Hindawi Publishing Corporation
Journal of Spectroscopy
Volume 2013, Article ID 391428, 11 pages
http://dx.doi.org/10.1155/2013/391428

Research Article
A �omparison of �odi�cations Induced �y �i3+ and Ag14+ Ion
Beam in Spectroscopic Properties of Bismuth
Alumino-Borosilicate Glass Thin Films
Ravneet Kaur,1 Surinder Singh,1 and Om Prakash Pandey2
1
2

Department of Physics, Guru Nanak Dev University, Amritsar 143 005, India
School of Physics and Materials Science, apar University, Patiala 147 004, India

Correspondence should be addressed to Ravneet Kaur; ravneet_383@yahoo.com
Received 22 June 2012; Revised 24 August 2012; Accepted 25 September 2012
Academic Editor: Massimo Tallarida
Copyright © 2013 Ravneet Kaur et al. is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Ion irradiation eﬀects on the glass network and structural units have been studied by irradiating borosilicate glass thin �lm samples
with 50 MeV Li3+ and 180 MeV Ag14+ swi heavy ions (SHI) at diﬀerent �uence rates ranging from 1012 ions/cm2 to 1014 ions/cm2 .
Glass of the composition (65-x) Bi2 O3 -10Al2 O3 -(65-y) B2 O3 -25SiO2 (x = 45, 40; y = 20, 25) has been prepared by melt quench
technique. To study the eﬀects of ionizing radiation, the glass thin �lms have been prepared from these glasses and characterized
using XRD, FTIR, and UV-Vis spectroscopic techniques. IR spectra are used to study the structural arrangements in the glass before
and aer irradiation. e values of optical band gap, Urbach energy, and refractive index have been calculated from the UV-Vis
measurements. e variation in optical parameters with increasing Bi2 O3 content has been analyzed and discussed in terms of
changes occurring in the glass network. A comparative study of the in�uence of Li3+ ion beam on structural and optical properties
of the either glass system with Ag14+ ion is done. e results have been explained in the light of the interaction that SHI undergo
on entering the material.

1. Introduction
Ion irradiation is a novel technique for the modi�cation
of materials at molecular and electronic level. Ion interactions with materials can result in enhancement in their
performance as well as properties such as conductivity,
chemical stability, sensitivity, crystallinity, and density [1].
Ion beam eﬀects have been studied for various materials such
as insulators [2–4], semiconductors [5], metals [2, 6] and
metallic alloys in their crystalline [7], and amorphous phases
[8].
Energetic ions lose their energy in matter predominantly
via two mechanisms. First, there is a direct transfer of
kinetic energy to target atoms by elastic collisions between
a projectile nucleus and target nuclei. is mechanism is
commonly referred to as nuclear energy loss “𝑆𝑆𝑛𝑛 ” and is
mainly responsible for atomic displacements in material.
Secondly, the energy of the incident ion is also transferred to
target electrons by the generation of excited or ionized target

atoms. is mechanism in the form of inelastic collisions
is known as electronic energy loss “𝑆𝑆𝑒𝑒 ” and has a major
contribution to the deceleration of fast ions of kinetic energy
≥1 MeV/u. e electronic energy loss is relatively low for
light ions, so that electronic excitations and ionizations are
sparsely distributed mainly along the ion’s path. However,
for fast heavy ions, the density of electronic excitations and
ionizations becomes so high that new and collective eﬀects
arise. It has also been found that these electronic excitations
(above a certain threshold of 𝑆𝑆𝑒𝑒 which varies from material
to material) are capable of provoking structural changes
in materials, particularly in insulators [9]. e interaction
between SHI and bulk materials leads to speci�c eﬀects
because of the huge amounts of energybeing deposited on the
target electrons by incident ions [10]. e deposited energy
may then be converted to atomic motion and �nally leads to
the structural and even chemical modi�cations (such as in
polymers) within the cylindrical zone of several nanometers
in diameter resulting in the emergence of altogether new
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structural arrangements [11]. e energy distribution of
heavy ions in matter has been explained with the help of both
experimental and theoretical models such as ion explosion,
thermal spike [12], and Track core and penumbra models by
many workers [13–16].
e changes which take place in materials on interacting
with fast heavy ions depend on the irradiation conditions
such as irradiation temperature, irradiation angle, and the
corresponding projected range and also on the irradiation
dose, atomic number, and energy of the ion beam used [10].
Glasses have been found to be sensitive to the eﬀects induced
by electronic energy loss “𝑆𝑆𝑒𝑒 ” of swi heavy ions [10, 17]. All
glassy materials during swi heavy ion irradiation are known
to exhibit nonsaturating anisotropic plastic deformation,
known as ion hammering eﬀect [18] and have been explained
successfully by the viscoelastic model for ion hammering.
In metallic glasses eﬀects like phase transformation [19, 20],
damage creation [20, 21] and even dimensional changes both
in width and length [9] have been observed as a result of an
electronic energy loss introduced by ion irradiation.
Glasses are the materials of excellent radiation-resistance
provided crystallization can be avoided [22]. is opinion is
based on the intuitive argument that a random regrouping
or realignment of atoms in an almost perfectly disordered
solid would leave its structure nearly unchanged and, consequently, its macroscopic properties. However, in addition
to a radiation-insensitive structure, for a material to be
technologically useful it must also be stable in macroscopic
shape. erefore, the radiation-induced structural instability
of amorphous materials and particularly of glasses provides a new access to the question concerning the way in
which an intense electronic excitation can induce atomic
rearrangements in solids [23, 24]. Among various types of
glasses, borosilicate glass is considered to be one of the most
suitable materials for radiation shielding design [25]. On the
other hand, glasses based on heavy metal oxide Bi2 O3 have
interesting physical properties such as high density, high
thermal stability, and high linear and nonlinear refractive
index enabling their extensive applications in the �eld of
optics and opto-electronics [26–32]. erefore, in the present
work we choose bismuth-based alumino-borosilicate glass
system for demonstrating the nature and impact of radiation
damage on the glass structure as a result of interaction with
SHI.
In this paper, working on a concept that the radiationinduced disorder is much easily absorbed in the heavily
disordered structure of an amorphous materials such as
glass, we present swi heavy ion beam interaction of two
borosilicate glass systems BBiSA [B2 O3 (45%)-Bi2 O3 (20%)Al2 O3 (10%)-SiO2 (25%)] and BBiSA [B2 O3 (40%)-Bi2 O3
(25%)-Al2 O3 (10%)-SiO2 (25%)] using 180 MeV Ag14+ and
50 MeV Li3+ ions at diﬀerent �uences rates ranging from
1012 ions/cm2 to 1014 ions/cm2 . For this purpose, thin
�lms of each glass system were synthesized using quartz
as a substrate. To characterize the thin �lms, analysis of
the samples has been done using X-ray diﬀraction, UVvisible, and IR spectroscopy. Also, the present investigations
are carried out to compare the in�uence of Li3+ ion beam
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T 1: Chemical composition (mole fraction) of the glass samples
used in this work.
Sample code
BBiSA
BBiSB

