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ABSTRACT
The electrical properties of proton ion beam irradiated glass samples are carried out by impedance spectroscopy in the
frequency range from 10 Hz to 32 MHz. The ion beam of energy 3 MeV and fluence of of 1014 particles cm-2 was chosen
for irradiation. The conductivity of the super ionic glass samples increases after irradiation and other electrical
parameters like dielectric constant, dielectric loss and modulus of the proton irradiated glass samples as a function of
glass composition and temperature are observed to change. The dielectric constant and the dielectric losses are increased
after irradiation and the modulus parameters confirm the non-Debye nature for irradiated samples also.
Keywords: Proton-Irradiated Glass, DC Conductivity, Silver-Ion, Scaling, Modulus

1. Introduction
Among the ion-conducting materials, silver-ion conducting materials have been most widely investigated because
the silver-ion conducting materials usually show high ion
conductivities of more than 10-2 S/cm at room temperature
and have good stability against moisture and oxygen in air
[1-3]. Generally, in polymers, effects of ion beam irradiation at low and high dose have attracted much interest
and have been investigated. It has been reported, in literature, that the physical properties of polymeric films are
modified together with their chemical behaviors [4,5]. Ion
irradiation enables redistribution of pre-formed particles
and mixing of insulator-metal layer compounds to get
particulate composites [6-8]. Ionizing radiation like X-ray
or electron beams causes reduction of metal ions contained in glass [9,10]. Ion irradiation causes liberation of
electrons, holes or displacement of lattice atoms or change
in network structure. When glasses are subjected to ionizing radiation, some of their physical and chemical
properties can be changed as a function of glass compositions [11-13]. The radiation effect in glasses may be due
to atomic displacement by momentum and energy transfer
or may be due to ionization or displacement damage. The
relative contribution of the net damage depends on the
type and energy of the radiation as well as on the total
dose [14]. Recent reports also show that the nature of the
defects produced can be modified as a function of irradiation temperature [15]. The electron beam irradiation in
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Ag doped glass is also reported to create defects in the
matrix being rather effective in forming particles of uniform size, shape and arrangement [16]. It is also demonstrated that proton-irradiation at room temperature in
simplified glass compositions induces an increase of the
glass polymerization and production of molecular oxygen
dissolved in the glasses linked to the migration and segregation of alkaline ions[17-19]. The high-energy proton
irradiations may be used to simulate both ionization and
displacement damage caused by gamma and neutron irradiation of quartz glasses, and so avoid the difficulties
involved with fission reactor irradiations [20]. Proton-beam irradiation also reported to induce defects which
are similar to hydrogen vacancies created from X-ray
irradiation, giving rise to an optical transition in the color
centers [21]. The silver super ionic materials find applications in low power devices viz., button type cells.
Nevertheless these cells are used at places of radiation in
different devices hence it is essential to study their conducting behavior of such materials.
In this work, we have reported the results of conductivity and relaxation measurements performed on proton
ion irradiated AgI-Ag2O-V2O5-TeO2 super ionic glass
system.

2. Experimental
The glass samples of the composition xAgI-(95-x) [Ag2O:
2V2O5]-5TeO2, (40 ≤ x ≤ 65 in steps of 5) were prepared
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ε* = 1/(jωC0Z*)=ε’–jε”

(1)

where Z* is the complex impedance, C0 is the permittivity
of the free space, ω is the angular frequency of the applied
field, t is the sample thickness and a is the area of the
sample. For electrical modulus data analysis, which
represents the bulk electrical conductivity, is given by,
M* = 1/ε* = M’ + jM”
2

2

(2)
2

M’=ε’/(ε’ + ε” ); M”=ε”/(ε’ + ε” )

(3)

3. Results and Discussion
3.1 FTIR Spectra
The FTIR spectra in the region from 1100-400 cm-1 for all
unirradiated and irradiated glass compositions are shown
in Figures 1 and 2 respectively. Figure 1 reveals a weak
absorption band at 490 cm-1, a broad band in the range of
640-780 cm-1, intense bands at 850, 894, 916 cm-1 and
1020 cm-1. It is known that the IR spectra of AgI-V2O5TeO2 glasses can be explained by the presence of V2O5
and TeO2 groups, and AgI does not affect the network
structure [22,23].
The observed weak band at 490 cm-1 is due to Te-O-V
stretching vibration [24] which is observed for x = 50-65
mol%. The broad band in the range of 640-780 cm-1 is due
to the vibrations of TeO3 trigonal pyramid, TeO4 tetragonal pyramid [25] and VO4 structural units [22]. The
absorption band at 850 cm-1 is due to the asymmetric
vibrations of V-O-V groups of VO5 polyhedra [26]. The
high frequency absorption bands in the 910-980 cm-1 ranCopyright © 2010 SciRes.

