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a b s t r a c t

Infrared, EPR and optical absorption studies on (100 − 2x)TeO2–xAg2O–xWO3 (7.5 ≤ x ≤ 30) glasses con-
taining Cu2+ spin probe have been carried out. The infrared spectral studies show that the structure of glass
network consists of [TeO4], [TeO3]/[TeO3+1], [WO4] units in the disordered manner. Physical parameters
eywords:
lassy materials

R spectroscopy
PR

such as density (�), molar volume (Vm), oxygen packing density (OPD), oxygen molar volume (VO), copper
ion concentration (N) and mean copper ion separation (R) have been determined. The spin-Hamiltonian
parameters (g||, g( and A||) of Cu2+ ions in the present glasses have been estimated from EPR spectra at
300 K. Bonding parameters such as ˛2, ˇ2

1, ˇ2, � �, � � have been calculated from both optical absorption
and EPR data. The observed variations in spin-Hamiltonian parameters and bonding parameters have
been correlated to the structural modifications due to the WO3 and Ag2O incorporation into the TeO2
ptical absorption glass network.

. Introduction

Electron paramagnetic resonance (EPR) studies have attracted
any researchers because it may provide valuable information

elated to the structural species of vitreous matrices, due to the
reat sensitivity of the EPR absorption spectra at symmetry and
trength of the ligand field in the neighbourhood of the paramag-
etic impurities introduced as a probe. EPR investigations of Cu2+

ons in glasses are interesting and have received considerable atten-
ion because the EPR parameters of Cu2+ are very sensitive to the
ocal symmetry [1–6]. The main advantage of using Cu2+ as the spin
robe is that its EPR spectra can easily recorded at room temper-
ture, the spectrum is simple and the spread of the spectrum is
dequate to detect changes around Cu2+ ions in the glass struc-
ure. The optical absorption studies on the glassy materials yield
mportant information regarding electronic, vibrational edges, and
re also useful in identifying the relevant absorption band posi-
ion due to transition metal ions. The data obtained from EPR and
ptical absorption is very much informative about the metal-ligand
ature in glasses. There are reports from our laboratory regarding
PR and optical absorption studies of Cu2+ ions in tellurite, bismuth

nd borate based glasses [7–11].

Recently we have published the results on optical band gap, glass
ransition temperature and Raman studies of TeO2–Ag2O–WO3
lasses [12]. Following the research line of a former work, we have
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motivated to take up the studies on EPR and optical absorption of
TeO2 glasses containing WO3 and Ag2O because a survey of liter-
ature indicates that no EPR and optical absorption studies of Cu2+

ions doped in TeO2 glasses containing WO3 and Ag2O have been
reported so far. In view of the aforementioned aspects, we have
carried out EPR, optical absorption and IR studies on copper doped
TeO2–Ag2O–WO3 glass system.

The aim of the present paper is to study the short range struc-
ture, the effect of heavy metal oxides such as WO3, Ag2O on the
site symmetries around Cu2+ in (100 − 2x)TeO2–xAg2O–xWO3 glass
system and to obtain the bonding parameters by correlating EPR
and optical absorption data and discuss the variations in these
parameters in terms of structural changes of glasses.

2. Experimental

2.1. Glass preparation

1 mol% copper doped glasses in the form of (100 − 2x)TeO2–xAg2O–xWO3

(where x = 7.5, 15, 22.5, 30) were prepared by conventional melt quenching tech-
nique in the temperature range 750–850 ◦C depending on the glass composition.
The detailed method of preparation is presented elsewhere [12]. The compositions
of the glass samples employed in these studies are given in Table 1.

2.2. X-ray diffraction
X-ray diffractograms of powdered glass samples were recorded using a Philips
diffractometer of the PANalytical X-pert PRO model with Cu-K� radiation of wave-
length 1.54 Å at room temperature. The obtained XRD patterns of the present glass
system showed broad peaks, which are the characteristic peaks of the glass structure
for the present glass system.

dx.doi.org/10.1016/j.jallcom.2011.03.001
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
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Table 1
Glass compositions and the IR band positions of the glass system (100 − 2x)TeO2–xAg2O–xWO3.

