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1. Introduction 
 

    Glasses have unique characteristics such as glass 

transition and insulators these are optically 

transparent. One among several glass former, TeO2 

is one of the potential candidate for fabricating in 

fiber optical amplifiers, nonlinear optical glasses for 

telecommunication and also possess low phonon 

energy around 800 cm-1 [1]. TeO2 glass show far 

distance electromagnetic transmission (typically 

300–5000 nm), high refractive indices. TeO2 

glasses also a good former which show high 

solubility when doped with rare earths [1,2], 

addition of various oxides would increase its glass 

forming range [3]. Due practical productivity of 

tellurite glasses, they grabbed attention of 

researcher to combine with borates to form boro-

tellurite glasses, due their better transparency and 

refractive indices [4]. Boron oxide B2O3 is a basic 

glass former due to its higher bond length, lower 

cation size, smaller heat of fusion and trivalence 

nature of boron. These glasses acquire units of 

triangular BO3 units and tetragonal BO4 units of 

borates which are corner bonded in a random 

fashion [5,6]. Zinc tellurite glasses represent one of 

the best potential host materials for several rare 

earth dopants for laser applications, addition of ZnO 

in such glasses would provide more homogenous 

amorphous nature by reducing their crystallizing 

state, better capability to form glasses and better 

constancy in their network [4]. ZnO has an 

advantage due their network forming as well as 

modifying capability when enters glass network. It 

also provides multifunctional material applications 

due availability of extensive band gap which can 

tailor the structural properties. Spectroscopic 

properties have received a great deal of interest, 

especially doping with rare-earth has improvised 
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the subject area much more interesting and potent 

on luminescence characteristics studies due 4f-4f 

intra interactions. Most oxide glasses have large 

phonon energy (1100 cm-1) due to the stretching 

vibration of network-forming oxides [7], 

advantageous features of borate (high phonon 

energy ~1200 – 1500 cm-1) and tellurite (low 

phonon energy ~700 - 800 cm-1) glasses in their 

interactions with RE ions, could lead to low phonon 

energy and easy fabrication. Telecommunication 

application with praseodymium doped glasses has 

seen wide scope of interest so called second telecom 

window due their 1.3 μm emission. They also 

exhibit 4 level lasing allied with 3P0 level [8]. Most 

of the rare earths show visible emission while fewer 

among them such as Nd, Pr, Dy show 1.3 μm NIR 

emission [9]. Praseodymium can show both visible 

and NIR emission, in present study we have chosen 

to explore its visible range emission. Pr3+ doped 

glasses restricted by diminutive lifetime. Few host 

glasses show volunteered oxidation of Pr3+ to form 

Pr4+ [10], following vitrification providing thrust 

emission intensity. However, quantum yield of Pr3+ 

is feeble in crystalline case [11]. Lifetime decay of 

f transition being instantly fast upto 13ns in silicate 

glasses doped with Pr3+ [12-15], such requirements 

advances them to applied solid state scintillating 

applications. Therefore, we have preferred to 

fabricate barium zinc boro-tellurite glasses doped 

with Pr3+ ions to study their behavior in optical 

properties.  

 

2. Experimental 

 

    (30-x)TeO2-30B2O3-10ZnO-30BaO-xPr2O3 

(ZTB) x = 0.00 0.05, 0.10, 0.50, 1.00, 1.50 mol%  

were synthesized by usual melt-quench scheme. 

Analytical grade TeO2, H3BO3, ZnO, BaO & Pr2O3 

with high purity up to 99.99% were used as starting 

batch materials. These oxides were weighed using 

digital weighing machine with an accuracy of  
± 0.001 g, these chemicals were mixed thoroughly 

and then put in a furnace for melting using alumina 

crucible. The batches were melted at 1000oC and 

hold for 3 h. After melting the chemical melt were 

poured on a pre heated brass mold for quenching. 

The quenched samples were placed in another 

furnace at 300oC for annealing purposes due 

releases any thermal stress present. After annealing, 

the samples were taken out of furnace, subsequently 

cut and polished with required dimensions. The 

refractive index of the glass samples was 

determined by Abbe refractometer (ATAGO Co. 

Ltd - 2016) at sodium wavelength (589.3 nm) using 

mono-bromo-naphtelene as contact fluid. By using 

Archimedes principle, density was measured. 

