicates the presence of a charge carrier trap in the material. The temperature

at which this peak is located is a measure for the trap depth, since it is the temperature

27
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at which enough thermal energy is available for the trapped charge carriers to be

released and recombine at luminescent centers. The shape, height, and location of

the peak all contain information on the number and depth of the traps.



Bibliography

[1] Adirovitch, E. I., (1956). La formule de Becquerel et al Loi elementaire du de cline

de la luminescence des phosphorescrystalline. J.Phys. Radiation, 17, 705-708.

[2] Griscom, David L. ”Trapped electron centers in pure and doped glassy silica: A

review and synthesis. ” Journal of NonCrystalline Solids 357.8-9 (2011): 1945-1962

[3] S. Stellmer, M. Schreitl, T. Schumm, Scientific Reports, 5, 15580 (2015)

[4] (S. W. S Mckeever, Thermoluminescence of Solids, Cambridge solid state science

series, Oklahoma state university, 396, (1988).

[5] Yury P. Rakovich, John F. Donegan, Semiconductor Nanocrystal Quantum Dots

Synthesis, Assembly, Spectroscopy and Applications, Springer, Austria,2008.

[6] B.Valeur and M.Berberan-Santos.” Brief history of Fluoscence and Phosphores-

cence.” . Journal Chem. Education.88, 731-738.2011.

[7] P. Goldberg ”Luminescence of Inorganic Solids ”. Academic Press, New York and

London.2.1966.

[8] M.A. Cayless and A.M. Marsden ”Lamps and Lighting ”Third Edition Edward

Arnolds London.139.1966.

[9] J. Wilson and J.F.B. Hawkes ”Optoelectronics: An introduction” Prentice Hall

International, London.126.1983.

[10] J. Hallet. ”Information Display”. Vol.14, (I), 24. January 1998

[11] Albert Abramson.” The history of Television, 1942-2000.”13-14, 2003

[12] R.M. Dreizler, E.K.U. Gross, Density Functional Theory (Springer, Berlin, 1990).

29



30

[13] A. Akin, E. Ekdal, Y. Arslanlar, M. Ayvacikli, T. Karali, N. Can, Luminescence,

30, 830(2014).nger press.

[14] Bos, A.J.J. Theory of thermoluminescence. Radiat. Meas. , 41, 45-56, [CrossRef],

2006

[15] Carlota Sajnani, New Phytologist, 175, 120 (2007).

[16] Furetta, C. ”Handbook of thermoluminescence”. World scientific, Singa-

pore,(2003).

[17] M. R. Mayhugh, J. Appl. Phys. 41, 4776 (1970).

[18] J. G Alves. et al, Radiation Protection Dosimetry, 111, 21 (2004).

[19] Raffaele Liuzzi, et al, PLOS ONE - DOI:10.1371/journal.pone.0139287, (2015).

[20] K.E.Bower, Y.A.Barbanel, Y.G.Shreter, G.W.Bohnert, Polymers, Phosphors

and voltaic for Radioisotope Micro batteries vol.1, CRC press, Boca Raton, FL,

2002

[21] S.Shinoya,W.M.Yen,Phosphor Handbook 2,vol.1,CRC Press ,Boca ra-

ton,FL,1999.

[22] D.Matsuura, Red, green, and blue up conversion luminescence of trivalent-rare-

earth ion-doped Y2O3 nanocrystals, Appl.Phys.Lett.81 (2002)4526-4528

[23] Bhargava R.N.Doped nanocrystalline materials-physics and applica-

tions.J.Lumin. 1996, 70, 85.

[24] Bhargava R.N,Gallagher D,Welkar T.Doped nanocrystals of semiconductors-a

new class of luminescent materials.J.Lumin,1994,61(1):275.

[25] Kang Y C,Park S B,Lenggoro I,W,Okuyama K.preparation of

nonaggregated Y2O3:Eu phosphor particle by spray pyrolysis

method.J.Mater.Res.,1999,14(6):2611..

[26] W. Kostler, A. Winnacker, W. Rossner, B.C. Grabmaier, J. Phys. Chem. Solids

56, 907 (1995)

[27] . D. Matsuura, Appl. Phys. Lett. 81, 4526-4528 (2002).



31

[28] G. Schmid, Clusters and Colloids from Theory to Applications, VCH, Weinheim,

1998

[29] A. Alivisators, Endeavour 21 (2) (1997) 57.

[30] R.Andres, R.Averback,W. Brown, L. Brus, Journal of Materials Research 4

(1989) 704

[31] J. Mckittrick, L.E. Shea, C.F. Bacakski, E.J. Bosze, Displays 19 (1999) 169.

[32] T. Igarashi, M. Ihara, T. Kusunoki, K. Ohno, T. Isobe, M. Senna, Applied

Physics Letters 76 (2000) 1549.

[33] W. Lenggoro, B. Xia, H. Mizushima, K. Okuyama, N. Kijima, Materials Letters

50 (2001) 92

[34] X. Jing, T. Ireland, C. Gibbons, D.J. Barber, J. Silver, A. Vecht, G. Fern, P.

