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ABSTRACT 

 

Modifying the physical and the optical properties of rare earth doped tellurite 

glasses by embedding metallic nanoparticles (NPs) with controlled size and 

optimized concentration is ever-demanding in solid state lasing materials. Thus, the 

influences of gold (Au) NPs concentration on the structural and the optical 

enhancements were examined. Two series of samarium (Sm
3+

) doped sodium 

tellurite glasses, with and without Au NPs, which had compositions of (80-x)TeO2 + 

10Li2O + 10Na2O + xSm2O3  (where 0.0 ≤ x ≤ 3.0 mol%) and 79TeO2 + 10Li2O + 

10Na2O + 1Sm2O3 + yAuCl3 (where 0.03 ≤ y ≤ 0.15 mol% in excess), respectively, 

were prepared using melt-quenching technique. Subsequent annealing at 300°C for 3 

hours was performed to control the growth of NPs. Structural and optical 

characterizations were determined using XRD, TEM, UV-Vis-NIR, FTIR, and PL 

measurements. XRD pattern confirmed the amorphous nature of the prepared 

glasses, whereas the TEM image manifested the growth of spherical NPs with mean 

size ~18 nm. Meanwhile, FTIR spectra displayed four broad absorption bands, which 

were assigned to TeO4 and TeO3 tetragonal pyramids, stretching vibration of 

hydroxyl group, and stretching vibration of strong metal bonding. In addition, the 

UV-Vis spectra exhibited six peaks that were centered at 471, 948, 1085, 1246, 1395 

and 1494 nm, corresponding to the transition from ground state to different excited 

states of Sm
3+ 

ion. Besides, significant enhancement in the absorption was observed 

for 0.09 mol% of Au NPs, while the Urbach energy showed an increase from 0.2374 

to 0.2588 eV with the increase of NPs concentration.  On top of that, the PL spectra 

displayed four enhanced peaks that were centered at 573, 613, 658 and 718 nm, 

which had been associated with the transition from the excited states to the ground 

state of Sm
3+ 

ion. The enhancement was attributed to the surface plasmon resonance 

(SPR) effect and the strong local field of NPs positioned in the proximity of Sm
3+

 

ion. Modifications in the physical, structural, and optical properties that originated 

from the alteration of glass network structure in the presence of Au NPs were 

analyzed and discussed. Furthermore, the mechanism of enhancement was 

comprehended and compared. The excellent features of the retrieved results suggest 

that these glasses may be nominated as potential candidates for solid state lasers, 

displays, and amplifiers. 
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ABSTRAK 

 

Pengubahsuaian sifat-sifat fizikal dan optik kaca telurit berdop nadir bumi 

dengan memasukkan nanozarah logam (NPs) dengan saiz terkawal dan kepekatan 

yang dioptimumkan  sentiasa diperlukan dalam bahan pelaseran berkeadaan pepejal.  

Oleh itu, pengaruh kepekatan NPs emas (Au) terhadap penambahbaikan struktur dan 

optik telah diteliti.  Dua siri kaca natrium telurit berdop samarium (Sm
3+

), tanpa dan 

dengan NPs Au yang mempunyai komposisi (80-x)TeO2 + 10Li2O + 10Na2O + 

xSm2O3 (di mana 0.0 ≤ x ≤ 3.0 mol%) dan 79TeO2 + 10Li2O + 10Na2O + 1Sm2O3 + 

yAuCl3 (di mana ≤ 0.03 y ≤ 0.15 mol% lebihan), masing-masing, telah disediakan 

dengan menggunakan teknik pelindapan cair. Seterusnya, penyepuhlindapan pada 

suhu 300°C selama 3 jam dilakukan untuk mengawal pertumbuhan NPs. Pencirian 

struktur dan optik dibuat menggunakan kaedah XRD, TEM, UV-Vis-NIR, FTIR, dan 

PL. Corak XRD mengesahkan sifat amorfus bagi kaca yang disediakan, manakala 

imej TEM menunjukkan pertumbuhan NPs berbentuk sfera dengan purata saiz ~ 18 

nm.  Sementara itu, spektrum FTIR memaparkan empat jalur serapan yang luas yang 

menentukan piramid tetragon TeO4 dan TeO3, getaran regangan kumpulan hidroksil, 

dan getaran regangan ikatan logam yang kukuh. Spektrum UV-Vis mempamerkan 

enam puncak yang berpusat pada 471, 948, 1085, 1246, 1395 dan 1494 nm, yang 

sepadan dengan peralihan daripada keadaan asas kepada keadaan teruja ion Sm
3+

. 

Selain itu, peningkatan besar dalam penyerapan diperhatikan untuk 0.09 mol% NPs 

Au, manakala tenaga Urbach menunjukkan peningkatan daripada 0.2374 kepada 

0.2588 eV dengan peningkatan kepekatan NPs. Di samping itu, spektrum PL 

memaparkan empat puncak meningkat yang berpusat pada 573, 613, 658 dan 718 

nm, yang berkaitan dengan peralihan daripada keadaan teruja kepada keadaan asas 

ion Sm
3+

. Peningkatan ini adalah disebabkan oleh kesan resonans plasmon 

permukaan (SPR) dan medan setempat NPs yang kuat berhampiran ion Sm
3+

. 

