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ABSTRACT

Raman and IR studies of TeO,- Se0,-Li,O ternary glass system have been investigated for structural
evaluation. All glass samples were prepared by conventional melt quenching method. The amorphous nature
was confirmed by X-Ray Diffraction technique. The Raman frequencies are observed at 350 cm™, 461-453 cm™,
665-661 cm™ and 780-751 cm ™ and they are assigned with references. The IR frequencies 561 cm™, 796-770
cm ™ and 1094-1145 cm™ are observed. From both the techniques, the main building blocks TeO; TeO,, LiO, and
SeO; were determined and structural modification is taken place in present glass system with change of Li,0
composition and as well as TeO, composition. It is observed that TeO, units are converted to TeO3 units which
are interconnected with the selenium units. Comparison study is done in between TeO, of 90 mol % and TeO,
of 80 mol% for present study. Addition of Li,O to selenium tellurite glass, there is increases in TeO3 tp with
NBOs which are build up the glassy network.
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1. INTRODUCTION
The Tellurium dioxide based glasses have very wide glass forming range and useful properties such as low
melting temperature, high linear and non-linear refractive indices, high transmission, low melting point and
easy fabrication and good transmittance of infrared. Because of these peculiar characteristics, Tellurite
glasses are excellent materials for applications in non-linear optics and optical waveguides[1, 2].In addition to
these, Tellurite glasses are scientifically and technologically important materials for their high Raman gain
coefficients, transmission capability, high chemical durability, low glass transition temperature [3]. Selenite
glasses having tremendous potential applications such as super-ionic semiconductors, non-linear optical
devices, sensors, solar cells, photocells and reflecting windows etc. [4-10]. When Tellurite combine with
selenite as second component of glass-forming oxides [11, 12] it decreases the melting temperature of glass
compositions and change their optical properties [13-16]. Because of these tremendous applications from
individual families of Tellurium and selenium based oxide glasses, it made us to investigate tellurium- selenium
based glasses. Addition of Li,O in tellurium- selenium glass system could improve the spectroscopic and
physical properties the glasses. And also in TeO, based glasses it increases their glass forming tendency and
produces non-bridging oxygen(NBO) sites which decreases the average coordination number, thus resulting in
resistant to crystallization[17,18].The purpose of this paper is to obtain the structural evolution of 80TeO,+
(20-x) Se0, +xLi,O (where x=10, 15, 20) and 90TeO,+ (10-x) SeO, +xLi,O (Where x=5, 10) glass system by
Raman, infrared spectroscopy and comparative study is done in between TeO, of 90 mol % and TeO, of 80
mol%.
2. Experiment Techniques

80TeO,+ (20-x) Se0, +xLi,O (Where x=10, 15, 20) and 90TeO,+ (10-x) SeO, +xLi,O (Where x=5, 10)
glasses were prepared by melt quenching technique using 99.9% purity-grade oxides(Aldrich) .The materials
were well mixed in appropriate proportions to form 5g batches. The mixed proportions grounded in a mortar
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with pestle for 30min to get homogeneity. Each batch was melted at 800 °C for 30 min in porcelain crucible in
electric furnace to get bubble free liquid. The melt was then quenched rapidly between thick stainless steel
plate which is pre-heated 200°C to avoid excess thermal shocks .The glasses were annealed for 4h at 200°C to
relieve from mechanical strains. The composition of the two glass series and their sample codes are shown in
Table 1. The amorphous nature of the glass at room temperature was determined by X-Ray diffraction pattern
for the glasses (XRD- BRUKER D8 ADVANCE). Glasses were recorded to obtain infrared spectra (IR- BRUKER
VECTOR22) in the range from 4000 to 400cm™ at room temperature. The high temperature Raman
spectrometer (RAMAN- HORIBA JOBIN YOUN, MODEL- LABRAM 633nm laser wavelength) is used to find out its
structural behavior at room temperature
Table 1 : Glass compositions and sample codes of 80TeO,+ (20-x) SeO, +xLi,0 (Where x=10, 15,
20) and 90TeO,+ (10-x) SeO, +xLi,O (Where x=5, 10) glass system.

