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1.1 Introduction

The development of nano sized material and their probing through TL and OSL
(thermoluminescence and optically stimulated luminescence) techniques for
novel nano-phosphor discovery, has increased the number of promising useful
phosphor substances in the dosimetry and dating research areas. Using ball
milling technique, size of the material was optimized with respect to different
parameters. Change in size of the material lead to development of additional
centres into material which is responsible for changes in luminescence output.
This view is based on the fact that research interest in recent years, in dating
and dosimetry applications mainly focused around development of more
sensitive phosphor. Since synthetic quartz is an eligible candidate as phosphor
in dating and dosimetry applications in nano range of its particle size, the
detailed study of nano synthetic quartz becomes very essential to develop it as
a useful phosphor. This chapter includes a detail description about synthetic
quartz, Thermoluminescence (TL), optically stimulated luminescence (OSL)
and the plan of the present work.

1.2 Synthetic Quartz

Quartz can record the amount of ionising radiation, and it has exposed to as a
latent signal within the crystal. Due to this ability, quartz is used as dosimeter.
Description of the relationship between luminescence output and the defect is
too complicated for natural quartz due to twins and many imperfections.
Therefore, natural quartz has been replaced by the laboratory-grown synthetic
quartz crystal for precise understanding of luminescence.

Laboratory grown synthetic quartz is pure, free from twins and impurities. The
level of defects can be controlled during the production of synthetic quartz
crystal by hydrothermal technique, due to which, it becomes very easy to
understand the structure of the material along with luminescence properties. It
is widely used in dating and dosimetry applications due to its high purity,
crystalline quality and structure sensitive nature. Additionally, the irradiation
and thermal history of the synthetic quartz are known- primarily. It is known
not to have received any significant prior dose and thermal treatment'. Many
scientists had reported their research about the use of synthetic quartz for the

dating aspect®®. TL and OSL characteristics of synthetic quartz are affected by
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various physical conditions such as annealing temperature, grain size,
annealing hour, radiation dose etc.®

The particle size of quartz plays an important role in dating application. A. H.
Ranjbar et al” have recorded the TL glow curves for different micron grain-
sized clear fused quartz. He reported that, TL intensity increases with
decreasing particle size up to 38um, after that it decreases with decreasing in
particle size of the material. The changes in TL pattern and luminescence
emission were correlated with the sweeping of the centres during the grinding
process.

In yet advanced studies, several workers®® have recorded OSL decay curves at
room temperature for single grains of 63-53um. Before stimulation, the
samples were annealed at different temperatures followed by beta doses. They
have reported that for better OSL, either dose or annealing temperature should
be at a critical level.

Bhushan and Kohler et al concluded that, nano sized particles exhibit a
remarkable amount of variation in electronic, magnetic, optical and chemical
properties of a molecule that are significantly different from those of the
bulk®''. The surface cross-section area per unit volume increases with
decrease in grain size and active/inactive surface defects are responsible for
changes in luminescence signals'?*,

Siti Shafigah et al. observed the effect of particle size on TL response of silica
nanoparticles (80nm, 140nm, 550nm). They found that the 80nm sized silica
particles produced the largest TL due to increased surface to volume ratio,
providing more available thermoluminescence carriers'. Some researchers
have attributed to confinement effects in nano-scale materials with the
alteration in luminescence properties of luminescent micron and nano-
structured ceramic. Phosphor powder is attracting considerable attention
among different nano-materials due to their novel optical properties, which
affect emission lifetime and luminescent efficiency™. The excellent result
related to the luminescence efficiency of nano-ceramic material and silica
nanoparticles have been reported. Therefore, in the present work, we have
focused on TL and OSL of nano synthetic quartz for its use in dating and

dosimetry applications which can be developed in future.
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1.3 Luminescence
Luminescence is a process in which the material emits light as electrons return
from an excited state to the electronic ground state. An electron emits light in
the form of a photon which previously absorbed by an electron from some
other energy source. Based on different excitation energy, there are various
luminescence types:

a. Photoluminescence (excitation by optical or ultraviolet light)

b. Radioluminescence (excitation by nuclear radiation i.e. y- rays, B- rays,

X- rays etc.)
c. Chathodluminescence (excitation by electron beam)
d. Chemiluminescence (excitation by chemical energy)
e. Triboluminescence (excitation by mechanical energy)
f. Electroluminescence (excitation by electrical energy)
g. Bioluminescence (excitation by biochemical energy)

h. Sonoluminescence (excitation by sound waves)
Luminescence process takes place with two steps: one, absorption of energy
and another, emission of light as a photon. Emission of light occurs within
characteristic time 1. after the absorption of radiation, and due to this
parameter, the luminescence process can be classified into two type:

1. Fluorescence (1. < 10 sec) and

2. Phosphorescence (t.> 107 sec)
The value 1. < 10%sec indicates toward essentially spontaneous process of
fluorescence. Fluorescence emission depicted during excitation itself and it
stops with the removal of the excitation source. Whereas, phosphorescence
characterized by a delay between the radiation absorption and the time “t’max to
reach full intensity. It means that, phosphorescence is continued for some
duration after the excitation has been taken out. Phosphorescence divided into
two subparts, namely, short-period (1.<10sec) and long-period (t:>10"sec)
phosphorescence. The time spends by an electron in electron trap is directly
correspond to delay in phosphorescence. Mean time expended in the trap at
temperature T is given as:
T =s"Yexp (—E/kT) Eq. 1.1
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Where s is a constant and E is the energy difference between excited state and
trap level, k is Boltzmann’s constant. Therefore, the mean lifetime is
exponential dependent upon temperature®®. Mean lifetime will be greater for
deep trap, i.e. mean lifetime can be reduced by increasing the temperature.
Thus, luminescence can be observed from deep trap and luminescence
emission which is obtained by thermal stimulation is called Thermally
Stimulated Luminescence or Thermo luminescence (TL). Alternatively, if
stimulation is caused by optical energy, then luminescence emission is called
Optically Stimulated Luminescence (OSL). From the last many decades, such
type of dose-dependent luminescence have been widely used for either dating
of the archaeological specimen and geological sediments or radiation
dosimetry, i.e. determination of the integrated radiation dose to humans'’.

1.4 Thermally stimulated luminescence (TSL)

Thermoluminescence (TL) has been first used by Daniels et al. to measure
nuclear radiation doses since 1950s. TL technique was also used for
archaeological dating in the early 1960s (e.g. Aitken et al, 1964; Aitken et al,
1968; Mejdahl, 1969) and geological dating in the beginning of the 1980s (e.g.
Wintle and Huntley, 1980)"".

Thermoluminescence (TL) is the light emitted by heating the material at a
constant rate up to a certain temperature which has previously exposed to
ionizing radiation. Thermo luminescent material may be exposed to all types of
radiations such as a, B, y-rays, X-rays and light rays. The essential condition is
that, material should be semiconductor or insulator to produce
Thermoluminescence. TL is recorded by heating material at a constant rate to
some temperature and display of TL signal is to plot luminescence intensity as

a function of temperature, known as a TL-glow curve (Fig. 1.1).
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Fig. 1.1 TL glow curve of the natural pink quartz™.

Several peaks observed at different temperature in TL glow curve, which is
related to electron traps that are present in the material. These traps are due to
the presence of defects in the lattice structure. The absence of a negative ion
creates a typical point defect, which provides a negative ion vacancy and acts
as an electron trap. Thermal vibrations of the lattice will finally knock out a
trapped electron from electron trap. These thermal vibrations become stronger
by raising the temperature of crystal lattice and the probability of ejection
increases quickly, so within a narrow temperature range, trapped electrons are
released rapidly. From these, some electrons give rise to radiative
recombination with trapped holes and emit energy in the form of light (TL).
Fig. 1.2 indicates different stages of TL process. Where T is Electron Trap, L is
Luminescence Center, open and closed circles are hole and electron
respectively. At the first stage, ionization takes place due to the exposure of
nuclear radiation with the trapping of electrons and holes respectively at T and
L defects. The second stage is the storage of radiation energy, during that time,
if the leakage of energy is negligible then much longer storage time of the
sample is required for the lifetime of an electron in the trap. This lifetime is
dependent on trap depth E below the conduction band. The third stage is
heating the sample or signing with light energy; electrons will be removed
from the electron traps (T) and some of these will reach at luminescence
centres (L); resultant light emitted as a consequence of recombination process

performed at these centers™.
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Fig. 1.2 Energy diagram of TL and OSL process. Different stages are involved
in TL/ OSL process: (a) electron and hole are created, (b) charge storage at trap

and (c) stimulation and light emission®.

Luminescence phenomenon has been described through the energy band model
because the energy band model is useful to understand the process of transport
of an electronic charge through the Ilattice. Above described
thermoluminescence phenomenon is known as a simple model. There are other
thermoluminescence models such as additions to a simple model, an alternative
model and more complex models etc.

Emission of the light by the phosphor during thermoluminescence process is
proportional to the amount of radiation dose absorbed by the phosphor, which
has been previously exposed by the source of radiation. Therefore, this
technique can be used to measure absorbed dose by the material, and it is a
very highly sensitive technique to detect the presence of defect centres in the
material which are responsible for the TL output signals.