Sample ID Composition (mol%) IR bands (cm−1)

635 658 735 840 924
– 666 746 834 918
– 673 764 820 911
– 679 775 816 905
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in TAW1 are merged and form a broad band at 666 cm and this
shifts towards higher wavenumbers: from 666 to 673, and then
to 679 cm−1, while the band at 735 cm−1 shifts to 746, 764 and
then to 775 cm−1 (Fig. 1). It is observed from Fig. 2 that as the
WO3–Ag2O content increases the band at 924 cm−1 is shifted to
TAW1 85TeO2–7.5Ag2O–7.5WO3 460–490
TAW2 70TeO2–15Ag2O–15WO3 460–490
TAW3 55TeO2–22.5Ag2O–22.5WO3 460–490
TAW4 40TeO2–30Ag2O–30WO3 460–490

.3. Glass properties

The densities of glasses were determined at room temperature by the
rchimedes method using xylene (� = 0.86 g/cc) as the immersion liquid. Repeated
ensities measurements were agreed within ±0.01%. From these density values, the
olar volume of glasses (Vm = �xiMi/�) and the molar volume of oxygen (volume

f glass in which 1 mol of oxygen is contained, VO = (�xiMi/�)(1/�xini)) were calcu-
ated, here xi is the molar fraction of each component i, Mi is the molecular weight,

is the glass density and ni is the number of oxygen atoms in each oxide. Oxygen
acking density (OPD) of each glass was calculated from the density and composi-
ion using the formula OPD = 1000 C (�/M), C is the number of oxygens per formula
nit. From the measured values of the density (�) and average molecular weight,
arious physical parameters such as copper ion concentration (N), mean copper ion
eparation (R) are determined and are presented in Table 3.

.4. IR studies

The IR spectra of the glass samples were recorded at room temperature using a
erkin-Elmer FT-IS spectrometer model 1605 using KBr disc technique. The inves-
igated samples were ground to fine particles and then mixed with KBr in the ratio
0.002:0.2 g) glass to KBr respectively. The weighted mixture was then subjected
o a pressure of 5 tons/cm2. The transmission spectra were measured immediately
fter preparing the desired disks.

.5. EPR studies

The room temperature EPR spectra of copper doped glass samples were recorded
sing JEOL-JM Fe3, EPR spectrometer in the range 220–360 mT operating in the
-band frequency and employing a field modulation of 100 kHz. Polycrystalline
iphenyl picryl hydrazyl (DPPH) was used as the standard ‘g’ marker for the deter-
ination of the working microwave frequency of EPR spectrometer.

.6. Optical absorption studies

Optical absorption spectra of all the glass samples (≈1 mm thick) were recorded
n a double beam Shimadzu UV-3100 spectrometer in the wavelength range
00–900 nm at room temperature using air as the reference medium. The preci-
ion of measuring of wavelength was about ±1 nm. The peak-pick option facilitates
o determine exact peak position in the absorption spectrum.

. Results and discussion

.1. IR studies

The IR spectra of the TeO2–Ag2O–WO3 glasses are shown in
ig. 1. The observed IR band positions for all the compositions are
ummarized in Table 1. The assignments of IR bands are given in

able 2. The IR spectrum of TAW1 glass consists of six bands at 470,
35, 658, 735, 840 and 924 cm−1. The IR studies on silver tellurite
nd tungsten tellurite glasses have shown that the observed bands
round 635 and 658 cm−1 are due to stretching vibrations of Te–O
onds and the band around 470 cm−1 is due to stretching vibrations

able 2
ssignments of IR bands of glass system (100 − 2x)TeO2–xAg2O–xWO3.