Structural analysis measured using Agilent Cary 

630 FTIR spectrometer and sample were powdered 

to acquire fine powder for X-ray diffraction (XRD) 

measurements using Shimadzu Diffractometer 

XRD-6100 with Cu Kα radiation source with 40 kV, 

30 mA, Schimadzu-3600 spectrometer to measure 

UV-Vis-NIR spectra in 200 nm to 2500 nm 

wavelength region. The photoluminescence spectra 

were obtained by Cary-Eclipse fluorescence 

spectra. Color of emission is studied via CIE 

(Commission International de I’Eclairage 1931) 

chromaticity diagram. 

 

3. Results and discussion 
 

3.1 Physical properties  

 

    The structural changes and configuration is an 

important tool to understand the glass network [16].  

From Figures 1a and 1b the density (ρ) and 

refractive index (n) increases by means of increase 

in Pr2O3 content, whereas molar volume decreases. 

Increase in density and decrease in molar volume 

indicates better compactness of the glass due 

increase of bridging oxygen's (BO's), i.e., non-

bridging oxygen's (NBO's) present in [BO3]3- 

triangles convert into bridging oxygen's of BO4
- 

tetrahedral units with addition of Pr2O3 content. 

This leads to increase in the rigidity of the prepared 

glasses and also affects the indices of refractive (n) 

of the present ZTB glasses.  

 

3.2 XRD studies 

 

    From Figure 2 for all ZTB glasses, shows no 

discrete or sharp diffraction lines. This confirms the 

amorphous nature of Pr2O3 doped ZTB glasses. The 

X-ray diffraction traces for all glass system were 

measured at room temperature and found to show 

almost similar trends. The measurement was 

performed using 2θ Vs intensity ranging from 10° 

to 80° with in steps of 0.02° with 1s as counting rate 

per step with speed of 5°·min-1.  
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Figure 1. (a) Density, molar volume vs Pr2O3 concentration and (b) refractive index vs Pr2O3 concentration. 

 

 
 

Figure 2. XRD of ZTB doped with Pr2O3 concentration. 

 

3.3 FTIR studies 

 

    The Fourier Transform Infrared spectrum of zinc 

boro-tellurite (ZTB) doped with Pr2O3 glass were 

analyzed in range 650–2600 cm-1 as displayed in 

Figure 3, the bands were assigned in Table 1. FTIR 

diagram shows the distinctive IR interest band at 

~2080-2287 cm-1 [17,18], ascribed to the elemental 

vibrations of OH group. Phonon energy being 

related to non-radiative loses, as phonon energy 

could be increased due occurrence of large amount 

of OH content, hence FTIR studies is important tool 

to study. The low intensity of OH band seen for 

ZTB glasses indicating the presence of low OH 

content leading to weaken borate phonon bands. 

The peak observed at 660 cm-1 is due to the Teeq– 

Oax–Te linkages [19-21]. The peak observed at 781 

cm-1 is due to the shaking of unbroken arrangement 

collected of TeO4 trigonal bypyramids (tbp's) [19].  

This band illustrate wide enough due addition of 

borate and also shows feeble vibration arising from 

BO3 triangles [22]. The band arising at 1183 cm-1 is 

due to elastic (stretching) shaking (vibrations) of 

BO4 units present in the present glasses, as 

discussed in section 3.1 it can be noticed that the 

intensity of 1183 cm-1 increases with increase in 

Pr2O3 concentration indicating that available NBO's 

(Non-Bridging Oxygen's) convert to BO's (Bridging 

Oxygen's). A supplementary very faint band arises 

in the spectrum of borate glasses around 1540 cm-1, 

which is assumed to be B-O elastic shaking of BO3 

units with (BØ2O) and without non-bridging 

oxygen ions [19,22-25]. 

 

 
Figure 3. FTIR of ZTB doped with Pr2O3 concentration. 

 

 

 

 

 

(a) (b) 
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Table 1: FTIR absorption band assignments for ZTB glass samples. 

 

Band Assignments [19-25]  Range (cm-1) Wavenumber (cm-1) 

 

Hydroxyl O-H stretching  
OH groups  

 

 

 

 

2022  

2170 

 

B-O stretching vibrations of BO3 units with (BØ2O)  

and without nonbridging oxygen ions 

1520 - 1580 1540 

Elastic (stretching) shaking (vibrations) of BO4 units  1160 - 1240 1183   

TeO4 trigonal bypyramids (tbp's) 760 - 800 781 

Teeq– Oax–Te linkages 650 - 680 660  

3.4 Absorption studies 

 

    The prepared glasses were well polished to shiny 

glossy finish for spectroscopic quantification. 