x= 40 mol%
x=45 mol%

Transmittance (a.u)

by the reagent grade chemicals. Appropriate amounts of
chemicals were ground in an agate mortar and pestle by
wet grinding method. The mixture was heated to 1073K
temperature. After 4 hours, the melt was poured quickly
on a heavy copper block kept at room temperature and
pressed by another copper block to quench it. The proton
ion beam of 3 MeV energy, 3 mm size, 1014 fluence and
current of 4 × 10-9 ampere beam intensity have been used
for irradiation. Electrical properties were measured using
an impedance analyzer (Solartron 1260) in the frequency
range of 10 Hz to 32 MHz and between the temperature
range 296-373 K. As quenched glass samples of about
1mm thickness coated with silver paint were used to
measure the conductivity by two probe method. The
samples were kept in contact with two polished, cleaned
and spring-loaded copper electrodes. The Fourier Transform infrared transmission spectra of the glasses were
recorded at room temperature using an FT-IR Spectrometer (JASCO) in the wave number range of 1100-400
cm-1 using KBr pellets.
The x-ray diffraction of the samples had shown the
amorphous nature even after irradiation.
The real (ε’) and imaginary (ε”) parts of the permittivity
were calculated from the impedance data using the relations,
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Figure 1. Infrared spectra of non-irradiated glass samples at
room temperature
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Figure 2. IR spectra of irradiated glass samples at room
temperature

ge is assigned to the vibrations of the stretching vibrations
of the isolated VO2 groups in VO4 polyhedra [27], while
the weak band at 1020 cm-1 is related to the vibrations of
V=O bond of the VO5 groups [28].
The IR spectra of irradiated glass samples (Figure 2)
have characteristic bands at 850, 894, 916, 964 and 1020
cm-1. Comparing this with the IR spectra of unirradiated
glass samples (Figure 1); it is observed that after irradiation, the absorption bands at 490 cm-1 and broadband in
the range of 640-770 cm-1 have disappeared. Also after
irradiation, other absorption bands in the range of 850-970
cm-1 bands have broadened and become less intense,
while the band at 1020 cm-1 seems to be slightly more
intensive in irradiated samples. The broadening of IR
spectra clearly suggests the further increase in amorphous
nature of all these glass samples. There is a possibility that
irradiation may dissociate Ag+ ions from interstitial positions and break V2O5 and TeO2 chains. The Ag+ ions,
which were interacting directly or indirectly with V=O
bonds before irradiation giving rise to a broad band at 970
cm-1, may now be dislodged. As a result of this, the bond
length of the V=O bonds is restored and the frequency due
to this bond at 1020 cm-1 is now seen more intense, consequently, the intensity of 850-970 cm-1 band, which were
due to the stretching of V=O bonds of varying lengths by
Ag+ ions and due to V-O-V chains, reduces.
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3.2 Conductivity