Many TL materials suffered due to thermal quenching problem wherein the
luminescence efficiency decreases with a rise in temperature. Thus, results in
alteration of the crystal occurred. On the other hand, OSL generally measured
at near to room temperature. So, the problem of thermal quenching is avoided
in OSL and sensitivity of OSL procedures is also higher than TL procedures.
Therefore, the OSL technique is better than compared to TL technique®.
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1.5 Optically stimulated luminescence (OSL)

The OSL technique was first implemented by Huntley et al. (1985). He used
the green light from an argon laser (514 nm) to stimulate luminescence from
quartz for the optical dating of sediments*’. Optically stimulated luminescence
(OSL) is observed as a result of the recombination of charges, which is
optically released from electron traps within the crystal. Excitation (exposing
by ionization radiation) put electrons and holes separately trapped at defect
centres in the crystal. Then during OSL process, light stimulates these electrons
and holes from these traps. Consequently, resultant electron/hole
recombination and excitation of luminescence centres in the crystal is obtained.
[Fig.1.2] The effect of irradiation of the material is the electron population in
the traps, so the OSL intensity is correlated to the absorbed radiation dose.
These electron/hole traps may or may not be the same as those traps which are
associated with the TL peaks. OSL signal observed to decrease to a low level
as the trapped charge is dwindling (decay curve) during exposure to the
stimulation light. There are three types of optical stimulation; Continuous
Wave OSL, Linear modulated OSL, Pulse OSL.

The OSL technique used in this research is not to be confused with the PL that
stimulated with similar materials. When light is used primarily for the aim of
determining the defect’s structure by exciting the electron with a photon from
the defect’s ground to defect’s excited state, and then resultant luminescence is
called PL. However, OSL results in an irradiated material when stimulated
with light".

The general description of OSL, the intensity of the luminescence emitted, is
related to the rate at which the system returns to the equilibrium. The rate at
which equilibrium restored is a function of the concentration of trapped charge.
Generally, one observe, the intensity of light as a function of time, resulting in
a characteristic luminescence —versus- time curve. Consequently, the integral
of the luminescence-versus-time curve is related to the concentration of trapped
charge, which is proportional to the initial dose of the absorbed radiation®. The
OSL signals observed to decrease to a low-level during exposure to the
stimulation light as the trapped charge depleted. The curve is known as the

OSL decay curve.
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Fig. 1.3 OSL decay curve obtained from sedimentary quartz sample®.

According to the aim of the investigation, optical stimulation can be performed
in three ways. First, continuous-wave OSL (CW-OSL) method, in which the
light intensity of stimulation is kept constant and OSL signal continuously
monitored throughout the stimulation period. Second, Linear-modulation OSL
(LM-OSL) method in which the stimulation intensity ramped linearly while the
OSL is measured, and third, Pulse OSL (POSL) method in which the source of
stimulation is pulsed and the OSL observed only between pulses?. In the
present research work, CW-OSL method is used because of the constant
stimulation light intensity. General representation of traps having various
photoionization cross-section, which is the probability of interaction of trapped
electrons with a photon obtained from this process. Where discrimination of
the light of stimulation and light emitted is required. The phenomenon
accomplished by using the combination of suitable optical stimulation and
detection filters. So, as it happens, the OSL traps with certain energies can be
examined, and emission observed in this stimulation mode in a specific
wavelength. The shape of the OSL signal obtained in the form of luminescence
decay curve, following an exponential like function is shown in the Fig. 1.3.

OSL technique has number of advantages over TL technique. In OSL, Optical
readout method means no heating required to the samples. Thermal quenching
problem in TL is solved by OSL technique because readout in OSL performed

at a lower temperature. OSL responded only the components of the trapped
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electron population which are most sensitive to light. These components are
most likely to be voided (or "reset™) during transport, before deposition and
burial that is why this is important in geological dating. One of the major
advantages of OSL over TL is that, OSL measured at or close to room
temperature. So, alteration of the crystal minimized. Therefore, the OSL
method has higher sensitivity compared to TL method. OSL also recorded at
elevated temperature which permits for selective analyses of traps at different
light sensitivities®.

1.6 Models of OSL

In general, the shape of an OSL decay curve cannot be investigated using
simple descriptions. The decay is often non-exponential, typically displaying a
long tail at long illumination times. Under certain conditions, and for some
specimens, even after the illumination is applied, the OSL can display an initial
slow increase, followed by the more normal decrease over longer periods. A
long tail in OSL decay curve is produced either by the effect of shallow traps
or contribution from traps. Where, the impact of shallow traps that localized
charge released during illumination and slowly rerelease them at a rate of
determined by trap depth and sample temperature, and contribution from traps,
that are emptying slowly at the excitation wavelength used in the experiment.
Hence, the shape of the decay curve depends on the specimen, absorbed dose,
illumination intensity and temperature.

The OSL process can be mathematically described by the sequence of
intractable non-linear, coupled rate equations. Therefore, some models that
were previously introduced to understand a solid structure are used to apply
them to experimental results to understand the sample’s OSL properties.

Among these models, the simplest one is the one-trap/one —centre model?*.