Absorption spectra of Pr3+-doped ZTB glass 

samples were quantified in the visible and near-

infrared NIR regions at room temperature on a dual 

beam spectrophotometer. Figure 4 shows eight 

absorption bands peaking at 446, 471, 484, 660, 

1017, 1446, 1534 and 1947 nm associated with the 

absorption transitions from the ground state 3H4 to 
3H4 → 3P2, 3H4 → 3P1, 3H4 → 3P0, 3H4 → 1D2, 3H4 

→ 1G4, 3H4 → 3F4, 3H4 → 3F3 and 3H4 → 3F2 

respectively to the specific excited states as 

displayed in the Figure 4.  

 

 
 

Figure 4. UV-Vis-NIR spectra of ZTB doped with 

Pr2O3 concentration. 

 

3.5 Luminescence studies 

 

    The emission spectra of the ZTB glass samples 

monitored at 448 nm excitation wavelength are 

presented in Figure 5. Pr3+ owns a variety of 

radiative changeovers from 3P0 and 1D2 levels when 

excited by blue light. Four emission bands located 

at 489, 530, 605, and 649 nm corresponding to 3P0 

→ 3H4, 3P1 → 3H5, 3P0 → 3H6 and 3P1 → 3F2 

transitions of Pr3+ are obtained under 448 nm 

excitation. Due to the large energy gap (3757 cm−1) 

between 3P0 and 1D2 and the observed phonon 

energy from FTIR (1183 cm−1), multiphonon 

nonradiative relaxation from 3P to 1D2 is very small, 

and hence the 1D2 luminescence was not observed. 

Highest emission intensity found at 0.1 mol% which 

reveals that concentration quenching occurs at 0.1 

mol% Pr2O3 content. 

 

 
 

Figure 5. Emission spectra of ZTB doped Pr2O3 

concentration. 

 

    Among all these transitions, two transitions are 

highly intense in bluish-green and bright red regions 

at 489 nm and 605 nm corresponding to the 

transitions 3P0 → 3H6 + 1D2 → 3H4 for ZTB glass. 

These two transitions are originating from 3P0 and 
1D2 and they are well resolved. The bluish-green 

emission from Pr3+ ions doped ZTB glasses can be 

explained on the basis of its energy level structure. 

The energy gap between 3P0 and 1D2 is 4042 cm−1. 

In the present series of glasses, orange-red 
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luminescence dominates bluish-green luminescence 

because of non-radiative relaxation that took place 

from 3P0 to 1D2. In case of 0.5 mol% doped Pr2O3 in 

ZTB glass shows 3P0 → 3H4 transition (489 nm) 

bluish-green luminescence dominating than the 

orange luminescence because of increased radiative 

transition from 3P0 to ground state instead of non-

radiative relaxation of 3P0 to 1D2 state, whereas for 

0.1 mol% doped Pr2O3 in ZTB glass shows 1D2 → 
3H4 transition (605 nm) orange luminescence 

dominating than the bluish-green indicating non-

radiative relaxation (multi phonon relaxation) of 3P0 

to 1D2 state is quite strong.  

    The excitation spectra of the ZTB glass samples 

monitored at 605 nm are displayed in Figure 6. The 

excitation bands peaking at 447, 472, and 485 nm 

are assigned to the absorption transitions of 3H4 → 
3P2, 3H4 → (1I6, 3P1), and 3H4 → 3P0, respectively, 

signifying that the emissions emanating from 3P0 

and 1D2 states attained under such excitation are 

viable blue laser diode, blue and blue-greenish 

LEDs. The energy level illustration is shown in 

Figure 7 for the prepared glass samples doped with 

Pr3+ ions. The concentration quenching was observed 

at 0.1 mol% of Pr2O3 content as the distance 

between Pr3+-Pr3+ decreases as concentration increases 

beyond 0.1 mol%. Using 448 nm excitation 

wavelength the exciton is excited to ground state of 

higher level through non-radiative transition, this 

excitation de-excited to excited level of ground state 

(3P0). From ground state of higher excited state, we 

observe four emission bands located at 489 nm 

(blue), 530 nm (green), 605 nm (orange) and 649 

nm (red) as shown in Figure 7. The multiphonon 

tranquility rate (Wmp) between the excited level to 

the next lower level can be expressed by the 

Miyakawa-Dexter equation [26], 

 

𝑊𝑚𝑝 = 𝑊𝑜 exp(−𝛼∆𝐸/ℏ𝜔)   (1) 

 

where 

𝛼 =  
1

ℏ𝜔
[𝑙𝑛 (

𝑝

𝑔(𝑛+1)
) − 1]   (2) 

