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Structural, thermal and electrical properties of semiconducting copper tellurite glasses: xCuO-(100-x)TeO,
(x = 30, 40 and 50 mol%) were studied by neutron diffraction, Raman spectroscopy, thermal analysis and two
probe electrical conductivity measurements. Reverse Monte Carlo simulations of the neutron structure factors
found that Te—O and Cu—O bonds have equal lengths of 1.94 A and that both Te and Cu ions exist in structural
units of similar size and geometry. The average Cu—O co-ordination decreases from 3.72 to 3.68, while the Te—O
co-ordination decreases from 3.48 to 3.34 on increasing the CuO concentration from 30 to 50 mol%. The
electrical conductivity increases from 2.96 X 10°°Q 'm™1t01.25 x 1077 Q™! m~! with an increase in CuO

concentration from 30 to 50 mol%. The increase in CuO mol% increases the Cu—Cu coordination number from
0.68 to 1.26 and promotes electronic hopping between the adjacent Cu sites.

1. Introduction

Semiconducting glasses show electrical conductivity higher than
1077 Q7' m™! at room temperature (298 K) and have a negative
temperature coefficient of resistance [1-3]. In these glasses the electron
conduction takes place due to the transport of electrons or holes.
Chalcogenide glasses containing Se, Te etc. are semiconductors [4-8].
The chalcogenide glasses are generally p-type semiconductors and this
can reverse to n-type conduction by doping with other atoms [5,9]. It is
reported that the conductivity of (Ag)«(GeSe3)1.x) (0 = x < 0.571)
glasses increases from 1072 Q" ' m~' to 107 Q7! m™! at room
temperature as the concentration of silver increases in the glass system
[10].

Tellurite glasses are oxide glasses that have several useful properties
such as high chemical stability, low melting temperatures of
873-1223 K, low phonon energies (maximum phonon energies of
~800 cm ™ 1), high dielectric constants and high transmittance in the
visible to near- infrared region [11-13]. The pure TeO, glass is difficult
to synthesize because it requires very high melt quenching rates of
10° K s™! [14,15]. On the other hand, if TeO, is mixed with alkali,
alkaline-earth, heavy metal and rare earth oxides the quenching rates
required for glass formation decreases significantly and tellurite glasses
can be prepared at moderate quenching rates of 10°~10% K s~ * [11].
The tellurite glasses containing transition metal oxides such as CuO
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[16], V505 [17,18] and Fe;O5 [19] exhibit semiconducting behaviour
and have applications in memory devices and as cathodes in secondary
storage batteries [20,21]. The partially filled d-orbitals characterize
transition metal (TM) ions and the latter can exist in a variety of oxi-
dation states, this property produces semi-conducting behaviour of TM
ion glasses via electron transfer from ions in a lower valence state to the
ions in a higher valence state [22,23].

The electrical conductivity behaviour of TM-ion-containing tellurite
glasses is generally explained by small polaron theory [16,22-25].
Ghosh reported that the conductivity of copper tellurite glasses of the
composition: xCuO-(100-x)TeO, (x = 37.40, 47.30, 56.36 and
64.14 mol%) increases from 10 °Q 'm ' t0107*Q ' m~ ! at 450 K
as the concentration of CuO increases, and the activation energy of the
glasses with higher CuO content is low and that the conduction in
copper tellurite glasses is electronic instead of ionic [16]. Although the
electrical properties of xCuO-(100-x)TeO, glasses have been studied
earlier [16,22], their structural-property data which can contribute to
the understanding and modelling of electrical conduction is not
available.

X-ray diffraction [26-28] and neutron diffraction studies on the
structure of tellurite glasses have revealed that these glasses pre-
dominantly consist of TeO, trigonal bi-pyramids, deformed TeOs,,
TeOs3 ., and TeOs; trigonal pyramidal units [13,29,30]. The conversion
of TeO, into TeO3 with the addition of metal oxides is also confirmed by
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Raman studies on tellurite glasses [13,31,32]. Neutron and x-ray dif-
fraction serve as non-invasive and direct techniques for studying the
short-range and intermediate-range order in amorphous materials
[33-35]. In multi-component glass system, the nearest neighbours’
atomic correlations information is difficult to extract from the diffrac-
tion data due to overlapping of a large number of atomic pair corre-
lation functions which have peaks at same distances [36]. Therefore, in
order to solve this problem, Reverse Monte Carlo (RMC) technique is
employed which gives partial atomic pair correlation functions and
hence provide an accurate data on coordination numbers, bond lengths
and bond angle distributions [37-39].

