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Abstract

Ionoluminescence (IL) and photoluminescence (PL) of aluminum silicates irradiated with 100 MeV swift Ni+8 ions with
7uences in the range 7:5× 1010–1:0× 1014 ions=cm2 have been studied. A pair of IL bands with peaks at ∼ 775 and 875 nm
are recorded in both natural crystalline and pelletized kyanite samples. And, a pair of sharp as well as strong PL emission
bands with peaks at ∼ 688:7 and 705:9 nm along with a broad emission band in the region 710–900 nm are recorded in these
samples with an excitation of 442 nm laser beam. It is found that both IL and PL intensities decrease with increase of ion
7uence. The decrease of IL is attributed to amorphization of the material.
c© 2003 Published by Elsevier Ltd.
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1. Introduction

Ionoluminescence, also known as ion beam-induced
luminescence (IBIL) is a phenomenon of emission of light
when energetic ions interacting with solid and it provides
information about the chemical form of elements. Also,
it allows the detection of rare earth elements in the host
materials with a minimum detection level of a few ppm.
In material sciences, the IL methods can be applied to
study the intrinsic and extrinsic luminescence phenomena
and is capable of micro-characterizing various inorganic
materials, including those of geological and synthetic ones.
Detailed theory on ionoluminescence (IL) and material
modi>cations due to energetic ion interaction with matter
is described by Yang et al. (1993).

Kyanite is an aluminum silicate (Al2SiO5) crystallizes in
triclinic and it is usually transparent to translucent, blue in
color and generally contains impurities such as iron. They
are promising materials for high temperature applications
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because of its low thermal conductivity. The system has
been of primary interest of petrologists and experimental-
ists because of its applicability in both geologic thermome-
ters and/or barometers (Dana and Ford, 1962). Literature
revealed that IL and photoluminescence (PL) studies on alu-
minum silicates are very limited. In this paper, ion-induced
damage in kyanite have been studied by means of IL, PL
and infrared spectroscopy (IR) techniques and the results
obtained are presented.

2. Experimental

Kyanite single crystals (I) each of ∼ 1 mm thickness and
45 mm2 area are obtained by cleaving the long thin block
of natural kyanite procured from Indian Bureau of Mines,
Bangalore. The powder form of kyanite (II) are prepared
by crushing big blocks and grinding using pestle and mor-
tar. The grain size of kyanite used in the present work is in
the range 75–53 �m. Pellets (III) each of 6 mm diameter
and 1 mm thickness are prepared by applying a pressure
of 6 tones per ram using a home-made pelletizer at room
temperature (RT). The pellets and single crystals are irradi-
ated with 100 MeVNi+8 swift ions (from 15UD Pelletron)
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at Nuclear Science Center, New Delhi. The detailed exper-
imental setup for online IL and in situ PL measurements
using Michelle-900 Spectrograph and CCD are described
elsewhere (Singh et al., 2001). The IR absorption are made
using Pye Unicam SP3-300 Spectrophotometer.

3. Results and discussion

Fig. 1 shows the IL spectra of kyanite single crystals (I)
irradiated with 100 MeV Ni+8 swift ions for 7uences in the
range 0.75–3:00 × 1011 ions=cm2. A pair of IL bands with
peaks at about 775 and 875 nm along with a pair of sharp
peaks in the range 680–720 nm are recorded. Also, similar
results are obtained in the case of pelletized kyanite (III),
irradiated with the same amount of ion 7uence as shown in
Fig. 2. The IL intensity in crystalline as well as pelletized
kyanite samples are found to be almost same. It is observed
that IL intensity is found to be very large at the early stage
of ion beam irradiation of a fresh crystal but, at later stages,
the intensity starts diminishing with swift heavy ion irradia-
tion. Further, it is found that the IL intensity at the peaks of
the IL bands in both crystalline and pelletized kyanite are
found to decrease with increase of ion 7uence (results for
the 775 nm IL peak are shown in the inset of Fig. 2). The
pair of sharp peaks observed in the range 680–720 nm are
attributed to luminescence centers activated by Fe3+ ions.
The characteristics of the center giving rise to sharp emis-
sion in kyanite might be due to the fact that optically active
electron involved in the luminescence emission is within
4f shell which is partially shielded by the outer most elec-
trons 3s2, 3p6 (Homman et al., 1994). The decrease in IL
yield might be due to increase in Fe3+ concentration caused

