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Light emission diodes (LEDs) are widely used in a variety of applications that are 
available today. With their tunability and long operation life-time, LEDs have 
surpassed the efficiency and functionality of conventional lighting systems like 
incandescent and luminescence light sources. Commercial LEDs are typically 
fabricated using a blue chip coated with yellow phosphor. However, this fabrication 
method lacks of a red-light component which induces poor thermal stability. A 
solution to this is to replace phosphors with glass. This work aims to fabricate glass 
hosts doped with rare earth (RE) elements for better thermal stability and lower power 
consumption.  

Firstly, the singly Dy3+-doped borate glasses with nominal composition (60-x) B2O3-
10 ZnO-10 PbO-10 Na2O-10 CaO-(x) Dy2O3 (x = 0, 0.1, 0.2, 0.5, 0.75, 1.0, 1.5 and 
2.0 mol%) were prepared by using the melt quenching technique which were 
characterized using X-ray Diffraction (XRD) and Scanning electron microscope 
(SEM) to confirm the amorphous nature of the glasses and energy dispersive x-ray 
analysis (EDAX) to validate that all related elements were present in the synthesized 
glasses. The thermogravimetric analysis (TGA) and differential scanning calorimetry 
(DSC) measurements were also performed to study thermal properties, where ΔT >100 
°C (ΔT=Tx – Tg) for all the glasses. Among all tested Dy3+-doped glasses, 0.75 mol% 
Dy3+-doped glass showed the highest photoluminescence (PL) intensity with four 
emissions, where the two transitions corresponded to 4F9/2→ 6H15/2 (blue) and 4F9/2→ 
6H13/2 (yellow) were observed to be more intensified than the others. The Commission 
International de l'Eclairage (CIE) chromaticity (x,y) coordinates for BZPNCDy 0.1 
mol% glass are (0.398, 0.430), close to the white light region in the CIE 1931 
chromaticity diagram.
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The work was continued with fabricating singly doped Tb3+ and Sm3+ ions along with 
co-doped Tb3+/Sm3+ borate glasses via melt quenching technique. Both TGA and DSC 
analysis were conducted to explore the material’s thermal properties. Among all Tb3+/
Sm3+ co-doped glasses, the (Tb0.5-Sm0.5) glass shows the highest emission intensity 
with respect to others. A total of five emission bands were found, where two were
from Tb3+ transitions corresponding to 488 nm (blue) (5D4 → 7F6) and 543 nm (green) 
(5D4 → 7F5). Three emission bands for Sm3+ at 563 nm (green), 599 nm (orange-red)
and 645 nm (red) according to 4G5/2 → 6H5/2, 4G5/2 → 6H7/2, and 4G5/2 → 6H9/2
electronic transitions have been identified. The calculated CIE chromaticity (x,y) 
coordinates for singly doped Tb3+ (Tb0.5) green emission, singly doped Sm3+ (Sm0.5) 
orange-red emission, and co-doped Tb3+/ Sm3+ (Tb0.5-Sm0.5) yellow emission are 
(0.343, 0.584), (0.607, 0.389), and (0.438, 0.515), respectively, following the CIE 
1931 chromaticity diagram. 
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Pengerusi :   Gandham Lakshminarayana, PhD 
Fakulti : Kejuruteraan 

Diodes pelepasan cahaya (LED) digunakan secara meluas dalam pelbagai aplikasi 
yang tersedia hari ini. Dengan kebolehan untuk menala serta mempunyai jangka masa 
operasi yang panjang, LED telah melepasi kecekapan dan fungsi sistem lampu 
konvensional seperti sumber lampu pijar dan pendarfluor. LED komersial biasanya 
direka menggunakan cip biru yang disalut dengan fosfor kuning. 
Walaubagaimanapun, kaedah fabrikasi ini tidak mempunyai komponen cahaya merah 
yang mendorong kestabilan terma yang lemah. Satu penyelesaian untuk ini adalah 
untuk menggantikan fosfor dengan kaca. Kerja penyelidikan ini bertujuan untuk 
mengarang tuan rumah kaca yang disebat dengan unsur-unsur nadir bumi (RE) untuk 
kestabilan haba yang lebih baik dan penggunaan kuasa yang lebih rendah 

Ringkasan penyelidikan terbahagi kepada dua bahagian. Bahagian yang pertama dari 
gentian kaca borate Dy3+ dengan komposisi nominal (60-x) B2O3-10 ZnO-10 PbO-10 
Na2O-10 CaO- (x) Dy2O3 (x = 0, 0.1, 0.2, 0.5, 0.75, 1.0, 1.5 dan 2.0 mol%) telah 
disediakan menggunakan teknik pencairan pelindap kejutan. Biasan Sinar-X (XRD) 
dan Pengimbasan Mikroskop Elektron (SEM) mengesahkan sifat samar-samar kaca 
melalui Spektroskopi Penyebaran Tenaga (EDAX), dimana semua elemen yang 
berkaitan berjaya ditemui dalam kaca yang disintesis. Pengukuran Termogravi Metrik 
(TGA) dan Pegimbasan Perbezaan Kalorimetri (DSC) dilakukan untuk mengkaji sifat 
terma, di mana ΔT > 100 °C (ΔT = Tx - Tg) untuk semua gentian kaca. Di antara semua 
gentian kaca Dy3+, gentian kaca 0.75 mol% Dy3+-menunjukkan intensiti 
Fotoluminesensi (PL) tertinggi dengan empat tahap pelepasan, di mana dua peralihan 
sepadan dengan 4F9/2 → 6H15/2 (biru) dan 4F9/2 → 6H13/2 (kuning) diperhatikan lebih 
tinggi daripada yang lain. Suruhanjaya Internationale de l'Eclairage (CIE) 
mengklasifikasikan koordinat kromatik (x, y) untuk BZPNCDy 0.1 mol% adalah 
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(0.398, 0.430), hampir dengan medan cahaya putih dalam gambarajah kromatik CIE 
1931.

Di bahagian kedua, ion Tb3+ tunggal dan ion Sm3+ yang disambungkan bersama-sama 
dengan gentian kaca Tb3+/ Sm3+ borate direka oleh teknik pencairan pelindap kejutan. 
Kedua-dua analisis Termogravimetrik (TGA) dan Pengimbasan Kalorimetri Berbeza 
(DSC) diukur untuk mengkaji sifat terma. Di antara semua gentian kaca Tb3+/ Sm3+,
kaca (Tb0.5-Sm0.5) menunjukkan keamatan emisi tertinggi dibandingkan dengan 
yang lain. Sejumlah lima julat pelepasan di mana dua dari perpindahan Tb3+ sepadan 
dengan 488 nm (biru) (5D4 → 7F6) dan 543 nm (hijau) (5D4 → 7F5) dijumpai. Tiga julat 
pelepasan untuk Sm3+ pada 563 nm (hijau), 599 nm (oren merah) dan 645 nm (merah) 
mengikut 4G5/2 → 6H5/2, 4G5/2 → 6H7/2 dan 4G5/2 → 6H9/2 peralihan elektronik 
dikenalpasti. Keputusan CIE (x, y) koordinat untuk Tb3+ (Tb0.5) tunggal pelepasan 
hijau, sm3+ (Sm0.5) tunggal pelepasan oren merah dan dwi-gentian Tb3+/ Sm3+ (Tb0.5-
Sm0.5) pelepasan kuning adalah masing-masing (0.343, 0.584), (0.607, 0.389), dan 
(0.438, 0.515), mengikut gambarajah kromatik CIE 1931. 
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CHAPTER 1 