It is the objective of the present study to determine the short-range
structural properties of xCuO-(100-x)TeO, (x = 30%, 40% and 50%)
glasses and correlate the structural properties with its electrical con-
ductivity.

2. Experimental studies
2.1. Glass preparation and density measurement

Glasses of composition: xCuO-(100-x)TeO, (x = 30, 40 and 50 mol
%) were prepared by melt quenching by using CuO (99.9% Sigma
Aldrich, India) and TeO, (99% Sigma Aldrich, India) as starting mate-
rials. The appropriate amount of these materials were weighed, mixed,
transferred to a platinum crucible and melted at 1073 K for 1 h in a
muffle furnace. The samples of batch weights of ~10 g were prepared
by normal quenching method at cooling rates of ~10% K s~ '. The
composition, mass-densities and atomic number densities for the sam-
ples are given in Table 1. The densities were determined by Archimedes
method using dibutyl-pthalate as the immersion fluid.

2.2. X-ray diffraction

X-ray diffraction studies were carried out on Shimadzu Maxima-
7000 powder X-ray diffractometer at room temperature with Cu-Ky;
radiation (A = 1.5406 f\) in 20 range of 10-80°. The X-ray tube was
operated at 40 kV and 30 mA and the scattered intensity was measured
with the scintillation detector.

2.3. Thermal properties

Thermal properties were studied by DSC on a SETARAM Setsys 16
TG-DSC system in the temperature range of 473-1050 K at a heating
rate of 10 K min~! in air atmosphere. The maximum uncertainty in the
mid-point glass transition (Tg), peak crystallization (T.) and peak
melting temperatures (Ty,) is = 1 K and the values are given in Table 1.

2.4. Electrical properties

The direct current (DC) electrical conductivities of glasses were
measured by depositing silver coating on the two sides of the disk-shaped
samples and by using high temperature two probe setup (TPX-600, SES
Instruments Pvt. Ltd., Roorkee, India). Voltage of 10 V was applied on
the two contacts and the current was measured with a digital picoam-
meter (Keithley, Model 485) by varying the temperature from 303 K to
418 K. The conductivity was determined by the following formula:
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o=—
RA (€8]
where R is the resistance, A is the area and t is the thickness of the
sample.
The activation energy for electrical conduction was calculated from
the formula given by Mott [40,41]:

g = 0, €X (—&)
R @

where o, pre-exponential factor and E, is the activation energy. The
slope between In(o) and 1000/T gives the activation energy (E,) of
samples, and its values are given in Table 2.

2.5. Neutron diffraction

Neutron diffraction studies on copper tellurite glasses were per-
formed at room temperature and at 473 K by using monochromatic
neutrons having de-Broglie wavelength (A = 1.068 A) on the 2-axis
PSD diffractometer in Budapest Neutron Centre, Budapest, Hungary
with momentum transfer (Q) range of 0.45-9.8 A~. For the neutron
diffraction experiments, the glass samples of 3-4 g mass were crushed
into coarse powder and placed in thin-walled cylindrical vanadium can
of diameter 8 mm. The diffraction data was measured for 24 h on each
sample and corrected for background, multiple scattering, absorption
errors and normalized with vanadium [42-44].

2.6. Reverse Monte Carlo simulations

The standard procedures were used to find the experimental neu-
tron structure factor S(Q). The partial atomic pair correlation functions
[45], bond lengths, co-ordination numbers and bond angle distributions
were determined from RMC** Version 1.5.1 software developed by
Pusztai et al. [37,39,46,47]. The RMC method minimizes the squared
difference between the experimental and the RMC simulated S(Q) from
a 3-dimensional atomic configurations and atomic correlation functions
[37,39]. The following formalism was used to calculate the partial pair
correlation functions, g;(r) and the partial structure factors, S;(Q)
[38,48-51]:

k
S(Q = D wiSi(Q
ij 3)

4mp, /‘ r[g;(r) — 11SinQr dr
0

SU(Q) =1+
4

CjbiCjbj X (2 — 51J)
Wi = T <k .2
[2; cibil (5)

where §;; is the Kroneker delta function, c;, ¢; represents molar fractions
of the components, b;, b; denotes the corresponding coherent neutron
scattering amplitude and k corresponds to the total number of elements
in the sample, based on the k(k + 1)/2 equation we have six atomic
pairs. The calculated weighting factors for the atomic pairs, are given in
Table 3. The RMC simulation was initiated with an initial random
atomic configuration by considering a simulated box that contained
10,000 atoms of Cu, Te and O.