Bi2 O3
20
25

Al2 O3
10
10

B 2 O3
45
40

SiO2
25
25

of energy 50 MeV on structural and optical properties of
bismuth-based borosilicate glass system with Ag14+ ion of
180 MeV on the either glass system.

2. Experimental
2.1. Sample Preparation. Bismuth based alumino-borosilicate glasses containing B2 O3 , Bi2 O3 , Al2 O3 , and SiO2 have
been synthesized from LR grade reagents in amount suﬃcient
to produce 75 gm glass. e composition along with the
sample label is given in Table 1. Appropriate amounts of
chemicals were weighed by using an electric balance with an
accuracy of 0.001 gm. e weighed samples were ball milled
in acetone medium for 90 minutes. e mixed powder was
kept overnight for drying. e dried mixture was then melted
in alumina crucible of 120 mL capacity in a temperature range
of 1300–1350∘ C using high temperature resistance furnace.
e temperature of the mixture was raised slowly to ensure
homogeneity of the mixture. Finally the melt was cast into
preheated graphite mould of the dimensions 12×12×45 mm3 .
e sample was annealed for three hours at 300∘ C in muﬄe
furnace. e glass samples thus formed were hard and dark
brown in color.
2.2. in Film Preparation and Irradiation. Since the energy
of the heavy ions is of the order of few MeV and higher so
these impinging ions due to their large range (typically a few
tens of micrometer or larger) do not get embedded in the
thin substrates used as target such as thin �lms. It is therefore
always preferred and advisable to use thin �lm samples for
better understanding of interaction of SHI with matter as the
elastic collision eﬀects causing collision cascade can be safely
neglected, and the eﬀect of the embedded ion does not come
into picture [33, 34]. In the present case, glass thin �lms of
thickness 300 nm were deposited on quartz glass slide (1 cm ×
1 cm) substrate by electron beam gun evaporation of the glass
prepared. e pressure during evaporation was 10−6 Torr,
and the distance from the source to substrate was 135 mm.
e thickness of the �lm being deposited was monitored by
quartz crystal monitor.
2.3. Irradiation Procedure. e irradiations were performed
at the 15 UD pelletron tandem accelerator at Inter University
Accelerator Centre, New Delhi, using Li3+ and Ag14+ ions of
energies of 50 and 180 MeV, respectively. To ensure uniform
irradiation, the beam was made incident upon the samples in
the scanning mode. e selected zone of the beam area was
1 cm by 1 cm. e expected ranges of the �lms allowed the
ions to cross the whole thickness of the �lms giving rise to
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T 2: Showing the �uence ranges and the values of optical band gap and Urbach of samples of BBiSA and BBiSB series irradiated with
Ag14+ and Li ion.

Fluence (ions cm−2 )
0
1 × 1012
5 × 1012
1 × 1013
3 × 1013

Ag14+ ion irradiated
BBiSA series
𝐸𝐸𝑔𝑔 (eV)
2.84
2.47
1.71
1.55
1.49

Δ𝐸𝐸 (eV)
1.91
2.79
2.82
2.84
2.89

BBiSB series
𝐸𝐸𝑔𝑔 (eV)
2.06
1.16
1.12
1.05
1.01

Δ𝐸𝐸 (eV)
2.78
2.89
2.90
2.93
2.99

Li3+ ion irradiated
BBiSA series

Fluence (ions cm−2 )

𝐸𝐸𝑔𝑔 (eV)
2.84
2.82
2.50
2.36
2.28

0
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Δ𝐸𝐸 (eV)
1.91
2.67
2.79
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2.85
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𝐸𝐸𝑔𝑔 (eV)
2.06
1.93
1.82
1.66
1.58
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F 1: e X-ray diﬀraction patterns of the Ag14+ ion-irradiated
BBiSA glass thin �lms: (a) unirradiated; (b) 1 × 1012 ions/cm2 ; (c)
5 × 1012 ions/cm2 ; (d) 1 × 1013 ions/cm2 ; (e) 3 × 1013 ions/cm2 .

homogeneous damage in the bulk. Irradiation has been made
at four �uences between 1012 to 1014 ions/cm2 .
e nature and extent of radiation damage, or in other
words, structural and optical modi�cations in glass thin �lms
irradiated with Li3+ and Ag14+ ions, have been characterized
by X-ray diﬀraction (Bruker Axs diﬀractometer), Fourier
transform infrared (FTIR-8400S Shimadzu, Japan), and UVvisible spectroscopy (Hitachi UV-300). Table 2 represents the
�uence ranges to which the samples of the series BBiSA and
BBiSB were exposed with Ag ion and Li ion.
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F 2: e X-ray diﬀraction patterns of the Li3+ ion-irradiated
glass thin �lms of BBiSA series: (a) unirradiated; (b) 5 × 1012
ions/cm2 ; (c) 1 × 1013 ions/cm2 ; (d) 5 × 1013 ions/cm2 ; (e) 1 × 1014
ions/cm2 .

as color centers as observed in the present case. Also it has
been observed that irradiation of ordinary borate, silicate,
and phosphate glasses can induce numerous changes in the
physical properties of glass and especially related to visible
coloration, and for this reason the defect centers causing
this are oen referred to as color centers [35, 36]. e
changes induced in other spectroscopic properties due to
ion irradiation have been analyzed, and results are discussed
below.

