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The novel glasses within composition: 62TeO,-5K;TeO3-20Zn0-10Nb,0s-3PbF, and
62Te0,-5K,Te0;3-20Zn0O-10Nb,05-3PbF,-2Er,03 in mol% were fabricated by using melt-
quenching technique. The magnetic properties Viz; Faraday effect and the Verdet constant
at wavelength of laser beam (A = 632 nm) were measured. The prepared sample with
doped Er’" has the highest value of Verdet constant (= 0.104min/G.cm) which depends on
the polarizability of Er’* jons. Moreover, the optical properties of present glass estimated
by using UV-Vis-NIR spectroscopy. The oxygen-packed densities, molar volumes, the
polarizability of the oxygen molar volume, the linear refractive index (n), third-order

(©)

nonlinear susceptibility, ¥, and nonlinear index (#;) of produced glasses were

evaluation. It was found that the linear refractive index decreases otherwise the optical
energy gap increased with doped Er’™ ions in the glasses network. Also, the Vickers
microhardness increase with increasing Er,O; in the glass matrix. Hence, these glasses
may be use in optical isolator with high third-order non-linear susceptibility.
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1. Introduction

For photonics applications, materials like rare earth-activated tellurite glasses are
employed; optical amplifiers at 1.5 and 3.0 wm in telecommunication windows, and frequency up-
converters [1, 2]. The composition of TeO,-based glass systems is as follows; TeO,-K,O-Nb,O:s,
TeO,-Zn0O-Nb,0s, and TeO,-Nb,Os-PbO have high value of nonlinear refractive indices, #n,, third-
®

order susceptibility optical nonlinearity, y*”, resistance to crystallization, chemical durability as

well as thermal stability [3, 4]. Tomokatsu et al. [5] found that, ;((3), glasses decrease with

increasing alkali oxide content moreover it increases with decreasing the optical band gap E,. A
study of the, n,, and B of Nb,Os—TeO, glasses, ZnO-Nb,Os—TeO, glasses, and MO-Nb,Os—TeO,
(M = Mg, Ca, Sr, Ba) glasses. It was found that value of, #, and, B, increased (n,= 2.0-2.9 x10"*
cm®/W, B=1.7-2.5 x10™"° cm/W) by doping with alkaline-earth oxides MO (M = Mg, Ca, Sr, Ba) in
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Nb,Os-TeO, glass (n,= 1.49 x10™ cmz/W, p=7.72 x10™" cm/W). The stretching band of Te—O,
in TeO4 (tbp) increased as the stretching band of Te—O in TeO; (tp) unit increased, whereas the
stretching band of Te-O in TeO; (tp) unit and that of Te—O-Te declined, according to the
connection between the glass structures. This means that the number of TeO, (tbp) units was

directly proportional to the value of, ;((3). Three different alkali metal oxides R,O (R=Li, Na, K)

as network modifiers and two network intermediates MO (M=Zn, Mg) are used to study third-
order nonlinear optical characteristics in TeO,-MO-R,0 glasses. These glasses have nonlinear
refraction indices, n, are ranged from 1.31-2.81x 107" ¢cm*/W. It was observed that when the ionic
radius of both network modifiers and intermediates leads to the value of, n, increases.

The magneto-optical rotation of light's polarization is carried on by the Zeeman splitting
of atomic energy levels [6]. A linearly polarized laser beam with left and right circularly polarized
components will propagate at various rates in the desired direction through a magneto-optical
material when a magnetic field is applied because they have different refractive indices. The
incoming laser beam's plane of polarization spins as a consequence when a linearly polarized laser
beam passes through such a material [7, 8]. The equation relates the rotational angle, 8, of glass to
the magnetic field B, the Verdet constant (), and the length of the glass, L, as follows [8].

