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Abstract 

Trivalent europium doped magnesium barium phosphate (MgO-BaO-P2O5) glasses were 

prepared and investigated to evaluate their potential for photonic materials. The density, the 

molar volume and the refractive index were studied to assess the impact of Eu2O3 on studied 

glasses. Luminescence properties of glass samples have been recorded under photon, X-ray and 

laser excitations. It can be observed that, the emission centered at around 610 nm (5D0→7F2) is 

the most prominent. Also, the shapes of the emission peaks are similar in all the glasses 

excepting small variations in intensity of the transitions. From calculated chromaticity 

coordinates, it is suggested that the glass samples are most suitable for the development of 

photonic applications in reddish orange region. 
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Introduction 

In recent years, there has been a renewed interest 

in the search for new materials to be used as hosts 

for rare earth (RE) ion for potential applications 

in the fields of lasers, optical amplifiers and 

 

 

 

 
 

display devices. Oxide glasses are one of the 

most interesting materials because of their 

cheap production cost, good thermal stability, 

simple manufacturing process and high doping 
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capability (Ki-Soo Lim et al., 2013; Deopa  

et al., 2018). Among various glass materials 

such as phosphate, borate, vanadate, germinate 

and silicate, phosphate glasses are the best 

glass formers and attract many researchers due 

to their unique characteristics that include high 

transparency, low melting temperature, low 

viscosity, high ultraviolet (UV) transmission 

and high solubility of RE ion (Balakrishnaiah 

et al., 2006; Langar et al., 2017; Shajan et al., 

2017). It is a known fact that phosphate glasses 

are low chemical durability and high 

hygroscopic nature, which in literature reviews 

on the properties of glass in terms of its 

chemical and physical durability out that these 

can be improved by adding metal oxides like 

K2O, MgO, BaO, Al2O3, (Balakrishnaiah et al., 

2006; Hraiech et al., 2018) etc.  

RE ion doped phosphate glasses are used 

in many optical devices due to their intense 

radiations in the visible (Vis), infrared (IR) and 

near infrared (NIR) regions under suitable 

excitation wavelengths. This is result of that 

high luminescence efficiencies which related 

with 4f–4f and 4f–5d electronic transitions 

(Ki-Soo Lim et al., 2013; Nayab Rasool et al., 

2013). However, the luminescence efficiencies 

also depend on the concentration of RE ion and 

chemical composition structure of glass. 

Trivalent europium (Eu3+) ion shows great 

potential as orange/red light emission (around 

610 nm) due to its 5D0→7F2 transition state. 

Therefore its compounds are promising for 

various optical applications such as high-

density optical storage, color display devices 

and reddish orange emitting materials 

(Linganna and Jayasankar, 2012; Vijaya and 

Jayasankar, 2012). Many researchers have 

investigated the luminescence properties of 

Eu3+ doped in phosphate (Linganna and 

Jayasankar, 2012; Shajan et al., 2017), borate 

(Rajagukguk et al., 2016) and tellurite 

(Stambouli et al., 2013) glasses for using as 

photonic applications. 

In this study, magnesium barium 

phosphate glasses doped with various Eu3+ 

concentrations have been fabricated by melt-

quenching technique. The physical, optical and 

luminescence properties of the glass samples 

were studied and reported to determine the 

ability for using as display devices in reddish 

orange region.  

Materials and Methods 

Sample Preparation 

Magnesium barium phosphate glasses 

doped with various concentrations of europium 

oxide were prepared by melt quenching 

technique in the compositions 30MgO:20BaO 

:(50-x)P2O5:xEu2O3 (where x = 0.00, 0.05, 0.10, 

0.50, 1.00 and 2.00 mol%) which are labeled 

as MgBPEu000, MgBPEu005, MgBPEu010, 

MgBPEu050, MgBPEu100 and MgBPEu200, 

respectively. Raw chemicals of magnesium 

oxide (MgO), barium carbonate (BaCO3), 

ammonium dihydrogen orthophosphate 

(NH4H2PO4) and europium oxide (Eu2O3) 

were used for the preparation of the glasses. 

