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Investigation of the structural and magnetic properties of TeO,- based glasses
modified by rare earth (La;O3, Gd,Os3, Er,03, and Ho,03) using as
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Tellurite glasses with a composition of 76 Te0,-10Zn0-9Pb0O-1.0PbF,-3.0Nb,0Os- 1.0 X in
mol% modified with different rare earth oxides (where x= La,Os;, Gd,Os, Er,Osz and
Ho0,03). The magnetic properties such as; Faraday effect and the Verdet constant at the
intensity of the laser beam (A = 632 nm) of the present glasses were measured. The glass
contains La203 has the highest value of Verdet constant, (V = 0.102min/G.cm) otherwise
the sample has Ho203 has the lowest value of Verdet constant (V = 0.069 min/G.cm). It
means that V- value strongly depends on the polarizability of rare earth. An optical
isolator is a unidirectional light gate, which can prevent the back reflection of light into
lasers or optical amplifiers and reduce signal instability and noise. Finally, the structure of
prepared glasses was investigated by Raman spectra.
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1. Introduction

Optical technologies and optoelectronic devices are made from a variety of materials,
including glasses. This is related to the optical capabilities of the glasses, which may absorb
certain wavelengths and operate as optical filters, as well as be sources of radiation at various
frequencies and emit coherent laser light under specified circumstances [1]. Special glasses are
used in fiber optics and optoelectronics for telecommunications because they can transmit light
over long distances and modify the frequency of incoming radiation [1, 2].

Tellurite-based glasses provide several advantages, including low phonon energy, a high
refractive index, a high dielectric constant, superior corrosion resistance, excellent thermal and
chemical stability, and a low melting point [3]. New TeO2-based glasses that mix rare earth with
are particularly attractive optical amplifier materials in a broad range for wavelength division
multiplexing (WDM) network systems have recently been developed [3, 4]. Rare earth oxides with
unique electrical characteristics have the potential to be used as catalysts, high dielectric constant
gate oxides, laser dopants, and magneto-optic memory materials [5]. Laser rods and disk
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amplifiers, optical sensors, solar cells, optical communication, white light-emitting diodes, and
optical data storage systems all use rare earth-doped glass [6, 7].

Due to their unusual electrochemical, magnetic, catalytic, and luminous capabilities, rare-
earth (lanthanide) compounds have recently received a lot of interest [8, 9, 10]. The optical
characteristics of linear and non-linear glasses doped with transition metals and rare earth,
particularly lanthanides, have enabled improvements in the design and application of novel glassy
matrices for widely recognized optoelectronics and photonics in recent years. Optical phenomena
in glasses are not only helpful, but they also provide information about their internal structure,
including the characteristics of optical spectra in the ultraviolet, visible, and infrared spectrum [1,
11]. Faraday rotation, or magneto-optical rotation of light polarization, is significant for a variety
of applications, including optical isolators and optical diodes inside laser resonators [12]. The
Verdet constant [13] determines the intensity of the Faraday Effect in a material. The Verdet
constant's magnitude is determined by the gain medium host, the dopant and its concentration, the
oscillation wavelength, and the temperature [12]. In the diamagnetic glass, however, the Faraday
rotation effect may be enhanced by doping strongly polarized diamagnetic ions or creating surface
Plasmon Resonance (SPR) effects [14].

In rare-earth iron garnets, bismuth and lead are known to cause substantial magneto-
optical effects. This has resulted in several basic studies as well as the creation of technological
applications [15,16,17]. Lead is usually utilized in glasses to increase magnetic or magneto-optical
activity due to its great diamagnetic susceptibility and high polarizability. These characteristics
imply that a large value of the Verdet constant [18- 20] might be seen.

The TeO,-based glasses (76TeO,- 10ZnO- 9PbO-1.0PbF,- 3.0Nb,0s-1.0x in mol %)
doped with various rare earth oxides (where x= La,03, Gd,03, Er,03, and Ho,03) were produced
utilizing the melt-quenching approach, which was less cost-effective and moment. The Faraday
effect was explored, and Raman spectroscopy was used to examine the structure of these glasses.

2. Experimental Work

Using the standard quench-melting approach, glass systems with a composition of
76Te0,-10Zn0-9.0PbO-1.0PbF,- 3.0Nb,0s-1.0x mol % with various rare earth oxides (where x=
La,0s, Gd,0s3, Er,0s, and Ho,05) were created. The raw ingredients were pulverized and placed in
a platinum crucible, which was heated in a melting furnace to 920°C for 45 minutes, with the melt
being stirred occasionally. A graphite mold was used to cast the very viscous melt. The quenched
samples were annealed at 340°C for 2 hours before being cooled to room temperature within the
furnace. Table 1 shows the chemical composition of the analyzed tellurite glasses.