 INTRODUCTION

1.1 General introduction 

Glass is a well-known amorphous material used in many structural applications for the 
past few centuries. However, it was not until the twentieth century that the impact of 
glass took a new perspective, as advanced electronics like the radio, television and
smartphones came about. This also pushed scientists to explore new compositions of 
glass to attain superior electrical properties and fit the current commercial demand. 
Example of widely used glass compositions today are oxide-based glasses like 
silicates, borates, phosphates, or germanates, (SiO2, B2O3, P2O5, or GeO2) [1-10]. 
Another notable glass composition that has gained the interest of many physicists and 
engineers are rare-earth (RE) doped glasses. The 4f electronic configuration of RE 
ions in varied glass matrixes made emissions from ultraviolet to infrared possible 
which had proliferated into many potential applications including display devices, 
optical fiber amplifiers, high-intensity optical devices, optical information processing, 
optoelectronic devices, non-invasive temperature sensors, and solar cells [11-17]. In 
laser technology, the RE-doped glasses have been considered as good luminescence 
materials for their application in solid-state lasers (SSL) following their visible 
emissions, facile manufacturing processes, and good thermal stability [17-23]. In the 
present study, a wide range of oxide-based borate glass compositions were synthesized 
and selected for rare-earth doping. The selection of materials is based on the physical 
characteristics as glass modifier/intermediates mentioned in the literature review. 
However, higher phonon energy (~1300–1500 cm-1) demerits that lead to restrict their 
applications because of the non-radiative transitions. With an inclusion of appropriate 
network modifier oxide Na2O and heavy metal PbO oxide, phonon energy of the 
borate glass can be reduced for the higher quantum efficiency. The addition of ZnO 
into the borate network gives an advantage as non-hygroscopic nature, and non-
toxicity, which in turn increases the possibility for optoelectronic applications. As 
well, it is established that ZnO have the ability of penetrate the glass network structure 
as a modifier or network former depending on the ZnO molar concentration. Calcium 
borate glasses are very attractive to evaluate the effects of the chemical environment 
on the optical properties of RE ions by contributing to low melting temperature, high 
thermal stability and non-hygroscopicity [18]. Solid stat lighting available 
commercially like phosphor-converted white LEDs (pc-WLEDs) are manufactured by 
the Y3Al5O12: Ce3+ (YAG:Ce) yellow phosphor integration together with blue LEDs  
as result of  low  cost LEDs. The YAG:Ce- type white LEDs  emitting cool white light, 
and their application is limited according to low color rendering index (CRI < 80) and 
high correlated color temperature (CCT = 4,000–8,000 K) [20-24].  
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1.2 Problem statement 

Solid state lights that are commercially available today, like phosphor-converted white 
light emitting diodes (pc-WLEDs), are manufactured by integrating yellow phosphor;
Y3Al5O12: Ce3+ (YAG:Ce); with a mixture of green, blue and red phosphors excited 
using a ultra-violet LED chip [24-27]. However, this method induces low thermal 
quenching temperature which causes high correlated color temperature (4,000 – 8,000 
K) and low color rendering index (CRI < 80) that may result to inefficiency, high 
power consumption and unnecessary cost [28-36]. Hence, there is a need to find more 
suitable materials that can provide highly efficient and cost-effective solid-state 
lighting to address the problems. Through RE ions doped materials, the Tb3+ and Sm3+

co-doped glasses are considered for their special spectral characteristics, emission 
intensity and energy transfer from Tb3+ to Sm3+ [37-41].

1.3 Objectives of the study 

In this thesis, mainly borate glass in the composition B2O3-ZnO-PbO-Na2O-CaO 
doped with Dy3+ (singly) and co-doped Sm3+/Tb3+ ions luminescence in the visible 
spectral region is reported. The main objectives of this thesis can be concluded as: 

(i) To investigate borate glass as host glass doped with RE-ions for solid-state 
lighting (SSL) applications.

(ii) To fabricate and characterize the singly doped and co-doped RE-ions (different 
concentrations) in borate glass as host matrix, through the structural, thermal, 
optical, and dielectric features.

(iii) To propose both RE-ions doped and co-doped borate glasses as potential 
candidates for SSL applications, by exploring them in terms of spectroscopic 
properties.

1.4 Outlines of the Thesis  

The six chapters of the present thesis are outlined as follows:  

Chapter 1 presents general introduction optical materials based on oxide glasses and 
their different applications. Additionally, the problem statement and the main 
objectives of the work are also mentioned. 

Chapter 2 reviews the principle of glass forming. Glass formers, which play an 
important role for optical materials (e.g., glasses), reviewed in this chapter, are borate 
and silicate glasses. In this part, the reason for choosing borate as a glass former in 
order to obtain the research objectives is explained. 
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Chapter 3 introduces RE3+ elements and their function in borate glass hosts. In the 
beginning, the basic RE spectroscopic theory is presented, which accounts for the 
observed absorption spectra of the RE ions in solids. This is followed by the 
luminescence of RE ions and demonstration of hypersensitive transitions along with 
transition probabilities, Cross relaxation (CR) of ions mechanisms and Concentration 
quenching effect in RE ions. Moreover, energy transfer and ions interaction are 
explained for RE3+ doped host glasses. 

Chapter 4 highlights the glass sample preparation and method of characterization. The 
detailed steps of important preparation procedure are described here, which begins 
with glass sample calculations, followed by batching procedure, and glass fabrication.  

Chapter 5, investigates the suitable host for SSL applications by using single doped 
and co-doped rear earth ions Dy3+, Tb3+/ Sm3+, respectively, which was divided into 
two sections. Section 5.1 presents the structural, thermal, optical and dielectric 
properties of borate glass introduced with Dy3+-doped at different concentrations, as a 
result, it shows that all those glasses have similar structural, thermal optical and 
dielectric properties. On the other hand, Section 5.2 presents Tb3+/ Sm3+ co-doped 
borate glasses at deferent concentrations. In this section, thermal optical energy 
transfer and dielectric properties are presented.  

Chapter 6 concludes the findings of the thesis. The results of all systematic objectives 
are presented in order to obtain a suitable host glass for solid stat lighting applications.



© C
OPYRIG

HT U
PM

76

 REFERENCES

 Harper, C. A. “Handbook of ceramics, glasses, and diamonds,” B. Esposito 
(Ed.). New York: McGraw-Hill, 2001.

 Lakshminarayana, G., Kaky, K. M., Baki, S. O., Lira, A., Caldiño, U., Kityk, 
I. V., & Mahdi, M. A. “Optical absorption, luminescence, and energy transfer 
processes studies for Dy3+/Tb3+-codoped borate glasses for solid-state lighting 
applications,” Optical Materials, vol. 72, pp. 380-391, 2017.

 Gheorghe, C., Gheorghe, L., Achim, A., Hau, S., Avram, R. D., & Stanciu, G. 
“Optical properties of Sm3+ doped strontium hexa-aluminate single crystals,”
Journal of Alloys and Compounds, vol. 622, pp. 296-302, 2015.

 Strzęp, A., Lisiecki, R., Solarz, P., Dominiak-Dzik, G., Ryba-Romanowski, 
W., & Berkowski, M. “Optical spectra and excited state relaxation dynamics 
of Sm3+ in Gd2SiO5 single crystal,” Applied Physics B, vol. 106, no. 1, pp. 85-
93, 2012.

 Suthanthirakumar, P., & Marimuthu, K. “Investigations on spectroscopic 
properties of Dy3+ doped zinc telluro-fluoroborate glasses for laser and white 
LED applications.” Journal of Molecular Structure, vol. 1125, pp. 443-452,
2016.

 Ramteke, D. D., Kroon, R. E., & Swart, H. C. “Infrared emission spectroscopy 
and upconversion of ZnO-Li2O-Na2O-P2O5 glasses doped with Nd3+

ions.” Journal of Non-Crystalline Solids, vol. 457, pp. 157-163, 2017.

 Lakshminarayana, G., Baki, S. O., Lira, A., Kityk, I. V., & Mahdi, M. A. 
“Structural, thermal, and optical absorption studies of Er3+, Tm3+, and Pr3+-
doped borotellurite glasses.” Journal of Non-Crystalline Solids, vol. 459, pp. 
150-159, 2017.

 Valiev, D., & Belikov, K. “Spectroscopic investigations of phosphate-borate-
fluoride glass doped with Tb3+/Eu3+ “ Journal of Non-Crystalline Solids,
vol. 457, pp. 31-35, 2017.

 Azizan, S. A., Hashim, S., Razak, N. A., Mhareb, M. H. A., Alajerami, Y. S. 
M., & Tamchek, N. “Physical and optical properties of Dy3+: Li2O–K2O–B2O3
glasses” Journal of Molecular Structure, vol. 1076, pp. 20-25, 2014.

 Vijayakumar, R., & Marimuthu, K. “Concentration dependent spectroscopic 
properties of Sm3+ doped borophosphate glasses.” Journal of Molecular 
Structure, vol. 1092, pp. 166-175, 2015.



© C
OPYRIG

HT U
PM

77

 Jha, K., Vishwakarma, A. K., Jayasimhadri, M., & Haranath, D. “Multicolor 
and white light emitting Tb3+/Sm3+ co-doped zinc phosphate barium titanate 
glasses via energy transfer for optoelectronic device applications” Journal of 
Alloys and Compounds, vol. 719, pp. 116-124, 2017.