Glass code Composition (mol %)
1ITSL3 80Te0,+10Se0, + 10Li,0
IITSL4 80TeO,+ 55e0,; + 15Li,0
IITSLS 80TeO,+ 20Li,0

HITSL2 90TeO,+ 55e0, +5Li,0
IITSL3 90TeO,+10Li,0

Table 2: Raman peak frequencies 80TeO,+ (20-x) SeO, +xLi,O (Where x=10, 15, 20) and 90TeO,+ (10-x) SeO,
+xLi,O (Where x=5, 10) glass system.

(Glass code Peak frequencies (em Ty

OTsL3 350 461 663 780
ITS5L4 350 461 663 T30
OTSL5 350 461 663 751
mTSsL2 - 453 681 T80

ITsL3 - 433 661 780

Table 3 : Assignments of Raman bands of 80TeO,+ (20-x) SeO, +xLi,O (Where x=10, 15, 20) and
90TeO,+ (10-x) Se0, +xLi,O (Where x=5, 10) glass system.

Peak frequencies (cm™) Peak assignments

461-453 Bending vibrations of Te-O-Te or Te-O-Se linkages

Stretching vibrations of TeO, trigonal bipyramid (tbp) units with NBO.

665-661 . .
Bending mode of Te-O-Te or O-Te-0 linkages.

280-751 TeO, (tbp) and stretching vibration of Tellurium and NBOs, TeOj,;
polyhedra or TeOj; trigonal pyramid (tp) units.

350 symmetric bending v, of TeO, groups
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Table 4 : Infrared absorption bands 80TeO,+ (20-x) SeO, +xLi,O (Where x=10, 15, 20) and 90TeO,+ (10-x) SeO,
+xLi,O (Where x=5, 10) glass system.

Glass code
IITSL3 624 770 1094
IITSL4 624 770 1145
IITSLS 624 770 1145
INTSL2 652 770 1102
INTSL3 561 796 1102

Table 5: Assignments of IR absorptions bands of 80TeO,+ (20-x) SeO, +xLi,O (Where x=10, 15, 20) and 90TeO,+
(10-x) Se0, +xLi,0 (Where x=5, 10) glass system

Peak frequencies cm™ absorptions bands

Te-O bond vibrations, where the oxygen anions are considered non-

561 -
bridging (NBO

624 Stretching vibrations of Te-O bonding the TeO, and TeO; groups

652 Bonding mode of Te-O-Te or O-Te-O linkages the stretching mode TeO,
tp with BO

770 stretching vibration of TeO; tp or TeOs,; units

796 Stretching vibrations of Te-0 bonds in the TeO,

1094-1145 TeO, groups

3. RESULTS AND DISCUSSION
XRD and Raman Spectra

The X-ray diffraction patterns of all the glasses are shown in the Fig 1.From the Fig 1. No sharp peak
has been observed, that confirms amorphous nature. The Raman spectra of the present glass system doped
with alkali oxides reveals those different absorptions bands as shown in Fig.2, 3 respectively. The absorption
bands are observed around 780-751, 665-661,461-453,350 and 34-64 cm™ as shown in Table 2.The peak
assignment are shown in Table 3. By adding alkali oxides to the present glasses the bands are affected around
780-751cm’ in the glass code Il series .It is seen that in the |l series glasses the band around 350,461,665 em™
does not changed by changing the mol% concentration of SeO, and Li,0 .In the Il series the bands 453,661 and

780 cm™ does not changed by changing the mol% concentration of SeO, and Li,0.The peak which is at 780-751
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cm™ s assigned to TeO, (tbp) and stretching vibration of Tellurium and NBOs, TeOs,; polyhedra or TeOs;
trigonal pyramid (tp) units. The absorption bands 665-661 emtis assigned to stretching vibrations of TeO,
trigonal bipyramid (tbp) units with NBO sharing with bending mode of Te-O-Te or O-Te-O linkages [19-25],
while at 461-453 cm ™ is assigned to bending vibrations of Se-O-Se and Te-O-Te or Te-O-Se linkages [26-28]