Pengubahsuaian dalam sifat-sifat fizikal, struktur, dan optik yang berasal daripada 

pengubahsuaian struktur rangkaian kaca dalam kewujudan NPs Au dianalisis dan 

dibincangkan. Mekanisme peningkatan telah difahami dan dibandingkan. Ciri-ciri 

yang sangat baik daripada keputusan yang diperoleh mencadangkan bahawa kaca-

kaca ini boleh dicadangkan sebagai pilihan yang berpotensi untuk laser berkeadaan 

pepejal, paparan dan, penguat.  
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background of Study 

 

 

Lately, rare earth (RE) doped tellurite glasses with embedded metallic 

nanoparticles (NPs) has received special attention due to their interesting properties 

like high REI solubility, higher refractive indices compared to silicates and fluoride 

glasses, huge amplification bandwidth, high infrared transmittance and good thermal 

and mechanical stability (Kassab et al., 2008; Ghoshal, et al., 2012; Liu, 2007). They 

are emerging as promising candidates for practical applications in photonics as 

optical amplifiers and recording, laser-active media, also laser up-converters for

infrared to visible range. The interest of the present study is driven by its features 

that help in developing new solid-state short-wavelength laser. 
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Undoubtedly, there are renewed research interests on doped tellurite glasses 

containing metallic NPs that focus on their extraordinary third-order non-linear 

properties and enhanced luminescence characteristics (Jlassi, et al., 2010; Ghoshal, et 

al., 2011). Despite of many efforts the understanding on unusual structural, thermal, 

optical and electronic properties originate from the incorporation of NPs is still 

lacking. In optimization and applications, the characterizations of optical and also 

thermo-optical properties are very essential. These require careful synthesis, 

characterizations, and thorough analyses.  Therefore, this research is attempted to 

make detailed investigations of such properties and compare with past studies, which 

would ultimately enable to understand their fundamental origin of improved 

properties in such glasses. 

 

The relevance of the present study relates to the need of technology for 

producing efficient and better glasses with controlled dopants and NPs.  This study is 

basically important for perceiving the mechanism responsible for the modifications 

in thermal, structural and optical properties in glassy materials.  We hope that our 

systematic experimental methodology of sample preparation and spectroscopic 

studies would make accurate quantitative estimate regarding the optical and 

structural behavior of tellurite glass. 

 

 

 

 

1.2 Problem Statement 

 

 

 Nowadays, novel efficient glass materials to be used as host are on demand in 

industry. Majority of research show that the tellurite glass based upon NPs embedded 

RE doped glass are interesting for various notable properties. There is a need to 

prepare tellurite glass with optimized concentration of RE and NPs having superior 
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physical and optical properties (Hu et al., 2011). Only few studies are made on 

samarium doped sodium lithium tellurite glasses containing Au NPs. 

 

 In recent years, investigations are made to study the luminescence of crystal, 

optical fibers, and also glassy materials doped/co-doped with various REI.  Among 

those researches, it is shown that TeO2 based glasses capture special attention for 

photonic devices application due to their unique features (Selvaraju and Marimuthu, 

2012). Trivalent REI doped TeO2-based glasses presents large luminescence 

efficiency in various wavelengths ranges. Two major emission regions of REI in 

glasses need intensity and gain improvements (Som and Karmakar, 2011).However, 

at high concentration of RE dopants tellurite glass displays the luminescence 

quenching which is disadvantageous for applications and need to be minimized. 

Therefore, it is important to enhance their emission and absorption cross-section by 

embedding Au NPs and examine the role of SPR in improving them (Som and 

Karmakar, 2011). Modifications in optical responses and structural properties of Au 

NPs embedded glasses are the major issues. 

 

Insertion of metallic nanostructures is considered as an alternative route to 

enhance the optical response via SPR effects. Further studies on the mechanism of 

SPR enhanced optical properties due to gold NPs of varying concentration in the host 

are still lacking.  The determination of the influence of various metallic NPs and their 

controlled growth at small concentrations needs to be done. However, the 

incorporation of Au NPs in the tellurite glass and their influences on optical and 

structural properties are not extensively studied. Despite some effort, the 

mechanisms behind the variation in transitions intensities which strongly depend on 

the environment of the REI in presence of metal NPs are not understood. 

Furthermore, the possible influence by metallic NPs which leads to the existence of 

luminescence from 4f4f electronic transitions remain unclear due to the lack of 

experimental data and theoretical explanations. 

 

Nevertheless, the definite mechanism on how the embedded metallic NPs 

improves overall properties and make structural arrangements of constituent atoms in 
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glasses is far from being understood. The enhancements in structural and optical 

properties in the presence of Au NPs of different contents are not reported yet. The 

current research will provide new information about the absorption and emission 

modifications of lower concentration of Sm
3+

 in presence of Au NPs at different 

concentration. Detail characterization, careful synthesis of tellurite glass with 

optimized samarium and Au doping are not explored yet. The intention is to relate 

the significant enhancement of optical properties and structural properties of the 

glass with NPs stimulated SPR effects. In view of these, we aim to study and 

determine the structural and optical behavior of TeO2-LiO2-NaO2-Sm2O3-AuCl3 

glasses.  New knowledge will be generated which will be useful for the development 

of glass physics. 

 

 

 

 

1.3 Objectives 

 

 

The objectives of this research are: 

 

i. to synthesize a series of Au NPs embedded samarium doped sodium-lithium 

tellurite glasses with composition of 79 TeO2 + 10 Li2O + 10 Na2O + 1 

Sm2O3 + y AuCl3 (where 0.03 ≤ y ≤ 0.15 mol% in excess). 

ii. to identify the presence of Au NPs in the glass matrix and determine the 

modifications in structural and optical properties due to the incorporation of 

Au NPs. 

iii. to study the mechanism of enhanced absorption and luminescence assisted by 

Au NPs of different  concentrations. 

iv. to analyze the effect of localized surface plasmon resonance responsible for 

enhanced luminescence. 
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1.4 Scope of Study 

 

 

 In this research, the preparation of Au NPs embedded Samarium doped 

Sodium-Lithium tellurite glasses by using melt-quenching technique is the main 

focus.  The main objective is to characterize the structural and optical properties of 

the glass series using several spectroscopic techniques; UV-Vis, PL, TEM, XRD and 

FTIR. The UV-Vis is used to determine the absorption spectra which are useful for 

Urbach energy determination and other physical properties.  The UV-Vis data also 

provides information regarding the location of SPR band. PL analysis is done in 

order to study the effect of SPR while TEM can be used to determine the growth 

(morphology) of Au NPs with their average size. Besides, XRD analysis is very 

essential to help us in conformity the amorphous nature of glass. By studying FTIR 

spectra, the bonding in the glass can be determined and analyzed. Last but not least, 

the determination of glass density is done by using Archimedes method. 