1.6.1 Simplest Model: one trap/one center

To reach recombination site, most OSL models presume transportation of the
optically excited charge through the delocalized bands. Fig. 1.4 (a), showing
the simplest model that includes one type of electron trap and one type of hole
trap. Light stimulates to the trapped electron into conduction band with rate f,
they recombine with the trapped hole to produced OSL intensity losi, oOr they
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are re-trapped. Before describing this phenomenon mathematically, first, total
charge neutrality for this system should be written as:

ne+n=m,+m Eqg.1.2
Where nc and n are the concentrations of electrons in the conduction band and
traps, respectively. my and m are the concentrations of holes in the valence
band and hole traps, respectively.

Transitions to the valance band do not occur during optical stimulation of the
electrons from the traps. Therefore, the charge neutrality condition turn into n.

+ n = m. then the rate of change of the various concentrations can be written as:

dnc _ _dn_ dm
i dt+ " Eqg. 1.3

The term on right side may be written clearly as:

S = —nf +n AN - 1) Eq. 1.4
And
= —nApm = - Eq. 1.5

Here, f is a positive function of the incident photon flux ¢ and the
photoionization cross —section ¢ for the monochromatic light.

f=o0p Eqg. 1.6
Where equation (1.4) and (1.5) include A-the re-trapping probability, An-the
recombination probability, N-the total available concentration of electron traps,
and t = 1/A,,m is free electron recombination life time. If Quasi- equilibrium
(dn¢/dt<<dn/dt, dm/dt and n.<<n, m) and negligible re-trapping (nc;A(N-n)<<nf,

nc:Amm) are assumed. Then

dm dn _

IOSL:_E=_dt_nf Eq. 1.7
The solution of which is
Ips;, = nof exp(—tf) = Iy exp(—t/74) Eqg. 1.8

Here, no is the concentration of trapped electrons at time t=0, Iy is the
luminescence intensity at t=0, and t, = 1/f is the decay constant. From this
equation, it is observed that OSL decay curve has a simple exponential curve

and OSL intensity becomes zero in the end when all the traps are emptied.

1.6.2 Competing, deep trap
Experimentally, OSL decay curve does not confirm that it is a simple

exponential form. The reason behind this is that these curves may involve
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significant re-trapping process or different types of traps that have different
photo-ionization cross-sections. Smith and Rhodes interpreted their data by
fitting to the observed non-exponential OSL decay curve. They stated that,
OSL decay curve is the sum of three exponential decay curves with varying
values for the decay constant- named as “fast ( F)”, “Medium (M)” and “slow
(S)” components®. So, Chen and Mckeever resolve the case of re-trapping?®. If
there are two optically active traps (n1 and n; are concentration and f; and f, are
stimulation rates) as shown in Fig 1.4 (b), then

dm danq dan,
= Eq. 1.9
dt dt dt q

Along with charge neutrality condition of n;+ n; =m

We have,

ny = nyof; exp(—tfy) Eqg. 1.10
And

Ny = Ny fz exp(—tf;) Eqg. 1.11
Thus,

losy = nyof1 exp(—tf1) + naof2 exp(—tf2)

losy, = Lo exp(—t/71) + o exp(—t/73) Eg. 1.12

This equation is sum of two exponentials. If second trap is optically inactive

and act as deep one then the OSL intensity is described as:

losy = naof exp(—tf) —dn,/dt Eq. 1.13
Where,
dn,/dt = ‘I’lC(NZ - le)Az Eqg. 1.14

According to the standard definition and additional assumption that, N,>>n,
then ncN,A,~ constant C.

Hence,

Ios, = nyof exp(—tf) — C Eg. 1.15
Where, for the deep trap N2, np and A; are the concentration of available traps,
concentration of filled traps and trapping probability, respectively. From

equation, OSL intensity is reduced due to re-trapping into deep trap®.
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Fig. 1.4 Different Models for OSL (a) Simple model: one trap and one

recombination center, (b) Model containing competing deep trap, (c) Model
involving shallow competing trap, (d) Model having competing recombination
center®’,

1.6.3 Competing shallow trap

Shallow traps are depicted in Fig. 1.4 (c). If shallow traps are considered as
competing trap which are thermally metastable at the temperature of the OSL
measurement then Equation 1.13 becomes,

dn,/dt = n.(N, —ny)A, —n,p Eqg. 1.16
Where, p is the rate of thermal excitation out of the trap. Now
losy = Nyof exp(—tf) + nep — ne (N, — nz)A; Eq. 1.17
The last two terms in equation (1.15) combine to develop a long-lived,
temperature dependent tail to the OSL decay. This component’s form is an
initial rise, followed by decrease at longer times. The overall OSL decay curve
may exhibit an initial rise followed by a decrease, depending on the relative
size of this component compared to the first term. The relative size of the two
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components also depends on the rate of excitation p so that the temperature —

dependent term may be significant at low p values.