0 = VLB (1)

UgNI
Ls
the solenoids, /. is the current go through the solenoids, L; is the length of solenoids.
Therefore we investigated the density, Verdet constant, oxygen packing density, molar
polarization, linear refractive index n, and Vicker’s microhardness of prepared glasses to use in
optical isolator devices.

where, B = , o 18 a constant of 1.26x10° Hm™, N is the turn numbers of a coil surrounding

2. Experimental work

The present glasses with composition: 62TeO,-5K,Te03-20Zn0-10Nb,0s-3PbF, (Sample
A) and 62TeO,-5K,Te03-20ZnO-10Nb,05-3PbF,-2Er,0; (Sample B) in mol% were prepared in a
dry oxygen stream. The raw materials were melted in platinum crucibles at 990°C in a special
temperature program with an air environment. At room temperature, samples were cast in a
graphite mold, then annealed for 2 hours at 330°C. For spectroscopic investigations and optical
measurements, the glasses sample was polished. For mechanical and optical measurements, the
produced samples were polished as optical-flat.

The density of glass is being measured in order to better understand its physical features,
which may then be connected to the composition change. The g.cm™ unit is used to measure it.
The Archimedes technique was employed to estimate density since it requires more information
about the properties of the glass and provides a more accurate result. The density of the liquid is
known as p;, while the weight of the glass sample is known as W, in the air and W in the liquid.
This relationship may be used to calculate the sample density, p,:

Py = e @
The hardness of a material is often linked with its resistance to abrasion or wear, and this
property is useful since it may influence the material's durability and applicability for certain
applications.
A substance's hardness is defined as its resistance to being penetrated by another rigid item
[9]. Indentation is often assessed using glass and ceramics, according to Vickers. A sufficiently
hard indenter is forced into the surface of the tested material, and the hardness, H, is calculated as
the ratio of the load, F, to the total surface area, 4 of the permanent indentation, as shown in
following equation.
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The Vickers indenter [9] is a diamond pyramid with a 136° degree angle between opposing

pyramid sides. The lengths /;, [, of both diagonals of the indentation are measured after loading,

stopping, and unloading the indenter. The Vickers hardness is determined by the relationship, H,:
Hy = 01891 3)

where, [ = % is the average of diagonal length (mm).

The wavelength range was 190-2500 nm, and the absorption spectra were obtained using a
UV-VIS-NIR double beam spectrophotometer (JASCO V-570 spectrophotometer).

To investigate the amorphous nature of the quenched glass, we used X-Ray (CuKa)
Powder Diffractometer Shimadzu model XRD-6000.

3. Results and discussion

3.1. XRD patterns of prepared glasses

X-ray diffraction patterns (XRD) of tellurite glasses with compositions of 62TeO,-
S5K,Te0;-20ZnO-10Nb,Os-3PbF, (Sample A) and 62TeO,-5K,;Te0;-20Zn0O-10Nb,0Os-3PbF,-
2Er,05 (Sample B). There are no strong peaks in these samples' patterns due to crystalline phases.
The absence of strong diffraction peaks shows the absence of a crystalline phase, whereas the wide
diffraction confirms the manufactured glasses' amorphous nature.

62Te0,-5KTe03-20Zn0-10Nb,O5-3PbF,

Intensity (a.u.)

62Te05-5K2TeO3-20Zn0-10NbO5-3PbF-2Er,03
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20°
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Fig. 1. XRD pattern of prepared glasses.

The length of samples with constant as a function of magnetic field B. The Verdet constant
(V), which is determined by (slope = VL), is shown by the slope. For glass A and B, the values of
the Verdet constant (at =632 nm) are 0.087 and 0.104 min./Oe.cm, respectively. The Verdet
constant value are higher than those that have been previously reported in the literature [9, 10].
With paramagnetic erbium ions, the sample doped with erbium oxide (Er,Os3) exhibits high V
values, which led to the performance and increase in the angle of rotation of the light polarization
plane under the influence of the magnetic field, which is consistent with the previously noted
increase in magnetic susceptibility.