Table 1
Composition, mass and atomic number density and thermal properties of copper tellurite glasses.
Sample Code  Composition (mol %) Density, d [g-cm ™3] = Molar Volume, Vy, [cm® Atomic number density, p, T, [K] T, [K] T [K]
0.005 mol 1] [A73%
CuO TeO, Ta Tz Tmi Tm2 Tms
30CuTe 30 70 5.634 24.06 0.06756 578 676 701 856 -
40CuTe 40 60 5.603 22.76 0.06876 575 691 716 893 - -
50CuTe 50 50 5.591 21.38 0.07039 571 725 - 769 863 877
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Table 2

Electrical properties of copper tellurite glasses.
Sample code o@ *m™ E. (eV) 0 (Q 'm™hH R A) N (102 m™3)

303K 418K

30CuTe 2.96 x 107° 2.34 x107° 4.5 x 10° 2.74 0.75
40CuTe 1.25 x 1078 7.05 x 107° 1.6 x 10° 2.84 1.05
50CuTe 1.25 x 1077 4.39 x 107° 3.8 x 10° 2.90 1.41

Table 3

Neutron scattering weight factors, wj; (%), I'min and rpm,, values used to calculate coordination numbers by RMC simulations.
Atom Pair 30CuTe 40CuTe 50CuTe

wy (%) Tmin(A) Tmax(R) wi (%) Tmin(A) Tmax(R) wy (%) Tmin(A) Tmax(A)

Cu-Cu 2.0 2.24 3.10 3.8 2.29 3.15 6.2 2.25 3.27
Cu-Te 7.1 2.41 3.18 8.5 2.42 3.18 9.4 2.43 3.25
Cu-O 17.3 1.69 2.31 22.8 1.69 2.20 28.1 1.69 2.17
Te-Te 6.2 2.99 3.95 4.8 3.00 4.01 3.5 3.05 4.01
Te-O 30.3 1.69 2.32 25.7 1.69 2.34 21.1 1.69 2.34
0-0 36.9 2.20 3.26 34.3 2.20 3.34 31.7 2.20 3.40

The atomic densities, p, were 0.06756 A~3, 0.06876 A3 and
0.07039 A~ 2 for the samples: 30CuTe, 40CuTe and 50CuTe respectively
(Table 1). The atomic pair correlation functions and coordination
number distrubutions were determined by repeatedly performing RMC
runs by slightly changing the interatomic cut-off distances until the
RMC simulated S(Q) matched with the experimental S(Q). No co-ordi-
nation constraint was applied in the RMC simulations.

The final cut-off distances used in the RMC runs for Cu—Cu, Cu—Te,
Cu—0, Te—Te, Te—O and O—O for the three copper tellurite samples
were 2.30, 2.60, 1.60, 2.22, 1.60 and 2.30 A. The coordination numbers
for these samples were calculated from the r;, and ry,.x values that are
listed in Table 3.

The atomic pair correlation distribution g(r) were calculated from
the weighted sum of partial atomic pair correlations g;(r), by using the
following relationship [38,47] :

g(r) = wyg;(r)
ij (6)

2.7. Raman spectroscopy

Renishaw In-Via Reflex micro-Raman spectrometer was used to
measure the Raman spectra of the glasses by using an argon ion
laser of 514.5 excitation wavelength, a diffraction grating having
2400 lines mm ™! and an edge filter for Stokes spectra and a Peltier
cooled CCD detector. Measurements were performed in an unpolarized
mode at room temperature in the back-scattering geometry in the wave

number range of 30-1100 cm ! at a spectral resolution of ~ 0.5 cm ™.

