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Abstract Zinc halotellurite glasses were studied with
respect to the glass transition, softening temperature,
thermal expansion, optical energy gap, Urbach energy,
density, molar volume, refractive index, polarizability,
molar refraction and third order non-linear optical
susceptibility. Thermal characteristic were determined
using a dilatometry. The optical absorption in the
wavelength range (300-3200 nm) was measured. From
the absorption edge studies, the values of optical band
gap (E,p) and Urbach energy (AE) have been evalu-
ated. Optical parameters viz., color dispersion, disper-
sion energy, E4, average oscillator energy, Ey, and third
order non-linear optical susceptibility values are esti-
mated from measuring the refractive index at different
wavelength. Results obtained are discussed in terms of
the glass structure.

Introduction

Oxyfluoride, oxychloride and oxybromide ions have
long been known to be a good glass former and a
potential component in optic glasses. Chlorotellurite
glasses are interesting because we are able to draw an
optical fiber from it that can transmit in the infrared
range. Therefore, this glass will have a potential use for
building in fiber acousto-optic modulators. Such mod-
ulators have the advantage of low insertion loss, high
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damage threshold, and negligible back reflection. They
have applications, for example, in fiber sensors, and in,
Q, switching and model locking of fiber lasers [1-3].
The combination of tellurite and halide system has
further extended the families of optical glasses. Cur-
rently, oxyhlide-tellurite oxide fibers have been studied
as rare earth hosts to expand amplification bandwidth
for rare earth doped fiber amplifiers as they have low
energy phonons and many rare earth ions become
optically active in them [4, 5]. Tellurite glasses modi-
fied by halides already have been investigated, e.g.,
TeO,/PbF,/Al,O3, TeO,/PbO/PbCl,, TeO,/PbO/PbBr,
and TeO,/Li,O/LiBr [6], TeO,/ZnO/ZnCl, [7], TeO,/
PbX,; (X = Br, Cl, F), TeO,/PbO/ZnF, [8] and TeO,/
ZnO/ZnF, glasses [5]. Yousef et al. [9, 10] have
investigated binary glasses in the system TeO,/WO;
modified by ZnF,. This paper provides a study on
thermal and optical properties of 60TeO,/
40ZnR; mol%, (where, R = F, Cl, Br).

Experimental procedure

Glasses in the 60Te0,/40ZnR, where (R = F, Cl, Br)
system were prepared using a conventional melt
quenching method. The powder mixture was given in a
gold crucible and heated in a melting furnace under
especial temperature program in the range of 400 °C-
750 °C, the total time of this melting program equal
4.0 h. The melts were stirred to increase homogeneity.
The melt which had a high viscosity was cast at range
500 °C-550 °C in brass mold. Subsequently, the sample
was transferred to an annealing furnace and kept for
0.5 h at 210 °C, and 0.5 h at 195 °C and finally 0.5 h at
180 °C. Then the furnace was switched off and the
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glass sample was allowed to cool. The batch weight was
100 gm.

The glasses sample were cut, ground and polished.
We made flat sample with parallel surfaces of thickness
1 and 11 mm and prism with dimensions of about
30 mm X 15 mm X 15 mm. Theraml characteristic was
defined by a dilatometer on sample with dimensions
20 mm X 5 mm X 5 mm.

The glass transition temperature, (7,), transforma-
tion temperatures of glass sample near the eutectic
composition, (softening temperature, Ts), and linear
thermal expansion, (), were measured, using pushrod
a dilatometer (Dilatometer Netzsch 402 E) at a heating
rate 5 K/min.

The UV transmittance of the glasses was determined
at wavelengths from 200 nm to 3,200 nm with an error
of <1%, using a Shimadzu 3101PC spectrophotometer
with optical pathlengths of 1 mm and 11 mm (i.e.,
sample thickness of 10 mm).