 

 

 

 

1.5 Significance of Study 

 

In this research, the optical and structural interaction mediated by the 

presence of different constituents in glasses will be determined. Optical 

performances can be enhanced by optimizing the incorporation of NPs and REI in 

the glass system. This study will help to produce new variations in structural and 

optical properties stimulated by the growth of NPs. Furthermore, a clearer 

understanding on glass modification by inserting NPs will be achieved as it is 

expected to give improvement towards properties of tellurite glasses. Thus, this 

research is performed to create more fundamental understanding on the nano-glass 
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and to develop nano-structured amorphous materials in parallel with the development 

of nanotechnology.  The correlation between the SPR effects and alterations in 

overall properties can be established through these systematic experimental 

investigations. 

 

 

 

 

1.6 Thesis Outline 

 

 

 This thesis is divided into five chapters. Chapter 1 provides the rationale of 

research by emphasizing why this study is important. It also highlights the problem 

statement, objectives, research significances, and scope of the study. Chapter 2 deals 

with the literature review on different experiments and theory related to the tellurite 

glass in general and NPs embedded tellurite glasses in particular.  The detailed 

methodology of our research is documented in Chapter 3. Chapter 4 presents the 

results, discussion, and comparison with detailed sample analyses. Chapter 5 

concludes the thesis by underscoring the fulfillment of stated objectives. Some 

suggestions for future study are also cited in this chapter. 



76 
 

REFERENCES 

 

 

Abay, B. Guder, H. S. and Yogurtcu, Y. K. (1999). Urbach–Martienssen’s Tails in 

Layered Semiconductor GaSe. Solid State Communications 112, 489–494. 

Abdel-Baki, M. Abdel Wahab, F. A. and El-Diasty, F. (2006). Optical 

Characterization of xTiO2-(60-x)SiO2-40Na2O Glasses: I. Linear and 

Nonlinear Dispersion Properties. Materials Chemistry and Physics 96, 201-

210. 

Adnadjevic, B. Vukicevic, J. Filipovic-Rojka, Z. and Markovic, V. (1990). The 

Influence of NaX Zeolite Particle Size on Crystallinity Measured by the XRD 

Method. Zeolite 10, 699-702. 

Almeida, R. Silva, D. M. Kassab, L. R. P. and Araújo, C. B. (2008). Eu
3+

 

luminescence in tellurite glasses with gold nanostructures. Opt. Comm. 281, 

108-112.  

Amjad, R.A. Sahar, M. R.  Ghoshal, S. K. Dousti, M.R. Riaz, S. Samavati, A. R.  

Jamaludin, M. N. A Naseem, S. (2013). Plasmon-Enhanced Upconversion 

Fluorescence in Er
3+

: Ag Phosphate Glass: the Effect of Heat Treatment. 

Chin. Phys. Lett. 30, 027301.  

Ananth, A. N. Umapathy, S. Sophia, J. Mathavan, T. and Mangalaraj, D. (2011). On 

the optical and thermal properties of in situ/ex situ reduced Ag NP’s/PVA 

composites and its role as a simple SPR-based protein sensor. Appl. 

Nanosci1, 87-96. 

Annapurna, K. Dwivedi, R. N. Kumar, A. Chaudhuri, A. K. and Buddhudu, S. 

(1999). Temperature Dependent Luminescence Characteristics of Sm
3+

Doped 

Silicate Glass. Spectrochimica Acta Part A 56, 103-109. 



77 
 

Arifin, R. Sahar, M.R. and Sulhadi. (2007). FTIR spectroscopy study on tellurite 

doped Eu2O3 glass. Solid State Science Technology 15, 122-126. 

Ashur, Z. M.R.Sahar  Ghoshal, S.K. Dousti, M.R. Amjad, R.J. (2013) Silver 

nanoparticles enhanced luminescence of Er
3+

 ions in boro tellurite glasses. J. 

Matt. Lett. 112, 136-138.  

Assumpção, T. A. A. Silva, D. M. Kassab, L. R. P. and Araujo, C. B. (2009). 

Frequency upconversion luminescence from Yb
+3

–Tm
+3

 codoped PbO–GeO2 

glasses containing silver nanoparticles. J. Appl. Phys. 106, 063522-063522-

4. 

Auzel, F. Bonfigli, F. Gagliari, S. Baldacchini, G. (2001). The interplay of self-

trapping and self-quenching for resonant transitions in solids; role of a 

cavity. J. Luminescence 94-95, 293-297. 

Awang, A. Ghoshal, S.K. Sahar, M.R. Arifin, R. and Nawaz, F. (2014). Non-

spherical gold nanoparticles mediated surface  luores resonance in Er
3+

 

doped zinc-sodium tellurite glass: Role of heat treatment. Journal of 

Luminescence 194, 138-143.  

Awang, A. Ghoshal, S.K. Sahar, M.R. Dousti, M.R. Amjad, R.J. and Nawaz, F. 

(2013). Enhanced spectroscopic properties and Judd-Ofelt parameters of Er-

doped tellurite glass: Effect of gold nanoparticles. Curr. Appl. Phys. 13,  

1813-1818. 

Awang, A. Ghoshal, S.K. Sahar, M.R. Dousti, M.R. and Nawaz, F. (2014). Growth 

of Au nanoparticles stimulate spectroscopic properties of Er
3+

 doped TeO2-

ZnO-Na2O glasses. Advanced Materials Research, 895, 254-259. 

Babu, A. M. Jamalaiah, B. C. Sasikala, T. Saleem, S. A. and Moorthy, L. R. (2011). 

Absorption and Emission Spectral Studies of Sm
3+

 Doped Lead 

TungstateTellurite Glasses. Journal of Alloys and Compounds 509, 4743–

4747. 

Babu, A. M. Jamaliah, B.C. Kumar, J. S. Sasikala, T. and Moorthy, L. R. (2011). 

Spectroscopic and photoluminescence properties of Dy
3+

-doped lead 

tungsten tellurite glasses for laser materials. J. Alloys Comp. 509, 457-462. 

Babu, P. Seo, H. J. Jang, K. H. Balakrishnaiah, R. Jayasankar, C. K. Lim, K. and 

Lavin, V. (2007).Optical spectroscopy, 1.5 μm emission, and upconversion 

properties of Er
3+

-doped metaphosphate laser glasses. J. Opt. Soc. Am.24, 



78 
 

2218-2228.  