3. Results and discussion
3.1. X-ray diffraction

The XRD patterns of xCuO-(100-x)TeO,, (x = 20, 30, 40 and 50 mol
%) samples are shown in Fig 1. These patterns show a broad hump
without any sharp peak which confirms the amorphous nature of
samples. The sample of composition: 20CuO-80TeO, glass was also
prepared but its XRD pattern showed several sharp peaks along with the
broad hump. These sharp peaks match with orthorhombic CuTeO5 [PDF
#75-0635], monoclinic CuTeO3 [PDF #84-1482], tetragonal TeO, [PDF
#78-1714] and orthorhombic TeO, [PDF #76-0680] phases that are
marked by different symbols in Fig. 1, therefore this sample was not a
pure glass sample but a glass-ceramic.

The glass-forming ability of xCuO-(100-x)TeO, system increases
significantly with an increase in CuO concentration from 30 to 50 mol%
and the amorphous nature of these samples is confirmed by the broad
humps in the XRD patterns as shown in Fig. 1.

'. S50CuTe
- s ) * L) ol L) b ) - L} S 1 ol
] 40CuTe
ﬁ' -
> - i3 L] > L} ) 1 b ) i L b L N
~—
‘n 30CuTe
=
<
-
=
o
] —T T T T T T
20C
-— 77

o
20 |
Fig 1. XRD patterns of xCuO-(100-x)TeO, (x = 30, 40 and 50 mol%) glasses
showing their amorphous nature. Sample 20CuTe is semicrystalline with sharp

peaks due to monoclinic CuTeO3; (&), orthorhombic CuTeO3 (*), tetragonal
TeO, ($) and orthorhombic TeO, (@).
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3.2. Density

Exo.
=

The glass density decreases from 5.634 to 5.591 g cm ™ > with an

increase in CuO concentration from 30 to 50 mol% and is due to the
T replacement of heavier TeO, (159.6 g mol™') by the lighter CuO
STIK cl (79.54 g mol 1) (Table 1). The molar volume, V,, also decreases from
X | 50CuTe| 24.06 to 21.38 cm® mol ™" due to the replacement of Te** (0.66 A) by
smaller Cu®* (0.57 A) [52] and also may be due to the increase in the
concentration of non-bridging oxygens in the glass network [24]. The
monotonic variation of V, with the increase in concentration of CuO in
the samples shows that the single-phase random network structure exist
in the glasses [53].

40CuTe

3.3. Thermal properties

Tt The DSC plots of copper tellurite glasses are shown in Fig. 2. The

v T ! ' value of mid-point T, (glass transition temperature) decreases from
700 800 900 1000 578 K to 571 K as the concentration of CuO increases from 30 to 50 mol
Temperature [K] % due to lower bond enthalpy of Cu-O bonds (343 kJ mol ') as com-
pared to Te—O bonds (391 kJ mol 1) [54]. Also, with increase in CuO
concentration, the peak corresponding to crystallization temperature
reduces to a single peak. The values of the mid-point glass transition

Endo. «—Heat Flow [W g'l]

1
600

o -
=4

5

Fig 2. DSC scans of xCuO-(100-x)TeO,, glasses. .
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Fig 4. Experimental and RMC-calculated neutron structure factors of xCuO-

(100-x)TeO,, glasses.
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temperature, Tg, crystallization temperature, T, and melting tempera-
ture, Ty, are given in Table 1.

3.4. Electrical properties

The electrical conductivity of three copper tellurite glasses increases
from 2.96 x 107° to 2.34 x 107 Q7' m~! (30CuTe sample),
1.25 x 1078 to 7.05 x 107° Q! m~! (40CuTe sample) and
1.25 x 1077 t0 4.39 x 10°° Q"' m~?! (50CuTe sample) as the tem-
perature increases from 303 K to 418 K. It shows that with an increase
in temperature, the conductivity increases which confirms the semi-
conducting nature of all copper tellurite glasses. The resistance versus
temperature graph is displayed in Fig. 3a.

