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a b s t r a c t

(75 − x)TeO2–15PbCl2–xMoO3–10ZrO2 doped with 5 mol% Er2O3, where x = 2.5, 5, 7.5 and 10 mol%, glasses
were investigated by Raman spectroscopy, dc conductivity, optical transmittance spectra and density
were measured. Mo O bonds are present in the entire glass composition. The glasses contain TeO4

trigonal bipyramids, TeO3+1 polyhedra and MoO6 octahedra as basic structural units. Glasses having low
eywords:
ellurite–lead–zirconium–molybdenum–rare
arth-glasses
aman
tructure
lectrical and optical properties

MoO3 content contain MoO6 octahedra having two Mo O bonds. As MoO3 content increases, the fraction
of Mo O bonds to Mo6+ decreases. The dc conductivity increases with increase in MoO3 content, and
the activation energy decreases with increase in MoO3 content. The optical band gap (Eopt) and Urbach
energy (Er) were determined from the optical transmittance spectra of the polished samples recorded in
the spectral range from 190 to 1100 nm at room temperature (RT). Variation in these optical parameters
has also been associated with the structural changes occurring in these glasses with increase in MoO3

glasse
content, and the present

. Introduction

Study on tellurite based glasses, has been the subject of high
nterest due to their potential applications such as IR domes which
nlarges the transmission infrared spectra range up to 6 �m, high
efractive index, high phonon energy, and an excellent non-linear
ehavior [1–9]. These properties, due to the high polarizability of
e4+-ions (with a solitary electron pair 5s2), can be even more
nhanced by means of the incorporation of other heavy metals
xides that can be easily polarized (e.g. MoO3, PbO, ZrO2) [6]. Apart
rom these special optical properties, other advantages of such
lasses are their good thermal and chemical stability, low tendency
o crystallization and their ability to host rare earth ions. Glasses
ased on mixed oxide–halide systems combine the good optical
roperties of halide glasses (a broad range of optical transmittance
nd low optical losses) with the better chemical and thermal sta-
ility of oxide glasses [10]. It is reported that oxide glasses are
ore appropriate for practical applications due to their high chem-

cal durability and thermal stability [11–13]. Many investigations
ave focused on oxyhalide tellurite glasses. For example, Raman

nd FTIR spectra were used to analyze the effect of ZnCl2 on the
tructure, spectral properties and the nature of the OH− groups in
he glass system [TeO2–ZnO–ZnCl2] [14]. Optical absorption and
hotoluminescence properties of Eu3+-doped (TeO2–ZnF2–PbO)

∗ Tel.: +2038952044.
E-mail address: shaabansalem@gmail.com.

925-8388/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2010.05.009
s behave as indirect gap semiconductors.
© 2010 Elsevier B.V. All rights reserved.

glasses have been studied and different possible laser emission
transitions were discussed [15]. Frequency up-conversion of near
infrared radiation NIR to visible light in RE3+ doped-glasses has
received a great deal of interest for possible wide range of applica-
tions. For example, it has been found that the addition of PbCl2
to the glass matrix of the system (GeO2–BaO–ZnO–PbO–Er2O3)
results in a lowering of the maximum phonon energy which makes
the glass better candidate for up-conversion luminescence appli-
cations [10]. Electronic conduction in this type of materials is
predicted due to polaron hopping where as the ionic conduc-
tion is expected due to the diffusion of alkali ions or any other
dopant ions [16,17]. In the recent years an enormous amount of
research is being carried out on several physical properties and the
chemical durability of tellurite glasses by introducing a number
of glass formers and modifiers such asV2O5, Cr2O3, Fe2O3, Al2O3,
MoO3, Sb2O3, etc. [16–18]. Among various transition metal ions,
molybdenum ions are expected to have profound influence on
the optical and electrochemical properties of lead tellurite glasses,
in view of the fact that the oxide of molybdenum participate in
the glass network with different structural units like MoO4 (Td)
and MoO6 (Oh) of Mo6+ ions and Mo5+ O3

− (Oh) of Mo5+ ions
[18].