Babu, P. Seo, H. J. Kesavulu, C. R. Jang, K. H. and Jayasankar, C.K. (2009). 

Thermal and optical properties of Er
3+

-doped oxyfluoro tellurite glasses. J. 

Luminescnce 129, 444-448. 

Bai, Y. Wang, Y. Yang, K. Zhang, X. Song, Y. and Wang, C. H. (2008). Enhanced 

upconverted photoluminescence in Er
3+

 and Yb
3+

 codoped ZnO nanocrystals 

with and without Li
+
 ions. Opt. Comm. 281, 5448-5452. 

Bakry, A. (2008). Dispersion and Fundamental Absorption Edge Analysis of Doped 

a-Si:H thin Film I: p-type. Egypt. J. Solids 31, 191-204. 

Bauman, R. P. (1962). Absorption Spectroscopy. New York: John Wiley & Sons. 

Berger, G. Gildenhaar, R. and Ploska, U. (1995). Rapid Resorbable, Glassy 

Crystalline Materials on the Basis of Calcium Alkali Orthophosphates. 

Biomaterials 16, 1241-1248. 

Browning, D. R. (1969). Spectroscopy. London: McGraw-Hill. 

Bǘrger, H. Kneipp, K. Hobert, H. and Vogel, W. (1992). Glass formation properties 

and structure in the TeO2-ZnO system. J. Non-Cryst. Solids 151, 134-142. 

Calabria, J. A. Vasconcelos, W. L. and Boccaccini, A. R. (2009). Microstructure and 

Chemical Degradation of Adobe and Clay Bricks. Ceramics International 35, 

665–671. 

Capobianco, J. A. Vetrone, F. Boyer, J. C. Speghini, A. and Bettinelli, M. (2002). 

Visible upconversion of Er
+3 

doped nanocrystalline and bulk Lu2O3. Optical 

Mater.19, 259-268. 

Carmo, A. P. Bell, M. J. V.  Anjos, V.  Almeida, R. Silva, D.M.D  and Kassab, L. R. 

P. (2009). Thermo-optical properties of tellurite glasses doped with Eu
3+

 and 

Au nanoparticles. J. Phys. D: Appl. Phys. 42, 155404.  

Castagna, M. E. Coffa, S. Monaco, M. Muscara, A. Caristia, L. Lorenti, S. and 

Messina, A. (2003). High efficiency light emitting devices in silicon. Mater. 

Sci Eng. B83, 105, 83-90. 

Chance, R. R. Prock, A. and Silbey, R. (1978). Molecular fluorescence and energy 

transfer near interfaces.Adv. Chem.Phys. 37, 1-65. 

Chaudhry, M. A. and Altaf, M. (1998). Optical Absorption Studies of Sodium 

Cadmium Phosphate Glasses. Materials Letters 34, 213-216. 

Chen, D. Wang, Y. Bao, F. and Yu, Y. (2007).  Broadband near-infrared emission 



79 
 

from Tm
3+

/Er
3+

 co-doped nanostructured glass ceramics. J. Applied Phys. 

101, 113511-113511-6. 

Chen, F. Xu,T. Dai, S. Nie, Q. Shen, X. Zhang, J. and Wang, X. (2010). Linear and 

non-linear characteristics of tellurite glasses within TeO2, Bi2O3 and TiO2 

ternary system. Optical Materials 32, 868-872. 

Desirena, H. De la Rosa, E. Romero, V. H. Castillo, J. F. Diaz-Torres, L. A. and 

Olivia, J. R. (2012). Comparative study of the spectroscopic properties of 

Yb
+3

/Er
+3

 codoped tellurite glasses modified with R2O (R = Li, Na and K).J. 

Luminescence 132, 391-397.  

Dimitriev, Y. and Dimitrov, V. (1978). X-Ray Diffraction Studies of Glasses in the 

TeO2-V2O5. US: Pergamon Press. Mat. Res. Bull. 13, 1071-1075. 

Dousti, M. R. Sahar, M. R. Ghoshal, S. K. Amjad, R. J. and Samavati, A. R. (2013). 

Effect of AgCl on spectroscopic properties of erbium doped zinc tellurite 

glass. J. Molecular Structure 1035, 6-12.  

Ediger, M. D. Angell, C. A. and Nagel, S. R. (1996). Supercooled Liquids and 

Glasses. J. Phys. Chem. 100, 13200-13212. 

El-Mallawany, R (2001). Tellurite glasses handbook-physical properties and data. 

(2
nd

 ed.) United State: CRC Press. 

El-Mallawany, R Abdalla, M.D. Ahmed I.A. (2008). New tellurite glass: Optical 

properties Materials Chemistry and Physics 109, 291–296 

El-Mallawany, R. (2000). Structural interpretations on tellurite glasses. Mater. 

Chem. & Phys. 63, 109-115. 

El-Mallawany, R. (2002). Tellurite glasses handbook: physical properties and data. 

CRC Press LLC. 

El-Moneim, A. A. (2002). DTA and IR absorption spectra of vanadium tellurite 

glasses. Mater. Chem. & Phys. 73, 48-54. 

El-Sayed, S. M. Ashour, A. H. and Fares, S. A. (2011). Structural and Short Range 

Order Analysis of Glassy System. Physics B 406, 435-439. 

Eroni,F. Santos, P.D.  Fávero, F. C.  Gomes, A. S. L.  Xing, J Chen, Q.  Fokine, M.  

And Carvalho, I. C. S. (2009). Evaluation of the third-order nonlinear optical 

properties of tellurite glasses by thermally managed eclipse Z-scan. J.  Appl. 

Phys. 105, 024512. 

Ferreira, B. Fargin, E. Guillaume, B. Flem, G. L. Rodgriguez, V. Couzi, M. 



80 
 

Buffeteau, T. Canioni, L. Sarger, L. Martinelli, G. Quisquempois, Y. 

Zeghlache, H. and Carpentier, L. (2003). Second harmonic generation in 

poled tellurite glass.J. Non-Cryst. Solids, 332, 207-218.  

