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Abstract

Thermoluminescence (TL) of kyanite single crystals bombarded with 100 MeV swift Ag8+ and Si8+ ions with fluences in the range
1 · 1011–5 · 1014 ions/cm2 has been studied at room temperature (RT). Two TL glows with peaks one at �445 K and another one at
�550 K are recorded in Si8+ ion bombarded kyanite single crystals at a warming rate of 20 K min�1. It is observed that the TL peak
intensity increases with increase of ion fluence. This may be attributed to the creation of new traps during bombardment process. How-
ever, in the case of Ag8+ ion bombarded samples, a single well resolved glow with peak at �520 K is observed in all the samples. Also,
photoluminescence (PL) of Ag8+ ion irradiated kyanite single crystals have been studied and it is observed that a pair of sharp as well as
strong PL emission bands with peaks at �688 and 706 nm along with a broad emission band in the region 710–800 nm at an excitation of
442 nm laser beam. It is found that PL intensity decreases with increase of ion fluence. The decrease in intensity with increase of ion
fluence is attributed to amorphization of the sample.
� 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The search of materials suitable for solid state radiation
dosimeters has become the main aim of many researchers
after the discovery of thermoluminescence phenomena. In
this direction different systems including synthesized or
natural ones have been studied. One of the advantages of
the synthesized material is to control the composition,
and so, the impurity of the starting materials used to pre-
pare the solid state dosimeters. On the other hand, natural
minerals are available in reasonably large quantities as well
as at low expenses and found to play an important role in
Archeology and Geology as some of these are found to
have good potential for both dosimetric and TL dating
materials [1,2]. Materials which show good TL response
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for low amount of radiations (dose from �10�5 Gy to a
few hundred Gys before reaching saturation) are found
to be the best materials for TL dosimetric applications.

Estimation of the amount of doses absorbed by a partic-
ular material from different dosimetric techniques is highly
informative [3]. However, such data has not yet been
reported using a single solid state TL dosimeter. The TL
response of dosimetric materials exposed to energetic heavy
charged particles can be viewed as a tool to investigate
mechanism of ion interaction with matter and subsequently
for the TL process. From a practical point of view, the
knowledge of the TL response as a function of dose, type
of ion particle and its energy etc could permit us for select-
ing materials as TL dosimeters for heavy ion charged par-
ticle irradiation [4].

In this paper, we report the TL behavior of natural kya-
nite subjected to swift heavy ions – Si8+and Ag8+. Natural
kyanite, a crystalline aluminum silicate (Al2SiO5) is one of
the silicate groups of mineral, used in the production of
non-fusion cast tank blocks, in the manufacture of spark
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Fig. 1. Thermoluminescence glow curves in 100 MeV Si8+ ion irradiated
kyanite single crystals.
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plugs and as mineral specimens. It is a polymorph with
three other minerals – andulasite, sillimanite and mullite.
Kyanite, a triclinic occurs in long thin blade like form
usually transparent to translucent, color in blue, white or
brown also gray or green and rarely black or streak
[5].

2. Experimental

Crystals of kyanite of �1 mm thickness and �60 mm2

areas are obtained by cleaving long thin block of natural
kyanite procured from Geology Department, Bangalore
University. Irradiation with 100 MeV Si8+and Ag8+ ions
for doses in the range of 1 · 1011–1 · 1014 ions/cm2 was
done at 15UD Pelletron facility, Nuclear Science Centre,
New Delhi. The detailed experimental set up for ion irradi-
ation was described elsewhere [6]. After heavy ion irradia-
tion, the samples were subjected for thermoluminescence
measurements using an home made TL set up [7] consisting
of RCA 931A photomultiplier tube and a digiscribe 5000
series strip chart recorder by heating the sample at a con-
stant rate of 20 K min�1. The temperature of the sample
along with intensity of light emitted were simultaneously
recorded.

3. Results and discussion

The values of TL intensity and the corresponding tem-
perature were calculated from the experimentally recorded
glow curves and redrawn to actual scale. The TL glow
curves of kyanite single crystals bombarded with
100 MeV swift Si8+ ions with fluences in the range 1 ·
1011–5 · 1013 ions/cm2 are shown in Fig. 1. Two glow
peaks a weakly resolved one at �445 K and a well resolved
Fig. 2. Thermoluminescence glow curves in 100 M
glow with peak at �550 K are observed. It is found that the
TL intensity at these glow peaks increase linearly with
increase of Si8+ ion dose and this might be due to the cre-
ation of new traps with ion bombardment processes [8].

In the case of Ag8+ ions, a single well resolved glow
with peak at �520 K was observed in all kyanite crystals
bombarded with fluences in the range 1 · 1011–5 ·
eV Ag8+ ion irradiated kyanite single crystals.



Fig. 3. Photoluminescence spectra (kexcitation 442 nm) of 100 MeV Ag8+ ion irradiated kyanite single crystals.
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1014 ions/cm2 as shown in Fig. 2. The glow peak intensity is
found to increase with increase of Ag8+ ions as has been
observed in Si8+ ion bombarded kyanite. Higher fluences
of Si8+ and Ag8+ions probably lead to generation of higher
concentration of defect centers in kyanite. And, further flu-
ence may results in destruction of defect centers leading to
amorphization of the material.

The TL intensity, for a given dose, is found to be
enhanced in Si8+ ion irradiated samples when compared
to Ag8+ ions irradiated samples. This might be due to
quenching of luminescence through the interaction of
defects produced by Ag8+ ions. It is found that, the TL
glow peaks in swift heavy ion irradiated kyanite single crys-
tals are not well resolved when compared to TL glow peaks
observed in c- and b-irradiated kyanite crystals [6]. This
may be attributed to nature and size of the ion species.

Photoluminescence spectra of kyanite single crystals
bombarded with 100 MeV Ag8+ ions for fluences ranging
from 1 · 1011–5 · 1013 ions/cm2 followed by excitation
with 442 nm laser beam have been studied and the results
are shown in Fig. 3. A pair of sharp and strong emission
bands with peaks at �688 and 706 nm and a broad emis-
sion band in the region 710–800 nm are observed. The
sharp emission observed with peaks at 688 and 706 nm
may be attributed to luminescence centers activated by
Fe3+ ions which are detected from EDXA experiment [6].
The characteristics of the center giving rise to sharp emis-
sion is within the 4f shell, which is partially shielded by
the most outer electrons 3S2 3P6 [9]. The shape and the full
width at half maximum of the bands in the luminescence
spectrum depend on temperature and the strength of the
interaction between the electrons and phonons, which par-
ticipate in the optical transition. At low temperature, the
luminescence spectra consist of sharp peaks and narrow
bands. Strong electron phonon interactions results in
broadening of the peaks in the spectra. Extrinsic lumines-
cence depends on the impurities in the crystal through
the process of activation, sensitization and quenching
[9,10].

4. Conclusions

The TL glow peak intensity increases linearly with
increase of Si8+ ion dose. This is attributed to creation of
new traps with bombardment process. The decrease of
PL intensities with increase of Ag8+ ion fluence might be
attributed to amorphization. Sharp emission peaks at 688
and 706 nm with 442 nm laser excited beam may be attrib-
uted to Fe3+ ions. TL glow peaks are not well resolved in
ion irradiated samples when compared to c- and b-irradi-
ated samples. This might be attributed to nature of ionizing
radiation.
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