1.6.4 Competing recombination center

For the case of two recombination centers shown in Fig. 1.4 (d), in which one
m; is radiative and other my is non-radiative. Then n=m;+ my,

n = nyexp(—tf) and, Ips, = nof exp(—tf) —dm,/dt Eg. 1.18

As in case of deep trap, the OSL intensity is decreased by presence of a non-

radiative recombination center. Quasi- equilibrium (dnc/dt~ 0) leads to:

m; = myoexp (—tn.Am) Eqg. 1.19
and,
m, = Myq exp (—tn, Apz) Eqg. 1.20

Where, A and An, are the recombination probabilities at the two centers,
respectively. The relative size of the recombination centers is time- dependent,

thus:
:: ~ :—z:exp (—tnc{Am1 — Ama}) Eq. 1.21

In the situation that A1 ~Amz, the ratio remains approximately constant. So, in
this case OSL decay curve remain approximately exponential, then

lpg, = %nopexp(—tf) Eqg. 1.22
Where, K is constant and K=(m3+m;)/m;. If we compare equation (1.20) with
equation (1.7), it is seen that former case gives weaker OSL signal by factor
1/K22'24.

The Models described above showed a very special case only. Since real
materials can have all types of the electron traps together with recombination
centres. Therefore, the OSL decay curve achieved for these materials is much
more complex. On the other hand, this difficulty can be overcome by
understanding experimental results in light of the necessary information

achieved from these models®.

1.7 TL of synthetic quartz and its Literature survey
In 1950s, Danieal et al. published their research about extensive use of

thermoluminescence to evaluate nuclear radiation dose®®. Then TL technique

29-31

was applied for archaeological dating in the early 1960s and for geological
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dating in the beginning of the 1980s%. Since the early 1970s, quartz has been
used extensively in TL dating®. Researchers identified that the natural and
synthetic quartz exhibited number of TL glow peaks when irradiated sample
was heated at constant heating rate above room temperature to 500°C which
was centred around 95-110°C, 150-180°C, 200-230°C, 305-325°C, and 375°C
(depending on the heating rate)**>’. Then some authors had explained that TL
emission of TL glow peaks of natural and synthetic quartz was centred around
370, 470 and 620nm***!, For dating purpose, thermal treatment is a necessary
parameter. So, in 1997 Wintle et al. explained its effect on TL properties of the
crystal’>. Some authors had explained the influence of different pre-treatment
on TL of natural quartz and they reported that sensitivity of quartz was
increased with thermal treatment*?*°,

In 1971, Zimmerman was suggested a phenomenological model. The Model
explained pre-dose sensitization that was based on the transfer of charge from
one recombination centre to another. Pre-dose sensitisation treatment involved
combined effect of radiation and heat treatment*’. Chen et al. supported to
Zimmerman model and reported that annealing of synthetic quartz remove the
competitor which resulted in the decrease of super linearity which was related
with the increase in sensitization®. Scientists had observed the effect of heating
and irradiation on TL glow curves for a number of synthetic forms of quartz.
Studies revealed the effect of irradiation temperature and annealing
temperature on the TL properties of synthetic quartz and suggested that the
sensitization followed by radiation could be due to removing of competitor
traps*®. Reports had been published about the study of superlinearity of
synthetic quartz for slowly pre-dose samples and for annealed samples. They
found the same effect of decreased superlinearity with increased sensitivity
under heavy pre-dose irradiation of the samples*’*®. Benny et al. supported the
above theory, and they showed that the decay of E;’ centre appeared in
thermally annealed quartz samples and E;’-centers were observed after UV
bleach which supported the role of competing traps and the involvement of E;’
centres in pre-dos sensitization®.

Dependence of sensitivity on the grain size of some materials had also been

suggested by Horowitz*®. In 1990, a research article revealed the dependence
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of the TL outcomes on the grain size of synthetic quartz and explained that the
sensitivity of the samples decreased with smaller grain size and dose
dependence TL curves changed with the grain size®. After almost two decades,
a research reported the effect of particle size in the TL response of natural
quartz sensitized by high dose gamma radiation and heat treatment. They
explained the results in relation with the specific surface area of quartz
particles and the involvement of intensity of ESR signal of the E'; center in the
sensitization process®. A group of scientist had worked on the crushing effect
on TL and OSL signals in quartz to examine the practicability of using OSL
and TL for dating of faulted rocks and concluded that 100°C TL sensitivity was
decreased after crushing the sample and OSL signal intensities were variably
increased after crushing especially for small grain size fractions™'.

Here we discuss about the TL peaks:

110°C TL peak

110°C TL peak is also known as traditional pre-dose peak and it is observed
around 95-120°C in glow curve region. The peak has maximum emission
centred on 360-380nm, 420nm and 450-470nm. Based on ESR, IR and
luminescence measurement, it is observed that the trap responsible for this
peak are the (GeQ,) electron traps and the centres (AlO,)° and (Hz04)° act as
recombination centres. Correlation between 110°C peak and OSL signal of
quartz is well established and used as a reference for OSL applications. In the
form of pre-dose sensitization, this TL peak is used for dating application
related to fire specimen®.