 

where α and Wo are the experimentally determined 

constraint which are constant for a given host. Also 

the constraint Wo match up to the decay rate at zero 

energy gap and g is the electron-phonon coupling 

strength. In the current work, the phonon energy 

(ℏ𝜔) of ZTB glass is about 1183 cm-1, p is the 

quantity of phonons essential to bridge the energy 

gap (∆𝐸 = 3757 cm-1) between the excited and the 

next lower level, minimum of six phonons 

(calculated p = 6) are required for bridging the 
3P0→1D2 multiphonon relaxation process. The 

partition distribution function (n) for the population 

of phonons as a function of temperature (T) and ℏ𝜔 

can be expressed as 

 

 𝑛 = (𝑒
ℏ𝜔

𝐾𝑇 − 1)
−1

    (3) 

 

An significant supply for high quantum efficiency 

is a extended total lifetime, attained by decreasing 

the non-radiative decay rate hence, multiphonon 

decay rate of a excited level is resolved by the 

phonon energy of the host, and is greatly lessened 

in low phonon energy glasses. Equations (1-3) 

above are a phenomenological affiliation which 

allows to gauge the anticipated multiphonon decay 

rate from the known energy gap of the ion and the 

phonon energy of the host [26,27], Considering in 

account of two formers present in the glass system 

and from FTIR data, it was found that for the 

Wmp/W0 for 3P0→1D2 in the present boro-tellurite is 

found to 0.986, electron-phonon coupling strength 

g is found to be 0.0131 and host dependent 

parameter α is found to be 4.269×10-3 cm, which 

proposes that these values are comparable and one 

may expect the longer lifetime and quantum 

efficiency [28,9].  

 

 
 

Figure 6. Excitation spectra of ZTB doped Pr2O3 

concentration.
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Figure 7. Energy level diagram of ZTB doped Pr2O3 

concentration. 

 

3.6 CIE Chromaticity studies 

 

    The three dimensionless coordinates "�̅�((𝜆)); 

�̅�((𝜆)); 𝑧̅((𝜆))" are used to portray the color from 

any light source [29-31]. The Commission International 

deI’Eclairage (CIE) chromaticity coordinates are 

resolved from the tristimulus values to approximate 

the emission color of the glass matrices through the 

given relations 

 

𝑥 =
𝑋

𝑋+𝑌+𝑍
     (4) 

 

𝑦 =
𝑌

𝑋+𝑌+𝑍
     (5) 

 

The circumference of CIE1931 chromaticity diagram 

is prepared by particular position of all 

monochromatic color coordinates while the zone is 

compiled of all the multi chromatic wavelengths. 

The color coordinates of the multi-colored 

fluorescence in ZTB glasses under the assorted 

excitation conditions are developed and spotted on 

the CIE-1931 customary chromaticity diagram. A 

multi-color integral fluorescence originated from 

the combination of the residual laser and the Pr3+ 

spontaneous emission which can be recognized by 

adjusting the intensity ratio between the laser and 

the Pr3+ emissions as shown in Figure 8. The CIE 

1931 color coordinates for the fluorescence of the 

0.1 mol% Pr3+ doped zinc boro-tellurite glasses 

under 448 nm laser excitation conditions, whose 

color coordinate is derived to be ~(0.332, 0.611) 

corresponding to yellow-green. 

 

 
 

Figure 8. Color coordinates in the CIE 1931 

chromaticity diagrams for 0.1 mol% of Pr2O3 doped 

ZTB glasses under 448 nm laser excitation. 

 

4. Conclusions 

 

    The Pr3+ doped zinc boro-tellurite glasses 

were synthesized by usual melt-quench scheme. 

Enhancement in density, refractive index and 

decline in molar volume of these ZTB glasses 

indicates that these glasses show enhancement 

in their compactness of the glass structure. 

Amorphous environment of the glass was 

substantiated by XRD measurements.  Structural 

investigation from FTIR reveals that TeO3 

trigonal pyramids and BO4 units are present in 

these glasses. Four emission bands were 

observed at 489, 530, 605, and 649 nm 

corresponding to Pr3+ ion monitoring at 448 nm 

excitation and found that concentration quenching 

at 0.1 mol% Pr2O3. Calculations were made to 

calculate multiphonon tranquility rate Wmp/W0 

for 3P0→1D2 in the present boro-tellurite is found 

to 0.986, electron-phonon coupling strength g is 

found to be 0.0131 and host dependant 

parameter α is found to be 4.269×10-3 cm, 

indicating that extended lifetimes could be 

feasible in low phonon energy glasses. The CIE 

chromaticity color co-ordinates are measured 

which is ~(0.332, 0.611) corresponding to  

yellow-green. 
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