 Kumar, K. A., Babu, S., Prasad, V. R., Damodaraiah, S., & Ratnakaram, Y. C. 
“Optical response and luminescence characteristics of Sm3+ and Tb3+/sm3+ co-
doped potassium-fluoro-phosphate glasses for reddish-orange lighting 
applications” Materials Research Bulletin, vol. 90, pp. 31-40, 2017.

 Zhong, H., Chen, G., Yao, L., Wang, J., Yang, Y., & Zhang, R. “The white 
light emission properties of Tm3+/Tb3+/Sm3+ triply doped SrO–ZnO–P2O5
glass” Journal of Non-Crystalline Solids,vol. 427, pp. 10-15, 2015.

 Deopa, N., Rao, A. S., Mahamuda, S., Gupta, M., Jayasimhadri, M., Haranath, 
D., & Prakash, G. V. “Spectroscopic studies of Pr3+ doped lithium lead 
alumino borate glasses for visible reddish orange luminescent device 
applications” Journal of Alloys and Compounds, vol. 708, vol. 911-921, 2017.

 Kaur, S., Rao, A. S., & Jayasimhadri, M. “Spectroscopic and 
photoluminescence characteristics of Sm3+ doped calcium aluminozincate 
phosphor for applications in w-LED.” Ceramics International, vol. 43, no. 10,
pp. 7401-7407, 2017.

 Wu, Z., Wu, H., Tang, L., Li, Y., Xiaochun, D., & Guo, Y. “Fluorescence and 
energy transfer between Eu3+ and Sm3+ in single doped and co-doped borate 
glass,” Journal of Non-Crystalline Solids, vol. 463, pp. 169-174, 2017.

 Reddy, C. M., Raju, B. D. P., Sushma, N. J., Dhoble, N. S., & Dhoble, S. J. A 
“review on optical and photoluminescence studies of RE3+ (RE= Sm, Dy, Eu, 
Tb and Nd) ions doped LCZSFB glasses,” Renewable and Sustainable Energy 
Reviews, vol. 51, pp. 566-584, 2015.

 Mohammed, A. B., Lakshminarayana, G., Baki, S. O., Halimah, M. K., Kityk, 
I. V., & Mahdi, M. A. “Structural, thermal, optical and dielectric studies of 
Dy3+: B2O3-ZnO-PbO-Na2O-CaO glasses for white LEDs 
application,” Optical Materials, vol. 73, pp. 686-694, 2017.

 Kemere, M., Sperga, J., Rogulis, U., Krieke, G., & Grube, J. “Luminescence 
properties of Eu, RE3+ (RE= Dy, Sm, Tb) co-doped oxyfluoride glasses and 
glass–ceramics,” Journal of Luminescence, vol. 181, pp. 25-30, 2017.

 Zhu, C., Liang, X., Yang, Y., & Chen, G. “Luminescence properties of Tb 
doped and Tm/Tb/Sm co-doped glasses for LED applications,” Journal of 
Luminescence, vol. 130, no. 1, pp. 74-77, 2010.



© C
OPYRIG

HT U
PM

78

 Loos, S., Steudel, F., Ahrens, B., & Schweizer, S. “Temperature-dependent 
luminescence and energy transfer properties of Tb3+ and Eu3+ doped barium 
borate glasses,” Journal of Luminescence, vol. 181, pp. 31-35, 2017.

 Edukondalu, A., Purnima, M., Srinivasy, C., Sripathi, T., Awasthi, A. M., 
Rahman, S., & Kumar, K. S. “Mixed alkali effect in physical and optical 
properties of Li2O–Na2O–WO3–B2O3 glasses,” Journal of Non-Crystalline 
Solids, vol. 358, no.18, pp. 2581-2588, 2012.

 Colak, S. C., Akyuz, I., & Atay, F. “On the dual role of ZnO in zinc-borate 
glasses,” Journal of Non-Crystalline Solids, vol. 432, pp. 406-412, 2016.

 Schubert, E. F., & Kim, J. K. “Solid-state light sources getting 
smart” Science, vol. 308, pp. 1274-1278, 2005.

 Shur, M. S., & Zukauskas, R. “Solid-state lighting: toward superior 
illumination,” Proceedings of the IEEE, vol. 93, no. 10, pp. 1691-1703, 2005.

 Krames, M. R., Shchekin, O. B., Mueller-Mach, R., Mueller, G. O., Zhou, L., 
Harbers, G., & Craford, M. G. “Status and future of high-power light-emitting 
diodes for solid-state lighting,” Journal of display technology, vol. 3, no. 2, 
160-175, 2007.

 Park, S. H., Lee, K. H., Unithrattil, S., Yoon, H. S., Jang, H. G., & Im, W. B. 
“Melilite-structure CaYAl3O7: Eu3+ phosphor: structural and optical 
characteristics for near-UV LED-based white light,” The Journal of Physical 
Chemistry C, vol. 116, no. 51, pp. 26850-26856, 2012.

 Jang, J. W., Kim, J. S., Kwon, O. H., Lee, T. H., & Cho, Y. S. “UV-curable 
silicate phosphor planar films printed on glass substrate for white light-
emitting diodes,” Optics letters, vol. 40, no.16, pp. 3723-3726, 2015.

 Ci, Z., Sun, Q., Qin, S., Sun, M., Jiang, X., Zhang, X., & Wang, Y. “Warm 
white light generation from a single phase Dy3+ doped Mg2Al4Si5O18 phosphor 
for white UV-LEDs,” Physical Chemistry Chemical Physics, vol. 16, no. 23 ,
pp. 11597-11602, 2014.

 Lin, C. C., Meijerink, A., & Liu, R. S. “Critical red components for next-
generation white LEDs,” The journal of physical chemistry letters, vol. 7, no. 
3, pp. 495-503, 2016.

 Azizan, S. A., Hashim, S., Razak, N. A., Mhareb, M. H. A., Alajerami, Y. S. 
M., & Tamchek, N. “Physical and optical properties of Dy3+: Li2O–K2O–B2O3
glasses,” Journal of Molecular Structure, vol. 1076, pp. 20-25, 2014.



© C
OPYRIG

HT U
PM

79

 Zhao, C. J., Cai, J. L., Li, R. Y., Tie, S. L., Wan, X., & Shen, J. Y. “White light 
emission from Eu3+/Tb3+/Tm3+ triply-doped aluminoborate glass excited by 
UV light,” Journal of Non-Crystalline Solids, vol. 358, no. 3, pp. 604-608,
2012.

 Swapna, K., Mahamuda, S., Rao, A. S., Jayasimhadri, M., Sasikala, T., & 
Moorthy, L. R. “Optical absorption and luminescence characteristics of Dy3+

doped Zinc Alumino Bismuth Borate glasses for lasing materials and white 
LEDs,” Journal of Luminescence, vol. 139, pp. 119-124, 2013.

 Almeida, J. M., Fonseca, R. D., De Boni, L., Diniz, A. R. S., Hernandes, A. 
C., Ferreira, P. H., & Mendonca, C. R. “Waveguides and nonlinear index of 
refraction of borate glass doped with transition metals,” Optical Materials, vol. 
42, pp. 522-525, 2015.

 Lopez-Iscoa, P., Petit, L., Massera, J., Janner, D., Boetti, N. G., Pugliese, D., 
... & Milanese, D. “Effect of the addition of Al2O3, TiO2 and ZnO on the 
thermal, structural and luminescence properties of Er3+-doped phosphate 
glasses,” Journal of Non-Crystalline Solids, vol. 460, pp. 161-168, 2017.

 Colak, S. C., Akyuz, I., & Atay, F. “On the dual role of ZnO in zinc-borate 
glasses,” Journal of Non-Crystalline Solids, vol. 432, pp. 406-412, 2016.

 Rojas, S. S., De Souza, J. E., Yukimitu, K., & Hernandes, A. C. “Structural, 
thermal and optical properties of CaBO and CaLiBO glasses doped with 
Eu3+,” Journal of Non-Crystalline Solids, vol. 398, pp. 57-61, 2014.

 Chen, G. H., Yao, L. Q., Zhong, H. J., & Cui, S. C. “Luminescent properties 
and energy transfer behavior between Tm3+ and Dy3+ ions in co-doped 
phosphate glasses for white LEDs,” Journal of Luminescence, vol. 178, pp. 6-
12, 2016.

 Kumar, V., Pandey, A., Ntwaeaborwa, O. M., Dutta, V., & Swart, H. C. 
“Structural and luminescence properties of Eu3+/Dy3+ embedded sodium 
silicate glass for multicolour emission,” Journal of Alloys and 
Compounds, vol. 708, pp. 922-931, 2017.