3. Results and Discussion

3.1. XRD Spectra

e color of thin �lms has been found to transform from
light brown to dark brown with the increase in the ion
�uence. e change was more pronounced for both the
glass systems in case of Ag ion as compared to Li ion.
is is because the higher electronic energy losses of Ag14+
ion in the borosilicate glass thin �lms is assumed to be
responsible for the modi�cation of the properties of glass
thin �lms. e more the electronic energy deposited in the
material, the more change in the structural units takes place
thereby, leading to the formation of internal defects such

3.1.1. BBiSA Glass. XRD data recorded for Ag14+ and Li3+
ions as shown in Figures 1 and 2 does not show any peaks
due to crystalline structure and shows a characteristic broad
peak of amorphous structure for all the specimens of the
composition BBiSA.
3.1.2. BBiSB Glass. For the glass thin �lms of BBiSB series
(Figures 3 and 4), the absence of Brag’s peak in the pristine
sample con�rms the amorphous nature of the sample. A
broad hump appearing at 2𝜃𝜃 = 25∘ –30∘ in pristine sample
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F 3: e X-ray diﬀraction patterns of the Ag14+ ion-irradiated
glass thin �lms for BBiSB samples: (a) unirradiated; (b) 1 × 1012
ions/cm2 ; (c) 5 × 1012 ions/cm2 ; (d) 1 × 1013 ions/cm2 ; (e) 3 × 1013
ions/cm2 .

F 4: e X-ray diﬀraction patterns of the Li3+ ion-irradiated
glass thin �lms for BBiSB series: (a) unirradiated; (b) 5 × 1012
ions/cm2 ; (c) 1 × 1013 ions/cm2 ; (d) 5 × 1013 ions/cm2 ; (e) 1 × 1014
ions/cm2 .

is characterized by the presence of the borate groups in the
glass [37]. Initially at a �uence of 1 × 1012 ions/cm2 , no
visible change is observed in the XRD spectra of the thin
�lm samples. But as the �uence is increased from 1012 to
1013 ions/cm2 in either case for Li3+ ion and Ag14+ ion, this
characteristic region at 2𝜃𝜃 = 25∘ –30∘ becomes prominent and
shows an increase in intensity. At lower �uence, the increase
in the intensity of the peak is due to the fact that the energy
transferred from the excited electronic system to the lattice
results in a sudden and sharp increase in temperature in the
irradiated cylindrical zone for a very short time (<10−15 s).
is leads to the local heating known as thermal spike,
resulting from energy and momentum transfer from the
excited electrons to the lattice in the track. Hence, due to
the incident �uence, the local electronic temperature rises
which results in the nucleation of crystalline phase in the
glass matrix which is of Al2 SiO5 (JCPDS card no. 22-0018)
[4, 38]. But on further irradiation, it is observed that intensity
of diﬀraction peak decreases for the �lms irradiated with the
�uence of 3×1013 ions cm−2 . e decrease of peak intensity is
due to reduction in crystallinity of the borosilicate glass thin
�lm. In this case the sample is amorphized as a consequence
of cascade quenching with SHI irradiation [39, 40]. Also
it is observed that as compared to Li3+ ion, the region is
more prominent in case of Ag14+ ion for the same sample
(BBiSB). It can be therefore be concluded that the increasing
width of the XRD peak with increased �uence of Ag14+ ionirradiated BBiSB thin �lms can be attributed to the lattice
damage caused during ion irradiation because of the higher
rate of electronic energy loss of Ag14+ ion.

extrapolation of the best linear �t from the absorption band
edge and measuring the intercept value in ℎ𝜐𝜐-axis. Δ𝐸𝐸 is the
Urbach energy and is determined from the inverse of the
slope of the plots ln (𝛼𝛼) versus ℎ𝜐𝜐 [41–45].

3.2. Optical Studies. e optical absorption spectra of all the
samples of BBiSA series and BBiSB series glass thin �lm samples are recorded in the wavelength region of 200–900 nm.
e values of optical band gap (𝐸𝐸𝑔𝑔 ) were determined by

3.2.1. Before Irradiation (Eﬀect of Composition). e optical
absorption spectrum of the unirradiated base glass thin �lm
for BBiSA series and BBiSB series is shown in the Figures
5 and 6, respectively. e unirradiated parent borosilicate
glass thin �lm for both the series, that is, BBiSA and BBiSB
reveals strong UV absorption extending from 325 to 370 nm.
As the thin �lm is grown on quartz glass substrate, it cannot
show a band prior to 245 nm, since the glass substrate itself
has an absorption band edge around 300 nm. e ultraviolet
charge transfer bands of high intensity which are observed
here before irradiation could be attributed to the presence of
unavoidable trace iron impurities in the raw materials used
for glass preparation and mainly due to Fe3+ ions [46]. In
addition to the impurities, the visible transmittance of the
samples also depends on bismuth content and as observed
decreases when bismuth content increases. Figures 5 and 6
show that the absorption wavelength shis towards red from
300 to 375 nm. e value of optical band gap, 𝐸𝐸𝑔𝑔 , given in
Table 2 decreases from 2.84 to 2.06 eV for BBiSA and BBiSB,
respectively, as the content of Bi2 O3 increases from 20 to
25 mol percent. e decrease in band gap before irradiation
with increase in Bi2 O3 can be explained on the basis of the
structural changes which are taking place within the glass
system. Increase in Bi2 O3 is related to a progressive increase
in the molecular weight and concentration of nonbridging
oxygen (NBO), which results in the decrease in bridging
oxygen (BO). Since nonbridging oxygen is bonded to only
one framework cation and bridging oxygen is bonded to two
network cations, so with the addition of Bi2 O3 , wavelength
shi towards red and 𝐸𝐸𝑔𝑔 decreases [47]. Many workers [48]
have shown even when traces of Bi3+ ions are added in borate
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F 5: Showing the UV-Vis spectra of BBiSA-series glass thin �lm samples before and aer irradiation with Ag14+ ion. Inset: UV-Vis
spectra of the same glass samples irradiated with Li3+ .

and phosphate glasses, a UV peak is observed, and the transition of this peak was related to 1 S0 -3 p1 . It can be concluded
from above results that UV absorption band appearing in
unirradiated parent bismuth alumino-borosilicate glass �lm
(BBiSA and BBiSB) is due to absorption by bismuth ions and
also due to the presence of unavoidable trace iron impurities
in the raw materials for glass preparation [49, 50].
3.2.2. Aer Irradiation. e mobility gap and Urbach energies of bismuth alumino-borosilicate glass thin �lms before
and aer �uence variation from 1012 ions/cm2 to 1014
ions/cm2 are listed in Table 2 for Ag ion and Li ion.