.The absorption band 350 cm™ at low frequency one is assigned to the symmetric bending v, of TeO4 groups
[29].The very week peak which is at between 38-42 cm™ and strong peak with a high intensity around 58-62
cmis identified with the boson peak which is characteristic feature of a vitreous state. Although so many
attempts made to explain the origin boson peak, generally it is related to long-range spatial correlations in the
structure. It might be assigned as a boson peak associated to light scattering due to acoustic-like vibrations of
the disordered structure [30-32].The shoulders at frequency around 780cm™ for glasses IITSL3 and IITSL4 is
same even though SeO, and Li,O mol% changes but when Li,O at 20 mol% the shoulder decreases to lower
frequency side at 751cm” that means the TeO, trigonal bipyramids to TeOj; trigonal pyramids via intermediate
types TeOs,, polyhedra or TeO; trigonal pyramid (tp) units, simultaneously with an increase in the amount of
NBO’s .When alkali oxides concentration increases, it is found to increase in NBO’s which indicates that Li,O
play a important role in modification of the present glass system. The comparison between 90 and 80 mol%
TeO,, in the 80 mol% TeO2 the boson peaks and one low frequency band are observed. The peak
frequency bands 80 mol% TeO, are higher side when it is compare with 90 mol% TeO,, since the intensity of
the Raman peak is proportional to the number of scattering units and their scattering efficiency. So TeO, is
related to the creation of additional disorder in the TeO, chains involving other structural unit in them.
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Figl. X-ray diffraction pattern of 80TeO,+ (20-x) SeO, +xLi,O (Where x=10, 15, 20) and 90TeO,+ (10-x) SeO,
+xLi,O (Where x=5, 10) glass.
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Fig 2.Raman spectra of 80TeO,+ (20-x) SeO, +xLi,O (Where x=10, 15, 20) glass
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Fig 3.Raman spectra of 90TeO,+ (10-x) SeO, +xLi,O (Where x=5, 10) glass.
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Fig 4.IR spectra of 80TeO,+ (20-x) SeO, +xLi,O (Where x=10, 15, 20) glass
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Fig 5.IR spectra of 90TeO,+ (10-x) SeO, +xLi,0 (Where x=5, 10) glass.

IR spectra

The IR absorption spectra for various glass sample in the 80TeO,+ (20-x) SeO, +xLi,O (where x=10, 15,
20) and 90TeO,+ (10-x) Se0, +xLi,O (Where x=5, 10) glass system were recorded in the frequency region 1800-
400 cm™ are shown in the Fig 4, 5 respectively. The observed absorption peaks frequencies and their
assignments is shown in the table 4, 5 respectively. The main absorption peaks observed in the present glass
system are 1094-1138 cm'l, 796-770 cm'1,624 cm™ and 561 cm™. It is observed that in the Il series glasses the
band around 624,770 cm™ does not changed by changing the mol% concentration of SeO, and Li,O .The
shoulder around 561 cm™ in IITSL3 glass is assigned to Te-O bond vibrations, where the oxygen anions are
considered non-bridging (NBO)[33].The band 624 cm™ is attributed to Stretching vibrations of Te-O bonding
the TeO, and TeOj; groups[34], while at 652 cm™ band is assigned to bonding mode of Te-O-Te or O-Te-O
linkages the stretching mode TeO, tp with BO[35].The shoulder 770 cm™ is assigned stretching vibration of
TeOj; tp or TeOs,; units[36].The intense absorption at 796 em™ in 1ITSL3 glass can be assigned to stretching
vibrations of Te-0 bonds in the TeO, units [37-39] .The bands between 1094-1145 em™tis assigned to TeO,
groups [35]. According to FTIR analysis of present glass system with the substitution SeO,+Li,O into TeO,
glasses, the intensity peaks of the stretching vibrations of Te-O-Te or Te-O-Se linkages in TeO, units decreases
which results in  modification of network connectivity as shown in Fig 4,5 .This glass system also results in
decrease in intensities of TeO, units and increase in the TeOs,; polyhedra or TeOj; trigonal pyramid (tp) units
due to the conversion of TeO, trigonal bipyramids to TeOs,; polyhedra or TeOj; trigonal pyramid (tp) units. In
the studied glass system it is concluded that with increase of Li,O mol% at constant TeO, the TeO, tbp units
decrease and peak related to TeOs/ TeOs,; units increased. The comparison between 90 and 80 mol% TeO, in
FT-IR spectra the absorption peaks around 1094-1145 cm™ are due to TeO, groups .lt is observed from the
Figd, 5 the higher wave number absorption peak around 1094-1102 cm™ shifts to lower wave number side
around 624,652,770 and 796 ecm™ that is indication of transformation of TeO, units into TeO; units in the
composition range 90 and 80 mol% of TeO, respectively. It is also clearly observed that absorption peak
increases from 1094 to 1102 cm™* when TeO, mol% concentration increases from 80% to 90% due to increase
in TeO, groups.
4. Conclusions