IR band (cm−1)
observed in the
glass

Assignment

890–930 Stretching vibrations of W–O− and W O bonds in
WO4 or WO6 units

820–850 Stretching vibrations of W–O–W in WO4 or WO6 units
600–650 Stretching vibrations of TeO4 units
730–780 Stretching vibrations of TeO3/TeO3+1 units
650–680 Stretching vibrations of TeO3 units
460–495 Stretching vibrations of Te–O–W linkages
Fig. 1. IR spectra of TeO2–Ag2O–WO3 glass system.

of Te–O–W or bending vibrations of Te–O–Te linkages [13,14]. The
observed IR bands at 924 cm−1 and a shoulder at 840 cm−1 rep-
resent the characteristic bands of tungsten glasses which can be
attributed to symmetric stretching vibrations of W–O− and W O
bonds in WO4 or WO6 units and stretching vibrations of W–O–W
in WO4 or WO6 units, respectively [15,16]. As the WO3–Ag2O con-
tent increases from 15 to 60 mol%, the bands at 635 and 658 cm−1

−1
Fig. 2. EPR spectra of Cu2+ in TeO2–Ag2O–WO3 glass system at room temperature.
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Table 3
Physical and optical parameters of Cu2+ doped (100 − 2x)TeO2–xAg2O–xWO3 glass system.

Parameter x = 7.5 x = 15 x = 22.5 x = 30

Average molecular weight (g/mol) 171.224 182.052 192.881 203.709
Density, � (g/cc) (±0.01) 5.965 6.194 6.421 6.655
Molar volume, Vm (cm3/mol) (±0.1) 28.705 29.392 30.039 30.609
Oxygen packing density (mol/l) (±0.15) 70.023 68.386 66.913 65.667
VO (cm3/mol) (±0.05) 14.281 14.623 14.945 15.228
Copper ion concentration, N (×1021/cc) 1.265 1.219 1.205 1.169
Mean copper ion space, R (Å) 9.246 9.361 9.397 9.492
g‖ (±0.001) 2.352 2.358 2.362 2.357
g( (±0.001) 2.103 2.083 2.088 2.079
A‖ (×10−4 cm−1) (±0.5) 124 113 118 114
� (nm) (±1) 808 794 805 801
�Exy (cm−1) 12376 12594 12422 12484
�Exz,yz (cm−1) 12662 15801 14878 16624
˛2 0.781 0.746 0.768 0.749
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siderable decrease in g|| with an increase of WO3–Ag2O content up
to 60%. This indicates that the distortion around Cu2+ ion is chang-
ing with the increasing WO3–Ag2O content. Moreover from Table 3
it is seen that g|| > g( > ge (where ge = 2.0023 is free electron g-value)
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ˇ 0.985
ˇ2

1 0.836
� � (%) 32.79
� � (%) 47.82

ower wavenumbers: from 924 to 918, 911, and then to 905 cm−1,
hile the band at 840 cm−1 shifts to 834, 820 and then to 816 cm−1.

t is also noticeable that band at 470 cm−1 is fairly strong for all the
amples (TAW1–TAW4). The shifting of the IR bands towards lower
r higher wavenumbers and their broadening could be due to the
nfluence of Ag+ and W6+ ions on the tellurite network. The Ag+ ions
reak the Te–eqOax–Te bridging bonds forming TeO2 glass network
nd form the Te–eqO−–Ag+ or Te–axO−–Ag+ species and also Ag+

ons break the tungsten network by forming W–O−–Ag+ species
13]. The shifting of the IR bands may also be related to the for-

ation of more Te–O–W, W–O–W linkages and W O, Te O bonds
13]. All these species converts the TeO4 units in to TeO3/TeO3+1
nits. The formation of Te–O–W linkages is expected because both
e and W atoms have comparable electronegativity values (2.1 and
, respectively) and can therefore substitute for each other in bond-

ng with oxygen atoms. As the WO3-Ag2O content increases, the
ajor band shifts from 658 cm−1 (TAW1) to 679 cm−1 (TAW4) may

e related to the increase of number of TeO3/TeO3+1 units at the
xpense of number of TeO4 units.