BBiSA Glass in Films. e UV-Vis spectra recorded for
the Ag14+ ion and Li3+ ion beam irradiated for BBiSAseries glass thin �lm samples are shown in Figure 5. From
the analysis of optical absorption spectra, it is found that
optical absorption edge is not sharply de�ned indicating the
amorphous nature of the prepared BBiSA glass thin �lm
samples. For all irradiation doses the optical band decreases
aer irradiation. e decrease in 𝐸𝐸𝑔𝑔 with the increase in
�uence indicates that structural changes are taking place in
the glass system, and such similar variations were observed
in some bismuth borate glasses [51, 52]. In the present
glass it is observed that the fundamental absorption edge
and cutoﬀ wavelength shi towards red with the increase
in incident ion beam �uence. e change in the absorption
band or shi to lower energy is related to the formation of

nonbridging oxygen (NBO) which binds excited electrons
less tightly than bridging oxygen (BO). e interaction of
glass with swi heavy ion beam resulted in the breaking up
of three-dimensional network leading to the transformation
of this BO to nonbridging oxygen which does not participate
in the network [53–55]. e decrease in 𝐸𝐸𝑔𝑔 with increase
in �uence corresponding with the red shi suggests that
nonbridging oxygen (NBO) ions are increasing. ese NBO
ions contribute to valence band maximum. Increase in the
concentration of NBO ions results in shiing of valance band
maximum to higher energies thereby, reducing the band gap.
is trend indicates that the top of the valence band and
the bottom of the conduction band are modi�ed to various
extent with increasing ion �uence. Further, ion irradiation
produces point defects such as vacancies and interstitials,
causing lattice damage. Hence, the reduction in energy gap
with increasing ion �uence may arise due to the eﬀect of band
tailing, owing to the defects produced during irradiation [56].
e variations in band gap energy of BBiSA are found to be
larger in case of Ag ion where electronic excitation density is
high.
BBiSB Series. e optical band gap (𝐸𝐸𝑔𝑔 ), calculated from the
absorption edge of the UV spectra of the BBiSB glass samples
in 200–900 nm region varied from 2.06 to 1.01 eV for pristine
and various irradiated samples, respectively. Further, it can
be observed that there is higher decrease in band gap of the
glass samples when irradiated with Ag14+ ion (Table 2) as
compared to that with Li3+ ion of same �uence (BBiSB2 and
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3.2.3. Eﬀect of SHI Beam on Refractive Index. Refractive
index of these glasses has been calculated using the relation
proposed by Dimitrov and Sakka [60] as following:

Absorbance (a.u.)

300

400

500 600 700 800
Wavelength (nm)

Pristine

BBiSB7

BBiSB5

BBiSB8

900

BBiSB6

300

400

500

600

700

800

900

Wavelength (nm)
Pristine
BBiSB1
BBiSB2

BBiSB3
BBiSB4

F 6: Showing the UV-Vis spectra of BBiSB-glass series thin �lm
samples before and aer irradiation with Ag14+ ion. Inset: UV-Vis
spectra of the same glass samples irradiated with Li3+ .

BBiSB5; BBiSB3 and BBiSB4). is can be attributed to the
fact that higher electronic energy losses of Ag14+ ion have
resulted in a highly cross linked network thus decreasing the
optical mobility gap and causing densi�cation of the glass
structure. Decreasing band gap indicates a compaction of
the glass network aer irradiation. Radiation compaction
includes displacements, electronic defects, and breaks in
the B–O bonds allowing the structure to relax and �ll the
large interstices in the interconnected network of boron and
oxygen atoms [57]. is result is further supported by the
shiing of absorption band towards higher wavelength and is
attributed to the increasing number of nonbridging oxygen
(NBO) atoms aer breaking.
Urbach energy, which corresponds to the width of localized states, is used to characterize the degree of disorder
in amorphous and crystalline systems. Materials with larger
Urbach energy would have greater tendency to convert weak
bonds into defects [58]. e values of Δ𝐸𝐸 of the present
glass system lie in the range 1.91–2.89 eV (BBiSA series)
and 2.78–2.99 eV (BBiSB series). e increase in Urbach
energy (Table 2) shows that the disorder in the glass structure
increases resulting in the even more amorphicity of the glass
samples [59]. is emphasizes the fact that the due to high
energy, SHIs have caused the damage to the glass network
structure.

𝑛𝑛2 − 1 1 − 𝐸𝐸𝑔𝑔
=
.
𝑛𝑛2 + 2
20

(1)