From the glass samples, prisms of dimensions
30 mm X 15 mm X 15 mm were cut. The refractive
indices of the prepared sample were measured using a
prism spectrometer, at the wavelengths 643.8 nm
(C-line from cadmium spectrum), 546.1 nm (e-line
from hydrogen spectrum), 479.98 nm (F-line from
cadmium spectrum) and 435.8 nm (g-line from hydro-
gen spectrum). The error was An + 5 x 107,

Results and discussion

Table 1 shows T, (in °C), T (in °C), AT = Ts — T, (in
°C) and thermal expansion, «, (x10~/K). The value of
glass transition of present glass lies in the range
225 °C-247 °C. The glass transition temperature, 7,,
increase in the series ZnF, < ZnCl, < ZnBr, direction.
The atomic weight, atomic ring size of network, num-
ber of immediate neighbors, number of bridging bonds,
force constant determine the density and the glass
transition temperature. However, the increase in 7,
usually means a closer network but the decrease in
glass transition temperature means a more open net-
work of the prepared glasses [5]. Many authors reports
that, when add halide ion to tellurite glasses occur

gradual reduction of the tellurium coordination state
from 4 — 3 [11, 12]. In the prepared glass, replace-
ment of TeO, by ZnR, (R = F, Cl, Br) due to the
increase of the rigidity of the glass network in the
direction (ZnF, — ZnCl, — ZnBr,). And also, the
addition of ZnR, (R = F, Cl, Br) to the TeO, glass
decrease the concentration of Te—O bonds; moreover,
halide ions can come into TeO, network by replacing
0% and open Te-O-Te bridge oxygen bond, which
decrease the rigidity of TeO4 network.

It should be noted that, ZnF,, ZnCl, or ZnBr,
causes splitting of O-Te—O bonds. It would also, ZnF,
into glass interstices, more and more ions being open
up in the network. Therefore, the weakening of the
glass structure or reduction in the rigidity of the net-
work take place is higher at composition 60TeO,/
40ZnF, glass.

It has been confirmed that, the ratio between TeOs/
TeO, of the studied sample are in following the
order 60TeO,/40ZnF, > 60Te0,/40ZnCl, > 60TeO,/
40ZnBr,.

The value of thermal stability, AT = T — T, (in °C),
were used in the fiber draw. It is obvious that, AT,
increase in the direction ZnF, — ZnCl, — ZnBr,.
O’Donnell et al. [13] expected as fluoride tends break
up the strong TeO, covalent network of the glass by
forming ionic non-bridging M-F bonds (where M is a
cation) enabling the glass-forming liquid to flow more
easily at lower temperature; hence viscous points occur
at lower temperature. This leads to; the smallest value
of AT obtained in the glass with the composition
60Te0,/40ZnF, (see Table 2)

The linear thermal expansion coefficient is defined
as, o, = (1/Lo)(AL/AT), where L is the length of sam-
ple before heating, it corresponds to the respective
slope of L (T) curve normalized to the value at the
transition temperature. The values of linear thermal
expansion of the prepared glass are between 187 and
207 x 1077/K™'. It decreases in the order
ZnF, — ZnCl, — ZnBr; in the glass matrix. The
bond strengths of halide ions are, Zn-F =
67 + 2.8 kcal/mol™!,  Zn-Cl = 54.4 + 4.7 kcal/mol™’,
Zn-Br = 34 + 7 kcal mol™ [14]. We can suggest that in
the present glass the linear thermal expansion increase

Table 1 Glass transition, softening temperature, thermal expansion, Urbach energy and optical energy of the prepared glasses

System composition, Glass transition, Soft

AT, (Ty - T;) Error, Thermal

Error, Urbach energy, Optical energy,

in mol% T, in °C temperature, (in °C) +°C  expansion, +K E. (in eV) Eope (in V)
T, (in °C) a (107/K)

60TeO, 40ZnF, 220 250 30 +5 207 +5 0.059 3.11

60TeO, 40ZnCl, 230 262 32 +5 199 +5 0.06 3.08

60TeO, 40ZnBr, 247 283 36 +5 187 +5 0.057 3.05
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Table 2 Compositions, densities, molar volumes, refractive indices at different wavelengths and relative dispersion of the prepared

glasses
System Density, Molar volume, Refractive index Error, +An  Relative
composition, in (in g cm™)  (in cm®) dispersion,
mol % n"g:rif\\
C\ F\ g e\
(643.8 nm) (546.1 nm) (479.98 nm) (435.8 nm)
60TeO, 40ZnF, 4.2828 32.02 1.9164 1.9373 1.9612 1.9859 +0.0005 0.551
60TeO, 40ZnCl, 4.3675 34.41 1.9275 1.9486 1.9728 1.9976 +0.0005 0.547
60TeO, 40ZnBr, 4.4372 41.8 1.9382 1.9594 1.987 2.016 +0.0005 0.594

with increasing both non-bridging oxygen and the bond
strengths of halide ions in the glass matrix. Also, El-
Mallawany [1] reported that, the weakening of the
glass network with halide ions substitution due to the
decrease in elastic modulus.