The aim of the present work is to investigate the effect of MoO3

content on the structure, electrical and optical properties of oxy-
chloride tellurite TeO2–MoO3–ZrO2–PbCl2 doped with Er3+ glasses
obtained and to determine some of their properties. The glass sam-
ples were investigated using X-ray diffraction, density, FT-Raman,
dc conductivity and optical transmittance spectra.

dx.doi.org/10.1016/j.jallcom.2010.05.009
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:shaabansalem@gmail.com
dx.doi.org/10.1016/j.jallcom.2010.05.009
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Table 1
Chemical composition and physical properties of the (75 − x)TeO2–15PbCl2–xMoO3–10ZrO2 doped with 5 mol% Er2O3, where x = 2.5, 5, 7.5 and 10 mol% glass system.

Glass no. Composition (mol%) d (g cm−3) Vm (cm3/mol) N × 1021(cm−3) R (Å) W (eV)

TeO2 PbCl2 MoO3 ZrO2 Er2O3

5.632 31.03 0.88 10.4 0.92
5.583 31.23 1.75 8.29 0.89
5.397 32.23 2.54 7.33 0.88
5.177 33.53 3.25 6.75 0.86
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Fig. 2 shows the changes of Raman scattering spectra monitored
the (75 − x)TeO2–15PbCl2–xMoO3–10ZrO2 doped with 5 mol%
Er2O3, where x = 2.5, 5, 7.5 and 10 mol%, glass system in the range
of (80–1100) cm−1. Strong bands are distinguished at ∼150, 284,
1 72.5 15 2.5 10 5
2 70 15 5 10 5
3 67.5 15 7.5 10 5
4 65 15 10 10 5

. Experimental

Glasses of the composition (75 − x)TeO2–15PbCl2–xMoO3–10ZrO2 doped with
mol% Er2O3, where x = 2.5, 5, 7.5 and 10 mol%, have been prepared by the con-
entional melting and quenching method. The mixture of these chemicals taken in
orcelain crucibles and then melted at 900 ◦C by using electrical furnace for 30 min
o ensure homogeneous mixture. The clear liquid (free of bubbles) was quickly cast
n a copper mould kept at room temperature and pressed with another copper disc

aintained at the same temperature, the obtained glass samples were transpar-
nt. Bulk samples of ∼2 cm diameter and ∼0.5 mm thickness were obtained. X-ray
owder diffraction XRD measurements have been carried out on (Shimadzu XD-DI,
-ray Diffractometer VG 207RII and Cu K� = 1.54056 Å) for grounded powder of the
s-quenched samples as a necessary technique for proving the amorphous nature of
he samples. The density of the samples measured at room temperature was mea-
ured by Archimedes principle using carbon tetrachloride as an immersion liquid.
he molar volume (Vm), the concentration of molybdenum ions N and the inter-
ediate distance between molybdenum ions R were estimated. The dc electrical

onductivity measured by means of two-probe method, which appropriate for high
esistance materials. Silver painted electrodes were pasted on the polished surface of
he samples then situated between two polished and cleaned copper electrodes. The
urrent is monitored by means of an electrometer [model: 425A HP], milivoltmeter
or measuring the temperature over temperature range (300–650 K) with constant
oltage source 18 V and a home-made furnace. The optical transmittance spectra
f the present glasses were recorded at room temperature in the wavelength range
90–1100 nm using Jasco V-570 Spectrophotometer. The FT-Raman spectra were
easured for the as-casting samples using Bruker FT-Raman spectrometer of type

FS 100/S, which is attached to Bruker-IFS 66/s spectrometer. The RFS 100/S ver-
ion provides flexible sample handling and optimum FT-Raman performance. This
ystem is equipped with a broad-range Quartz beam splitter; Bruker’s patented
rictionless interferometer with its rock solid alignment provides high sensitivity
nd stability. The diode-pumped, air-cooled Nd–YAG laser source with maximum
aser power of 1500 mW is controlled completely through software. Raman spectra
f the as-casting bulk glass samples of have been measured with a resolution of
cm−1 using 1064 nm laser line with a power of 100 mW over the whole spectral

ange.