e graphical representation of the variation of refractive
index as a function of increasing �uence of Ag14+ ion and Li3+
ion is given in Figures 7 and 8.
It can be seen from Figure 7 that as the �uence of the
incident Ag14+ beam is increased from 1012 ions/cm2 to 1014
ions/cm2 , the refractive index of the glass thin �lm both in
case of BBiSA and BBiSB series also increases. is is also true
in the either case for both Li ion (Figure 8). e increase in
the refractive index may be due to the atomic displacements
or ionization that resulted from the collision of SHI with
the glass which probably caused the material alterations or
changes in the internal structure in the glass [61]. Irradiation
of the glass thin �lm sample with high-energy SHI increases
the polarizability of the ionic bonds of bridging oxygen. is
leads to a higher refractive index value [62].
e refractive index of the glass is related to glass density
as well [63]. e increase in the refractive index signi�es
that the density of the glass thin �lm samples has also
increased with the increasing �uence. e incident highenergy beam causes compaction in the structure of B2 O3 by
breaking the bonds between the trigonal elements allowing
the formation of the di�erent ring con�guration. is results
in a compact glass structure leading to increase in the density
and consequently observed increase in the refractive index
[64]. Since it was not possible to measure the density of thin
�lms by immersing it in a medium, following Archimedes
principle, as it would have caused the stripping of the �lm
from the substrate, so in the present case density of the thin
�lm samples was not calculated. However, an increase in
refractive index do indicates the increase in density of thin
�lms with increasing �uence.
3.3. FTIR Spectra. An FTIR spectrum is studied in the
present case to investigate the structural changes induced in
glass thin �lm samples before and aer irradiation with SHI.
e changes have been estimated from the relative increase
or decrease in the intensity of the bands associated to the
functional groups present in the thin �lm samples. Figures 9
and 10 show infrared absorption spectra for BBiSA glass thin
�lms irradiated with Ag and Li ion, respectively. Figures 11
and 12 represent the IR spectra of Ag ion and Li irradiated
samples of BBiSB series.
3.3.1. Origin of IR Spectra (Before Irradiation). For BBiSA
series (Figures 9 and 10), the glass samples and the absorption
bands appear at around ∼519, 617, 725, 811, 963, 1183, and
1496 cm−1 in the pristine glass thin �lm sample. e weak
band observed at 519 cm−1 can be assigned together due to
vibrations of BO4 tetrahedral and due to Bi–O vibrations
[65]. e strong band at 617 cm−1 is due to the bending
vibration of B–O–B linkages of BO3 units [66]. Another small
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F 7: Shows variation of refractive index for BBiSA and BBiSB
glass thin �lm samples as a function of increasing �uence for Ag14+
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F 9: Showing the FTIR spectra of Ag14+ -irradiated samples for
BBiSA series.
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F 8: Shows variation of refractive index for BBiSA and BBiSB
glass thin �lm samples as a function of increasing �uence for Li+ ion.

band at around 811 cm−1 can be related to the symmetrical
stretching vibration of the Bi–O bonds in the (BiO3 ) groups
[67]. e addition of Bi2 O3 transforms the structure of B2 O3
from boroxol groups to the formation of BO4 tetrahedral and
presents mainly as tetra borate and diborate groups which
are characterized by the appearance of an infrared absorption
band at 963 cm−1 and a shoulder at 1000 cm−1 .
In increasing the bismuth content from 20 to 25 mol
percent in BBiSB series, this band shows a decrease in

F 10: Showing the FTIR spectra of Li3+ -irradiated samples for
BBiSA series.

intensity which indicates that the addition of Bi2 O3 causes
decrease of (BO4 ) units as shown in Figures 11 and 12. e
rest of the bands extending from nearly 2200 to 4000 cm−1 are
due to OH and B–OH vibrations including the characteristic
near-infrared absorption bands to water [68]. e bands at
about 1183 cm−1 can be attributed to the combined stretching
vibrations of Si–O–Si and B–O–B network of tetrahedral
structural units consisting of borate and silicate groups [69].
e intensity of this band increases with the increase of
the bismuth content indicating that the distorted (BiO6 )
groups may induce a high in�uence on the boron network
in these glasses. e existence of band at about 725 cm−1 is
attributed to the presence of some super structural borate
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units [70]. Also the absorption bands due to AlO4 or AlO6
groups are located at same position of borate groups. us
the absorption band near 680 cm−1 is assumed with to be
combined vibration of AlO6 groups and the vibrations of
bridging oxygen between trigonal boron atoms. e band
at 1183 cm−1 could also be due to superposition of many
small adjacent bonds which are observed between 1200

and 1400 cm−1 . e bands at about 516 and 817 cm−1 in
Figure 9 indicate the presence of (BiO6 ) octahedral and
(BiO3 ) polyhedron units, respectively. erefore, the network
of BBiSA and BBiSB glasses is build up by both (BiO6 )
octahedral and (BiO3 ) polyhedron units. e band observed
around at 700 cm−1 is due to the B–O–B bending vibration
of (BO3 ) triangles. e intensity and position of this band
change slightly with increasing of Bi2 O3 content.
3.3.2. Eﬀect of SHI on IR Spectra. e comparative investigations of the FTIR spectra with Li3+ and Ag14+ ion reveal
that on subjecting the glasses to SHI the relative intensity
of the main and near-infrared absorption bands shows an
overall decrease, and their positions are generally shied to
longer wave number. Secondly, no new bonds appear in the
IR spectra of the either glass series. e results are more
pronounced in the case of Ag14+ ion rather than in the Li3+
ion which is due to higher energy losses of Ag14+ ion.

4. Conclusions
Borosilicate glass thin �lms of two diﬀerent compositions
were prepared using electron gun evaporation method
to study the modi�cation induced by 180 MeV Ag14+ and
50 MeV Li3+ ions in their structural and optical properties.
�R� analysis shows that with the increase in the �uence,
the characteristic peak of the borate glasses becomes more
prominent for one of the compositions (BBiSB) while the
other composition remains nearly unaﬀected. is indicates
that at low �uence, the �lm �uality is improved and roughness
is reduced due to the strain relaxation between the atoms
of the material. But at higher �uence, the disordering in
the structure of the �lms is observed. UV-Vis spectroscopy
indicated that irradiated �lms show a decrease in the band
gap which is due to the creation of loosely bound NBO’s in
the glass structure. However, there was an increase in the
refractive index for the either composition which is attributed
to the atomic displacements or ionization that resulted from
the collision of SHI with the glass. e infrared absorption
spectra of all the glasses resemble in some general features the
same absorption spectra usually observed from borate glasses
but the positions of the absorption bands are diﬀerent due to
the abundance of the heavy metal bismuth oxide (Bi2 O3 ). For
the same ion beam irradiation, BBiSA series gets in�uenced
to higher extent compared with BBiSB series, which may be
due to the high bismuth concentration in BBiSB series. e
eﬀect of Ag14+ ion beam on either glass is more compared
with Li3+ ion. is is due to the greater electronic energy loss
for Ag ion as compared to Li3+ ion beam.