The structural evolution of the prepared glass samples was investigated by FT-IR absorption and
Raman scattering. Characteristic units for tellurium [TeO, tbp, TeOs,; polyhedra and TeO; tp) were detected in
the structure using FT-IR and Raman spectroscopic techniques. In the present glass system with Li,O addition
the coordination of TeO, leads to a gradual reduction of the tellurium coordination from TeO, —>TeO3,; —

46 Proceedings of National Conference on Environmental Radiation and Functional Materials (NCERFM-2015),
Department of Physics, Osmania University, Hyderabad, February 28 - March 01, 2015



International Journal of Engineering Research-Online
A Peer Reviewed International Journal Vol.3., S3, 2015
Articles available online http://www.ijoer.in

TeO3 and substantial change of glass structure in accordance with another glass former role played by SeO,,
simultaneously with an increase in the amount of non-bridging oxygen. From the changes induced by lithium
oxide in the glass structure can be concluded that it acts as a modifier in the studied samples. Glass
compositions between 90 and 80 mol% TeO, is related to the creation of additional disorder in the TeO,
network involving other structural units and this confirmed by both FT-IR and Raman data.

5. Acknowledgements

| am grateful to P.Siva Subba Rao, Principal Scientist STTD Division CSIR-NAL

Bangalore, Indian Institute of Chemical Technology University of Hyderabad and Indian
Institute of Hyderabad for providing the necessary facilities for characterization.

6. References

[1] R.A.H.EImallawany, Tellurite Glasses Handbook: Physical Properties and Data CRC Press, 2002.
[2]V.V.Dorofeev,A.N.Moiseev,M.F.Churbanov,G.E.Snopatin,A.V.Chilyyasov,|.A.Kraev,V.G.Pimenov et al, High
purity TeO2-Wo3-(La203,Bi203) glasses for fiber optics, Optical Materials 33,2011,p.1911-1915.

[3] Wang.J.S, Vogel.E.M and Snitzer.E,Tellurite glass:a new candidate for fiber devices.Opt.Matter.,1994,3,187-
203.

[4] A. Bachvarova-Nedelcheva, R. lordanova, St. Yordanov, Y. Dimitriev, J. Non-Cryst. Solids 355 (2009) 2027-
2030.

[5] G. Govindaraj, N. Baskaran, K. Shahi, P. Monoravi, Sol. State lonics 75 (1995) 1.

[6] N. Machida, M. Chusho, T. Minami, J. Non-Cryst. Solids 101 (1988) 70.

[7] M. Pal, K. Hirota, Y. Tsujigami, H. Sakata, J. Phys. D: Appl. Phys. 34 (2001) 459.

[8] B.V.R. Chowdari, P. Pramoda Kumari, Sol. State lonics 113-115 (1998) 665.

[9] C. Sunandana, A. Bhatnagar, J. Phys. C17 (1984) 467.

[10] M. Abe, Y. Benino, T. Fujiwara, T. Komatsu, J. Appl. Phys. 97 (2005) 123516.

[11] L. Lakov, Y. Dimitriev, Phys. Chem. Glasses 22 (1981) 69.

[12] Y. Dimitriev, Y. Ilvanova, V. Dimitrov, L. Lakov, St. Yordanov, J. Mater. Sci. Lett. 9(1990) 793.

[13] R.J. Short, R.J. Hand, N.C. Hyatt, Symp. Il Sci., in: R. Finich, D. Bullen (Eds.), Basis for Nuclear Waste
Management XXVI, December 2-5, 2002.

[14] L. Lakov, Y. Dimitriev, Phys. Chem. Glasses 23 (1982) 76.

[15] Y. Dimitriev, Y. lvanova, V. Dimitrov, et al., J. Mater. Sci. Lett. 9 (1990) 793.