.2. EPR studies

The origin of EPR spectra of the Cu2+ ion in TeO2 based glasses
s found elsewhere [8]. No EPR signal was observed in the spec-
ra of undoped glasses indicating that no paramagnetic impurities
ere present in the starting materials. The EPR spectra of the

eO2–Ag2O–WO3 glass system doped with Cu2+ ions are shown
n Fig. 2.

The spectrum closely resembles that of the Cu2+ ion in most
xide glasses [17–21]. The EPR spectra of copper ions in all the
lass samples have been analyzed using an axial spin-Hamiltonian
n which the quadrupole and nuclear Zeeman interaction terms are
gnored [22–24].

= g||ˇHzSz + g⊥ˇ(HxSx + HySy) + A||SzIz + A⊥(SxIx + SyIy) (1)

Here the symbols have their usual meaning.
The solution of the spin-Hamiltonian gives the expressions for

he peak positions related to the principal values of g and A tensor
s follows [22–24]:

2 2

� = g||ˇH|| + mA|| + (15/4 − m )A⊥

2g||ˇH||
(2)

� = g⊥ˇH⊥ + mA⊥ +
(15/4 − m2)(A2

⊥ + A2
‖ )

2g⊥ˇH⊥
(3)
1.029 1.002 1.028
0.904 0.878 0.893
19.26 24.43 21.39
55.04 50.67 54.98

for the parallel and perpendicular hyperfine peaks respectively.
Here ‘m’ is the nuclear magnetic quantum number of the copper
nucleus with values 3/2, 1/2, −1/2, −3/2 and ‘(’ is the microwave
frequency at resonance. Using the Eqs. (2) and (3) the spin-
Hamiltonian parameters of all the glasses have been evaluated and
are presented in Table 3. The EPR parameters of Cu2+ ion in present
glasses are compared with other oxide glasses and are in good
agreement with earlier reported values [17–21,25–27]. It can be
seen from Fig. 2 that when TeO2 is replaced by WO3–Ag2O makes
small changes in the shape and position of spectral lines in magnetic
field. The addition of WO3–Ag2O content results in the marked shift
of the lines to higher magnetic fields and intensity of the complete
spectrum increases. From Table 3, it is found that g|| and g( and
A|| values change with the composition WO3–Ag2O in the present
glasses. The composition dependence of g|| and A|| is shown in Fig. 3.
From Table 3 it is clear that g|| reaches to a maximum for TAW3,
minimum for TAW1 (Fig. 3), g( reaches to a maximum for TAW1,
minimum for TAW4 and A|| reaches to a maximum for TAW1, min-
imum for TAW2 (Fig. 3), indicating continuous structural change in
the glass system. It also clear from Table 3 that g|| value increases
with increase of WO3–Ag2O content up to 45 mol% and there is con-
605040302010
112

WO
3
-Ag

2
O content (mol%))

Fig. 3. Variation of g‖ and A‖ with WO3–Ag2O content.
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60 mol%. The peak corresponding to Cu2+ ion is maximum (808 nm)
ig. 4. Compositional variation of density and oxygen packing density.
Inset shows the compositional variation of molar volume and oxygen molar vol-
me.)

his suggests that the Cu2+ ions in these glasses are coordinated by
ix ligands (CuO6 chromophore) which form an octahedron elon-
ated along the z-axis and also suggests that the ground state of
u2+ ions is the dx2−y2 orbital (2B1g state) [1,28,29].