Acknowledgment
e heavy ion beam facility and �nancial assistance provided
by the Inter University Accelerator Centre (IUAC) are gratefully acknowledged.

Journal of Spectroscopy

References
[1] A. Kumar, S. Banerjee, and M. Deka, “Electron microscopy for
understanding swi heavy ion irradiation eﬀects on Electroactive polymers,” in Microscopy: Science, Technology, Applications
and Education, A. Méndez-Vilas and J. Díaz, Eds., vol. 3, p. 1755,
Formatex, 2010.
[2] E. Balanzet, “Heavy-ion-induced eﬀects in materials,” Radiation
Eﬀects and Defects in Solids, vol. 126, no. 1–4, pp. 97–104, 1993.
[3] H. Matzke, “Radiation damage in crystalline insulators, oxides
and ceramic nuclear fuels,” Radiation Eﬀects, vol. 64, no. 1–4,
pp. 3–33, 1983.
[4] M. Toulemonde, S. Bouﬀard, and F. Studer, “Swi heavy ions
in insulating and conducting oxides: tracks and physical properties,” Nuclear Instruments and Methods in Physics Research B,
vol. 91, no. 1–4, pp. 108–123, 1994.
[5] M. Levalois, P. Bogdanski, and M. Toulemonde, “Induced
damage by high energy heavy ion irradiation at the GANIL
accelerator in semiconductor materials,” Nuclear Instruments
and Methods in Physics Research B, vol. 63, no. 1-2, pp. 14–20,
1992.
[6] A. Dunlop and D. Lesuer, “Damage creation via electronic
excitations in metallic targets: theoretical model,” Radiation
Eﬀects and Defects in Solids, vol. 126, p. 105, 1993.
[7] A. Audouard, E. Balanzet, G. Fuchs, J. C. Jousset, D. Lesuer, and
L. ome, “Radiation damage induced by electronic-energy loss
in amorphous metallic alloys,” Europhysics Letters, vol. 5, no. 3,
p. 241, 1987.
[8] A. Barbu, A. Dunlop, D. Lesuer, and R. S. Averback, “Latent
tracks do exist in metallic materials,” Europhysics Letters, vol.
15, no. 1, p. 37, 1991.
[9] M. D. Hou, S. Klaumünzer, and G. Schumacher, “Dimensional
changes of metallic glasses during bombardment with fast heavy
ions,” Physical Review B, vol. 41, no. 2, pp. 1144–1157, 1990.
[10] H. S. Virk, S. Amrita Kaur, and G. S. Randhawa, “Eﬀects on
insulators of swi-heavy-ion irradiation: ion-track technology,”
Journal of Physics D, vol. 31, no. 21, p. 3139, 1998.
[11] S. Singh and S. Prasher, “A comparison of modi�cations
induced by Li3+ and O6+ ion beam to Makrofol-KG and CR-39
polymeric track detectors,” Nuclear Instruments and Methods in
Physics Research B, vol. 244, no. 1, pp. 252–256, 2006.
[12] D. Behera, T. Mohanty, S. K. Dash, T. Banerjee, D. Kanjilal, and
N. C. Mishra, “Eﬀect of secondary electrons from latent tracks
created in YBCO by swi heavy ion irradiation,” Radiation
Measurements, vol. 36, no. 1–6, pp. 125–129, 2003.
[13] J. L. Magee and A. Chatterjee, Kinetics of Non-Homogeneous
Processes, John Wiley & Sons, New York, NY, USA, 1987.
[14] M. N. Varma, J. W. Baum, and A. V. Kuehner, “Energy
deposition by heavy ions in a “tissue equivalent” gas,” Radiation
Research, vol. 62, no. 1, pp. 1–11, 1975.
[15] R. Katz, G. L. Sinclair, and M. P. R. Waligorski, “e Fricke
dosimeter as a 1-hit detector,” International Journal of Radiation
Applications and Instrumentation D., vol. 11, no. 6, pp. 301–307,
1986.
[16] L. T. Chadderton, S. A. Croz, and D. W. Fink, “eory for
latent particle tracks in polymers,” Nuclear Tracks and Radiation
Measurements, vol. 22, no. 1–4, pp. 29–38, 1993.
[17] A. Audouard, E. Balanzat, S. Bouﬀard et al., “Evidence for
amorphization of a metallic alloy by ion electronic energy loss,”
Physical Review Letters, vol. 65, no. 7, pp. 875–878, 1990.