. Results and discussion

.1. Density and molar volume

The values of the density � for all glass samples are given in
able 1 with probable error of ±0.001. The molar volume Vm of
he glass samples was calculated using the molecular weight of the
lass samples M and density � with the following relation:

m = M

�
(1)

The concentration of molybdenum ions, N (cm−3), was esti-
ated using N = �pNA/Aw × 100, where � is the density of the

ample, p is the weight percentage of atoms, NA is the Avogadro’s
onstant and Aw is the molecular weight of molybdenum ions, and
he enter atomic distance between molybdenum ions R = (1/N)1/3.

The variations of density and molar volume with the concentra-
ion of MoO3 mol% are shown in Fig. 1. It is evident from Fig. 1 and
able 1 that the density of the present glass system decreases with
ncrease in MoO3 content, while the molar volume increase with
ncrease in MoO3 content. The ionic concentration of molybdenum

ons and inter-ionic distance have been calculated and included in
able 1. The decrease in the density values as the MoO3 content
ncrease can be attributed to the MoO3 have molecular mass less
han TeO2. On the other hand, an increase in bond length, cross-
ink density and closeness of packing, are responsible for decrease
Fig. 1. The density d and molar volume Vm as a function of MoO3 content for the
(75 − x)TeO2–15PbCl2–xMoO3–10ZrO2 doped with 5 mol% Er2O3, where x = 2.5, 5,
7.5 and 10 mol% glass system.

of density and increase of molar volume. Such an observation indi-
cates that there is an increasing presence of molybdenum ions
in Mo6+ state that take part in network forming positions with
MoO4

2− tetrahedral structural units with increase in the concen-
tration of MoO3 and cause a reduction of cross-link density and
weakening of the mean bond strength in the glass network probably
due to the increasing concentration of octahedrally sited molybde-
num which in good agreement with Raman results [19].

3.2. Raman spectra
Fig. 2. Raman spectra for the (75 − x)TeO2–15PbCl2–xMoO3–10ZrO2 doped with
5 mol% Er2O3, where x = 2.5, 5, 7.5 and 10 mol% glasses.
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ig. 3. Deconvoluted Raman spectra in the frequency range (80–1150) cm−1 for the
ample containing 2.5 mol% MoO3.

62, 450, 667, 720, 775, 855 and 912 cm−1. The Raman band at
50 cm−1 is corresponding to the peak at 150 cm−1 of crystalline
eO2, it is assigned as a boson peak associated to light scattering
ue to acoustic-like vibrations of the disordered structure. It has
een considered characteristic of glasses (observed for most inor-
anic glasses including tellurites), some liquids and colloids and
ere assigned to rocking and localized or acoustic Raman modes

20,21]. Boson peak refers to an excess contribution to the usual
ebye density of states (DOS) at low frequencies and is considered
s a characteristic anomaly of disordered materials [22]. Several
odels associate this band to some structural length by R = Vt/ωmax,
here ωmax is the frequency of the maximum of the boson peak and

t is the velocity of the transverse sound wave propagating through
he sample [23]. The band at 450 cm−1 is usually ascribed to bend-
ng vibrations of (Te–O–Te) linkages [3,6–9], which are formed by
ertex sharing of TeO4, TeO3+1 and TeO3 polyhedra, with increas-
ng MoO3 content, this band shifts towards lower frequency and
ts relative intensity increases as shown in Fig. 2. The presence and
elative intensity of these two bands is a measure of the network
onnectivity in TeO2-based glasses [24] (Fig. 3).