 Pawar, P. P., Munishwar, S. R., Gautam, S., & Gedam, R. S. “Physical, 
thermal, structural and optical properties of Dy3+ doped lithium alumino-borate 
glasses for bright W-LED,” Journal of Luminescence, vol. 183, pp. 79-88,
2017.

 Yao, L. Q., Chen, G. H., Yang, T., Luo, Y., & Yang, Y. “Optical properties 
and energy transfer in Tb3+/Sm3+ co-doped Na2O-CaO-P2O5-B2O3-ZrO2
glasses,” Journal of Alloys and Compounds, vol. 692, pp. 346-350, 2017.



© C
OPYRIG

HT U
PM

80

 Wysocki, P. F., Judkins, J. B., Espindola, R. P., Andrejco, M., & Vengsarkar, 
A. M. “Broad-band erbium-doped fiber amplifier flattened beyond 40 nm 
using long-period grating filter,” IEEE Photonics Technology Letters, vol. 9,
no. 10 , pp. 1343-1345, 1997.

 Šesták, J., Mareš, J. J., & Hubík, P. (Eds.). “Glassy, amorphous and nano-
crystalline materials: thermal physics, analysis, structure and properties,”
Springer Science & Business Media, vol. 8, (2010).

 Shelby, J. E. “Introduction to glass science and technology,” Royal Society of 
Chemistry, 2007.

 Pilkington Handbook, “Glass Handbook,” NSG Gr., no. 2014, pp. 1–126, 
2014.

 Oguni, M., & Suga, H. “Amorphous materials and their elucidation by 
adiabatic calorimetry. Chemical thermodynamics. IUPAC, North Carolina, pp. 
227-237, 1999.

 Yinnon, H., & Uhlmann, D. R. “Applications of thermoanalytical techniques 
to the study of crystallization kinetics in glass-forming liquids, part I: 
theory. Journal of Non-Crystalline Solids, vol. 54, no. 3, pp. 253-275, 1983.

 Zachariasen, W. H. “The atomic arrangement in glass,” Journal of the 
American Chemical Society, vol. 54, no. 10, pp. 3841-3851, 1932.

 Uhlmann, D. R. “Polymer glasses and oxide glasses,” Journal of Non-
Crystalline Solids, vol. 42, no.3, pp. 119-142, 1980.

 Stanworth, J. E. “On the structure of glass”, J. Soc. Glass Technol, vol. 32, no. 
146, pp. 3-1, 1948.

 De Leede, G., & De Waal, H. “Evaluation of glass formation criteria,” Journal 
of non-crystalline solids, vol. 104, no. 1, pp. 45-51, 1988.

 Sun, I. K. H., & Huggins, M. L. “Energy additivity in oxygen-containing 
crystals and glasses,” The Journal of Physical Chemistry, vol. 51, no. 2, pp. 
438-443, 1947.

 Rawson, H. “Inorganic glass-forming systems,” Academic press, vol. 2, 1967.

 Smekal, A. G. “On the structure of glass” Journal of the Society of Glass 
Technology, vol. 35, pp. 392-395, 1951.

 Busch, R. “The thermophysical properties of bulk metallic glass-forming 
liquids,” Jom, vol. 52, no. 7, pp. 39-42, 2000.



© C
OPYRIG

HT U
PM

81

 Lakshminarayana, G., & Buddhudu, S. “Spectral analysis of Eu3+ and Tb3+:
B2O3–ZnO–PbO glasses,” Materials Chemistry and Physics, vol. 102, no. 2, 
pp. 181-186, 2007.

 Pal, I., Agarwal, A., Sanghi, S., Aggarwal, M. P., & Bhardwaj, S. 
“Fluorescence and radiative properties of Nd3+ ions doped zinc bismuth silicate 
glasses,” Journal of Alloys and Compounds, vol. 587, pp. 332-338, 2014.

 Zmojda, J., Kochanowicz, M., Miluski, P., Dorosz, D., Jelen, P., & Sitarz, M. 
“Analysis of thermal and structural properties of germanate glasses co-doped 
with Yb3+/Tb3+ ions,” Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy, vol. 131, pp. 702-707, 2014.

 Abdel-Baki, M., & El-Diasty, F. “Oxyfluoroborate host glass for upconversion 
application: phonon energy calculation,” Optical Review, vol. 23, no. 2, pp. 
284-289, 2016.

 Shen, L. F., Chen, B. J., Lin, H., & Pun, E. Y. B. “Praseodymium ion doped 
phosphate glasses for integrated broadband ion-exchanged waveguide 
amplifier,” Journal of Alloys and Compounds, vol. 622, pp. 1093-1097, 2015.

 Vassilev, T., Penkov, I., Tzvetkova, C., & Pascova, R. “Glass transition 
temperatures and structures of multicomponent borate glasses: Influence of 
modifier cation field strengths,” Journal of Non-Crystalline Solids, vol. 438, 
pp. 1-6, 2016.

 Li, Y., Matinmanesh, A., Curran, D. J., Schemitsch, E. H., Zalzal, P., Papini, 
M., ... & Towler, M. R. “Characterization and fracture property of different 
strontium-containing borate-based glass coatings for Ti6Al4V 
substrates,” Journal of Non-Crystalline Solids, vol. 458, pp. 69-75, 2017.

 Youngman, R. E., Kieffer, J., Bass, J. D., & Duffrene, L. “Extended structural 
integrity in network glasses and liquids,” Journal of non-crystalline solids, vol. 
222, pp. 190-198, 1997.

 Pawar, P. P., Munishwar, S. R., & Gedam, R. S. “Intense white light 
luminescent Dy3+ doped lithium borate glasses for W-LED: a correlation 
between physical, thermal, structural and optical properties,” Solid State 
Sciences, vol. 64, pp. 41-50, 2017.

 Snitzer, E. “Optical maser action of Nd+3 in a barium crown glass,” Physical 
Review Letters, vol. 7, no. 12, pp. 444, 1961.

 Koester, C. J., & Snitzer, E. “Amplification in a fiber laser,” Applied 
optics, vol. 3, no. 10, pp. 1182-1186, 1964.



© C
OPYRIG

HT U
PM

82

 Yajima, H., Kawase, S., & Sekimoto, Y. “Amplification at 1.06 μm using a 
Nd: glass thin film waveguide.” Applied Physics Letters, vol. 21, no. 9, pp. 
407-409, 1972.

 Saruwatari, M., & Izawa, T. “Nd glass laser with three dimensional optical 
waveguide,” Applied Physics Letters, vol. 24, no. 12, pp. 603-605, 1974.

 Righini, G. C., & Ferrari, M. “Photoluminescence of rare-earth-doped 
glasses.” Rivista del Nuovo Cimento, vol. 28, no. 12, pp. 1-53, 2005.

 Judd, B. R. “Optical absorption intensities of rare-earth ions,” Physical 
review, vol. 127, no. 3, pp. 750, 1962.

 Ofelt, G. S. “Intensities of crystal spectra of rare earth ions,” The Journal of 
Chemical Physics, vol. 37, no. 3, pp. 511-520, 1962.

 Van Dijk, J. M. F., & Schuurmans, M. F. H. “On the nonradiative and radiative 
decay rates and a modified exponential energy gap law for 4f–4f transitions in 
rare earth ions,” The Journal of Chemical Physics, vol. 78, no. 9, pp. 5317-
5323, 1983.

 Layne, C. B., Lowdermilk, W. H., & Weber, M. J. “Multiphonon relaxation of 
rare-earth ions in oxide glasses,” Physical Review B, vol. 16, no. 1, pp. 10,
1977.

 Blasse, G., & Grabmaier, B. C. “Radiative return to the ground state: Emission. 
In Luminescent Materials,” Springer, Berlin, Heidelberg, pp. 33-70, 1994.

 Shionoya, S., Yen, W. M., & Yamamoto, H. (Eds.). “Phosphor handbook,”
CRC press, 2006.

 Dorenbos, P. “The 4fn↔4f n−15d transitions of the trivalent lanthanides in 
halogenides and chalcogenides.” Journal of Luminescence, vol. 91, no. 2, pp.
91-106, 2000.

 Carnall, W. T., Goodman, G. L., Rajnak, K., & Rana, R. S. “A systematic 
analysis of the spectra of the lanthanides doped into single crystal LaF3,” The 
Journal of Chemical Physics, vol. 90, no. 7, pp. 3443-3457, 1989.