Flytzanis, C. Hache, F. Klein, M. C. Ricard, D. and Roussigol, P. (1991). Progress in 

Optics XXIX, Amsterdam: Elsevier Science. 

Ford, G. W. and Weber, W. H. (1984). Electromagnetic interaction of molecules with 

metal surfaces. Phys. Rep. 113, 195-287. 

Fox, M. (2001). Optical Properties of Solids. New York: Oxford University Press. 

Francois A. (2003). Upconversion and Anti-Stokes Processes with f and d Ions in 

Solids. Chem. Rev. 104, 139-173. 

Ghoshal, S. K.  Sahar, M. R.  M. S. Rohani, M. S.  and Sharma, S.  (2011). 

Temperature dependent luminescence in erbium-doped zinc tellurite glass: A 

model investigation. Ind. J. Pure Appl. Phys. 49, 509-515.  

Ghoshal, S. K.  Sahar, M. R. Dousti, M. R. Sharma, S.  Rohani, M. S R. Arifin, R. 

and Hamzah, K. (2012). Model for up-conversion luminescence in silver 

nanoparticles embedded erbium-doped tellurite glass. Indian Journal of Pure 

and Applied Physics, 50(8), 555-565. 

Ghoshal, S.K. Awang, A. Sahar, M. R. and Arifin, R. (2015). Gold nanoparticles 

assisted surface enhanced Raman scattering and luminescence of Er
3+

 doped 

zinc–sodium tellurite glass. Journal of Luminescence 159, 265-273. 

Giri, N. K. Singh, A. K. and Rai, S. B. (2007). Efficient blue upconversion emission 

in Tm
3+

 via energy transfer from Yb
3+

 doped in lithium modified tellurite 

glass. J. Appl. Phys. 101, 033102-033102-4. 

Halimah, M.K. Daud, W.M. Sidek, H.A.A Zaidan, A.W. Zainal, A.S. (2010). Optical 

properties of ternary tellurite glasses. Mater Sci. Pol. 28, 173-180. 

Hayakawa, T. Selvan, S. and Nogami, M. (1999). Field enhancement effect of small 

Ag particles on the  luorescence from Eu
3+

 SiO2 glass. Appl. Phys. Lett. 74, 

1513-1515. 

He, B. B. (2009). Two-Dimensional X-Ray Diffraction. New Jersey: John Wiley & 

Sons, Inc. 

Holland, L. (1964). The Properties of Glass Surface. F Inst P., Brunel College Acton.  

Hoven, G.N. Polman, A. Dam, C. Uffelen, J. W. M. and Smit, M. K. (1996). Net 

optical gain at 1.53μm in Er-doped Al2O3 waveguides on silicon. Appl. Phys. 

Lett.68, 1886-1888. 



81 
 

Hruby, A. (1972). Evaluation of glass-forming vendency by means of DTA. Czec J. 

Phys. 22, 1187-1193. 

Hu, H. Bai, Y. Huang, M. Qin, B. Liu, J. Zheng W. (2011). Preparation and 

upconversion property of TeO2:Er
3+

/Yb
3+

nanoparticles .Opt. Mater. 34, 274. 

Ilcheva, V. Petkov, P. Petkova, T. Boev, V. and Monchev, B. (2012). Compositional 

dependence of the optical properties of silver containing As2Se3 thin films. J. 

Phys: Conferences Series 356.  

Inoue, S.  Nukui, A.  Yamamoto, K.  Yano, T.  Shibata, S.  And Yamane, M. (2002). 

Refractive index patterning of tellurite glass surfaces by ultra short pulse 

laser spot heating. J. Mater. Sci. 37, 3459-3465. 

Jaba, N. Kanoun, A. Mejri, H. Selmi, A. Alaya, S. and Maaref, H. (2000). Infrared to 

visible up-conversion study for erbium-doped zinc tellurite glasses. J. Phys. 

Condens. Matter 12, 4523-4534. 

Jaffé, H. H. and Miller A. L. (1966). The Fates of Electronic Excitation Energy. 

Journal of Chemical Education 43, 469- 473.  

Jamalaiah, B. C. Kumar, J. S. Babu, A. M. Suhasini, T. and Moorthy, L. R. (2009). 

Photoluminescence Properties of Sm
3+

 in LBTAF Glasses. Journal of 

Luminescence 129, 363-369. 

Jamalaiah, B. C. Kumar, M. V. V. and Gopal, K. R. (2011). Fluorescence Properties 

and Energy Transfer Mechanism of Sm
3+

 ion in the Lead Telluroborate 

Glasses. Optical Materials 33, 1643-1647. 

Jiménez, A. J. Lysenko, S. Liu, H. and Sendova, M. (2011).  Luminescence of 

trivalent samarium ions in silver and tin co-doped aluminophosphate glass. 

Optical Materials 33, 1215-1220.  

Jlassi, I. Elhouichet, H. Hraiech, S. and Ferid, M. (2012).  Effect of heat treatment on 

the structural and optical properties of tellurite glasses doped erbium. J. 

Luminescence 132, 832-840. 

Jlassi,I. Elhouichet, H. Ferid, M. Barthou, C. (2010). Study of photoluminescence 

quenching in Er
3+

-doped tellurite glasses. Optical Materials 32, 743-747. 

Joshi, C. Kumar, K. and Rai, S.B. (2011). Effect of ZnO as modifier on up and 

downconversion properties of Ho
3+/

Yb
3+

 doped tellurite glasses. Optics 

Communications 284, 4584-4587. 

Kalele, S. A. Tiwari, N. R. Gosavi, S. W. and Kulkarni, S. K. (2007). Plasmon-



82 
 

assisted photonics at the nanoscale. J. Nanophotonic 1, 012501-012520. 

Kassab, L. R. P. Almeida, R. Silva, D. M. and Araujo, C. B. (2008). Luminescence of 

Tb
3+

 doped TeO2–ZnO–Na2O–PbO glasses containing silver nanoparticles. J. 

Appl. Phys. 104, 093531-093531-3. 

Kassab, L. R. P. Almeida, R. Silva, D. M. Assumpcao, T. A. A. and Araujo, C. B. 