9
[18] A. Hedler, S. Klaumünzer, and W. Wesch, “Boundary eﬀects on
the plastic �ow of amorphous layers during high-energy heavyion irradiation,” Physical Review B, vol. 72, no. 5, Article ID
054108, 12 pages, 2005.
[19] H. Dammak, A. Barbu, A. Dunlop, D. Lesueuer, and N.
Lorenzelli, “𝛼𝛼 𝛼 𝛼𝛼 phase transformation induced in titanium
during ion irradiations in the electronic slowing-down regime,”
Philosophical Magazine Letters A, vol. 67, no. 4, pp. 253–259,
1993.
[20] A. Dunlop, D. Lesueur, G. Jaskierowicz, and J. Schildknecht,
“In�uence of very high electronic energy losses on defect
con�gurations in self-ion irradiated iron,” Nuclear Instruments
and Methods in Physics Research B, vol. 36, no. 4, pp. 412–419,
1989.
[21] E. Paumier, M. Toulemonde, J. Dural, F. Rullier-Albenque, J. P.
Girard, and P. Bogdanski, “Anomalous enhancement in defect
production in gallium irradiated by high-energy xenon ions,”
Europhysics Letters, vol. 10, no. 6, p. 555, 1989.
[22] A. Gutzmann and S. Klaumnzer, “Shape instability of
amorphous materials during high-energy ion bombardment,”
Nuclear Instruments and Methods in Physics Research B, vol.
127-128, pp. 12–17, 1997.
[23] H. Trinkaus, “Local stress relaxation in thermal spikes as a
possible cause for creep and macroscopic stress relaxation
of amorphous solids under irradiation,” Journal of Nuclear
Materials, vol. 223, no. 2, pp. 196–201, 1995.
[24] H. Trinkaus, “Anisotropic creep and growth of amorphous
solids under swi heavy ion bombardment: an asymptotic
thermal spike approach,” Nuclear Instruments and Methods in
Physics Research B, vol. 107, no. 1–4, pp. 155–159, 1996.
[25] C. P. Kaushik, R. K. Mishra, P. Sengupta et al., “Barium
borosilicate glass—a potential matrix for immobilization of
sulfate bearing high-level radioactive liquid waste,” Journal of
Nuclear Materials, vol. 358, no. 2-3, pp. 129–138, 2006.
[26] I. W. Donald and P. W. Mc Millan, “Infra-red transmitting
materials,” Journal of Materials Science, vol. 13, no. 11, pp.
2301–2312, 1978.
[27] W. H. Dumbaugh, “Heavy metal oxide glasses containing
Bi2 O3 ,” Physics and Chemistry of Glasses, vol. 27, no. 3, pp.
119–123, 1986.
[28] W. H. Dumbaugh and J. C. Lapp, “Heavy-metal oxide glasses,”
Journal of the American Ceramic Society, vol. 75, no. 9, pp.
2315–2326, 1992.
[29] E. M. Vogel, M. J. Weber, and D. M. Krol, “Nonlinear optical
phenomena in glass,” Physics and Chemistry of Glasses, vol. 32,
no. 6, pp. 231–254, 1991.
[30] Z. Pan, D. O. Henderson, and S. H. Morgan, “Vibrational spectra of bismuth silicate glasses and hydrogen-induced reduction
eﬀects,” Journal of Non-Crystalline Solids, vol. 171, no. 2, pp.
134–140, 1994.
[31] N. Sugimito, “Ultrafast optical switches and wavelength division multiplexing �WDM� ampli�ers based on bismuth oxide
glasses,” Journal of the American Ceramic Society, vol. 85, no. 5,
pp. 1083–1088, 2002.
[32] F. H. El Batal, “Gamma ray interaction with bismuth silicate
glasses,” Nuclear Instruments and Methods in Physics Research
B, vol. 254, no. 2, pp. 243–253, 2007.
[33] D. K. Awasthi, “Some interesting aspects of swi heavy ions in
materials science,” Current Science, vol. 78, no. 11, p. 1297, 2000.
[34] D. Kanjilal, “Swi heavy ion-induced modi�cation and track
formation in materials,” Current Science, vol. 80, no. 12, p. 1560,
2001.

10
[35] E. Lell, N. J. Kreidl, and J. R. Hensler, “Radiation eﬀects in
quartz, silica, and glasses,” in Progress in Ceramic Science, J.
Burke, Ed., vol. 4, pp. 1–93, Pergamon Press, New York, NY,
USA, 1966.
[36] E. J. Friebele, “Radiation eﬀects,” in Optical Properties of Glass,
D. R. Uhlmann and N. J. Kreidl, Eds., p. 205, American Ceramic
Society, Westerville, Ohio, USA, 1991.
[37] G. Gao, L. Hu, H. Fan et al., “Eﬀect of Bi2 O3 on physical, optical
and structural properties of boron silicon bismuthate glasses,”
Optical Materials, vol. 32, no. 1, pp. 159–163, 2009.
[38] K. Izui, “Fission fragment damage in semiconductors and ionic
crystals,” Journal of the Physical Society of Japan, vol. 20, no. 6,
pp. 915–932, 1965.
[39] T. Diaz de la Rubia and G. H. Gilmer, “Structural transformations and defect production in ion implanted silicon: a
molecular dynamics simulation study,” Physical Review Letters,
vol. 74, no. 13, pp. 2507–2510, 1995.
[40] S. X. Wang, L. M. Wang, and R. C. Ewing, “Amorphization
of Al2 SiO5 polymorphs under ion beam irradiation,” Nuclear
Instruments and Methods in Physics Research B, vol. 127-128,
pp. 186–190, 1997.
[41] R. Harani, C. A. Hogarth, M. M. Ahmed, and M. N. Khan,
“e eﬀect of temperature on the optical absorption edge of
germanium vanadate glass,” Journal of Materials Science Letters,
vol. 4, no. 9, pp. 1160–1162, 1985.
[42] E. A. Davis and N. F. Mott, “Conduction in non-crystalline
systems V. Conductivity, optical absorption and photoconductivity in amorphous semiconductors,” Philosophical Magazine,
vol. 22, no. 179, pp. 903–922, 1970.
[43] N. F. Mott and E. A. Davis, Electronic Processes in NonCrystalline Materials, Clarendon Press, Oxford, UK, 2nd edition, 1979.
[44] J. Tauc, Amorphous and Liquid Semiconductor, Plenum Press,
New York, NY, USA, 1974.
[45] F. Urbach, “e long-wavelength edge of photographic sensitivity and of the electronic absorption of solids,” Physical Review,
vol. 92, no. 5, pp. 1324–1324, 1953.
[46] A. Paul, “Ultraviolet absorption of bismuth(III) in Na20-B203
and Na20-NaCl- B20s glasses Mossbauer Study of Fe57 in an
aluminophosphate glass,” Physics and Chemistry of Glasses, vol.
13, pp. 144–148, 1972.
[47] S. Sanghi, S. Sindhu, A. Agarwal, and V. P. Seth, “Physical,
optical and electrical properties of calcium bismuth borate
glasses,” Radiation Eﬀects and Defects in Solids, vol. 159, no. 6,
pp. 369–379, 2004.
[48] S. Parke and R. S. Webb, “e optical properties of thallium, lead
and bismuth in oxide glasses,” Journal of Physics and Chemistry
of Solids, vol. 38, no. 1, pp. 85–95, 1973.
[49] J. A. Duﬀy and M. D. Ingram, “Use of thallium(I), lead(II),
and bismuth(III) as spectroscopic probes for ionic–covalent
interaction in glasses,” e Journal of Chemical Physics, vol. 52,
no. 7, p. 3752, 1970.
[50] J. A. Duﬀy and M. D. Ingram, “Ultraviolet spectra of Pb2+ and
Bi3+ in glasses,” Physics and Chemistry of Glasses, vol. 15, no. 1,
pp. 34–35, 1974.
[51] E. S. Moustafa, Y. B. Saddeek, and E. R. Shaaban, “Structural and
optical properties of lithium borobismuthate glasses,” Journal of
Physics and Chemistry of Solids, vol. 69, no. 9, pp. 2281–2287,
2008.
[52] A. Wells, Structural Inorganic Chemistry, Clarendon Press,
Oxford, UK, 4th edition, 1975.