The band at 667 cm−1 is assigned to the axial symmetric stretch-
ng vibration modes (Teax–O)s of the TeO4 trigonal bipyramids tbps

ith bridging oxygen BO atoms [25,26]. As found in the literature,
his band has been assigned to coupled symmetric vibrations along
e–O–Te axes in TeO3+�/TeO4, and TeO4/TeO3 pairs and was sug-
ested to be a relative measure of the connectivity between TeO3+�,
eO4, and TeO3 species [24]. It is corresponding to the known
27] strong Raman band of crystalline �-TeO2 at 646 cm−1. The
aman bands at ∼720 and at ∼775 cm−1 are due to the forma-
ion of TeO3+1 and/or TeO3 pyramids associated with NBO in the
lassy sample [3–5,12,28]. These two bands are assigned to stretch-
ng mode contributions from TeO4 trigonal bipyramids tbps, TeO3+�
olyhedra and TeO3 tps [24]. TeO4 tbps are connected through
Teeq–Oax–Te) bonds forming a three-dimensional network. Ear-
ier neutron scattering and Raman spectral studies on TeO2 glasses
ontaining different modifiers have reported that the basic build-
ng blocks of TeO2-based glasses are the tbps [29]. Based on many
revious spectral studies, it has been concluded that these TeO4
bps convert to TeO3+1 polyhedra and/or TeO3 trigonal pyramids

ps depending on the amount of the added modifier. The bands
t 840 and 912 cm−1 are assigned to the stretching vibrations of
Mo O) bonds of the deformed MoO6 octahedra and to the vibra-
ions of (Mo–O–Mo) bridging bonds, respectively [28]. The bands
t ∼667, 720 and 775 cm−1 of the basic glass shift slightly to lower
Fig. 4. Raman spectra in the high frequency range (2500–3400) cm−1 for the
(75 − x)TeO2–15PbCl2–xMoO3–10ZrO2 doped with 5 mol% Er2O3, where x = 2.5, 5,
7.5 and 10 mol% glasses.

energies as MoO3 increases that are can be attributed to the addi-
tion of the MoO3 ions in the glass network leads to reduction of the
phonon vibration energies.

The Raman spectra of Fig. 2 are fitted to seven Gaussian peaks at
607, 662, 729, 781, 840, 885 and 929 cm−1, it is evident from Fig. 2,
that the addition of MoO3 the area under the peak at 729 cm−1

increases while the area under the peak at 670 cm−1 is decreas-
ing. This behavior may suggest a gradual change of TeO4 tbps to
TeO3+1 and/or TeO3 [24]. Therefore it could be concluded that the
successive introduction of MoO3 in the present glasses leads to the
progressive formation of distorted TeO3+1 units followed by the cre-
ation of trigonal TeO3 pyramids (tps) associated with non-bridging
oxygen atoms (NBO) [28]. As is known, the increase in the modifier
concentration in tellurite glasses leads to the progressive formation
of distorted TeO3+1 units followed by the creation of regular trigonal
TeO3 pyramids (tps) associated with non-bridging oxygen atoms
(NBO) [28,30]. The area under the peak of the two bands 885 and
920 cm−1 increases as the MoO3 content increase. This may sug-
gest that addition of MoO3 leads to more formation of Mo–O–Mo
bridging bonds in favor of the Mo O doubly degenerate stretching
vibrations of the deformed MoO6 octahedra [28] (Fig. 3).

Raman spectra in the high frequency range (2500–3400) cm−1

is shown in Fig. 4 The Raman bands at 2765, 2870, 2980 and
3085 cm−1 are assigned to vibrations of the OH− groups [31].
The fundamental OH− band was found to peak at ∼2980 cm−1

(3.356 �m). The broadening of the OH− band is related to the amor-
phous nature of the glass and is believed that NBO contribute to the
hydrogen bonding in the glassy matrix [31]. It has been deconvo-
luted to 4 bands at 2764, 2869, 2964, 3080 cm−1. The OH− vibration
modes have been detected before in many tellurite glasses in the
range (2500–3500 cm−1) and it has been reported that, the band
at 3500 cm−1 is due to a hydrogen-bond-free OH− groups, the
band at 3000 cm−1 is due to weak hydrogen bonding between OH−

groups and NBO and the band at 2500 is due to the strongest
hydrogen bonding of OH− to NBO [31]. The OH− groups are cou-
pled to different environments with different coordination states
species, mainly TeO4 tbps,TeO3+1 units and TeO3 tps (which are
associated with NBO) of the glass matrix. In TeO2-based glasses
with modifiers, the OH− groups are mainly hydrogen-bonded to
the network former cations T4+ because of its large field strength