(2009). Enhanced luminescence of Tb
3+

/Eu
3+

 doped tellurium oxide glass 

containing silver nanostructures. J. Appl. Phys. 105, 103505-103505-3. 

Kassab, L. R. P. Camilo, M. E. Amancio, C. T. Silva, D. M. and Martinelli, J. R. 

(2011). Effects of gold nanoparticles in the green and red emissions of TeO2-

PbO-GeO2 glasses doped with Er
3+

-Yb
3+

.Optical Materials 33, 1948-1951. 

Kassab, L. R. P. Freitas, L. F. Assumpcao, T. A. A. Silva, D. M. and Araujo, C. B. 

(2011). Frequency upconversion properties of Ag: TeO2–ZnO 

nanocomposites codoped with Yb
3+

 and Tm
3+

 ions. J. Appl. Phys. 104, 1029-

1034.  

Kassab, L. R. P. Silva, D. S. and Araujo, C. B. (2010). Influence of metallic 

nanoparticles on electric-dipole and magnetic-dipole transitions of Eu
3+

 

doped germanate glasses. J. Appl. Phys. 107, 113506(1)-113506(5). 

Kassab, L.R.P.  Araújo,B Kobayashi, C.R.A.  Almeida,R and Silva,D.M. (2007). 

Influence of silver nanoparticles in the luminescence efficiency of Pr
3+

-doped 

tellurite glasses. J. Appl. Phys. 102, 103515.  

Kaur, A. Khanna, A. Pesquera, C. Gonzalez, F. and Sathe, V. (2010). Preparation 

and characterization of lead and zinc tellurite glasses. J. Non-Cryst. Solids 

356, 864-872. 

Kendall, D. N. (1966). Applied Infrared Spectroscopy. London : Chapman & Hall, 

Ltd. 

Kishi, J. (2005). Fabrication and efficient infrared-to-visible upconversion in 

transparent glass ceramics of Er-Yb co-doped CaF2 nano crystals. Am. 

Ceram. Soc. 88(12), 3423  

Koufoudakis, A. Psycharis, V. Mitros, C. Gamari-Seale, H. and Niarchos, D. (1992). 

XRD and Magnetic Measurements on the Series REBaSrCu3Oy. Journal of 

Magnetism and Magnetic Materials 104-107, 568-570. 

Kumar, A. Rai, D. K. and Rai, S. B. (2003). Optical properties of Sm
+3

 ions doped in 

tellurite glass. Spectrochimica Acta Part A59, 917-925. 



83 
 

Lahoz, F. Rodriguez, C. Hernandez, S. E. Martin, I. R. Lavin, V. and Mendoza, U. R. 

(2011). Upconversion mechanisms in rare-earth doped glasses to improve the 

efficiency of silicon solar cells. Solar Energy Materials & Solar Cells 95, 

1671-1677. 

Lakshminarayana, G. and Qiu, J. (2009). Enhancement of Pr
3+

 luminescence in 

TeO2–ZnO–Nb2O5–MoO3 glasses containing silver nanoparticles.J. Alloys 

Comp. 478, 630-635. 

Lei, W. Qing-meng, Z. and Jun, DU. (2010). Structural Characteristics and 

Dielectric Properties of Glass-Ceramic Nanocomposites of (Pb,Sr)Nb2O6-

NaNbO3-SiO2. Trans. Nonferrous Met. Soc. China 20, 1434-1438. 

Leng, Y. (2008). Materials Characterization: Introduction to Microscopic and 

Spectroscopic Methods. New Jersey: John Wiley & Sons (Asia) Pte Ltd. 

Liu Y.H., (2007). Energy transfer in Yb
3+–

Er
3+-

codoped bismuth borate glasses. J. 

Opt. Soc. Am. B 24(5), 1046-1052. 

Liu, H. S. Chin, T. S. and Yung, S. W. (1997). FTIR and XPS studies of low-melting 

PbO-ZnO-P2O5 glasses. Mater. Chem. & Phys. 50, 1-10.  

Luo, Q. Qiao, X. Fan, X. and Zhang, X. (2010). Preparation and Luminescence 

Properties of Ce
3+

 and Tb
3+

 Co-Doped Glasses and Glass Ceramics 

Containing SrF2 Nanocrystals. Journal of Non-Crystalline Solids 356, 2875-

2879. 

Madden, S. J.  and Vu, K. T. (2009). Very low loss reactively ion etched Tellurium 

Dioxide planar rib waveguides for linear and non-linear optics. Optics 

Express 17 (20), 17645. 

Marzouk, S. Y. (2009). Ultrasonic and Infrared Measurements of Copper- Doped 

Sodium Phosphate Glasses. Materials Chemistry and Physics 114, 188–193. 

Mott, N. F. and Davis, E. A (1971). Electronic processes in non-crystalline 

materials. Oxford: Clarendon 

Naranjo, L.P.  de Araújo Cid, B.  Malta, O.L.  Cruz, P.A.S.  and Kassab, L.R.P. 

(2005). Enhancement of Pr
3+

 luminescence in PbO–GeO2 glasses containing 

silver nanoparticles. Appl. Phys. Lett. 87, 241914.  

Nazabal, V. Todoroki, S. Nukui, A. Matsumoto, T. Suehara, S. Hondo, T. Araki, T. 

Inoue, S. Rivero, C. and Cardinal, T. (2003). Oxyfluoride tellurite glasses 

doped by erbium: thermal analysis, structural organization and spectral 



84 
 

properties .J. Non-Cryst. Solids 325, 85-102. 

Neto, N. M. S. Ramos, A. Y. and Barbosa, L. C. (2002). Er
+3

 environment in TeO2–

ZnO–Na2O glasses. J. Non-cryst. Solids 304, 195-199.  

Pan, Z. and Morgan S.H. (1997). Raman spectra and thermal analysis of a new lead–

tellurium–germanate glass system. J. Non-cryst. Solids 210, 130-135.  

Perkin Elmer. (2000). Spectrum GX User’s Guide. United Kingdom: Perkin Elmer 

Co. 