As a result, the paramagnetic response of Er in YAG is substantially greater than that in
tellurite glass, most likely as a result of the host crystal's influence on the frequency of the
paramagnetic dopant's electric dipole transition. The paramagnetic component of the Verdet
constant is principally influenced by the concentration of the rare earth ion and the host glass in
the instance of the magneto-optical influence of rare-earth ions in glasses.
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Fig. 2. (a) Relation between magnetic field B and Faraday rotation angle 6 for the glass (62TeO,-
5K,Te03-20Zn0O-10Nb,05-3PbF;) in mol%, (b) Relation between magnetic field B and Faraday
rotation angle 0 for the glass (621e0,-5K,TeO3-20Zn0-10Nb,05-3PbF -2 Er;03) in mol%.

3.2. Optical properties and Vickers microhardness of prepared glasses

Doxm,

The values of molar volume,V,, V =—'——

yo,

, molar volume of oxygen, Vo,

1 :
V, =(Vm )(—nJ , and oxygen packing density, O. p. d, O.p.d = ZlOOOm—pn, ,

i i
where x; denotes the molar percentage of each oxide component, m; denotes the glassy
composition's molecular weight, and n; denotes the number of oxygen atoms in each oxide. These
factors are used to investigate whether the network of current glasses is dense or weak, and the
findings are described in Table (2). When the concentration of Er’* jons is increased from 0 to
20000ppm, the density increases from 5.5713 to 5.5816 gm cm™. V,, and V,, on the other hand, are
directly connected to the spatial distributions of oxygen in the glass matrix, increasing from 29.051
to 30.369 cm3 and from 13.9 to 14.125 cm’mol™, respectively. When Er’" is increased from 0 to
20000ppm, the O.p.d. value reduces from 71.942 to 70.797 gmatmL™. The density value is
impacted by the molecular weight of the constituent for glasses composition, the coordination
numbers with interstitial spaces, and the crosslink density of the glass composition, and it is
connected to changes in the structure of produced glasses. The addition of the heavy ions Er3+
causes the network of glasses to expand, resulting in an increase in density. When Er’" ions are
added to the host glass (Sample A), the rate of change in molecular weight is larger than the rate of
change in density value. The greater values of the ionic radii and creation free ions of Er’"
solubility in the host glass matrix may be ascribed to the rise in Vo and reduction in O.p.d of the
produced glasses.

Table 1. Density, p, molar volume Vm, oxygen molar volume, V, optical packing density, o.p.d, energy gap
E,,. and refractive index, (n) of prepared glasses.

Sample code Density, p (g/cm” | Molar volume V, Oxygen molar O.pd
%) (cm®) volume, V, (cm®) g.atom.]”

Sample A 5.5713 29.051 13.9 71.942

Sample B 5.5816 30.369 14.125 70.797
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Figures (2a) and (2b) show the UV—Vis—NIR absorption spectra of the prepared glasses (3.
2B). According to the influence of codoped Er3+ ions in the host glasses 62TeO,-5K,TeOs-
20Zn0O-10Nb,0Os-3PbF,, absorption bands in the UV-VIS-NIR regions develop, and we may easily
be assigned. The energy levels of the transition in the glass matrix correspond to the absorption.
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Fig. 3. (a) Absorbance spectra of the glass (62TeO,-5K,TeO3-20ZnO-10Nb,0s-3PbF,) in mol%;

(b) Absorbance spectra of the glass (62Te0,-5K,TeO3-20Zn0O-10Nb,05-3PbF,-2 Er,03) in mol%.

1.(1
The optical absorption coefficient a(v) a(v) = q In (TOJ

2.303. A
d

t

, where, v,, where is

the light beam frequency, Iy and I; are the incident and transmitted beam intensities, A, is the
optical absorbance, and, d, is the glass sample thickness in cm. Furthermore, is associated to, as,
where E, is the optical band gap energy in eV, B is a constant, and the exponent, r, is an index
whose values of 1/2 and 2 greatly dependent on the mechanism type of electronic transition that
causes absorption. Where r is equal to 1/2 for direct transitions permitted and 2 for indirect
transitions allowed. Because the indirect transitions happened according to the Tauc relations [13],
we assumed r= 2 in glassy materials. Extrapolation of the linear area of the against photon energy
graphs at =0 (see Fig. (4a) yielded the values of indirect optical band gap energy E, (see Fig.4b).
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Fig. 4. (a) (ahv)"” versus hv of of the glass (62TeO-5K,TeQ3-20ZnO-10Nb,05-3PbF>) in mol%; (b)
(ahv)'? versus hv of of the glass (62TeO,-5K,TeQ3-20ZnO-10Nb;,05-3PbF-2Er,0;) in mol%
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Depending on the amount of Er*" ions doped in the host glasses sample A, the E, value
increases from 2.67 to 2.74 eV. (See column 2 in Table 2).