210°C TL peak

Researcher observed glow TL peaks in synthetic quartz, and they concluded
that 210°C peak is stable at higher annealed temperature and centred on 410nm
emission wavelength. They also concluded that this TL peak is suitable for
dosimetry and dating applications®®. Researcher studied the radiation induced
sensitization in quartz and they found Ge-center, E;’ center, and both are
correlated with 210°C peak and involved in the sensitization process of 210°C

peaks in quartz™.
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325°C TL peak and 375°C TL peak

325°C TL peak in quartz is known as rapidly bleachable peak having its
emission wavelength at 380nm. While 375°C TL peak in quartz is known as
slowly bleachable peak having its emission wavelength at 480nm. So 375°C

TL peak is extensively used for dating applications for quartz ®°.

Other TL peaks

Several other TL peaks at 150-180°C and 280°C are also observed in the glow
curve, which is rapidly bleached by exposure to light. Franklin et al., studied
emission wavelength of Australian quartz and reported that 150-180°C rapidly

bleachable peak is centred at 392nm emission wavelength®®.

1.8 OSL of synthetic quartz and its Literature survey

With further development in research, scientists faced some limitations with
the TL technique during experimental work. So, use of OSL technique has
been introduced in place of TL technique for applications for dosimetry and
dating. Huntley et al. worked on this issue and revealed an aspect that a good
luminescence signal could be found from quartz by using optical stimulation
rather than thermal stimulation. They stimulated quartz by using the 514.5nm
single green line from an argon-ion laser to use this method in optical dating of
sediments®®. This method had also been developed more recently for
archaeological dating and dosimetry.

The advantages of OSL over TL are rather understandable in the applications.
Scientists had explained that the OSL signal from quartz could be stimulated
by using a broadband light source produce a blue-green light spectrum (420-
550nm)>**°. They further studied that the continuous wave OSL (CW-OSL)
method was particularly more precise in geological dating and accident
dosimetry®®. S W S Mckeever et al. had studied the defect pattern using OSL
decay under the physical conditions such as temperature, pressure, ionizing
radiation and mechanical actions such as grinding, crushing, etc. and
established the definite correlation between defects and OSL sensitivity>’. He
reported that the dose-response of OSL decay curve was an essential factor in
any dating procedure and these outcomes can be used to estimate the
equivalent dose in dating®.
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Some researcher studied the effect of ionising radiation under the identical
physical condition on OSL decay curve of synthetic quartz at room
temperature. It explained the fact that OSL decay showed slow exponential
decay under below critical dose and above critical dose, OSL decay pattern
was changed. They also explained that the change with dose was observed in
annealed sample and E;’ center was responsible for slow decay which was
observed in ESR spectra®®. The group also reported the role of annealing
temperature at a given radiation dose and the duration of annealing treatment
on OSL sensitivity and shape of decay curve of synthetic quartz at room
temperature. They found that phase change in synthetic quartz with increased
annealing temperature was responsible for the change in OSL sensitivity®.
Whereas other scientists had concluded that 380 nm emission luminescence
centre and the family of TL traps were directly correlated to the traps giving
rise to the OSL signal®®®..

In 1997, some reports were published and explained that the traps associated
with the 110°C TL peak are optically sensitive®*®. They suggested that OSL
decay curve was observed with the sample held at 125°C, which keep empty
the 110°C TL peak traps during optical stimulation®. It was also studied and
concluded that this elevated temperature stimulation contributes a faster
response, a smaller long time-constant component within the OSL decay curve
and progress in measurement sensitivity®®. Bailey et al. studied the three
exponential components by obtaining quartz OSL at elevated temperatures and
identified that the fast and medium components were related with the 325°C
TL peak trap whereas the slow component remained stable until at least
650°C*,

It was reported that quartz crystal bleached considerably more rapidly than that
of feldspars because coarse grain usually contributes to greater scatter of data
than for fine-grain methods®. To overcome this problem of large scatter, Rees-
jones used fine grain of quartz for optical dating and concluded that the fine-
grain quartz had great potential for use in optical dating®®. Many researchers
had also worked with fine grain size of quartz for dating application by using
TL and OSL technique®®’.
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Several components of discrete type traps were resolved from the bulk OSL
signal which emitted from sedimentary quartz, widely known as Ultra-fast,
fast, medium and slow component. Ultra-fast component was found in initial
part of OSL decay curve®®. Components can be resolved and identified by
mathematically fitting of CW-OSL curves. The fast component is most suitable
for the dating purpose because it is highly light sensitive and thermally stable.
Slow component is relatively slowly depleting portion of OSL decay of the
quartz. It is distinct from the main ‘rapidly bleached’ portion of OSL decay
signal (that dominated by fast and medium components) which is used in
optical dating, Slow component has high thermal stability and high dose
saturation characteristics which suggest much potential for long-range dating®.
Different components of quartz have different characteristics with respect to
photoionization cross-sections, dose saturation level, thermal stability and
sensitivity. Photoionization cross-sections of a trap is an important parameter.
This parameter revealed the optical sensitivity of a trap at a given wavelength.
It was also shown that, which wavelength is optimum for stimulation during