Prakash, G. V. Rao, D. N. and Bhatnagar, A. K. (2001). Linear Optical Properties of 

Niobium-Based Tellurite Glasses. Solid State Communications 119, 39-44. 

Rathore, K. S. Patidar, D. Janu, Y. Saxena, N. S. Sharma, K. and Sharma, T. P. 

(2008). Structural and optical charcterization of chemically synthesized ZnS 

nanoparticles. Chalcogenide Letters 5, 105-110. 

Ravi Kanth Kumar, V.V.  George, A.K.  Knight, J.C. and Russell, P.S.J. (2003). 

Tellurite photonic crystal fiber. Opt. Exp. 11, 2641. 

Reddy, R. R. Ahammed, Y. N. Azeem, P. A. Gopal, K. R. Rao, T. V. R. Buddhudu, 

S. and Hussain, N. S. (2003). Absorption and emission spectral studies of 

Sm
3+

 and Dy
3+

doped alkali fluoroborate glasses. J. Quantitative 

Spectroscopy & Radiative Transfer 77, 149-163. 

Richards, B. Tsang, Y. Binks, D. Lousteau, J. and Jha, A. (2008). Efficient ~2 μm 

Tm
3+

-doped tellurite fiber laser. Opt. Letters 33, 402-404.  

Rivera, V. A. G. Manzani, D. Y, M. Nunes, L. A. O. and Jr, E. M. (2011). Study of 

Er
3+ 

fluorescence on tellurite glasses containing Ag nanoparticles. J. Phys: 

Conferences Series 274.  

Rivera, V. A. G. Osorio S. P. A. Manzani, D. Messaddeq, Y. Nunes, L. A. O. and Jr, 

E. M. (2011). Growth of silver nano-particle embedded in tellurite glass: 

Interaction between localized surface plasmon resonance and Er
3+

 ions. 

Optical Mater. 33, 888-892. 

Rusu, D. and Ardelean, I. (2008). Structural Studies of Fe2O3–Bi2O3–CdO Glass 

System. Materials Research Bulletin 43, 1724–1730. 

Sabikoglu, I. Ayvacikli, M. Bergeron, A. Ege and Can, N. (2012). 

Photoluminescence investigations of Li2SiO3:Ln (Ln = Er
+3

, Eu
+3

, Dy
+3

, 

Sm
+3

) phosphors. J. Luminescence 132, 1597-1602. 

Sahar, M. R. (2000). Fizik Bahan Amorfus. Johor: UTM Press. 



85 
 

Sahar, M.R.  and Noordin, N. (1995). Oxychloride glasses based on the TeO2-ZnO-

ZnCl2 system. J. Non-Cryst. Solids 184, 137-140. 

Sahar, M.R.  Jehbu, A. K.  and Karim, M. M. (1997). TeO2-ZnO-ZnCl2 glasses for IR 

transmission. J. Non-Cryst. Solids 164, 213 -214. 

Sahar, M.R.  Sulhadi, K.  and Rohani, M. S. (2008). The preparation and structural 

studies in the (80 - x)TeO2-20ZnO-(x)Er2O3 glass system. J. Non-Cryst. 

Solids 354, 1179-1181. 

Sahar, M.R.  Sulhadi, K.  and Rohani, M.S. (2007). Spectroscopic studies of TeO2-

ZnO-Er2O3 glass system. Journal of Materials Science 42, 824-827. 

Santic, A. Furic, K. Rajic-Linaric, M. Chandra S.Ray, Delbert E.Day (2008). 

Structural Properties and Crystallization of Sodium Tellurite Glass. Croatica 

Chemica Acta 81, 559-567. 

Santos, F. E. P. Favero, F. C. Gomes, A.S.L. Xing, J. Chen, Q. and Fokine, M. 

(2009). Evaluation of the third-order nonlinear optical properties of tellurite 

glasses by thermally managed eclipse Z-scan. J. Appl. Phys. 105, 024512(1)-

024512(4). 

Santos, R. Santos, L. F. Almeida, R. M. Deubener, J. and Wondraczek, L. (2010). 

Crystallization of Niobium Germanosilicate Glasses. Journal of Solid State 

Chemistry 183, 128–135. 

Sekiya, T. Mochida, N. Ohtsuka, A. and Soejima, A. (1992). A Raman spectra of 

BO3/2-TeO2 glasses.J. Non-Cryst. Solids 151, 222-228. 

Shelby, J. E. (2005). Introduction to Glass Science and Technology. (2nd ed.) 

London: Royal Society of Chemistry. 

Shen, X. Nie, Q.H.  Xu, T.F. Dai, S.X.  Li, G.P.  and Wang, X.S. (2007). Effect of 

Ce
3+

 on the spectroscopic properties in Er
3+

 doped TeO2–GeO2–Nb2O5–Li2O 

glasses. J. Lumin. 126, 273-277. 

Shih, PH. Wu, ZZ. and Chiang, HL. (2004). Characteristics of Bricks Made from 

Waste Steel Slag. Waste Management 24, 1043–1047. 

Shimadzu Corporation. (1997). Instruction Manual Operation Guide UVPC Series 

Spectrophotometer. Kyoto: Shimadzu Co. 

Sidek, HA.A. Rosmawati. S Talib, Z.A. Halimah, M.K. and Daud, W.W. (2009). 

Synthesis and optical properties of ZnO–TeO2 glass system. Am J.Appl. Sci. 

6, 1489. 



86 
 

Singh, S. K. Giri, N. K. Rai, D. K. and Rai, S. B. (2010). Enhanced upconversion 

emission in Er
+3

-doped tellurite glass containing silver nanoparticles. Solid 

State Sciences 12, 1480-1483. 

Smitha, S. L. Nissamudeen, K. M. Philip, D. and Gopchandran, K. G. (2008). Studies 

on surface plamon resonance and photoluminescence of silver nanoparticles. 

Spectrochimica Acta Part A71, 186-190. 

Soliman, A. A. (2008). XRD, DTA and Density Studies of Lithium Borate Glasses 

Containing Copper. Armenian Journal of Physics 1 (3), 188-197. 

Som, T. and Karmakar, B. (2010). Surface plasmon resonance and enhanced 

fluorescence application of single-step synthesized elliptical nano gold-

embedded antimony glass dichroic nanocomposites. Plasmonics5, 149-159. 