The variation in spin-Hamiltonian parameters with increas-
ng WO3–Ag2O content is due to structural change in the glass
ystem. This behaviour agrees with the IR spectral studies. The
tructural variation in glass causes fluctuation in ligand field and
n turn, it is reflected in the variation of the spin-Hamiltonian
arameters [18,19]. The reasons for the variation in the spin-
amiltonian parameters can be summarized as follows: when

he substitution of TeO2 mol by mol by WO3–Ag2O content, two
ilver atoms and one tungsten atom ate introduced, while the
umber of oxygen atoms are same according to the ratio 4/4,
his in turn decrease the oxygen packing density from 70.023 to
5.667 mol/l and increase the oxygen molar volume from 14.281
o 15.228 cm3/mol (see Fig. 4 and Table 3). The large value of
he radii (1.26 Å) and bond length (2.54 Å) of Ag2O compared
o those of WO3 (r = 0.62 Å; W–O = 1.90 Å) and TeO2 (r = 0.70 Å;
e–eqO = 1.99 Å; Te–axO = 2.08 Å) [13,30] resulted in a formation
f excess free volume which increases the overall molar volume
28.705–30.609 cm3/mol) of these glasses (Table 3); while OPD
ecrease with increase of WO3–Ag2O and therefore the compact-
ess of structural units that surrounds Cu2+ ions decreases, due to
his the bond length between Cu–O and the interaction between
he oxygen and Cu2+ may be changed, it causes to vary the lig-
nd field and hence variation in spin-Hamiltonian parameters as
bserved.

On the other hand the changes in the spin-Hamiltonian param-
ters with varying modifier content can also be attributed to the
hange in electron cloud density at the Cu2+ ions in the glass net-
ork. The change in electron cloud density can be understood in

he following way: from the vibrational spectroscopy it is clearly
oticed that the addition of modifier content to the TeO2 network

eads to the formation of non-bridging oxygens (NBOs) in the form
f Te–eqO−Ag+, Te–axO−Ag+, W–O−Ag+, Te–O−, Te O, W–O− and

O bonds. Hence the increase in modifier content results in the
rogressive creation of NBOs at the expense of bridging oxygens
BOs). The NBO which bound an excited electron less tightly than

he BO and moreover NBO is more polarizable than the BO. The opti-
al basicity (It is defined as the electron density carried by oxygen
nd it is represented by ‘�’) of the present glasses may increase with
he increase of highly polarizable NBOs. This may be understood
Fig. 5. Optical absorption spectra of Cu2+ in TeO2–Ag2O–WO3 glass system.

according to the relation proposed by Duffy [31].

� = 1.67

[
1 − 1

˛O2−

]
(4)

Here � is optical basicity and ˛O2− is the oxide ion polarizabil-
ity. This equation shows that with increase in polarizability, the
basicity also increases. Therefore the optical basicity of the present
glasses increases with an increase in WO3–Ag2O content because
of more highly polarizable NBOs are present in the glasses with
the modifier content. From this observation we can conclude that
Cu2+ ions are mostly surrounded by NBOs, which may present high
electron cloud density at the Cu2+ site and hence the variations in
spin-Hamiltonian parameters as observed. The variations in EPR
parameters not only depend exclusively on the above said reasons
but also differences in the field intensities of W6+ ions (1.47), Te4+

ions (0.71) and Ag+ ions (0.60) causes the fluctuations in ligand
field around Cu2+ ions and this in turn vary the spin-Hamiltonian
parameters as observed [32].

3.3. Optical absorption studies

The optical absorption spectra of Cu2+ doped TAW glasses are
shown in Fig. 5 and it shows a single broad absorption whose
peak ranges from 794 to 808 nm (12594–12376 cm−1). The Cu2+