The interatomic distance of halides is (Zn-
F=181 A, Zn-Cl =205 A, Zn-Br =221 A) [15].
The atomic weight of halide ions changes from lower to
higher in the direction (ZnF, — ZnCl, — ZnBr,).
This increase in the density with ZnR, (where R = F,
Cl and Br) related to the change in the atomic weight
and interatomic distance. Change of molar volume also
in the same direction (see Table 2).

UV, VIS and NIR transmission spectra of prepared
glasses are shown in Fig 1a. The absorption in the UV
and VIS spectral ranges is caused by electron transi-
tions from unexcited to excited states. The present
glasses have a better UV transmission (see Fig. 1a).
Stevels [16] described the dependence of the UV
transmission on the content of the network modifiers

2.3 — O 60TeO, H0ZnF, b
— < 60TeO, /40ZnCl,y
A 60TeO, /40ZnBr,
2.2 — ? :
2.1 —
2 p—
3
=1 _
=
1.9 —
100 4 a
] £ 80
g 4
1.8 — g %07
é 40 _- 60TeOy 402nF2
- 2 4 — — —60TeDy40ZnCly
g 20 b —  —60TeOy 402nBry
1.7 — It T T T
_ 0 500 1000 1500 2000 2500 3000
wavelength (nm)
1.6
[ ' [ ! I ! [
3.36 34 3.4 3.48
(hv)in eV

Fig. 1 (a) UV, VIS and NIR transmission spectra of the
prepared glasses (sample thickness of 10 mm). (b) In(x) as a
function of , hv, of the prepared glasses
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and the non-bridging oxygens. When the transfer of an
electron located at the anion (F, Cl, Br) to an unoc-
cupied energy gap of a ligand cation is easier lead to
the more easily oxidized of the ligand [17]. Therefore,
the absorption in crystalline compounds shifts in the
series fluorides — chlorides — bromides from the
UV spectral region to longer wavelengths in the VIS
region. The absorption bands were appeared near to
3.2 um—4.4 um due to OH -stretching vibrations of the
free OH groups in the prepared glasses (see Fig. 1a).

The optical absorption coefficient, («v), in the opti-
cal region near the band edge in many amorphous
semiconductor shows an exponential dependence on
the photon energy, sv, and obeys an empirical relation
due to Urbach [18],

a(v) = agexp(hv/E.) (1)

where, v is the frequency of radiation, o is a constant,
and, E. is related to the width of the tail of localized
states in the band gap. The physical origin of, E., can
be attributed to the phonon-assisted indirect electronic
transitions. Tauc [19] reported that, the exponential
variation of, «, with, hv, is due to transitions between
localized states and will vary from sample to sample
where as Davis and Mott [20] assumed that the value of
E. will be much the same for most amorphous semi-
conductors. In the present work, the values of Urbach
energy calculated by taking the reciprocals of slopes of
the linear portion of the In a(v) versus hv curves in the
lower photon energy regions (see Fig. 1b). The values
of, E., are listed in the Table 1 for all samples. The
value of, E., lie between 0.057 ¢V and 0.061 eV in the
prepared glasses and the minimum value recoded at
composition 60TeO,/40ZnBr, indicate that these glas-
ses are highly homogeneity. Mott and Davis [20] relate
this data to the optical band gap, E,, through the
following general relation proposed for amorphous
materials;
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where the index, r, takes different values depending
on the mechanism of interband transition, B is a
constant and, hv, is the photon energy of incident
photon. Equation (1) depicts a straight line for r = 2
and is associated with indirect allowed transitions in
most glasses. Figure 2 represents the Tauc’s plot
(«hv)"? versus (hv) for different samples. The Ep
has been estimated from the linear regions of the
curves by extrapolating them to meet the, hv, axis at
(¢hv)'”? = 0 and the values are listed in Table 1 for
all the samples. The value of the optical energy gap
in the range 3.05 eV-3.11 eV obtained in prepared
glasses (see Table 1). Moreover, the results seem
to increase in a systematic manner in the order
60TeO0,40ZnF, > 60Te0,40ZnCl, > 60TeO,—40ZnBr,.
McSwain et al. [21] suggested that the shift from
higher to lower energies or a change in the absorp-
tion band characteristics related to a transition to
non-bridging oxygens, which bind excited electrons
less tightly than bridging oxygen’s. Therefore, the
optical energy gap of the present glasses in Table 1 is
in a good agreement with this dependence.