and its high content [32]. The band at 2764 cm−1 is due to the
fundamental stretching vibrations of the OH− groups, which are
strongly hydrogen-bonded (Te–O–OH–Te) to the TeO4 tbps and to
the TeO3+1 or the TeO3 pyramids constituting the glass matrix [31].
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is, the peaks at 425, 489, 521, 544, 652, 799, and 977 nm are corre-
sponding to the 4I15/2 → 4F3/2 + 4F5/2, 4I15/2 → 4F7/2, 4I15/2 → 2H11/2,
4I15/2 → 4S3/2, 4I15/2 → 4F9/2, 4I15/2 → 4I9/2 and 4I15/2 → 4I11/2 transi-
tions, respectively [40].
ig. 5. Temperature dependence of dc conductivity (ln �dc) for different glass com-
ositions.

he band at 3085 cm−1 is assigned to the stretching vibrations of
he OH− groups, which are weakly hydrogen-bonded to the glass

atrix through the (Te–O–HO–Te) bridges [33]
As seen in Fig. 4, the intensity of the two Raman bands at 2964

nd 3080 cm−1 is increasing and that for the bands at 2764 and
869 cm−1 is decreasing as the MoO3 content increased.

.3. dc conductivity

The dependence of log rdc on the reciprocal temper-
ture is shown in Fig. 5 for the (75 − x)TeO2–15PbCl2–
MoO3–10ZrO2 doped with 5 mol% Er2O3, where x = 2.5, 5,
.5 and 10 mol%, glass system. The slope of the curves which gives
he activation energy for conduction W. The linear relationship
etween the logarithm of dc conductivity (ln �; � is expressed

n (� m−1)) and inverse of temperature with a negative slope
ndicates that the following well-known Arrhenius law is satisfied
34,35]:

= �o exp
(−W

kT

)
(2)

here, �o is the pre-exponential factor, W is the activation energy,
is the Boltzmann constant and T is the temperature measured

n Kelvins. From Fig. 5 it is observed that the dc conductivity in
resent glass system increase with rise in temperature. Also the dc
onductivity is found to increase with increase in the concentra-
ion of MoO3. The increase in electrical conductivity of the present
lass system with increase MoO3 content can be attributed to the
ncrease molybdenum ions [36]. The effect of molybdenum content
n the dc conductivity ln � at T = 476 K and activation energy W for
he present glass system shown in Fig. 6. It is evident from Fig. 6
hat with increase in the concentration of MoO3, can be observed
hat, the values of the conductivity to increase and the activation
nergy for dc conduction to decrease. The reasons for such changes
ay be due to gradual conversion of MoO4

2− groups to MoO5+O3
−

omplexes and MoO6 groups in the glass network which act as
odifiers. Also these modifier groups weaken the lead–tellurite

lass network and create pathways suitable for migration of free
ons that build up space charge. Thus, the build up space charge
olarization result an increase in the dielectric parameters [37].

The activation energy W and enter atomic distance between

olybdenum ions R are estimated and listed in Table 1, the activa-

ion energy W depends on the site-to-site distance R. These results
how that there is a prominent positive correlation between the
ctivation energy W and enter atomic distance between molybde-
um ions R. This positive correlation is similar to that suggested
Fig. 6. Effect of MoO3 content on dc conductivity (ln �dc) at T = 476 K and activation
energy (W) for different glass compositions.

in glasses containing transition metal ions [38,39]. The results in
Table 1 indicate that as MoO3 content increases, enter atomic dis-
tance between molybdenum ions R decreases. It is understood that
this causes the activation energy for conduction W to decrease,
while causing the dc conductivity � to increase. The conductiv-
ity in the glasses studied can be assumed to be due to electronic
hopping from the lower valence state Mo5+ (donor level) to the
higher valence state Mo6+ (acceptor level). This conduction mech-
anism is similar to that proposed in other transition metal oxides
[19,39]. The ionic conduction is expected due to the diffusion of
PbCl2 ions where chlorine behaves as alkali ions [16,17]. Therefore,
the conductivity in the present glasses is electronic and ionic in
nature.