ion belongs to the 3d9 configuration; it has a ground state of 2D. In
a regular octahedral field the 2D state splits into 2Eg and 2T2g energy
levels. Further 2Eg level splits into 2B1g and 2A1g; and the 2T2g level
splits into 2B2g and 2Eg. Among these, 2B1g will be the ground state.
Thus, for copper ions, according to References [33–36] the three
bands corresponding to the transitions 2B1g → 2A1g, 2B1g → 2B2g
and 2B1g → 2Eg are expected. But in the present case, we have
observed a single optical absorption band which is in agreement
with most of the reports [33–39]. This single optical band was
interpreted as the overlap of all the three transitions. Hence in
the present paper the observed asymmetric band around 800 nm
is assigned to the 2B1g → 2B2g transition (�Exy) of Cu2+ ion in
octahedral coordination with a strong tetrahedral distortion and
the EPR results consistent with this assumption. The absorption
peak positions (�) of present glasses at different concentrations of
WO3–Ag2O are given in Table 3.

The compositional dependence of optical absorption maxima
of the present glasses is shown in Fig. 6. From Fig. 6 it is found
that the absorption peak of Cu2+ ion in TeO2–WO3–Ag2O glasses
is shifted from 808 nm to 794 nm, then to 805 nm and finally to
801 nm with increasing concentration of WO3–Ag2O from 15 to
in 85TeO2–7.5Ag2O–7.5WO3. The variation in peak position with
WO3–Ag2O content indicates the fluctuation in ligand field around
the Cu2+ probe ion, which is related to change in polarizability of
oxygen ions surrounding the Cu2+ ion and its dependence on field



G. Upender et al. / Journal of Alloys and C

605040302010

792

796

800

804

808

W
a
v
e
le

n
g

th
 (

n
m

)

s
T
c
t
a
m
W
i
t
O
p
t
w

3

t
n
a
u
i

g

g

w
s
s
c
p
d
o
1
[
w

˛

ˇ

2

WO
3
- Ag

2
O content (mol%)

Fig. 6. Variation of optical absorption maxima (�) with WO3–Ag2O content.

trength of Te4+ ions (0.71), W6+ ions (1.47) and Ag+ ions (0.60).
he change in polarizability of oxygen ions surrounding the Cu2+

an be explained as follows. As WO3–Ag2O content increases up
o 60 mol%, from IR analysis it is observed that mixed Te–O–W
nd W–O–W linkages are formed, in which the oxygen ions are
ore polarized than the oxygen ions in Te–O–Te, Te–O−Ag+, since
6+-ions possess higher field intensity (1.47) than that of Te4+-

ons (0.71) and Ag+ ions (0.60). Therefore this is the reason why
he optical absorption maximum varies with Ag2O–WO3 content.
n the other hand the shift in the optical absorption peak in the
resent system can be explained on the basis of structural changes
ake place due to conversion of TeO4 units into TeO3/TeO3+1 units
ith WO3–Ag2O content.

.3.1. Cu2+-ligand bond nature
The EPR and optical absorption spectra data can be correlated

o understand the environment of Cu2+ in TeO2–Ag2O–WO3 glass
etwork, in this connection the bonding parameters or also known
s bonding coefficients are evaluated using EPR and optical data by
sing the following equations [33] and their values are presented

n Table 3.

|| = 2.0023

(
1 − 4�˛2ˇ2

1
�Exy

)
(5)

⊥ = 2.0023

(
1 − �˛2ˇ2

�Exy,yz

)
(6)

here �Exy and �Exz,yz are the energies corresponding to the tran-
itions of 2B1g → 2B2g and 2B1g → 2Eg respectively, and � is the
pin–orbit coupling constant (=−828 cm−1) [40] and the bonding
oefficients ˛2, ˇ2

1 and ˇ2 (≈1.00) characterize respectively, the in-
lane � bonding with the dx2−y2 orbital, in-plane ( bonding with the
xy orbital and out-of-plane � bonding with the dxz and dyz orbital
f the Cu2+ complex in the glasses. Their values lie between 0.5 and
, the limits of pure covalent and pure ionic bonding, respectively
41]. In the present glasses the bonding parameters ˛2, ˇ2