Sahar et al. [7] reported that the value of optical
energy gap in TeO,/ZnO/ZnCl, in the range 2.0 eV-
2.5 eV could provide some encouragement for further
study, especially for a longer wavelength application.
The present glass have largest value of optical energy
gap provides a possibility that this glass may applicable
in the optical devices components.

60TeO, / 40ZnF,
60TeO; / 40ZnCly
60TeO, / 40ZnBry

(orh\')l"2 (emP?ev1?)
w
|

0 U L DL L L L DL DL L
3 305 31 315 32 325 33 335 34 345
(hv) in eV

Fig. 2 («hv)'? as a function of, hv, of the prepared glasses

The refractive index, n, depends on number of
electrons and polarization. The values of refractive
index increase in the ZnF, — ZnCl, — ZnBr,
direction (see Table 2). We know that, the non-bridg-
ing oxygen NBO bonds have a much greater ionic
character and much lower bond energies. The elec-
tronic polarizability, ., (in A% for F =1.04,
ClI” = 3.66 and Br™ = 4.77 [17].

This qualitatively explains the present data, the glass
60TeO,/40ZnF, has a smallest value of refractive in-
dex, the smallest electronic polarizability and highest
non-bridging oxygen. The glass in the composition
60TeO,/40ZnBr, has a highest refractive index, the
largest value of electronic polarizability and lowest
NBO. The relative depressive power of the prepared
glasses defined as [n, — ny)/[ng: — ne], where ng, ny and
n% are the refractive indices at the wavelength
C'=6438nm, F =47998 nm, and g = 435.8 nm,
respectively.

The value of relative depressive power is in opposite
trend with Urbach energy (see Tables 1, 2). This means
that, the sample has highest value of Urbach energy,
the lowest value of relative dispersion energy, and
smallest disorder in the amorphous structure.

The molar refractivity, R,,, calculated by using the
relationship [22];

nr—1
R, =(2—)V, 3
(n%+2) ®)

where, ny is the refractive index and, V., is molar
volume (in m™) obtained from density and the
average molecular weight. The value of molar
refraction increases from to 15.09 to 20.02 (in
cm® mol™!), when zinc halide change in the direction
ZnF, — ZnCl, — ZnBr, (see Table 2). The molar
refraction of the TeO,/M,0 glass depends upon the
ionic refraction of the modifier (M). The ionic
refraction in crystal compounds depends upon at
these factors; (i) the electronic polarizability of the
ion, which increases as the number of electrons of in
the ion increases, (ii) the coordination number of the
ion, (iii) the polarizability of the first neighbor ions
coordinated with it. The value of molar refraction of
the present glass is in a good accord with this
dependence.

The polarizability of the glass, oy, is proportional to
molar refraction and it determine by the relation as
follow [23];

3 nr-1

“av a2 U @

Olm
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where N is Avogadro’s number. The electronic polar-
izability increases in the direction F* — CI” — Br.
This lead to the polarizability of the studied sample is
in following the order 60TeO,/40ZnF, < 60TeO,/
40ZnCl, < 60Te0,/40ZnBr, from 5.99 A® to 7.9 A®
(see Table 2).