OSL measurement>”"°,

1.9 Aim, Objective and Approach
For the dating purpose, the grain size of the sample is most significant and
crucial. The grain size of the sample depends upon grinding process of the

material. Researchers'®!

observed and explained the significant and
noticeable variation in electronic, magnetic, optical and chemical properties of
a molecule with the change in grain size from bulk to nano-metric level.
Literature also revealed that the new active/inactive TL and OSL sites were
observed due to increased surface area after reduction in grain size of sample
by grinding process*>*,

To understand the TL/OSL properties of nano particle sized synthetic quartz
material, the present work, is aimed to TL and OSL studies of nano particle
sized synthetic quartz specimens followed by different physical treatments.
These studies further explore possibility to suggest its novel application as a
radiation dosimeter. The interpretations of the outcomes of the TL/OSL results
have been correlated and hence confirmed with different characterizations of

the nano particles such as Particle size analysis, EDS, SEM, TEM, XRD, FTIR

Page | 18



Introduction | Chapter 1

etc. Response of the physical treatments to nano quartz specimens are
corroborated with the changes in luminescence properties. The outcomes are
also resolved by the TL measurements, components of OSL decay curves and
Electron Spin Resonance (ESR) study.

Prior to OSL and TL measurements, as the detailed study of physical
structure/characterization of the nano sized quartz specimen, the following
characterizations have been adopted for the conformation of the surface
morphology, size of nano scale and composition of the material.

Nano-sized synthetic quartz sample was prepared by ball milling process so
there was possibility of the presence of metallic contamination or process
impurities in the material. Therefore, the purity of nano sized samples was
checked by EDX technique and was found pure. The particle size analysis
showed average grain size of prepared sample was 87 nm. The SEM analysis
further confirmed that the particle size was in nano scale, but shapes of the
particles were irregular and agglomerated. The TEM image also described that
the particles of the sample are in nano range (below 100nm). The crystalline
size of 39.41nm was confirmed by XRD analysis of prepared sample. The
presence of hydroxyl group has confirmed by the FTIR analysis in the prepared
nano sized synthetic quartz samples.

Further, to study response of nano grains towards the thermal treatments for

luminescence output, the following experiments were performed.

Optical Absorption Study for un-annealed and annealed samples followed
by beta doses:

Optical absorption spectra were recorded to understand the absorption of light
capacity by attribute color centers, which may be available in nano synthetic
quartz under the influence of physical conditions under study. Un-annealed
samples followed by 2.52Gy and 5.04Gy beta doses have exhibited optical
absorption intensity around 0.14 to 1.664 a. u for broad range of peaks from
200-258nm. The positions of these peaks remain identical but notable
absorption by 2 to 2.5a.u was observed under the influence of pre-heat
treatments such as 400°C, 600°C and 1000°C annealed sample followed by
25.2Gy dose as compared to un-annealed samples.
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PL Study for un-annealed sample followed by beta dose:

PL study has revealed the suitable wavelength (470nm) as a stimulation source
in OSL process. The nano sized quartz sample exhibits broad emission
wavelengths from 371nm to 493nm under 254nm wavelength of excitation.

TL Study from 25-398°C for un-annealed and annealed sample at different
temperature followed by beta doses:

To understand the contribution of the thermally sensitive traps and changes in
their position under different thermal conditions, TL study was undertaken for
un-annealed and annealed (at 400°C, 600°C, and 1000°C) nano samples
followed by different beta doses. Un-annealed specimens followed by beta
exposures of 48.03Gy, 81.43Gy and 120Gy exhibit usual TL glow peak at
110°C along with the development of TL peak at 300°C. However, the 300°C
TL peak disappears while exhibiting new TL peaks at 165°C and 220°C along
with 110°C TL peak under the influence of higher exposures beyond 120Gy.
The position of 110°C TL peak remains invariant in 400°C, 600°C and 1000°C
annealed sample of lhour duration followed by identical beta exposures.
However, for 400°C and 600°C annealed samples do not show 165°C TL peak
and shows large variation in 220°C TL peak position up to 293°C with TL
counts. The reappearance of 165°C TL peak and thermal stability of 220°C TL
peak with growth in TL counts are observed in 1000°C annealed sample. The
TL sensitivity was found to be enhanced with thermal treatment compared to
un-annealed specimen. The strength of 110°C TL peak decreases with rise in

annealing temperature to the samples.