Trowga, Journal of the Electrochemical Society 146 (1999) 4654.

[35] Y.C. Kang, S.B. Park, I.W. Lenggoro, K. Okuyama, Journal of Physics and

Chemistry of Solids 60 (1999) 379

[36] K.K. Lee, Y.C. Kang, K.Y. Jung, H.D. Park, Electrochemical and Solid-State

Letters 5 (2002) 31

[37] A.A. Kaminskii, Laser crystals, Science (Moscow) (1975) 256.

[38] N. Rakov, B. Whualkuer Lozano, G.S. Maciel, C.B. de Araujo, Chemical Physics

Letters 428 (2006) 134

[39] R. Schmechel, M. Kennedy and H. Von Seggern, J. Appl. Phys. 89, (3) 1679-

1686(2001).

[40] V. Dubey, J. Kaur and S. Agrawal, Res. Chem. Intermed., 41, 4727-4739 (2015)

[41] M. Abdullah, C. Panatarani, T.-O. Kim, and K. Okuyama, ”Nanostructured

ZnO/Y2O3:Eu for use as fillers in luminescent polymer electrolyte composites,”

Journal Alloys and Compounds, vol. 377, no. 1-2, pp. 298-305, 2004.View at:

Publisher Site — Google Scholar



32

[42] ]. S. S. Chadha, D. W. Smith, A. Vecht, and C. S. Gibbons, in Proceedings of

the SID International Symposium: Digest of Technical Papers, vol. 51, p. 1, Santa

Ana, Calif, USA, May 1994.

[43] S. H. Cho, J. S. Yoo, and J. D. Lee, ”Synthesis and low-voltage characteristics

of CaTiO3:Pr luminescent powders,” Journal of the Electrochemical Society, vol.

143, no. 10, pp. L231-L234, 1996.View at: Publisher Site — Google Scholar

[44] S. Itoh, H. Toki, K. Tamura, and F. Kataoka, ”A new red-emitting phosphor,

SrTiO3:Pr3+, for low-voltage electron excitation,” Japanese Journal of Applied

Physics, vol. 38, no. 11, pp. 6387-6391, 1999.View at: Publisher Site — Google

Scholar

[45] .M. Abdullah, K. Okuyama, I. W. Lenggoro, and S. Taya, ”A polymer solution

process for synthesis of (Y,Gd)3Al5O12:Ce phosphor particles,” Journal of Non-

Crystalline Solids, vol. 351, no. 8-9, pp. 697-704, 2005.View at: Publisher Site —

Google Scholar

[46] M. Abdullah and Khairurrijal,”Derivation of scherrer relation using an approach

in basic physics course,”Jurnal Nanosains, Nanoteknologi, vol. 1, no. 1, p. 79,

2008. View at: Google ScholarTheory

[47] S.Bassun, G.F.Imbusch, D.D.Jia, W.M.Yen, The analysis of Thermolumines-

cence glow curves, Journal of luminescence 104(2003)283-294

[48] J.T. Randall and M.H.F. Wilkins, Proc. Roy. Soc. A 184 (1945) 366 ,

[49] G.F.J. Garlick and A.F. Gibson, Proc. Phys. Soc. 60 (1948) 574

[50] C.E. May and J.A. Partridge, J. Chem. Soc. 40 (1964) 1401

[51] Y.L. Soo, S.W. Huang, Z.H. Ming, J. Appl. Phys. 83, 5404-5409 (1998)

[52] R. Schmechel, M. Kennedy, H. von Seggern, J. Appl. Phys. 89, 1679-1686 (2001)

[53] T. Ye, Z. Guiwen, Z. Weiping, X. Shangda, Mater. Res. Bull. 32, 501-506(1997)

[54] T. Igarashi, M. Ihara, T. Kusunoki, K. Ohno, T. Isobe, M. Senna, Appl. Phys.

Lett. 76, 1549-1551 (2000)

[55] Y.C. Kang, S.B. Park, I.W. Lenggoro, K. Okuyama, J. Mater. Res



33

[56] 2611-2615 (1999) 14. M. Abdulla, I.W. Lenggoro, B. Xia, K. Okuyama, J. Cerm.

Soc. Japan 113, 97-100 (2005)

[57] X. Guo, Y. Wang, I. Zhang, J. Cryst. Grow. 311, 2409-2417 (2009)

[58] J.L. Ferraru, A.M. Pires, M.R. Davolos, Mater. Chem. Phys. 113, 587-590(2009)

[59] L. Qianshu, F. Caihong, J. Quinze, G. Lin, L. Chemin, B.X. Hui, Phys. Stat.

Sold 201, 3055-3059 (2004)

[60] . W.C. Chien, J. Crys. Grow. 290, 554-559 (2006)

[61] W.C. Chien, Y.Y. Yu, Mater. Lett. 62, 4217-4219 (2008)

[62] Yao G, Su L.B, and Xu J.Eu: Y2O3 nanophosphor prepared by novel energy-

saving solution combustion method.J.Alloys Compd., 2008, 462(1-2):381.