The relation between the refractive index and pho-
ton energy shown in Fig. 3 gives us very important
information concerning the energy state of electrons as
indicated by Wemple. He derived the dependence of
refractive index on photon energy by assuming the
single-oscillator approximation on the basis of the
Kramers-Kronig relation as follows [24];

;fé_ E2 (5)
nz—liEd EsEd

where, n is the refractive index at a specific wavelength,
E, is the average excitation energy for electronic
transitions and E4 represents the electronic oscillator
strength relation dispersion. Eg and E4 values were
calculated in terms of the linear fit of 1/(n* — 1) versus
E? (see Fig. 3). The value of E lies in the range 7.19-
6.9 (in eV) and E4 lies in the range 17.53-18.15 (in eV).
Almost of previously studied glasses [23], which have
larger values of refractive index, were related to
smaller values of Eg and E,. This relation is in a good
agreement with the present halotellurite systems were
studied (see Table 2).

0.38
- O  60Te0,I40ZnF,
O 60Te0, /40ZnCl,
0.37 — A 60Te0,/40ZnBr,
0.36 —

(hv)2 in ev?

Fig. 3 The dependency of the refractive indices as a function of
the photon energy (illustrated as 1/(n>~1) versus E?)

@ Springer

Lines [25] estimated the third order non-linear sus-
ceptibilities y® of a large number of ionic and covalent
monoxides, which gives by the formula;

BN\ 026 x 107123 (n2 — 1) - E® A2
7)) (2 — B2 esul

(6)

where, fi, is the Lorentz field factor [(n2 +2)/3], n, is
the refractive index at wavelength, w, E is the Sell-
meier gap, E the photonenergy (hv) and, d, the M-O
bond length in A. As it difficult to evaluate the bond
length, d, for prepared glasses, only the values of
() /d?) was calculated. The value of (3?)/d?) is in the
range from 0.95 to 1.12 x 107*? (in esu/ /QXZ).

The smallest value of third order non-linear suscep-
tibilities was obtained in the glass with the composition
60TeO,/40ZnF,. In other hand, the largest of third order
non-linear susceptibilities were obtained in the glass
with the composition 60TeO,/40ZnBr, (see Table 3).

This phenonemena are explainable as follows; TeO,
replaced by zinc halide due to a structural variation
from TeOj  — TeO3 entities through an intermedi-
ate asymmetric structure. This deformation causes
a decrease in the non-bridging oxygens (NBO) in the
6UTCOZ/4OZHF2 d 6UT602/4OZnC12 d OGTGOZ/ 4OZnBr2
and is therefore responsible for high linear and
non-linear indices. However, the charge density of
O>, F, CI' and Br decreases in that order
0> - F — CI' — Br ions donate fewer elec-
trons to Te through Te-Cl.y, Te-F.q and Te-Br.q
bond, respectively. Consequently, the electron transfer
from Te to O in the Te-O,, bond is smaller, and
therefore, the degree of the weakening of the Te-O,y
bond, which brings about the formation of TeO3", is
smaller when F~, CI” and Br™ ions occupy the equato-
rial position than when an O* ion does [26]. In other
words: the Te-O,x bond is stronger when Br~ ion
occupies the equatorial position that when F~ and CI”
ion does, leading to higher wavenumber of the Te—,
stretching vibration. The value of anion electroneg-
ativities for halide ions is following; (F = 4.0, Cl = 3.0,
Br = 2.8), respectively. This explains the present data;
the glass 60TeO,/40ZnBr, has highest value of third
order non-linear susceptibility but the glass 60TeO,/
40ZnF, has smallest value of third order non-linear
susceptibility.

The relationship between (3®) /d?) and Eq/E? in Eq.
(6) indicating that the value of y® increased almost
linearly with increasing Eq/E2. This implies that small
average excitation energy and a large dispersion yield a
high 7@ value. Here, this relation is valid in the pres-
ent glasses as shown in Fig. 4.
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Table 3 Molar refraction, polarizability, dispersion energy (in eV), oscillator energy (in eV) and third order non-linear susceptibility

of the prepared glasses

System composition, Molar refraction, Polarizability, — Dispersion Osillator energy,  Third order non-linear
in mol% Ry (in cm® mol™) oy, (in A%) energy, Eq (in eV)  E (in eV) susceptibility, (x®Vd?)
in 107" esw/A”

60TeO, 40ZnF, 15.09 5.99 17.85 7.19 0.95

60TeO, 40ZnCl, 16.35 6.5 18.15 7.19 0.99

60TeO, 40ZnBr, 20.02 7.9 17.53 6.9 1.12
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