Fig. 3b shows the In(o) versus 1000/T graphs of copper tellurite
glasses. The conductivity increases as the concentration of CuO in-
creases from 30 to 50 mol%. The conduction process in these glasses is
based on the small polaron hopping model and according to this model
the conduction in glasses containing transition metal ion (Cu™ and
Cu?™) occurs by thermally assisted small polaron hopping [55] from
low valence state (Cu™) to the high valence state (Cu®™) of the tran-
sition metal ion. At higher temperature range (T > 6p/2), the
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Fig 5. Partial atomic pair correlation functions for (a) Cu—Cu (b)Cu—Te (c¢) Cu—O (d) Te—Te (e) Te—O and (f) O—O correlations in copper tellurite glasses.
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Fig. 6. Atomic pair correlation functions of three copper tellurite glasses ob-
tained by the weighted sum of partial pair correlations.

conductivity in the non-adiabatic regime is given by [41]:

_ noNe?R? c

(1 _ c)e—ZaR e—Ea/kT
kT

)

where v is the phonon frequency, R is the average hopping spacing
(Cu—Cu distances), a is the electron wave function decay constant and
E, is the activation energy, c the ratio of the concentration of TM ions in
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low valence state to the total number of ions, N, and 6y, is the Debye
temperature. The term e~*R becomes unity as the polaron hopping is in
the adiabatic regime for copper tellurite glasses [16,22] and the Eq. (7)
becomes:

_ o Ne?R? c

1 — ¢) e~Fa/kT
T ( )

(8)

It is also observed that there is a break of linearity in In(o) versus
1000/T plots at 311 K and according to the small polaron model, this
happens at 0p/2 (Fig. 3b). This is a feature of small polaron model
[16,22,25]. The pre-exponential factor was calculated from the inter-
cept of In(oT) vs 1000/T plot (Fig. 3c). The activation energy was
calculated from the slope of the graphs and it decreases from 0.64 eV to
0.58 eV as CuO concentration increases from 30 to 50 mol%. The values
of o and E, are presented in Table 2.

3.5. Short-range structure by neutron diffraction and RMC simulations

The experimental and RMC calculated S(Q) of three copper tellurite
glasses matched perfectly as shown in Fig. 4. The partial atomic pair
correlation functions i.e. gcy-cu, 8cu-Tes &cu-0> &Te-Te> &Te-0 and go_o Were
determined from RMC simulation and are shown in Fig. 5a—f. The first
peaks of gc,.0 and gre.o exist at the same distance of 1.94 + 0.02 A
and that of go_o is at 2.70 = 0.05 A in the glass samples; 30CuTe,
40CuTe and 50CuTe. Within the limits of experimental uncertainties
the Te—0O, Cu—O and O—O nearest neighbour distances do not show
any changes with an increase in CuO mol%. The atomic pair correlation
functions, g(r) of three copper tellurite glasses were obtained by the
weighted sum of partial atomic pair correlations and are shown in
Fig. 6. The bar graphs in Fig. 7a-c give the distribution of Te—0O, Cu—0O
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Fig 7. Coordination number distributions of (a) Cu—O (b) Te—O (c) O—O correlations in glasses.
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Table 4
Structural properties of copper tellurite glasses from RMC simulations and
Raman spectroscopy.
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and O—O co-ordinations in the copper tellurite glasses.

RMC simulations found that the coordination number of Te with
oxygens decreases steadily from 3.48 = 0.02 to 3.34 + 0.02 as the
concentration of CuO increases from 30 to 50 mol% and this is due to