[16] Y. Dimitriev, St. Yordanov, L. Lakov, J. Non-Cryst. Solids 410 (2001) 293-295.

[17] Heo, J., Lam, D., Sigel Jr., G. H., Mendoza, E. A. and Hensley, D. A., Spectroscopic analysis of the structure
and properties of alkali tellurite glasses.). Am. Ceram. Soc., 1992, 75, 277-281.

[18] Mochida, N., Sekiya, T. and Ohtsuka, A., Property and structure of glasses in the system TeO,—P,0s. J.
Ceram. Soc. Jpn., 1988, 96(10), 973-979.

[19] P. Pascuta, L. Pop, S. Rada, M. Bosca, E. Culea, J. Mater. Sci.: Mater. Electron. 19 (5) (2008) 424.

[20] M.E. Zayas, H. Arizpe, S.J. Castillo, F. Medrano, G.C. Diaz, J. Ma. Rincon, M. Romero, F.J. Espinoza Beltran,
Phys. Chem. Glasses 46 (1) (2005) 46-57.

[21] S. Jimenez—Sandoval, S. Lopez—Lopez, B.S. Chao, M. Melendez—Lira, Thin solid films 342 (1999) 1-3.

[22] C. Ruvalcaba-Cornejo a, Ma.E. Zayas b, S.J. Castillo b, R. Lozada-Morales c, M. Perez-Tello d, C.G. Diaz e, J.
Ma. Rincon f, Optic. Mater. 33 (2011) 823-826.

[23] V.R. Chowdari, P. Kumari, Mater. Res. Bull. 34 (1999) 327-342.

[24] H. Li, Y. Su, S.K. Sundaran, J. Non-Cryst. Solids 293 (2001) 402—-409.

[25] C. Duveger, M. Bouzaui, S. Turrel, J. Non-Cryst. Solids 220 (1997) 169-177.

[26] S. Suresh, P. Gayathi Pavani and V. Chadra Mouli , Mat. Es. Bull 47 (2012)724-731.

[27] Takao SEKIYA and Norio MOCHIDAand Susumu KURITA Journal of the Cer.Soc of Japan 108(3)236-
240(200).

[28] G.Upender, C.P Vardhani, S. Suresh, A.M. Awasthi and V. Chandra Mouli, Mat.Chem.Phys 121 (2010) 335—
341.

47 Proceedings of National Conference on Environmental Radiation and Functional Materials (NCERFM-2015),
Department of Physics, Osmania University, Hyderabad, February 28 - March 01, 2015



International Journal of Engineering Research-Online
A Peer Reviewed International Journal Vol.3., S3, 2015
Articles available online http://www.ijoer.in

[29] I.Z. Hager, R. EI-Mallawany, J. Mater. Sci. 45 (2010) 897.

[30] Malinvsky VK, Sokolov AP (1986) Solid State Commun 57:75.

[31] M.E. Lines, A.E. Miller, K. Nassau, K.B. Lyons, J. Non-Cryst. Solids 89 (1987) 163.
[32] L. Baia, R. Stefan, W. Kiefer, J. Popp, S. Simon, J. Non-Cryst. Solids 303 (2002) 379.
[33] E.E. Shaisha, A.A. Bahgat, A.l. Sabry, N.A. Eissa, Phys.Chem. Glasses 26, 91 (1985).
[34] Y. Dimitriev, V. Dimitrov, M. Arnaudov, J. Mater. Sci. 18 (1983) 1353.

[35] I. Z. Hager, R. EI-Mallawany J Mater Sci (2010) 45:897-905.

[36] M. Celikbilek, A.E. Ersundu, S. Aydin Journal of Non-Crystalline Solids 378 (2013) 247-253.
[37] Arnandov M, Dimitrov V, Dimitriev Y & Markoval (1982) Mat Ras Bull 17 1121.
[38] Dimitriev Y, Dimitrov V & Arnandov (1983) J Mater Sci 18 1353.

[39] Yoko T, Kamiya K, Yamada H & Tanaka K 1988 J Am Ceram Soc 71 C70.

48 Proceedings of National Conference on Environmental Radiation and Functional Materials (NCERFM-2015),
Department of Physics, Osmania University, Hyderabad, February 28 - March 01, 2015