OSL Study at 25°C for un-annealed and annealed sample at different
temperature followed by beta doses:

To observe the contribution of the optically sensitive traps and shape of the
OSL decay curve under different physical conditions, a systematic study was
carried out for un-annealed and annealed (at 400°C, 600°C, and 1000°C) nano
samples followed by different beta doses. The un-annealed samples were
exposed to 15.76Gy, 48.03Gy, 81.43Gy, 120.83Gy, and 160.23Gy and
199.63Gy beta dose followed by optical stimulation by 470nm at 25°C for
100seconds. It is observed that very rapid OSL decay within 0.4 seconds of

stimulation and usual OSL decay is seen for 0.4 seconds to 100 seconds in each
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exposed sample. Nearby 93% of OSL counts from its maximum values are
dropped as a rapid decay and nearby 7% of OSL counts are dropped as a usual
decay under exposed samples up to 120.83Gy. Beyond 120.83Gy beta doses,
the pattern of decay curves is sustained over stimulation times but percentage
of “rapid decay” is decreased to 46% and percentage of “usual decay” has
increased by 54% of OSL counts.

However, the rapid decay is limited to 87% in lower annealed samples (400°C
and 600°C) and further it has reduced to 56% in higher annealed sample for all
exposures compared to un-annealed sample. The OSL sensitivity under
influence of beta doses is weaker in 1000°C annealed sample than lower

annealed and un-annealed materials.

TL Study from 25-398°C after OSL decay at 25°C for un-annealed and
annealed sample at different temperature followed by beta doses:

It is necessary to observe that thermally sensitive traps are still contribute in
output signals or not, after OSL readout, TL glow curves were recorded. The
correlation between OSL and TL signals were also carried out to reveal many
undergoing physical processes. The un-annealed sample shows three distinct
TL glow peaks at 110°C, 165°C and 220°C after the optical stimulation near
room temperature. The position of 220°C TL peak is varied in lower annealed
(400°C and 600°C) samples and it is re-established in 1000°C annealed sample
followed for identical beta doses. The noticeable thermal stability and dose

dependent growth in 220°C TL peak is observed in both samples.

OSL Study at 160°C for un-annealed and annealed sample at different
temperature followed by beta doses:

Un-annealed and annealed samples were irradiated by identical beta doses
followed by optical stimulation at 160°C for 100second. The un-annealed
specimen shows nearby 96% of rapid decay within 0.4seconds of stimulation
and around 4% of usual decay under influence of beta doses up to 120.83Gy.
Beyond 120.23Gy doses, the percentages of rapid decay are limited to 40%.
The lower annealed samples exhibit nearby 89-95% of rapid decay and higher
annealed sample exhibits nearby 40% of rapid decay. The OSL dose response
in 1000°C annealed sample is weaker than lower annealed samples but better

than un-annealed samples.
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TL Study from 25-398°C after OSL at 160°C for un-annealed and
annealed sample at different temperature followed by beta doses:

In order to study 220°C TL peak under these physical conditions only, the
optical stimulations at 160°C for 100seconds by 470nm light is given to erase
the contribution of lower temperature TL peaks. The variation in 220°C TL
glow peak is observed over identical exposures in un-annealed material but the
stability of this peak is observed along with the growth of new TL peaks
around 325°C in 1000°C annealed sample.

ESR Study for un-annealed and annealed samples followed by beta doses-
ESR study is performed to observe the contribution of defect centers which are
taking part in TL and OSL outputs of nano synthetic quartz samples. ESR is
recorded for un-annealed and annealed samples followed by beta doses. Either
for un-annealed or lower annealed samples show significant involvement of
low temperature TL traps which are attributed to the available E;’ centers. The
losses of luminescence counts are discernible to diminishing of E;’ centers
and growth of new centers, which can be confirmed with the development of
higher temperature TL glow peaks in 1000°C annealed material.

Based on the TL glow peaks of thermally treated specimens, along the OSL
decay for the identical physical treatments significant findings were reported.
These findings were also corroborated and confirmed with ESR.

Higher temperature of anneal and higher beta doses showed significant changes
in TL glow peaks. The higher annealing treatment forms better thermal
stability for 220°C TL glow peak. Along with better TL dose response of
220°C glow peak, TL study after optical bleaching showed that the NSQ (Nano
Synthetic Quartz) material gives the information about wider family of stable
TL traps between 220°C and 235°C. This is attributed to the developed Ge
centers at the cost of E;' centers at higher anneal temperature in NSQ
specimens. These findings were clearly confirmed with ESR results also. The
higher annealing treatment found be supporting to increase the contribution of
usual OSL components outcomes controlling the losses of OSL counts as a
rapid decay. Corroborative studies of ESR and XRD also revealed that the
thermal treatment affect significantly the centers in nano synthetic quartz

specimen. Lower (400°C) annealing temperature is found to be suitable for
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significant strength in TL and OSL counts in NSQ sample. Such thermally
treated NSQ may be the candidate for OSL dosimeter due to better stability of

the center.
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