 Adams, I., & Mellichamp, J. W. “Electrofluorescence of Rare Earth Activated 
Al2O3.” The Journal of Chemical Physics, vol. 36, no. 9, pp. 2456-2459, 1962.

 Riseberg, L. A., & Weber, M. J. “III Relaxation Phenomena in Rare-Earth 
Luminescence.” In Progress in optics Elsevier, vol. 14, pp. 89-159, 1977.



© C
OPYRIG

HT U
PM

83

 Bachir, S., Azuma, K., Kossanyi, J., Valat, P., & Ronfard-Haret, J. C. 
“Photoluminescence of polycrystalline zinc oxide co-activated with trivalent 
rare earth ions and lithium. Insertion of rare-earth ions into zinc 
oxide,” Journal of luminescence, vol. 75, no.1, pp. 35-49, 1997.

 Jadwisienczak, W. M., Lozykowski, H. J., Xu, A., & Patel, B. “Visible 
emission from ZnO doped with rare-earth ions.” Journal of electronic 
materials, vol. 31, no. 7 ,pp. 776-784, 2002.

 Liu, X., & Lin, J. “Dy3+-and Eu3+-doped LaGaO3 nanocrystalline phosphors 
for field emission displays,” Journal of applied physics, vol. 100, no. 12, pp.
124306, 2006.

 Mahato, K. K., Rai, D. K., & Rai, S. B. “Optical studies of Sm3+ doped 
oxyfluoroborate glass. Solid state communications, vol. 108, no. 9, pp. 671-
676, 1998.

 Inokuti, M., & Hirayama, F. “Influence of energy transfer by the exchange 
mechanism on donor luminescence,” The journal of chemical physics, vol. 43,
no. 6, pp. 1978-1989, 1965.

 De Almeida, A., Santos, B., Paolo, B., & Quicheron, M. “Solid state lighting 
review–Potential and challenges in Europe,” Renewable and Sustainable 
Energy Reviews, vol. 34, pp. 30-48, 2014.

 Crawford, M. H. “LEDs for solid-state lighting: performance challenges and 
recent advances,” IEEE Journal of Selected Topics in Quantum Electronics,
vol. 15, no. 4, pp. 1028-1040, 2009.

 Matioli, E., Neufeld, C., Iza, M., Cruz, S. C., Al-Heji, A. A., Chen, X., ... & 
Nakamura, S. “High internal and external quantum efficiency InGaN/GaN 
solar cells,” Applied Physics Letters, vol. 98, no. 2, pp. 021102, 2011.

 Swapna, K., Sk Mahamuda, A. Srinivasa Rao, M. Jayasimhadri, T. Sasikala, 
and L. Rama Moorthy. "Optical absorption and luminescence characteristics 
of Dy3+ doped zinc alumino bismuth borate glasses for lasing materials and 
white LEDs." Journal of Luminescence, vol. 139,  pp. 119-124, 2013.

 Kumar, J. Suresh, K. Pavani, A. Mohan Babu, Neeraj Kumar Giri, S. B. Rai, 
and L. Rama Moorthy. "Fluorescence characteristics of Dy3+ ions in calcium 
fluoroborate glasses." Journal of Luminescence, vol. 130, no. 10, 1916-1923, 
2010.

 Reddy, A. Amarnath, M. Chandra Sekhar, K. Pradeesh, S. Surendra Babu, and 
G. Vijaya Prakash. "Optical properties of Dy3+-doped sodium–aluminum–
phosphate glasses." Journal of materials science, vol. 46, no. 7, pp. 2018-2023, 
(2011).



© C
OPYRIG

HT U
PM

84

 Babu, A. Mohan, B. C. Jamalaiah, J. Suresh Kumar, T. Sasikala, and L. Rama 
Moorthy. "Spectroscopic and photoluminescence properties of Dy3+-doped 
lead tungsten tellurite glasses for laser materials." Journal of alloys and 
compounds, vol. 509, no. 2, pp. 457-462, 2011.

 Sun, Xin-yuan, Shi-ming Huang, Qing-chun Gao, Zi-piao Ye, and Chun-yan 
Cao. "Spectroscopic properties and simulation of white-light in Dy3+-doped 
silicate glass." Journal of Non-Crystalline Solids, vol. 356, no. 2, pp. 98-101, 
2010.

 Jamalaiah, B. C., L. Rama Moorthy, and Hyo Jin Seo. "Effect of lead oxide on 
optical properties of Dy3+ ions in PbO–H3BO3–TiO2–AlF3 glasses." Journal of 
Non-Crystalline Solids, vol. 358, no. 2, pp. 204-209, 2012.

 Saleem, S. A., B. C. Jamalaiah, M. Jayasimhadri, A. Srinivasa Rao, Kiwan 
Jang, and L. Rama Moorthy. "Luminescent studies of Dy3+ ion in alkali lead 
tellurofluoroborate glasses." Journal of Quantitative Spectroscopy and 
Radiative Transfer,vol. 112, no. 1, pp. 78-84, 2011.

 Babu, P., Kyoung Hyuk Jang, Eun Sik Kim, Liang Shi, Hyo Jin Seo, F. Rivera-
López, U. R. Rodriguez-Mendoza et al. "Spectral investigations on Dy 3+-
doped transparent oxyfluoride glasses and nanocrystalline glass ceramics." 
Journal of Applied Physics, voll. 105, no. 1,  pp. 013516, 2009.

 Jayasimhadri, M., Kiwan Jang, Ho Sueb Lee, Baojiu Chen, Soung-Soo Yi, and 
Jung-Hyun Jeong. "White light generation from Dy3+-doped ZnO–B2O3–P2O5
glasses." Journal of Applied Physics, vol. 106, no. 1 ,pp. 013105, 2009.

 Bashar, Kh A., G. Lakshminarayana, S. O. Baki, Al-BFA Mohammed, U. 
Caldiño, A. N. Meza-Rocha, Vijay Singh, I. V. Kityk, and M. A. Mahdi. 
"Tunable white-light emission from Pr3+/Dy3+ co-doped B2O3-TeO2 PbO-ZnO 
Li2O-Na2O glasses." Optical Materials, vol. 88,  pp. 558-569, 2019.

 Gschneidner, K. A., Bünzli, J. C. G., & Pecharsky, V. K. “Handbook on the 
physics and chemistry of rare earths: optical spectroscopy” Elsevier , vol. 37,  
2011.

 Kasap, S. O., & Sinha, R. K. “Optoelectronics and photonics: principles and 
practices,” New Jersey: Prentice Hall. vol. 340, 2001.

 Träger, F. (Ed.). “Springer handbook of lasers and optics,” Springer Science 
& Business Media, 2012.

 Jha, A., Richards, B., Jose, G., Teddy-Fernandez, T., Joshi, P., Jiang, X., & 
Lousteau, J. “Rare-earth ion doped TeO2 and GeO2 glasses as laser
materials,” Progress in Materials Science, vol. 57, no. 8, pp. 1426-1491, 2012.



© C
OPYRIG

HT U
PM

85

 Dieke, G. H., Crosswhite, H. M., & Crosswhite, H. “Spectra and energy levels 
of rare earth ions in crystals,” American Journal of Physics, vol. 38, no. 3, pp.
399-400, 1968.

 Kramers, H. A. “Paramagnetic rotation of the plane of polarisation in uniaxial 
crystals of the rare earths,” Proc. Koninkl. Akad. Wet. Amsterdam, vol. 32, pp. 
1176, 1929.

 G. Lakshminarayana “photoluminescence spectral analysis of certain 
transition metal and lanthanide ions doped B2O3-zno-pbo glasses”
Unpublished doctoral dissertation. S.V.University, Tirupati, India, 2007.

 Baldacchini, G. “Relaxed Excited States of Color Centers In Optical Properties 
of Excited States in Solids,” Springer, Boston, MA., pp. 255-303, 1992.

 Wybourne, Brian G. “Techniques and Interpretations: Book Reviews: 
Spectroscopic Properties of Rare Earths,” Science, vol. 148, 1965.

 Riseberg, L. A., & Moos, H. W. “Multiphonon orbit-lattice relaxation of 
excited states of rare-earth ions in crystals,” Physical Review, vol. 174, no. 2,
pp. 429, 1968.

 Carnall WT, Crosswhite H, Crosswhite HM. “Energy level structure and 
transition probabilities in the spectra of the trivalent lanthanides in LaF ,” 
Argonne National Lab.(ANL), Argonne, IL (United States), 1978.