The schematic description of the setup used to obtain the Verdet constants for various
glasses and Raman spectra were shown in Ref. [21].

Table 1. The Verdet constant (V) and refractive index (n) at 2. = 632 nm of of the TeO,—based glasses
(76Te0,-10Zn0O-9PbO-1.0PbF,-3.0Nb,05-1.0La,03; mol%) doped with different rare earth oxides.

S(z)ag;ple Composition in mol% V\e/?rjr?itn(;(c);r.]g:;\i)n t
Sample 1 76Te0,-10Zn0-9PbO-1.0PbF,-3.0Nb,05-1.0La,0; 0.102
Sample 2 76Te0,-10Zn0-9Pb0O-1.0PbF,-3.0Nb,05-1.0La,0;- doped 1.0 Gd,0; 0.0917
Sample 3 76Te0,-10Zn0-9Pb0O-1.0PbF,-3.0Nb,05-1.0La,0;- doped 1.0 Er,0; 0.095
Sample 4 76Te0,-10Zn0-9PbO-1.0PbF,-3.0Nb,05-1.0La,0;- doped 1.0 H0,0; 0.069

3. Results and discussion

The Zeeman splitting of atomic energy levels causes the magneto-optical rotation of light's
polarization [13]. The left and right circularly polarised components of a linearly polarised laser
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beam would have different refractive indices and so travel at different rates for the desired
direction of propagation through a magneto-optical material to which a magnetic field is applied.
When a result, as a linearly polarised laser beam propagates through such a material, the plane of
polarisation of the incoming laser beam rotates [12]. The rotating angle of glass is linked to the
magnetic field B, the Verdet constant (V), and the glass length L in the following equation [15],
according to Faraday rotation theory:

0 = VLB 1)

To verify the self-constructed setup, the relation between the current and current-
produced-magnetic field expressed in Eq (2) [15] was studied.

B = KoM @)

Ls

where  is a constant of 1.26x10° Hm™, N is the turn numbers of coil surround the solenoids, I is
the current go through the solenoids, L is the length of solenoids. The current and magnetic field
presented a linear relationship, as shown in Fig. 1, indicating the stability of the solenoid.
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Fig. 1. Relation between the current (I) and magnetic field (B).

Fig. 2 (a-d) shows the 6 of samples with fixed length L as a function of magnetic field B, it
can be that all samples appear the 6 increased with the increase of B. The slope indicates to Verdet
constant (V) that is calculated by (slope = VL). The values of the Verdet constant (at A=632 nm)
for samples are listed in Table 1. These values of the Verdet constant are in good agreement with
previously available reports [1,15], but these glasses presented higher results than those reported in
the literature [21]. The Faraday Effect experiments were able to observe the phenomena of light
distorting its plane of polarization under the influence of a longitudinal magnetic field in all of the
studied glasses. Figure 4 shows the maximum values of Verdet constants derived on this basis. In
comparison to the glass samples containing La,0;, Gd,03, Er,0;, and Ho,O3, the glass sample
(76Te0,-10Zn0-9Pb0O-1.0PbF,-3.0Nb,05-1.0La,03 in mol%t) demonstrated the highest value of
V. This could be due to the presence of a rare earth modifier in the matrix of tellurite glasses. The
larger value of the observed magnetic susceptibility [18] is most likely the factor that influences
such a difference in the V of the studied glasses. Because they have a higher value of Verdet
constant, the result obtained the prepared glasses contains rare earth especially La,Oz could
suggest that are potentially better materials for magneto-optical systems.

In comparison to the same glassy matrix including La,O3, Gd,Os, Er,0s, and Ho,03, the
sample doped with Er,O5; exhibits high V values, as seen in Fig. 3. In all examined glass
compositions, doping the glasses with paramagnetic erbium ions resulted in the expected increase
in the angle of rotation of the light polarization plane under the influence of the magnetic field,
which is consistent with the previously observed increase in magnetic susceptibility.
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Fig. 2. Relation between magnetic field B and Faraday rotation angle 6 for the TeO,—based glasses
(76Te0,-10Zn0-9PbO-1.0PbF,-3.0Nb,05-1.0La,03; mol%) doped with different rare earth oxides: (a)
without doping; (b) doped with Gd,O3; (c) Er,03 and (d) Ho,0s.
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Fig. 3. Verdet constants of the TeO,—based glasses (76TeO,-10Zn0O-9PbO-1.0PbF,-3.0Nb,05-1.0La,05
mol%) doped with different rare earth oxides.