1 and ˇ2

ere evaluated using the following equations [33,42].∣ ∣

2 = ∣∣A‖

P
∣∣ + (g|| − 2) + 3

7
(g⊥ − 2) + 0.04 (7)

2
1 = [(g||/ge) − 1]�Exy

4�˛2
(8)
ompounds 509 (2011) 5887–5892 5891

ˇ2 = [(g⊥/ge) − 1]�Exy,yz

�˛2
(9)

Here P is dipolar hyperfine coupling parameter (=0.036 cm−1). From
the Eqs. (8) and (9), it can be seen that to determine Cu2+ bond-
ing coefficients, one needs in addition to the EPR parameters, the
energy positions of the absorption bands of Cu2+ which indicates
the values of �Exy and �Exz,yz. Since we have observed one absorp-
tion band corresponding to 2B1g → 2B2g transition (�Exy, these are
presented in Table 3), the position of second band can be estimated
by using the following equation [35] and the values are presented
in Table 3.

�Exz,yz(2B1g → 2Eg) = 2K2�

2.0023 − g⊥
(10)

where K2 is the orbital reduction factor (K2 = 0.77) and ( is the
spin–orbit coupling constant (−828 cm−1).

The normalized covalencies of the Cu2+–O in plane bonding of
� and � symmetry are expressed [33,42] in terms of bonding coef-
ficients ˛2 and ˇ2

1 as follows.

�	 = 200(1 − S) (1 − ˛2)
(1 − 2S)

% (11)

�
 = 200(1 − ˇ2
1)% (12)

where S is the overlapping integral (Soxy = 0.076). The calculated
values of � � and � � are given in Table 3.

From Table 3, it is observed that the bonding parameters are
changing with the composition. The calculated values of (2 for
present glasses (0.746–0.781) suggest that the in-plane � bonding
in the glasses is moderately covalent in nature whereas the val-
ues of ˇ2

1 (0.836–0.904) obtained for various glasses indicate that
the in-plane � bonding is significantly ionic in nature. The value of
ˇ2

1 depends strongly on network formers and the changes in this
parameter can be attributed to the changes in O–X bonds (where
X = Te, W) because it reflects the competition in the Cu2+–O–X
bonds, between the cupric ion and its neighbouring network for-
mer cations X for attracting the lone pairs of the intervening oxygen
ions. In the present system the values of ˇ2 found to be unity and
the magnitudes of all bonding parameters are comparable to those
found for Cu2+ in other glasses [18,39,43,44]. We compared the
covalence nature of Cu2+–O bonds in the present tellurite glasses
with that of borate glasses and found that the Cu2+–O bonds are
less covalent in tellurite glasses than in the borate glasses [18].

4. Conclusions

Transparent and stable glasses were obtained in the Cu2+ doped
TeO2–Ag2O–WO3 system by melt quenching technique. The den-
sity (5.965–6.655 g/cc), molar volume (28.705–30.609 cm3/mol),
oxygen molar volume (14.281–15.228 cm3/mol) increases while
oxygen packing density (70.023–65.667 mol/l) decreases with
WO3–Ag2O content. From IR results it is found that the addition of
WO3–Ag2O content to TeO2 increases the population of lower coor-
dination units [TeO3]/[TeO3+1] in the glass network at the expense
of higher coordination units [TeO4] and also shows the formation
of Te–O–W, W–O−Ag+, Te–eqO−Ag+, Te–axO−Ag+, Te O and W O
species in the glass network. For all samples, the EPR absorption
spectra are asymmetric, characteristic for Cu2+ (3d9) ions in axially
distorted octahedral symmetric sites and the ground state of Cu2+
is dx2−y2 orbital ( B1g state). The values of hyperfine constant and
g factors reveal the predominantly ionic character of the bonding
between copper ions and ligand atoms but the optical absorption
results indicate that there is covalency for the in-plane �-bonding
and that the in-plane �-bonding is significantly ionic in nature.
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