Optical factors such as linear refractive indices, n, non-linear refractive indices, n,, and
third-order susceptibility are significant in the manufacturing of optical devices, x . With
increasing doped Er’" ions from 0 to 20000ppm, the linear refractive index decreased from 2.492
to 2.471. Which, n, is greatly influenced by the ion density and polarizability in the glass network.

n’-1

m 2 s

n-+

The molar refraction, R, R,=V and molar polarizability, ¢, .

-1

3 n’ -1

a,= 1 [1- 3], Avogadro's number is N. With increasing doped Er,O; from

Az N,YV, (n“+2

0 to 20000ppm in the host glass (sample A), the, R, and ¢, values increase from 18.437 to

19.128 in cm’mol™ and from 7.319 to 7.591 in A%, respectively (See column 3 in Table 2).

n*-1
5 .

n°+2

With increasing doped Er,O; from 0 to 20000ppm in the prepared glasses, the value M, increases

from 0.365 to 0.37.

The value of metallization criterion, M,, of fabricated glasses as follow; M =1—

Table 2. Energy gap E,,, and refractive index, (n) of prepared glasses.

Sample code Energy gap, Molar Molar Metallization
Eop, in - €V Refractive index, polarizability, oy, refraction, criterion, M,
(n) (A% Ry,
(cm’/mol)
Sample A 2.67 2.492 7.316 18.437 0.365
Sample B 2.74 2.471 7.591 19.128 0.37

The linear optical susceptibility may be used to calculate the third-order nonlinear optical
susceptibility, y @. As follow;
2_
x® =17 [)((1)]4 x 10710 esu, where y() = (7112—52). The, 7, values of prepared
glasses are reported in table (3- 3), its decrease from from 5.036 to 4.64 x 10" esu. The value of

122 @
nonlinear refractive index, n,, was evaluated as follow; n, = “ ; it decreases from 7.61 to
7.07x10™"" esu with increasing Er,0;.
The created glass was tested for Vickers hardness. Table 3 summarizes the findings results.
The Vickers hardness, H,, increases as the proportion of Er,O; in the composition increases, as
seen in the table. It's due to the glass network being more tightly packed, which makes the glass
matrix stronger [11].

Table 3. The real third-order non-linear susceptibility ', of prepared glasses.

Sample code x® x10" (esu) nonlinear refractive Vicker,s Microhardness,
indices,n,, x10™"in esu Hv, in GPa
Sample A 5.036 7.61 5.3
Sample B 4.64 7.07 5.32
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4. Conclusion

In this work, we report optical and mechanical properties of prepared glasses with
composition: 62Te0,-5K,Te03-20Zn0O-10Nb,0s-3PbF, and 62TeO,-5K,Te05-20Zn0O-10Nb,0s-
3PbF,-2Er,05 in mol%. The E,,, value increase from 2.67 to 2.74 eV depending on the Er’" ions
concentration doped the host glasses sample A. With increasing doped Er’" ions from 0.0 to

20000ppm, the linear refractive index decreases from 2.492 to 2.471. The, R,, and &, values

increase from 18.437 to 19.128 in cm’mol™ from 7.316 to 7.591 in A” with increasing doped
Er,0; from 0.0 to 20000ppm in the host. The Verdet constant increase of glass doped with Er’"
from 0.087 to 0.104 min./Oe.cm. Otherwise, the third-order nonlinear optical susceptibility, y 7,
decreases from 5.036 to 4.64 x 102 esu of prepared glasses. The Vickers microhardness increased
from 5.3 to 5.32 GPa with incorporated Er** ions in the glass matrix.
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