30CuTe 40CuTe 50CuTe
the structural transformations: TeO4—TeO3,1—TeO3 [20], the latter
Neazeﬁ neighbour Cu-Cu 2.74£005 284005 2.90+0.05 transformation causes depolymerisation or breakage of the Te—O net-
istance, r;;[A] Cu-Te 2.65*+0.10 2.70+0.10 2.74 +0.10 - . . _ . + .
Cu0 1045002 194+002 194002 work. The C(? ordination of Cu—O is 3.72 + 0.03 in 30CuTe,
Te-Te 390 + 010 3.20 + 010 3.27 = 0.10 3.73 = 0.03 in 40CuTe and 3.68 + 0.03 in 50CuTe (Table 4) which
Te-O 1.94 +0.02 1.94+0.02 1.94 + 0.02 confirms that copper ions are mostly tetrahedrally coordinated with
0-0 270 £0.05 270*+0.05 2.70*0.05 oxygens due to Jahn-Teller distortion [56]. Further both Cu—O and
Coordination number,  Cu-0 372003  373%003  3.68 =003 Te—O coordinations reduce by small but significant amounts with in-
CN; Te-Omeutrony  3-48 + 0.03  3.41 £ 0.03  3.34 + 0.03 i CuO The Cu—C dinati ber i P
Te-Omumny 348 +0.02 343 +002 339+ 0.02 crease in CuO content. The Cu—Cu coordination n1.1m er 1ncrea}ses rom
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and O—0—-0 at 60 * 2°(Fig. 8b, ¢, d and —e). It is known that the bond
angle distribution of O—Te—O linkages in the range of 150—170° are
[¢] (¢}
o[ ] []
180° 120° 90° 60° 0° , 180 120° 90° 60° B
Cu-0-Cu @ = 30CuTe " lo-cuo (b) 1880 = 30CuTe
2.0 - 92 ®-40CuTe 18 A ¢—40CuTe
97 1 —4-50CuTe 7 /2% 4-50CuTe
8/ i
— 1.5 A AR 1.5 J\%
= P A " \ : AR al
& Kot e Rake [ ] A \
= & *T e . =124, ey N
g 104" ., =3 AL g
= -t L/ = @ s A K »)
= [ i\ = 09ds taa At . :
] " = ﬁ se o **° 4 \
-E()ﬁ- (R '.. \ = oo. L W
Q:‘ -~ s s sasassssaad EO-G‘ 59 o —— A
®s0c0c0cccccccce CAAAAAAAALAL
0.0 "ssssssssssas 0.3+ n%cecc0c0ce
T T T 0.0 T T o
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
cos0 cosO
o (¢}
0[] o[
180° 120° 90° 60" 5 y 5130" 120° 9.1}’ 60° B
1.840-Te-0 (© 488° = 30CuTe " | te-0-Te @ = 30CuTe
. e 40CuTe 1112 * 40CuTe
A~ 50CuTe| ~— d AAaAA —4—50CuTe
_ 15 520 T
5 \ = P -
& ‘ z A . :
'E.' 1‘2-A A4 Rel g 1.54* r '“50\\
= Aaags o gF \ = o =
oo rat . Wt = , 4
= ) s oe” [ * e oo - \
3 . o0 \ & 1.0 e A
= L - {
a 0.64 L A .- N
= 2a ALAbbbibbiidiiid
AAAAAAAAL 0.54 *
0.34 Pesssseses n®ecccccscscscsssoe
0.0 : : - 0.0 T = .
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
cos0 cos0
o[°
180° 120° 95" 60° i
0-0-0 60°: = 30CuTe
1.24 ‘:‘ ® 40CuTe
A 4 A50CuTe
aaad 0
P St Y AKX
= 0.9 Aaaan 2w\
Z ooe . ¢
= LRSS *es oo ®® s .
r= &
é“'ﬁ-.llIlI.-.- | \
= = - A
£ " AAAA
£ 0.3 .
L = =]
L
0.04 —
T T T
-1.0 -0.5 0.0 0.5 1.0
cosO

Fig. 8. Bond angle distributions for (a) Cu—O—Cu (b) O—Cu—O0 (c) O—Te—O (d) Te—O—Te and (e) O—O—O linkages in copper tellurite glasses.



N. Kaur, et al.
2.54
2. 0_' S0CuTe
1.5 1
1 0_‘ 40CuTe
g £
# 0.5
1 30CuTe
0.0
-0.54 —=s&—room temp.
4 —a— 473K
-1.04 —e— 473K
1 —— 473K
! * T v T v T T
2 4 6 8

QIA™]
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due to O,x—Te-O,, bonds while the peak in the lower angular range:
70—105° are due to O.q—Te-Ocq and O.q—Te-O,x bonds [46]. In the
three copper tellurite glasses, bond angle distribution of O-Te-O lin-
kages have maxima at 88 =+ 2° with little or no peak in the higher
angle range: 150—170°, therefore O¢q—Te-Oq and Oq—Te-0O,, bonds
are dominant in the glass network.

Insitu high temperature neutron diffraction experiments were car-
ried out at 473 K for three copper tellurite glasses. The neutron struc-
ture factor at 473 K was the same as that at the room temperature for
each sample (Fig. 9) and hence there does not occur any significant
modification in the glass structure upon heating to 473 K.