 Barve, R. A., Patil, R. R., Moharil, S. V., Bhatt, B. C., & Kulkarni, M. S. 
“Phase dependent TL–OSL studies in various phases of chemically 
synthesized Cu doped crystalline SiO2,” Journal of Luminescence, vol. 171, 
pp. 72-78, 2016.

 Ju, G., Hu, Y., Chen, L., Wang, X., Mu, Z., Wu, H., & Kang, F. 
“Luminescence properties of Y2O3: Bi3+, Ln3+ (Ln= Sm, Eu, Dy, Er, Ho) and 
the sensitization of Ln3+ by Bi3+,” Journal of Luminescence, vol. 132, no. 8,
pp. 1853-1859, 2012.

 Broer, L. J. F., Gorter, C. J., & Hoogschagen, J. “On the intensities and the 
multipole character in the spectra of the rare earth ions. Physica, vol. 11, no. 
4, pp. 231-250, 1945.

 Roy, Ajoy, and K. Nag. “Investigation on the lanthanoid chelates of 1-phenyl-
3-methyl-4-benzoyl-5-pyrazolone. An examination of the phenomenon of 
hypersensitivity,” Bulletin of the Chemical Society of Japan, vol. 51, no. 5, pp. 
1525-1529, 1978.

 Judd, B. R. “Optical absorption intensities of rare-earth ions,” Physical 
review, vol. 127, no. 3, pp. 750, 1962.



© C
OPYRIG

HT U
PM

86

 Mukhopadhyay, L., & Rai, V. K. “Investigation of photoluminescence 
properties, Judd–Ofelt analysis, luminescence nanothermometry and optical 
heating behaviour of Er3+/Eu3+/Yb3+: NaZnPO4 nanophosphors,” New Journal 
of Chemistry, vol. 42, no.15, pp. 13122-13134, 2018.

 Oprea, I. I., Hesse, H., & Betzler, K. “Luminescence of erbium-doped 
bismuth–borate glasses,” Optical Materials, vol. 28, no. 10, pp. 1136-1142,
2006.

 Carnall, W. T., Fields, P. R., & Wybourne, B. G. “Spectral intensities of the 
trivalent lanthanides and actinides in solution. I. Pr3+, Nd3+, Er3+, Tm3+, and 
Yb3+,” The Journal of Chemical Physics, vol. 42, no. 11, pp. 3797-3806, 1965.

 Weber, M. J. “Probabilities for radiative and nonradiative decay of Er3+ in 
LaF3,” Physical Review, vol. 157, no. 2, pp. 262, 1967.

 Walsh, B. M., Barnes, N. P., Reichle, D. J., & Jiang, S. “Optical properties of 
Tm3+ ions in alkali germanate glass,” Journal of non-crystalline solids, vol. 
352, no. 50, pp. 5344-5352, 2006.

 Riseberg, L. A., & Weber, M. J. “III Relaxation Phenomena in Rare-Earth 
Luminescence,” In Progress in optics Elsevier, vol. 14, pp. 89-159, 1977.

 Lee, Y. K., Lee, J. S., Heo, J., Im, W. B., & Chung, W. J. “Phosphor in glasses 
with Pb-free silicate glass powders as robust color-converting materials for 
white LED applications,” Optics letters, vol. 37, no. 15, pp. 3276-3278, 2012.

 Layne, C. B., Lowdermilk, W. H., & Weber, M. J. “Multiphonon relaxation of 
rare-earth ions in oxide glasses,” Physical Review B, vol. 16, no. 1, 10, 1977.

 Chan, E. M. “Combinatorial approaches for developing upconverting 
nanomaterials: high-throughput screening, modeling, and
applications,” Chemical Society Reviews, vol. 44, no. 6, pp. 1653-1679, 2015.

 Auzel, F. “Upconversion and anti-stokes processes with f and d ions in 
solids,” Chemical reviews, vol. 104, no. 1, pp. 139-174, 2004.

 Auzel, F. “Upconversion processes in coupled ion systems. Journal of 
Luminescence, vol. 45, no. 1, pp. 341-345, 1990.

 Chan, E. M., Han, G., Goldberg, J. D., Gargas, D. J., Ostrowski, A. D., Schuck, 
P. J., ... & Milliron, D. J. “Combinatorial discovery of lanthanide-doped 
nanocrystals with spectrally pure upconverted emission,” Nano letters, vol. 12,
no. 7, pp. 3839-3845, 2012.

 Miniscalco, W. J. “Optical and electronic properties of rare earth ions in 
glasses,” optical engineering-new york-marcel dekker incorporated, vol. 71, 
pp. 17-112, 2001.



© C
OPYRIG

HT U
PM

87

 Lakshminarayana, G., Qiu, J., Brik, M. G., Kumar, G. A., & Kityk, I. V. 
“Spectral analysis of Er3+-, Er3+/Yb3+-and Er3+/Tm3+/Yb3+-doped TeO2–ZnO–
WO3–TiO2–Na2O glasses,” Journal of Physics: Condensed Matter, vol. 20, no. 
37, pp. 375101, 2008.

 Tie, S., Su, Q., & Yu, Y. “Investigation on the luminescence of Ln3+ (Ln= Eu, 
Gd, and Dy) in hexagonal KCaR (PO4)2 phosphates (R= Gd, Y),” physica 
status solidi (a), vol. 147, no. 1, pp. 267-276, 1995.

 Park, J. K., Park, S. M., Kim, C. H., Park, H. D., & Choi, S. Y. 
“Photoluminescence properties of the Eu3+ in La2O3,” Journal of materials 
science letters, vol. 20, no. 24, pp. 2231-2232, 2001.

 Kubota, S. I., Yamane, H., Shimada, M., Takizawa, H., & Endo, T. 
Luminescence properties of rare earth ions in polytantalate. Journal of alloys 
and compounds, vol. 275, pp. 746-749, 1998.

 Luxbacher, T., Fritzer, H. P., & Flint, C. D. “Competitive cross-relaxation and 
energy transfer within the shell model: The case of Cs2NaSmxEuyY1− x− 

yCl6,” Journal of luminescence, vol. 71, no. 2, pp.177-188, 1997.

 Budhani, R. C., T. C. Goel, and K. L. Chopra. "Melt-spinning technique for 
preparation of metallic glasses." Bulletin of Materials Science, vol. 4, no. 5,
pp. 549-561, 1982.

 Mariyappan, M., Arunkumar, S., & Marimuthu, K. “Effect of Bi2O3 on the 
structural and spectroscopic properties of Sm3+ ions doped sodiumfluoroborate 
glasses,” Journal of Molecular Structure, vol. 1105, pp. 214-224, 2016.

 Lakshminarayana, G., Kaky, K. M., Baki, S. O., Ye, S., Lira, A., Kityk, I. V., 
& Mahdi, M. A. “Concentration dependent structural, thermal, and optical 
features of Pr3+-doped multicomponent tellurite glasses,” Journal of Alloys and 
Compounds, vol. 686, pp. 769-784, 2016.

 Lakshminarayana, G., & Buddhudu, S. “Spectral analysis of Cu2+: B2O3–ZnO–
PbO glasses,” Spectrochimica Acta Part A: Molecular and Biomolecular 
Spectroscopy, vol. 62, no. 3, pp. 364-371, 2005.

 Gautam, C., Yadav, A. K., & Singh, A. K. “A review on infrared spectroscopy 
of borate glasses with effects of different additives,” ISRN ceramics, 2012.

 Singh, D., Singh, K., Singh, G., Mohan, S., Arora, M., & Sharma, G. “Optical 
and structural properties of ZnO–PbO–B2O3 and ZnO–PbO–B2O3–SiO2
glasses,” Journal of Physics: Condensed Matter, vol. 20, no. 7, pp. 075228,
2008.



© C
OPYRIG

HT U
PM

88

 Lakshminarayana, G., Kaky, K. M., Baki, S. O., Lira, A., Nayar, P., Kityk, I. 
V., & Mahdi, M. A. “Physical, structural, thermal, and optical spectroscopy 
studies of TeO2–B2O3–MoO3–ZnO–R2O (R= Li, Na, and K)/MO (M= Mg, Ca, 
and Pb) glasses,” Journal of Alloys and Compounds, vol. 690, pp. 799-816,
2017.

 Dunken, H., & Doremus, R. H. “Short time reactions of a Na2O-CaO-SiO2
glass with water and salt solutions,” Journal of Non-Crystalline Solids, vol.
92, no. 1, pp. 61-72, 1987.