3.4. Optical band gap

The optical transmittance spectra for the (75 − x)TeO2–
15PbCl2–xMoO3–10ZrO2 doped with 5 mol% Er2O3, where x = 2.5,
5, 7.5 and 10 mol%, glass system are shown in Fig. 7. The spectra of
the glass samples with different concentrations of MoO3 are similar
except for the band intensities, which are dependent on the MoO3
concentration. The observed peaks are assigned to the transitions
from the 4I15/2 ground state to the excited states of Er3+ ions. That
Fig. 7. The transmittance spectra for different glass composition.
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ig. 8. The absorption coefficient as a function of wavelength for the glass system.

The optical absorption spectra for all the glass compositions are
hown in Fig. 2 for wavelength region around absorption edge.
he optical absorption coefficient, ˛, which is the relative rate
f decrease in light intensity along its path of propagation, was
alculated from the transmittance data in the wavelength range
90–1100 nm. Fig. 8 shows a plot of ˛ as a function of phonon
nergy for the glass system. The optical absorption coefficient ˛
or the glass samples was calculated using the relation [41]:

= 1
d

ln
Io
It

(3)

here d is the thickness of the sample and Io and It are the
ntensities of incident and transmitted radiations, respectively. The
actor ln(Io/It) is the transmittance, ‘T’. For amorphous materials
he optical absorption at higher value of ˛(�) (≥104 cm−1) above
he exponential tail follows a power law given by Davis and Mott
hich in the most general form is given by [34]:

(�) = [B(h� − Eopt)]
r

h�
(4)

The exponent r determines the type of electronic transitions
ausing the absorption and takes the values 1/2, 3/2, 2, and 3 for
irect allowed, direct forbidden, indirect allowed and indirect for-
idden transitions, respectively, B is a constant called band-tailing
arameter, Eopt is the optical band gap energy and h� is the incident
hoton energy. For amorphous materials, indirect transitions (r = 2
nd 3) are valid according to the Tauc’s relations [42]. The variation
f (˛h�)1/2 vs. h� (Tauc’s plot) is shown in Fig. 9 for the glass system.
he values Eopt can be obtained (using Eq. (4)) by extrapolating the
inear region of the curves in Fig. 9 for (˛h�)1/2 = 0 [42,43] and are
iven in Table 2.

From the analysis of optical transmittance spectra it is found that

ptical absorption edge is not sharply defined in the glass systems
nder study, which clearly indicates their amorphous nature. It is
lso observed from Fig. 8 that the fundamental absorption edge
nd cut-off wavelength (�cut-off) shift towards lower wavelength
ith increase in MoO3 content in the glass systems. The decrease in

able 2
ptical energy gap values Eopt obtained for indirect allowed and indirect forbidden

ransitions, and band tail energy Er for the (75 − x)TeO2–15PbCl2–xMoO3–10ZrO2

oped with 5 mol% Er2O3, where x = 2.5, 5, 7.5 and 10 mol% glass system.

Glass no. Eopt (eV)p = 2 Eopt (eV)p = 1/3 Eopt (eV)

1 2.29 2.06 0.034
2 2.21 1.99 0.036
3 2.18 1.95 0.037
4 2.15 1.93 0.039
Fig. 9. The relation between photon energy eV and (˛h�)r , where r = 2, and 3 for
indirect allowed and indirect forbidden transitions, respectively for the glass system.

Eopt with increasing MoO3 content for the glass system corresponds
with the red shift in �cut-off. This suggests that the non-bridging
oxygen (NBO) ions are increasing with the increasing concentration
of MoO3. For metal oxides (M–O), the valance band maximum VBM
mainly consists of O(2p) orbital and the conduction band minimum
CBM mainly consists of M(nS) orbital. The NBO ions contribute to
VBM. When a metal–oxygen bond is broken, the bond energy is
released and the non-bridging orbitals have higher energies than
bonding orbitals [44]. Increase in concentration of NBO ions results
in the shifting of VBM to higher energies and reduces the band gap.