(a) Irradiated samples

The intersection of the high frequency arc with the Z’
axis provides the dc resistance.
Figure 3(a) shows the Arrhenius plot of log dc conductivity versus 1000/T (straight lines) for proton-irradiated glass samples. It is clear from figure that the conductivity in these glasses shows a linear dependence and
increases with AgI content similar to unirradiated glasses
shown in Figure 3(b). An increase in conductivity has
been noted in all the samples after irradiation (Table 1).
This increase might be due to breaking of V-O-V and
Te-O-Te chains along with the ionization of Ag+ ions and/
or redistribution of pre-formed particles due to irradiation.
It is also reported that irradiation causes defects and bond
cleavage. All these might be the possible reason for observed increase in conductivity.
The frequency dependent behavior of conductivity of
any glass system is generally explained on the basis of
Jonscher’s Universal power law [29]
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Figure 3. dc conductivity plots for different glass compositions
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where σdc is the dc conductivity of the samples, A is the
pre-exponential factor, ω is the angular frequency of the
applied field and n is the power law exponent. The exponent n represents the degree of interaction between
mobile ions and environments surrounding them. The
electrode polarization covers up the dc conductivity plateau region at low frequencies and dispersive region at
higher frequencies [30]. Generally, the dispersive behavior at higher frequencies is attributed to the coulomb interaction effects between the mobile ions as well as the
ions with the environment within materials. The conductivity not only increases gradually with frequency but also
with temperature and the frequency of dispersion shifts
towards high frequency side as the temperature increases.
All irradiated samples have exhibited higher numerical
values of frequency of dispersion, i.e., the frequency of
dispersion shifts towards the higher values after irradiation as can be seen from Figure 4(a). In addition to it, the
irradiated glass samples displayed temperature dependent
ac conductivity as can be seen for x = 50 mol% in Figure
4(b). The detailed conductivity behavior of unirradiated
samples has been discussed elsewhere [23]. H M AbdelHamid et al., [32] have shown that upon irradiation, room
temperature conductivity of the insulating unplasticized
poly(vinyl chloride) copolymer (UPVC) films increased
by four orders of magnitude from its original value. According to diffusion path model as suggested by Minami
Copyright © 2010 SciRes.
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We have analyzed conductivity by complex impedance
analysis. The complex impedance plot is a depressed
semicircle with its centre on the real axis. The real (Z’)
and imaginary (Z”) parts of the impedance are given by
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Figure 4. (a) Plot of relaxation frequency at 303K composition-wise at 303K; (b) Temperature dependence of conductivity at 10 MHz for x = 50 mol%

[33], the conduction mechanism in AgI containing glasses
is due to Ag+ ion which are attached with I- and not due to
those Ag+ ions connected to oxygen. The Ag+ ions detached by proton bombardment, as discussed in IR spectra,
can also contribute in conductivity and may be responsible for the observed higher conductivity in irradiated
samples.
MSA
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Table 1. DC conductivity values of irradiated and non-irradiated samples at 303K

Scaling approach known as, time-temperature superposition principle, allows that for a given material, the
conductivity isotherms can be collapsed to a master curve
upon appropriate scaling of the conductivity and frequency axis. Many workers [31,34,35] have scaled ac
conductivity data by dc conductivity σdc, and the frequency axis scaled by different parameters, e.g. ωp, σdcT
and σdcT/x etc., where ωp is hopping frequency, T is
temperature and x is composition. We have considered ωp
as the scaling factor to scale the frequency axis and dc
conductivity to scale ac conductivity axis. For irradiated
samples, the scaling approach is performed, i.e., the
merging of conductivity spectra at different temperatures
on a single master curve is observed, as is seen from
Figure 5. This indicates that that the ion transport in irradiated glasses does not change but follows the same
mechanism of transport mechanism throughout the temperature range. The existence of such curve proves the
validity of the time-temperature superposition principle
for the investigated frequency range suggesting, a temperature relaxation mechanism in all irradiated samples.

3.3 Dielectric Studies
The dielectric response of a material provides information
about the orientation and translational adjustment of mobile charges present in the dielectric medium in response
to an applied electric field [36]. The most important
property of dielectric materials is its ability to be polarized
under the action of the field.
Figures 6(a) and 6(b) show the temperature dependent
dielectric constant at 3.2 × 105 and 32 KHz frequencies for
x = 45 mol%. It is observed from figure that after irradiation, dielectric constant is increased over the entire temperature range. Figure 7(a) shows the frequency dependence of the dielectric constant, for the sample x = 40
mol% at different temperatures. It is observed that dielectric constant decreases with increase of frequency and
saturates at higher frequencies which is due to the rapid
polarization occurring in the glasses [37]. In addition to
this the dispersion frequency is also observed to shift
towards high frequency side for all the compositions after
irradiation. Figure 7(b) shows the frequency dependent
dielectric constant for x = 40 mol% at 303K. The dielectric constant increases slightly with frequency after proton
Copyright © 2010 SciRes.
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Figure 5. Plot of the scaled conductivity vs. normalized frequency for x = 40 mol%.
200

Non-irradiated
Irradiated
5

150

f=3.2 x 10 Hz

'