3.6. Te—O speciation by Raman spectroscopy

The Raman spectra of copper tellurite glasses are shown in Fig. 10.
These spectra show one strong peak at 60 cm ~ * which is the boson peak
and it is the characteristic feature of glasses [57-59]. The band at
112 cm ! is due to Te—O vibrations in TeOs (trigonal pyramidal) units
consisting of two or three non-bridging oxygens [60]. The spectra show
two distinctive Raman bands in the wave number ranges:
320-554 cm ™~ ! and 554-900 cm ~'. The Raman band at 320-554 cm ™!
is due to bending vibrations of Te—O—Te linkages and the band at
554-900 cm ™! is due to asymmetric stretching vibrations of O—Te—0
linkages in TeO, (trigonal bi-pyramidal) units and TeOj3 (trigonal pyr-
amidal) units. The intensity of the low frequency band at 112 cm ™!
increases, while the intensity of medium frequency band at 445 cm™*!
reduces as the concentration of CuO increases from 30 to 50 mol% and
this is due to the slow degradation of tellurite network with in-
corporation of CuO in the structure [61]. The intensity of the peak at
660 cm ™~ ! decreases with increase in the concentration of CuO from 30
to 50 mol% and it reduces to a shoulder at 50 mol% of CuO whereas the
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Fig 10. Raman spectra of copper tellurite glasses.

peak at 720 cm ™~ * shifts towards a higher frequency at 736 cm ™. From
these changes in the Raman spectra, it is concluded that with increase
in CuO mol%, the concentration of TeOs. 1, TeO3 and TeO5> unit in-
creases and this is due to the structural transformation: TeO4—TeOs3.
The Te—O coordination number, Nt..o can also be estimated from
Raman studies by using the following formula [12,13,15,30,32]:

Nie—o =3 + _ fwos
Iteo, + Iteos 9
where I represents the intensities of the Raman peaks. The Te—O co-
ordination as determined from the Raman spectra of 30CuTe, 40CuTeO
and 50CuTeO glasses are 3.48 = 0.02,3.43 *= 0.02and 3.39 + 0.02
respectively. It was found that the Te—O coordination decreases stea-
dily as the concentration of CuO increases and this result is consistent
with the RMC findings (Table 4).

3.7. Laser-induced crystallization

Raman spectra were measured for the samples by varying the in-
tensity of the exciting laser (514.5 nm Argon-ion laser, maximum
power =25 mW). From these studies, it was observed that at high in-
cident laser power, the crystallization and phase separation in three
copper tellurite glasses occurs and preciptates of a-TeO, crystallites are
produced in the glass matrix (Fig. 11) when the temperature of laser
irradiated regions becomes higher than the glass transition or the
crystallization temperature [62,63]. Therfore this property can be used
for deliberately growing and patterning a-TeO, micro/ nano-crystals in
the glass matrix for non-linear optical applications.
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Fig 11. Raman spectra of copper tellurite glasses at different powers of the excitation laser (a) 30CuTe (b) 40CuTe and (c) 50CuTe (“P” represents power% of the

excitation laser).

4. Conclusions

xCuO-(100-x)TeO, (x = 20, 30, 40 and 50 mol%) samples were
prepared by melt quenching. The glass-forming ability of the system
enhances significantly with an increase in CuO concentration from 20
to 30 mol% and purely glassy phase samples were prepared at CuO
concentration of 30 mol% and more. RMC analysis found that both
Te—0 and Cu—O bonds have equal lengths of 1.94 A and that Cu and Te
ions exist in structural units of very similar size and geometry. Neutron
diffraction studies on copper tellurite glasses were carried out at room
temperature and at 473 K, and no significant changes were found in the
glass short-range and medium-range order with the variation of tem-
perature. The electrical conductivity of glasses increases steadily with
increase in CuO concentration and the structural investigation con-
cluded that this increase in the conductivity is not due to decrease in
Cu—Cu separation, which on the contrary increases, but rather due to an
increase in the number of nearest Cu-Cu neighbours that promotes the
hopping of electrons between the adjacent copper ion sites. Finally, the
laser-Raman studies have shown that these glasses can be used for
patterning of a-TeO, crystals in the glass matrix.
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