Journal of Spectroscopy
[53] V. I. Arbuzov, “Fundamental absorption spectra and elementary electronic excitations in oxide glasses,” Glass Physics and
Chemistry, vol. 22, no. 6, p. 477, 1996.
[54] J. M. Strvals, “Ultraviolet transmittivity of glasses,” in Proceedings 11th International Congress Pure and Applied Chemistry,
vol. 5, pp. 519–521, 1953.
[55] B. D. Mcswain, N. F. Borrelli, and G.-J. Su, “e eﬀect of
composition and temperature on the ultra-violet absorption of
glass,” Physics and Chemistry of Glasses, vol. 4, p. 1, 1963.
[56] R. Sivakumar, C. Sanjeeviraja, M. Jayachandran et al., “Modi�cation of WO3 thin �lms by MeV N+ -ion beam irradiation,”
Journal of Physics, vol. 19, no. 18, Article ID 186204, 2007.
[57] G. Sharma, K. Singh, Manupriya, S. Mohan, H. Singh, and S.
Bindra, “Eﬀects of gamma irradiation on optical and structural
properties of PbO-Bi2 O3 -B2 O3 glasses,” Radiation Physics and
Chemistry, vol. 75, no. 9, pp. 959–966, 2006.
[58] R. Punia, R. S. Kundu, J. Hooda, S. Dhankhar, and S. Dahiya,
“Eﬀect of Bi2 O3 on structural, optical, and other physical
properties of semiconducting zinc vanadate glasses ,” Journal of
Applied Physics, vol. 110, no. 3, Article ID 033527, 6 pages, 2011.
[59] S. Sindhu, S. Sanghi, A. Agarwal, Sonam, V. P. Seth, and N.
Kishore, “e role of V2 O5 in the modi�cation of structural,
optical and electrical properties of vanadium barium borate
glasses,” Physica B, vol. 365, no. 1–4, pp. 65–75, 2005.
[60] V. Dimitrov and S. Sakka, “Electronic oxide polarizability and
optical basicity of simple oxides. I,” Journal of Applied Physics,
vol. 79, no. 3, pp. 1736–1740, 1996.
[61] D. L. Griscom, “Optical properties and structure of defects in
silica glass,” Journal of the Ceramic Society of Japan, vol. 99, no.
1154, pp. 923–942, 1991.
[62] Y. B. Saddeek, E. R. Shaaban, E. S. Moustafa, and H. M.
Moustafa, “Spectroscopic properties, electronic polarizability,
and optical basicity of Bi2 O3 -Li2 O-B2 O3 glasses,” Physica B, vol.
403, no. 13–16, pp. 2399–2407, 2008.
[63] J. R. Min, J. Wang, L. Q. Chen, R. J. Xue, W. Q. Cui, and J. K.
Liang, “e eﬀects of mixed glass formers on the properties of
non-crystalline lithium ion conductors,” Physica Status Solidi A,
vol. 148, no. 2, pp. 383–388, 1995.
[64] P. McMillan, “Structural studies of silicate glasses and meltsapplications and limitations of Raman spectroscopy,” American
Mineralogist, vol. 69, no. 7-8, pp. 622–644, 1984.
[65] F. A. Khalifa and H. A. El Batal, “Vibrational spectra of some
binary and ternary borate glasses and their corresponding glassceramics,” Indian Journal of Pure and Applied Physics, vol. 35, no.
9, pp. 579–586, 1997.
[66] F. A. Khalifa and H. A. El-Batal, “Eﬀect of B2 O3 on boroncontaining metallic glasses based on cobalt,” in Proceedings of
the 2nd International Conference on Borate Glasses, Crystals and
Melts, A. C. Wright, S. A. Feller, and A. C. Hannon, Eds., p. 474,
Society of Glass Technology, Sheﬃeld, England, July 1996.
[67] H. Dunken and R. H. Doremus, “Short time reactions of a na2ocao-sio2 glass with water and salt solutions,” Journal of NonCrystalline Solids, vol. 92, no. 1, pp. 61–72, 1987.
[68] H. A. El-Batal, F. A. Khalifa, and M. A. Azooz, “Gamma
ray interaction, crystallization and infrared absorption spectra of some glasses and glass-ceramics from the system
Li2O.B2O3.Al2O3,” Indian Journal of Pure and Applied Physics,
vol. 39, no. 9, pp. 565–573, 2001.
[69] W. Primak, “Mechanism for the radiation compaction of
vitreous silica,” Journal of Applied Physics, vol. 43, no. 6, pp.
2745–2754, 1972.

Journal of Spectroscopy
[70] R. D. Husung and R. H. Doremus, “e infrared transmission spectra of four silicate glasses before and aer exposure
to water,” Journal of Materials Research, vol. 5, no. 10, pp.
2209–2217, 1990.

11

International Journal of

Medicinal Chemistry
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Photoenergy
International Journal of

Organic Chemistry
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Analytical Chemistry
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Advances in

Physical Chemistry
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Carbohydrate
Chemistry
Hindawi Publishing Corporation
http://www.hindawi.com

Journal of

Quantum Chemistry
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Submit your manuscripts at
http://www.hindawi.com
Journal of

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com

Journal of

International Journal of

Inorganic Chemistry
Volume 2014

Journal of

Theoretical Chemistry

Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Spectroscopy
Hindawi Publishing Corporation
http://www.hindawi.com

Analytical Methods
in Chemistry

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Chromatography
Research International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Electrochemistry
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Catalysts
Hindawi Publishing Corporation
http://www.hindawi.com

Journal of

Applied Chemistry

Hindawi Publishing Corporation
http://www.hindawi.com

Bioinorganic Chemistry
and Applications
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Chemistry
Volume 2014

Volume 2014

Spectroscopy
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