[63] Luo X.X, Cao W.H, Xing M.M.Preparation of nano Y2O2S: Eu phosphor by

ethanol assisted combustion synthesis method.J.Rare Earths, 2006, 24(1):20.

[64] Daldosso M,Sokolnicki J,Kepinski L,Legendziewicz J,Speghini A,Bettinelli

M.Prepration and optical properties

[65] Chavan S.V, Pillai K.T, Tyagi A.K.Combustion synthesis of nanocrystalline yt-

trium: Tailoring of powder properties.Mater.Sci.Eng.B, 2006, 132(3):266.

[66] D. Matsuura, Appl. Phys. Lett. 81, 4526-4528 (2002)

[67] G. Blasse, B.C. Grabmaier, Luminescent Materials (Springer-Verlag, Berlin,

1994)



JIMMA UNIVERSITY
COLLEGE OF NATURAL SCIENCES

PERFORMANCE CERTIFICATE FOR MASTER’S
DEGREE

Name of Student: Adanech Asmamaw ID No. S30785/09

Graduate Program: Summer, M.Sc.

1. Course Work Performance

Course Course Title Cr. hr Number Rank ** Remark

Code Grade

Phys699 M.Sc. Thesis 6

** Ecellent, Very Good, Good, Satisfactory, Fail.

Thesis Title

Thermoluminescence and defect centers in Europium doped yttrium

oxide nanophosphor

2. Board of Examiners decision Mark × in one of the boxes. Pass × Failed

If failed, give reasons and indicate plans for re-examination.

3. Approved by: Name and Signature of members of the examining Board, and Depart-
ment Head

Committee member Name Signature Date
Chairman

External Examiner

Internal Examiner

Major Advisor

Department head Signature Date



School of Graduate Studies

Jimma University

College of Natural Sciences

MSc. Thesis Approval Sheet

We the undersigned, number of the Board of Examiners of the final open defense by

Adanech Asmamaw have read and evaluated his/her thesis entitled “Thermoluminescence

and defect centers in Europium doped yttrium oxide nanophosphor” and

examined the candidate. This is therefore to certify that the thesis has been accepted

in partial fulfilment of the requirements for the degree Master of Science in Physics

(Condensed Matter Physics).

Name of the Chairperson Signature Date

Name of Major Advisor Signature Date

Name of Internal Examiner Signature Date

Name of External Examiner Signature Date

SCHOOL OF GRADUATE STUDIES



DECLARATION

I here by declare that this M.Sc thesis is my original work and has not
been presented for a degree in any other University and that all source
of materials used for the dissertation have been duly acknowledged.

Name: Adanech Asmamaw

Signature: −−−−−−−−−−−−−−−−−
email:adanech1219@gmail.com

This M.Sc dissertation has been submitted for examination with my
approval as University advisor.

Name:Dr. Nebiyu Gemechu

Signature: −−−−−−−−−−−−−−−−−−−

Place and date of submission:

Department of Physics

Jimma University

Nov, 2021


	Table of Contents
	List of Tables
	List of Figures
	Abstract
	Acknowledgements
	Background of the Study
	Introduction
	Statement of the Problem
	Objectives of the Study
	General Objectives
	Specific Objectives

	Significance of the Study
	Scope of the Research
	Limitation of the Study
	 Thesis Outline

	Review of Related Literatures
	Luminescence Phenomena
	Definition of Phosphor
	Thermoluminescence Process 
	Application of Thermoluminescence
	Archeology 
	Defects in Solids
	Radiation Dosimetry
	Geology

	Properties of Eu3+ doped Y2 O3 Nanophosphor
	Simple Thermoluminescence Model
	Expressions for First-, Second-, and General-Order Thermoluminescence Kinetics
	Thermoluminescence Equations For First-Order Kinetics
	Thermoluminescence Equations For Second-Order Kinetics
	Thermoluminescence Equations For General Order Kinetics

	Methods of Determining Kinetic Parameters

	Research Methodology
	Materials
	Methodology
	Analytical
	Computational(Graphical)
	Ethical Consideration


	Result and Discussion
	 Thermoluminescence Glow Curve Properties of Eu3+:Y2O3 nanophosphor 
	 Effect of the activation energy (E) on the Thermoluminescence glow curve of Europium doped yttrium oxide nanophosphor
	Effect of variation concentration of electron in traps on the Thermoluminescence glow curve of Europium doped yttrium oxide nanophosphor
	 Effect of frequency factor (s) on Thermoluminescence glow curves of Europium doped yttrium oxide nanophosphor
	Effect of heating rate on Thermoluminescence glow curves of Europium doped yttrium oxide nanophosphor

	 Comparison of theoretical and experimental result on the Thermoluminescence glow curve of Eu3+:Y2O3 nanophosphor

	Conclusion
	Bibliography