 Husung, R. D., & Doremus, R. H. “The infrared transmission spectra of four 
silicate glasses before and after exposure to water,” Journal of Materials 
Research, vol. 5, no. 10, pp. 2209-2217, 1990.

 Rao, K. V., Babu, S., Venkataiah, G., & Ratnakaram, Y. C. “Optical 
spectroscopy of Dy3+ doped borate glasses for luminescence 
applications,” Journal of Molecular Structure, vol. 1094, pp. 274-280, 2015.

 Rajesh, D., Ratnakaram, Y. C., Seshadri, M., Balakrishna, A., & Krishna, T. 
S. “Structural and luminescence properties of Dy3+ ion in strontium lithium 
bismuth borate glasses,” Journal of Luminescence, vol. 132, no. 3, pp. 841-
849, 2012.

 Ciceo-Lucacel, R., & Ardelean, I. “FT-IR and Raman study of silver lead 
borate-based glasses.” Journal of non-crystalline solids, vol. 353, no. 18, pp. 
2020-2024, 2007.

 Dillip, G. R., Dhoble, S. J., & Raju, B. D. P. “Luminescence properties of 
Na3SrB5O10: Dy3+ plate-like microstructures for solid state lighting 
applications,” Optical Materials, vol. 35, no. 12, pp. 2261-2266, 2013.

 Kaky, K. M., Lakshminarayana, G., Baki, S. O., Taufiq-Yap, Y. H., Kityk, I. 
V., & Mahdi, M. A. “Structural, thermal, and optical analysis of zinc boro-
aluminosilicate glasses containing different alkali and alkaline modifier 
ions,” Journal of Non-Crystalline Solids, vol. 456, pp. 55-63, 2017.

 Lakshminarayana, G., Baki, S. O., Kaky, K. M., Sayyed, M. I., Tekin, H. O., 
Lira, A., ... & Mahdi, M. A. “Investigation of structural, thermal properties and 
shielding parameters for multicomponent borate glasses for gamma and 
neutron radiation shielding applications,” Journal of Non-Crystalline 
Solids, vol. 471, pp. 222-237, 2017.

 Jha, K., & Jayasimhadri, M. “Spectroscopic investigation on thermally stable 
Dy3+ doped zinc phosphate glasses for white light emitting diodes. Journal of 
Alloys and Compounds, vol. 688, pp. 833-840, 2016.



© C
OPYRIG

HT U
PM

89

 Carnall, W. T., Fields, P. R., & Rajnak, K. “Electronic energy levels in the 
trivalent lanthanide aquo ions. I. Pr3+, Nd3+, Pm3+, Sm3+, Dy3+, Ho3+, Er3+, and 
Tm3+,” The Journal of Chemical Physics, vol. 49, no. 10, pp. 4424-4442, 1968.

 Pisarska, J. “Optical properties of lead borate glasses containing Dy3+ ions,”
Journal of Physics: Condensed Matter, vol. 21, no. 28, pp. 285101, 2009.

 Mahamuda, S., Swapna, K., Packiyaraj, P., Rao, A. S., & Prakash, G. V. X
”Lasing potentialities and white light generation capabilities of Dy3+ doped 
oxy-fluoroborate glasses,” Journal of Luminescence, vol. 153, pp. 382-392,
2009.

 Kaewkhao, J., Wantana, N., Kaewjaeng, S., Kothan, S., & Kim, H. J. 
“Luminescence characteristics of Dy3+ doped Gd2O3-CaO-SiO2-B2O3
scintillating glasses,” Journal of Rare Earths, vol. 34, no. 6, pp. 583-589, 2016.

 Sun, X. Y., Wu, S., Liu, X., Gao, P., & Huang, S. M. “Intensive white light 
emission from Dy3+-doped Li2B4O7 glasses” Journal of Non-Crystalline 
Solids, vol. 368, pp. 51-54, 2013.

 Lakshminarayana, G., & Buddhudu, S. “Spectral analysis of Sm3+ and Dy3+:
B2O3–ZnO–PbO glasses,” Physica B: Condensed Matter, vol. 373, no. 1, pp. 
100-106, 2006.

 Uma, V., Maheshvaran, K., Marimuthu, K., & Muralidharan, G. “Structural 
and optical investigations on Dy3+ doped lithium tellurofluoroborate glasses 
for white light applications,” Journal of Luminescence, vol. 176, pp. 15-24,
2016.

 Lakshminarayana, G., & Qiu, J. “Photoluminescence of Pr3+, Sm3+ and Dy3+:
SiO2–Al2O3–LiF–GdF3 glass ceramics and Sm3+, Dy3+: GeO2–B2O3–ZnO–
LaF3 glasses,” Physica B: Condensed Matter, vol. 404, no. 8, pp. 1169-1180,
2009.

 Dias, J. D. M., Melo, G. H. A., Lodi, T. A., Carvalho, J. O., Façanha Filho, P. 
F., Barboza, M. J., ... & Pedrochi, F. “Thermal and structural properties of 
Nd2O3-doped calcium boroaluminate glasses,” Journal of Rare Earths, vol. 34,
no. 5, pp. 521-528, 2016.

 Smith, T., & Guild, J. “The CIE colorimetric standards and their 
us,” Transactions of the optical society, vol. 33, no. 3, pp. 73, 1931.

 Lakshminarayana, G., Baki, S. O., Lira, A., Kityk, I. V., Caldiño, U., Kaky, K. 
M., & Mahdi, M. A. “Structural, thermal and optical investigations of Dy3+-
doped B2O3–WO3–ZnO–Li2O–Na2O glasses for warm white light emitting 
applications,” Journal of Luminescence, vol. 186, pp. 283-300, 2017.



© C
OPYRIG

HT U
PM

90

 Vijayakumar, R., Venkataiah, G., & Marimuthu, K. “Structural and 
luminescence studies on Dy3+ doped boro-phosphate glasses for white LED's 
and laser applications,” Journal of Alloys and Compounds, vol. 652, pp. 234-
243, 2015.

 Selvi, S., Venkataiah, G., Arunkumar, S., Muralidharan, G., & Marimuthu, K. 
“Structural and luminescence studies on Dy3+ doped lead boro–telluro-
phosphate glasses,” Physica B: Condensed Matter, vol. 454, pp. 72-81, 2014.

 Sindhu, S., Sanghi, S., Agarwal, A., Seth, V. P., & Kishore, N. “Effect of Bi2O3
content on the optical band gap, density and electrical conductivity of 
MO·Bi2O3·B2O3 (M= Ba, Sr) glasses,” Materials Chemistry and Physics, vol. 
90, no. 1, pp. 83-89, 2005.

 Szu, S. P., & Lin, C. Y. “AC impedance studies of copper doped silica 
glass,” Materials chemistry and physics, vol. 82, no. 2, pp. 295-300, 2003.

 Sheoran, A., Sanghi, S., Rani, S., Agarwal, A., & Seth, V. P. “Impedance 
spectroscopy and dielectric relaxation in alkali tungsten borate 
glasses,” Journal of Alloys and Compounds, vol. 475, no. 2, pp. 804-809, 2009.

 Shajan, D., Murugasen, P., & Sagadevan, S. “Analysis on the structural, 
spectroscopic, and dielectric properties of borate glas,” Digest Journal of 
Nanomaterials and Biostructures, vol. 11, no. 1, pp. 177-183, 2016.

 Vasumathy, D. A., Murugasen, P., & Sagadevan, S. “Preparation and 
characterization of the structural, optical, spectroscopic and electrical 
properties of Pr2O5 doped borate glass,” Materials Research, vol. 19, no. 4, pp.
923-927, 2016.

 Dillip, G. R., Dhoble, S. J., & Raju, B. D. P. “Luminescence properties of 
Na3SrB5O10: Dy3+ plate-like microstructures for solid state lighting 
applications,” Optical Materials, vol. 35, no. 12, pp. 2261-2266, 2013.

 Lakshminarayana, G., Baki, S. O., Lira, A., Kityk, I. V., & Mahdi, M. A. 
“Structural, thermal, and optical absorption studies of Er3+, Tm3+, and Pr3+-
doped borotellurite glasses,” Journal of Non-Crystalline Solids, vol. 459, pp. 
150-159, 2017.

 Hrubý, A. “Evaluation of glass-forming tendency by means of 
DTA,” Czechoslovak Journal of Physics B, vol. 22, no. 11, pp. 1187-1193,
1972.