Suhasini, T. Kumar, J. S. Sasikala, T. Jang, K. Lee, H. S. Jayasimhadri, M. Jeong, J. 

H. Yi, S. S. and Moorthy, L. R. (2009). Absorption and Fluorescence 

Properties of Sm
3+

 Ions in Fluoride Containing Phosphate Glasses. Optical 

Materials 31, 1167–1172. 

Taher, M. Gebavi, H. Taccheo, S. Milanese, D. and Balda, R. (2011). Novel 

approach towards cross-relaxation energy transfer calculation applied on 

highly thulium doped tellurite glasses. Opt. Express19, 26269-26274. 

Talib, Z. A. Daud, W. M. Tarmizi, E. Z. M. Sidek, H. A. A. and Yunus, W. M. M. 

(2008). Optical Absorption Spectrum of Cu2O-CaO-P2O5 Glasses. Journal of 

Physics and Chemistry of Solids 69: 1969-1973. 

Tanabe, S. Suzuki, K. Soga, N. and Hanada, T. (1995). Mechanisms and 

concentration dependence of Tm
3+

 blue and Er
3+

 green up-conversion in 

codoped glasses by red-laser pumping. J. Luminescence65, 247-255.  

Taylor, E. R. Ng, L. N. and Sessions, N. P. (2002). Spectroscopy of Tm
+3

-doped 

tellurite glasses for 1470 nm fiber amplifier. J. Appl. Phys92, 112-117. 

Turky, G. and Dawy, M. (2002). Spectral and electrical properties of ternary (TeO2–

V2O5–Sm2O3) glasses. Mater. Chem & Phys77, 48-59. 

Ueda, J. Tanabe, S. and Ishida. (2009). Surface plasmon excited infrared-to-visible 

upconversion in Er
3+

-doped transparent glass ceramics. J. Non-cryst. 

Solids355, 1912-1915. 

Wang, G. Liang, K. Liu, W. Sun, J. and Shao, H. (2004). The effect of an electric 

field on the phase separation of Ag-doped glass. Mater. Science & 



87 
 

Engineering A367, 272-276.  

Wang, G. Zhang, J. Dai, S. Yang, J. Hu, L. and Jiang, Z. (2005). Thermal analyses, 

spectral characterization and structural interpretation of Yb
3+

 doped TeO2-

ZnO-ZnCl2 glasses. Physics Letters A341, 285-290. 

Wang, MC. Hsu, CC. and Hon, MH. (2009). The Reaction between the Magnesia– 

Chrome Brick and the Molten Slag of MgO–Al2O3–SiO2–CaO–FetO and the 

Resulting Microstructure. Ceramics International 35: 1501-1508. 

Wu, Y. Shen, X. Dai, S. Xu, Y. Chen, F. Lin, C. Xu, T. and Nie, Q. (2011). Silver 

nanoparticles enhanced upconversion luminescence in Er
3+

/Yb
3+

 codoped 

bismuth-germanate glasses. J. Phys. Chem.  C115, 25040-25045. 

Xiao, K. and Yang, Z. (2007). Thermal stability and optical transitions of Er
3+

/Yb
3+

 -

codoped barium gallogermanate glass. Optical Mater.29, 1475-1480. 

Xu, S. Fang, D. Zhang, Z. and Jiang, Z. (2005). Upconversion Luminescence and 

Mechanisms of Tm
3+/

Yb
3+

codopedoxyhalidetellurite Glasses. J Solid State 

Chem. 178, 1817. 

Xu, T. Shen, X. Dai, S. Nie, Q. Wang, X. Song, B. Zhang, W. and Lin, C. (2011). 

Effect of silver nanoparticles on spectroscopic properties of Er
3+

-doped 

bismuth glass. 6
th

IEEE: Conference on Industrial Electronics and 

Applications. 

Yang, Y Yang, Y.H.  Chen, B.  Li, P.  Li, X.  and Guo, Q. (2009). Spectroscopic 

properties and thermal stability of Er
3+

-doped germanate–borate glasses. J 

Alloys Compd. 479, 883-887. 

Yaru, N. Chunhua, L. Yan, Z. Qitu, Z. and Zhongzi, X. (2007). Study on Optical 

Properties and Structure of Sm2O3 Doped Boron-Aluminosilicate Glass. 

Journal of Rare Earths 25, 94-98. 

Yen, W. M. and Selzer, P. M. (1981). Laser spectroscopy in solids. New York: 

Springer-Verlag Berlin Heidelberg. 

Zarifah, N.A. Halimah, M.K. Hashim, M. Azmi, B.Z. Daud, W.M. (2010). Magnetic 

Behaviour of (Fe2O3)X (TeO2)1-X  Glass System Due To Iron Oxide. 

Chalcogenide Letters, 51, 565-571. 

Zhan, H. Zhou, Z. He, J. and Lin, A. (2012). Intense red upconversion emission of 

Yb/Tm/Ho triply-doped tellurite glasses. Appl. Opt.15, 51. 

Zhang, X. Pita, K. Buddhudu, S. Daran, E. Lam, Y. L. and Liu, X. R. (2002). Optical 



88 
 

properties and upconversion fluorescence in Er
+3

-doped ZZA glass. Optical 

Mater.20, 21-25. 

Zhao, Z. Jia, T. Lin, J. Wang, Z. and Sun,Z. (2009). Femtosecond non-resonant 

optical nonlinearity of silver chloride nanocrystal doped niobic tellurite 

glass. J. Phys. D: Appl. Phys. 42, 045107. 

Zhou, B. Tao, L. Tsang, Y. H. Jin, W. and Pun, E.Y. (2012).  Superbroadband near- 

infrared emission and energy transfer in Pr
3+-

Er
3+

 codoped fluorotellurite  

glasses. Opt. Express 20, 12205-12211. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	AzmirawahidaZainuddinMFS2015ABS
	AzmirawahidaZainuddinMFS2015TOC
	AzmirawahidaZainuddinMFS2015CHAP1
	AzmirawahidaZainuddinMFS2015REF