The Raman spectrum is a useful tool for investigating the structure of glass materials. The
Raman spectra of the undoped 76Te0,-10ZnO- 9PbO-1.0PbF,- 3.0Nb,0s-1.0La,0; glass and
doped with several rare earth oxides (La,O3, Gd,O3, Er,03, and Ho,05) are shown in Fig. 5 (a-d),
which were deconvoluted using Gaussian fitting. The Raman spectra of the undoped 76TeO,-
10Zn0O- 9PbO-1.0PbF,- 3.0Nb,0s-1.0La,05 glass are shown in Fig. 4a (Sample 1). The disordered
features in this glass are primarily responsible for a large scattering peak. At about 653, 653, 721,
and 768 cm ', the spectra can be further divided into four symmetrical Gaussian peaks. Stretching
vibrations of the Te—O bond in TeO4 trigonal bipyramidal structural units are responsible for the
peaks about 653 cm ™ [22].

Stretching vibrations of TeOs/TeOs.; units are responsible for the peak around 721 cm™
while bending vibrations of Te—O bond and Te=0O double bonds in [TeO3] and distorted [TeOz.]
trigonal pyramidal [24] are responsible for the peak at 768 cm™. The Raman spectra of 76TeO,-
10Zn0O- 9PbO-1.0PbF,-3.0Nb,0Os glasses with Gd,Os in place of La,O; are shown in Fig. 4b
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(Sample 2). At 648, 648, 745, and 878 cm-1, the spectra can be further divided into four
symmetrical Gaussian peaks. Anti-symmetrical stretching of the continuous network formed of
TeO, thps is responsible for the peaks about 648 cm™ [25]. Stretching vibrations of TeO, tbp [23]
are thought to be responsible for the peak at 745 cm™ while stretching vibrations of Nb—O bonds
in NbO 6 octohedra are responsible for the peak around 878 cm-1. The Raman spectra of the glass
76Te02-10Zn0O-9Pb0O-1.0PbF2-3.0Nb,0Os5 glasses La,O3 changed with Er,0O; is shown in Fig. 5¢
(Sample 3). A broad scattering peak at about 406, 502, 565, 694, and 800 cm ™ was deconvoluted
using Gaussian fitting to five peaks.

The symmetrical stretching or bending vibrations of Te—O-Te links, which are produced
by corner-sharing of (TeO,), (TeOs.;) polyhedral, and TeOs units, are responsible for the peaks
about 406 cm™ [27]. The peak around 502 cm™ could be due to the axial symmetrical stretching
modes of TeO, tetrahedra (Te,—0)s [27]. Anti symmetrical stretching of the continuous TeO4 thps
network is responsible for the peak of about 565 cm™ [25]. The (TeeqO)s and (TegqO)as vibration
modes of TeOs,; polyhedraorTeOs trigonal bipyramids units are ascribed to the band at 694 cm-1,
however, the peak at 800 cm™ is assigned to stretching vibrations of Nb—O bonds in NbOg
octohedra [26, 27].

Figure 4d depicts the Raman spectrum of an undoped 76Te0,-10Zn0O-9PbO-1.0PbF,-
3.0Nb,Os glass treated with Ho,O3 (Sample 4). This glass's disordered features are responsible for
the wide scattering peak. At about 208, 363, 506, and 653 cm*, the spectra may be broken further
into four symmetrical Gaussian peaks. The vibration of Nb—O in NbOG6 octahedra is responsible
for the peak of about 208 cm™. The axial bending vibration mode (OaxTe-Oax) at corner sharing
sites [25] can be attributed to the peak of about 363 cm™. The axial symmetrical stretching modes
of (Te,—0), of TeO, tetrahedra may be responsible for the peak of about 506 cm™. Finally,
stretching vibrations of the TeO bond in TeO, trigonal bipyramidal structural units can be
attributed to the peaks about 653 cm™ [22].
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Fig. 4. Raman spectra of the TeO,—based glasses (76TeO,-10Zn0O-9PbO-1.0PbF,-3.0Nb,05-1.0La,03
mol%) doped with different rare earth oxides: (a) without doping; (b) doped with Gd,Os; (c) Er,05 and (d)
Ho,04
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4. Conclusion

The present glasses matrix TeO,-ZnO- PbO-PbF,- Nb,Os includes different rare earth such
as La,03 Gd,03, Er,0; H0,0; can be used as an optical isolator. The glasses contain La,O3 have
the highest value of the Verdet constant. The value of the Verdet constant of prepared glasses is in
the range from 0.102 to 0.69 min/G.cm. The Stretching vibrations of TeOs/TeOs.; units are
confirmed to be the peak at 721 cm . The bending vibrations of the Te—O bond and Te=0 double
bonds appeared at the peak 768 cm ™.
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