Fig. 1. Ionoluminescence spectra of Kyanite (I) irradiated with 100 MeV Ni+8 ions.

by Ni+8 ions irradiation. If the concentration of impurities
including rare-earth elements (REEs) are increased in the
kyanite, the crystal parameters may change and this play
an important role in the extrinsic luminescence processes.
Some impurity ions like Fe3+ and Ni2+ usually act as lu-
minescence quenchers (Malmqvist et al., 1996). Normally,
luminescence of a material is very much sensitive to
the impurity concentration. However, if the impurity con-
centrations are too high they may act as self-quenchers
(Yang et al., 1993). The IL patterns of kyanite depend
on various factors such as Fe3+ ions, crystal defects, ion
implantation, luminescence activators and other quenchers.
The variation of IL yield in pelletized and crystalline sam-
ple is attributed to the surface roughness of the sample
(Kalantaryan et al., 1997).

Photoluminescence spectra of crystalline and pelletized
kyanites irradiated with 100 MeV swift Ni+8 ions for 7u-
ences in the range 1× 1011–1× 1014 ions=cm2 followed by
442 nm laser beam excitation are recorded and the results
obtained are presented in Figs. 3 and 4, respectively. These
>gures indicate a pair of sharp and intense emission with
peaks at 688.7 and 705:9 nm along with a broad PL emis-
sion in the region 700–900 nm. The PL intensity in all the
samples studied in the present work is found to be decreased
with increase of ion 7uence.

The infrared absorption of as it is and ion-irradiated
kyanite samples have been studied. The results revealed the
presence of silicates and water even before irradiation of
these samples. The characteristic absorption bands of Al–O
and Si–O are found to reduce with increase of ion 7uence.
The reduction in IL intensity near 775 and 875 nm and PL
intensities in the range 700–900 nm in the present studies
might be attributed to Al–O and Si–O bonds. Also, the
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Fig. 2. Ionoluminescence spectra of Kyanite (III) irradiated with 100 MeV Ni+8 ions.

Fig. 3. Photoluminescence spectra (�excitation 442 nm) of 100 MeV
Ni+8 ion-irradiated Kyanite (I) at RT.

variation in PL and IL intensity in crystalline and pelletized
form of kyanite are attributed to physical nature of the
sample. The sharp PL emission peaks present in both forms
of kyanite samples (I and III) are attributed to Fe3+ as the
same is detected from energy dispersion spectrum (EDS)
and electron spin resonance (ESR) (Nagabhushana and
Lakshminarasappa, 2002). The irradiation eCects may lead
to the restructuring of the surface chemical species because
of the energy deposited through electronic loss during the

Fig. 4. Photoluminescence spectra (�excitation 442 nm) of 100 MeV
Ni+8 ion-irradiated Kyanite (III) at RT.

process of swift heavy ion irradiation and, formation of
ion-induced defects leading to nonradiative recombination
centers. These two processes are simultaneous consequences
of irradiation and they compete with each other. Enhance-
ment or degradation in the PL and IL in the present studies
might be due to the balance between these two eCects
(Bhave et al., 1999).
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4. Conclusions

The sharp IL and PL peaks observed in the range
680–720 nm in kyanite samples are attributed to lumi-
nescence centers activated by Fe3+ centers and, the de-
crease in intensity with increase of Ni+8 ion 7uence is
attributed to Fe3+ quenchers. The reduction of both IL
and PL intensities in the longer wavelength region (with
peaks at 775 and 875 nm) with increase of Ni+ ion 7uence
might be attributed to the destruction of Si–O and Al–O
bonds.
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