 Liao, M., Sun, H., Wen, L., Fang, Y., & Hu, L. “Effect of alkali and alkaline 
earth fluoride introduction on thermal stability and structure of 
fluorophosphate glasses,” Materials chemistry and physics, vol. 98, no. 1, pp.
154-158, 2006.



© C
OPYRIG

HT U
PM

91

 Lakshminarayana, G., Yang, R., Qiu, J. R., Brik, M. G., Kumar, G. A., & 
Kityk, I. V. “White light emission from Sm3+/Tb3+ codoped oxyfluoride 
aluminosilicate glasses under UV light excitation,” Journal of Physics D: 
Applied Physics, vol. 42, no. 1, pp. 015414, 2008.

 Xu, L. J., Wang, S. P., Wang, R. F., & Zhang, J. J. “Synthesis, structures and 
properties of ternary rare earth complexes with fluorobenzoic acid and 1, 10-
phenanthroline,” Journal of Coordination Chemistry, vol. 61, no. 2, pp. 237-
250, 2008.

 Jayasimhadri, M., Jang, K., Lee, H. S., Chen, B., Yi, S. S., & Jeong, J. H. 
“White light generation from Dy3+-doped ZnO–B2O3–P 2O5 glasses,” Journal 
of Applied Physics, vol. 106, no. 1, pp. 013105,  2009.

 Rai, V. K., Rai, S. B., & Rai, D. K. “Optical properties of Tb3+ doped tellurite 
glass,” Journal of materials science, vol. 39, no. 15, pp. 4971-4975, 2004.

 Naresh, V., & Buddhudu, S. “Energy transfer based enhanced red emission 
intensity from (Eu3+, Tb3+): LFBCd optical glasses,” Journal of 
Luminescence, vol. 137, pp. 15-21, 2013.

 Judd, D. B. “The 1931 ICI Standard Observer and Coordinate System for 
Colorimetrya,” b. JOSA, vol. 23, no. 10, pp. 359-374, 1933.

 Hong, T. T., Yen, P. D. H., Quang, V. X., & Dung, P. T. “Luminescence 
properties of Ce/Tb/Sm co-doped Tellurite glass for White Leds 
application,” Materials Transactions, vol. 56, no. 9, pp. 1419-1421, 2015.

 da Silva Jr, C. M., Bueno, L. A., & Gouveia-Neto, A. S. “Er3+/Sm3+-and 
Tb3+/Sm3+-doped glass phosphors for application in warm white light-emitting 
diode,” Journal of Non-Crystalline Solids, vol. 410, pp. 151-154, 2015.

 Reddy, C. P., Naresh, V., Ramaraghavulu, R., Rudramadevi, B. H., Reddy, K. 
R., & Buddhudu, S. “Energy transfer-based emission analysis of (Tb3+, Sm3+): 
Lithium zinc phosphate glasses,” Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy, vol. 144, pp. 68-75, 2015.

 Inokuti, M., & Hirayama, F. (1965). Influence of energy transfer by the 
exchange mechanism on donor luminescence. The journal of chemical 
physics, 43(6), 1978-1989.

 Vishwakarma, A. K., & Jayasimhadri, M. “Pure orange color emitting Sm3+

doped BaNb2O6 phosphor for solid-state lighting applications,” Journal of 
Luminescence, vol. 176, pp. 112-117, 2016.

 Sayed, F. N., Grover, V., Godbole, S. V., & Tyagi, A. K. “Color tunable YF3:
Ce3+/Ln3+(Ln3+: Eu3+, Tb3+, Dy3+, Sm3+) luminescent system: role of sensitizer 
and energy transfer study,” RSC Advances, vol. 2, no. 3, pp. 1161-1167, 2012.



© C
OPYRIG

HT U
PM

92

 Yang, M., Liu, L., & Chen, F. “Enhanced luminescence properties and energy 
transfer in novel Ce3+ and Tb3+ co-doped Na3La2(BO3)3 green-emitting 
phosphor,” Materials Letters, vol. 88, pp. 116-118, 2012.

 Rajesh, D., Balakrishna, A., & Ratnakaram, Y. C. “Luminescence, structural 
and dielectric properties of Sm3+ impurities in strontium lithium bismuth 
borate glasses,” Optical Materials, vol. 35, no. 2, pp. 108-116, 2012.

 Gowda, V. V., & Anavekar, R. V. “Transport properties of Li2O–MnO2–B2O3
glasses,” Solid state ionics, vol. 176, no. 15, pp. 1393-1401, 2005.

 Salman, F. E., Shash, N., El-Haded, H. A., & El-Mansy, M. K. “Electrical 
conduction and dielectric properties of vanadium phosphate glasses doped 
with lithium,” Journal of Physics and Chemistry of Solids, vol. 63, no. 11, pp.
1957-1966, 2002.

 Sankarappa, T., Kumar, M. P., Devidas, G. B., Nagaraja, N., & Ramake, R. 
“AC conductivity and dielectric studies in V2O5–TeO2 and V2O5–CoO–TeO2
glasses. Journal of Molecular structure”, vol. 889, no. 3, pp. 308-315, 2008.

 Ramteke, D. D., & Gedam, R. S. Study of Li2O–B2O3–Dy2O3 glasses by 
impedance spectroscopy. Solid State Ionics, vol. 258, pp. 82-87, 2014.

 Ali, A. A., & Shaaban, M. H. “Electrical properties of LiBBaTe glass doped 
with Nd2O3.” Solid State Sciences, vol. 12, no. 12 , pp. 2148-2154, 2010.

 R. Vijayakumar, G. Venkataiah, K. Marimuthu, “Structural and luminescence 
studies on Dy3+ doped boro-phosphate glasses for white LED’ s and laser 
applications,” Journal of Alloys and Compounds, vol. 652, pp. 234-243, 2015.

 C. Basavapoornima, C.K. Jayasankar, P.P. Chandrachoodan, “Luminescence 
and laser transitionstudies of Dy3+: K-Mg-Al fl uorophosphate glasses” 
Physica B: Condensed Matter, vol. 404, pp. 235-242, 2009.

 Uma, V., Maheshvaran, K., Marimuthu, K., & Muralidharan, G., “Structural 
and optical investigations on Dy3+ doped lithium tellurofluoroborate glasses 
for white light applications,” Journal of Luminescence, vol. 176, pp. 15-24, 
2016.

 Phillips, J. M., Coltrin, M. E., Crawford, M. H., Fischer, A. J., Krames, M. R., 
Mueller Mach, R., ... & Tsao, J. Y.,” Research challenges to ultra efficient 
inorganic solid state lighting,” Laser & Photonics Reviews, vol.1, no. 4, pp. 
307-333, 2007.



© C
OPYRIG

HT U
PM

93

 BIODATA OF STUDENT

Mohammed Fadhil Abbas Al-Bassam, was born in Baghdad, Iraq in 1985. He has 
earned Bachelor Degree in Laser and Optoelectronics Engineering in 2006, and M.Sc. 
Degree in Laser and Optoelectronics Engineering in 2011, both from Al-Nahrain 
University. Upon completion of M.Sc Degree, he continued his PhD. Degree at 
University Putra Malaysia. His research interest is photonics and optical glass 
material.



© C
OPYRIG

HT U
PM

94

 LIST OF PUBLICATIONS

In this part of thesis, presenting the research papers below, which published based on 
the thesis results and related works. 

Thesis results 

Al-BFA Mohammed, Lakshminarayana, G., Baki, S. O., Halimah, M. K., Kityk, I. V., 
& Mahdi, M. A. “Structural, thermal, optical and dielectric studies of Dy3+:
B2O3-ZnO-PbO-Na2O-CaO glasses for white LEDs application,” Optical
Materials, vol. 73, pp. 686-694, 2017.

Al-BFA Mohammed, Lakshminarayana, G., Baki, S. O., Kh. A. Bashar, Kityk, I. V., 
& Mahdi, M. A. “Optical and dielectric studies for Tb3+/Sm3+ co-doped borate 
glasses for solid-state lighting applications,” Optical Materials, vol. 86, pp.
387-393, 2018.

Related works 

Bashar, Kh A., G. Lakshminarayana, S. O. Baki, Al-BFA Mohammed, U. Caldiño, A. 
N. Meza-Rocha, Vijay Singh, I. V. Kityk, and M. A. Mahdi. “Tunable white-
light emission from Pr3+/Dy3+ co-doped B2O3-TeO2 PbO-ZnO Li2O-Na2O
glasses,” Optical Materials, vol. 88, pp. 558-569, 2019.



© C
OPYRIG

HT U
PM


	CHAPTER 2
	LAST CHAPTER