40
45
50
55
60
65

DC conductivity of
Irradiated samples
(S/cm)
1.65 × 10-6
3.66 × 10-6
8.55 × 10-6
3.57 × 10-5
6.55 × 10-5
2.12 × 10-4

Irradiated sample

100
50

(a)
300

312

324

336

348

360

T (K)

(a)
6.0k

Non-irradiated
Irradiated
f=3.2 KHz

4.0k

'

AgI composition (mol%)

0.8

2.0k

300

320
T (K)

340

(b)
360

(b)

Figure 6(a). Variation of dielectric constant with temperature at 3.2 × 105 Hz and & Figure 6(b) at 3.2 × 103 Hz
respectively for x = 45 mol%

irradiation. However, in TlH2PO4 ferroelectric system, the
dielectric constant decreases over the entire temperature
range after the proton beam irradiation [38].
Figure 8 shows the variation of t tanδ with frequency
for x = 65 mol% at 303K. It can be seen from the figure
that the variation of tanδ with frequency has similar behavior after irradiation, i.e., the loss increases with frequency and reaches with a maximum value and then starts
decreasing. The observed behavior of tanδ with frequency
can be attributed to the diffusion of Ag+ ions in the glass
samples. The electric dipole formed in the glass can follow
the change of electric field direction only if the pairs can
orient quickly enough. If the jumping rate of Ag+ ions into
the vacancies is less than the frequency of alternating field,
the pairs do not contribute to the relaxation permittivity.
When the applied frequency is nearly equal to the jumping
rate, there is a phase lag between the applied field and the
polarization of the glass and the energy absorbed reaches
its optimum value. In addition to it, the peak max value of
MSA
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has been increased after irradiation in the present glass
system.
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3.4 Electrical Modulus Studies
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Figure 9. Frequency dependent real part of modulus at different temperatures for x = 40 mol%

tangent loss has also shifted to low frequency side.
As the loss of tanδ is directly a measure of the phase
difference due to loss of energy within a sample at a particular frequency hence it can be ascribed that energy loss
Copyright © 2010 SciRes.

In recent years, the electrical modulus formalism has been
extensively used for studying electrical relaxation behavior in ion conducting materials as suggested by Macedo et al. [39]. The advantage of this representation is
that the electrode polarization effects are suppressed so
that this mainly reflects the bulk electrical properties of a
sample. The real (M’) and imaginary (M”) parts of complex electric modulus (M*) were calculated from the raw
data using Equation (3). Figure 9 shows the variation of
M’ with log f for x = 40 mol% at various temperatures
after irradiation. It can be seen that at lower frequencies,
M’ approaches zero indicating electrode polarization
which makes negligible contribution to M’ and the dispersion is mainly due to conductivity relaxation. At higher
frequencies, M’ reaches a maximum constant value.
Figure 10 shows the typical real part of modulus of irradiated glass sample at 303K for x = 50 mol%. The real
part of the modulus which becomes maximum at higher
frequency does not change for all samples after irradiation.
Figure 11 shows the frequency dependence of imaginary
part of modulus for x = 40 mol% at 303K. The broadened
modulus spectrum indicates the distribution of relaxation
times in the conduction process. Also the M” peak narrows down, i.e., the region to the left of this peak shifts to
higher frequency side and the region to the right of the
MSA
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peak shifts to lower frequency side after irradiation. The
peak maxima value of M’’ remains same for all compositions even after irradiation. The long tail at low frequencies and the shape of the modulus spectra attribute
the non-Debye nature of samples after irradiation.

4. Conclusions
The proton ion beam irradiation on AgI-based super ionic
glass system shows that the dc and ac conductivity increase after irradiation. Relaxation frequency further shifts
towards the higher frequency side and energy losses increases after irradiation. The scaling of irradiated samples
follows the same relaxation process and confirms the
validity of the time-temperature superposition principle.
The dielectric constant and the dielectric losses are increased after irradiation. The modulus spectra confirm the
non-Debye nature for irradiated and unirradiated samples.
Finally, it can be ascribed that proton irradiation causes
the structural defects by breaking the bridging oxygen or
oxygen displacement and/or cation displacement which
might be responsible for the observed changes in transport
properties of the irradiated super ionic glass system.
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