The optical absorption and particularly the absorption band
edge is a good method for studying optically induced transition
and gives information about the structure and optical energy gap in
glasses. The absorption edge in many materials follows the Urbach
rule [45].

˛(h�) = ˛o exp
(

h�

Er

)
(5)

where ˛ is the optical absorption coefficient, ˛o is a constant and
(Er) is the energy width of the tail of localized state in the nor-
mally forbidden band gap. Er is often interpreted as the width of
the localized states in the band gap of the material. The exponen-

tial dependence of the optical absorption coefficient with photon
energy may arise from the electronic transitions between the local-
ized states, which have tailed odd in the band gap. The density of
these states falls off exponentially with energy, which is consistent
with the theory of Tauc [46]. However, the exponential dependence
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Fig. 10. The relation between ln ˛ cm−1 and photon energy eV for the glass system.

F

o
r
t
(
o
d
a
d
w
e
r
a
M
b
s
i

4

(
w
t
b
i
r

[
[

[
[
[

[
[
[
[

[

[
[
[
[
[
[

[
[

[
[
[

[

[
[
[

[
[

[

[
[
[
[
[42] J. Tauc, Amorphous and Liquid Semiconductor, Plenum Press, New York, 1974.
ig. 11. The optical band gap Eopt as a function of MoO3 content for the glass system.

f the optical absorption coefficient on energy might arise from the
andom fluctuations of the internal fields associated with the struc-
ural disorder in many materials. The width of the localized states
band tail energy or Urbach energy) Er is estimated from the slopes
f ln(˛) vs. h� plots. Fig. 10 shows the variation of ln ˛ with inci-
ent photon energy h� for the glass system. As seen in the figure, the
bsorption edge is found to be exponentially dependent on the inci-
ent photon energy and obeys the empirical Urbach rule [45]. The
idth of the localized states Er (band tail energy or Urbach energy)

stimated from the slopes of ln ˛ vs. h� plots was found to be in the
ange 0.034–0.039 eV. A plot of Eopt for indirect allowed transition
gainst MoO3 content shows that Eopt decreases with an increase in
oO3 content as shown in Fig. 11. The decreasing values of Eopt can

e attributed to the structural changes that are taking place in the
tudied glass system and increase of non-bridging oxygen (NBO)
ons.

. Conclusions

Homogeneous glasses can be prepared in the series
75 − x)TeO2–15PbCl2–xMoO3–10ZrO2 doped with 5 mol% Er2O3,
here x = 2.5, 5, 7.5 and 10 mol%. Structural studies by Raman spec-
roscopy revealed MoO4 and MoO6 as basic structural units formed
y molybdenum atoms in these glasses. The ratio of MoO6/MoO4

ncreases with increasing content of MoO3 in these glasses, as
eflected in the Raman spectra. The incorporation of molybdate

[

[
[
[

pounds 503 (2010) 242–247 247

units into the tellurite glasses, structural network results in the
progressive formation of distorted TeO3+1 units followed by the
creation of trigonal TeO3 pyramids (tps) associated with non-
bridging oxygen atoms (NBO), besides the formation of Te–O–Mo
bonds. The dc conductivity increases with increase in MoO3 con-
tent, this increase can be attributed to the increase of molybdenum
ions. The activation energy decreases with increase in MoO3
content. The electrical conduction in present glass system is ionic
and electronic in nature. From the present study, it is observed that
the optical band gap decreases with increase in MoO3 content due
to an increase in the concentration of non-bridging oxygens. The
optical band gap obtained for indirect allowed and indirect for-
bidden transitions, and the present glasses behave as indirect gap
semiconductors. Because of structural changes in the glass network
the density decreases with increase in MoO3 content. The variation
in molar volume with MoO3 content indicates that the effect of
MoO3 on the glass structure is dependent on its concentration.
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