About 20 g of the batch composition was 

weighed and mixed thoroughly in porcelain 

crucible and melted at 1,200 ºC for 3 h in an 

electric muffle furnace. Then the glass melt 

was poured in to a preheated graphite mold and 

annealed at 500ºC for 3 h and then cooled 

down to room temperature to remove thermal 

stress and strain. Finally, these glass samples 

were cut and polished to flat surface as shown 

in Figure 1. 

 

 
Measurements 

The refractive index (n) of the glass 

samples was measured by sodium vapor lamp as 

a light source (589 nm) using Abbe refractometer 

(ATAGO) and mono-bromonaphthalene was 

used as the contact liquid. The density () of each 

glass samples was determined by the Archimedes 

method by using a 4-digit sensitive microbalance 

(AND, HR-200). The molar volume (Vm,) was 

 
 
Figure 1. Photograph of magnesium barium 

 phosphate glasses doped with Eu3+ ion 
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calculated by dividing the total molecular weight 

(MT) of each system by their density. The 

absorption spectra were recorded by UV-Vis-

NIR spectrophotometer (Shimadzu, UV-3600) in 

the range of 350-2,400 nm. The excitation and 

emission spectra were measured by fluorescence 

spectrophotometer (Agilent Technologies Cary 

Eclipse) with xenon lamp as a light source. The 

radioluminescence (RL) of glass samples are 

record at room temperatuer under X-ray 

excitation. The RL spectra were measured using 

a Cu target x-ray generator (Inel, XRG3D-E), 

whose was operated at 50 kV and 30 mA, and the 

spectrometer (QE65 Pro, Ocean Optics) with an 

optical fiber to detect the emission spect. The 

laser induced emission spectrum was measured 

with a pulse width of 10 ns and repetition rate of 

6.06 kHz (CNI, 266 nm UV solid state laser, 

MPL-F-266). The laser induced emission spectra 

were measured at low temperature in the range 

from 300 K to 10 K. CIE 1931 chromaticity 

diagram was used to determine color of the 

emission light obtained from the emission 

spectra. 

Results and Discussion 

Physical Properties 

The physical properties of MgBPEu 

glasses are collected in Figure 2. The density 

is one of the essential physical properties that 

describes the structural modification in the 

network of the material. As seen from Figure 

2(a), the density and the refractive index 

increase with increasing Eu3+ concentration. 

Since, the molecular weight of Eu2O3 (351.93 

g/mol) is higher than other oxides in glasses 

(MgO = 40.30 g/mol, BaO = 153.33 g/mol and 

P2O5 = 141.94 g/mol). Hence, addition of 

Eu2O3 at the cost of P2O5 increases the density 

of glasses. While, the refractive index of the 

glass increases when its density increases due 

to the replacement of P2O5 via Eu2O3 in glass 

composition, which Eu2O3 has higher density 

more than P2O5. Theoretically, the refractive 

index, is a function of density and mean 

polarizability of the medium (Tan and Arndt, 

1997). Therefore, the refractive index of a 

glass increases when its density increases 

(Chanthima et al., 2017). 

The molar volume is decreased as the 

Eu3+ concentration is in range of 0.00 to 0.50 

mol%, which shows that the Eu2O3 acts as a 

partly former of the glass material making the 

structure is more packing and increase of 

connectivity in glass network. On the other 

hand, the molar volume of glass samples were 

increased as the Eu3+ concentration was 

beyond 0.50 mol% as shown in Figure 2(b). 

This result reflects that  Eu2O3 entering into the 

glass network can act as a modifier and the 

creation of non-bridging oxygen (NBO) in 

glass network, indicating the reduction of glass 

connectivity and the increase of the molar 

volume of glass samples (Rajagukguk et al., 

2016). From the result of the molar volume, it 

indicates that the concentration of the Eu2O3 

causing the Eu2O3 act as performed differently 

within the matrix. 

 
 

Figure 2. The density and the refractive index (a) and the molar volume (b) of glass samples 
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Optical Absorption  

Figure 3 shows the absorption spectra of 

MgBPEu glasses recorded at room 

temperature in ultraviolet visible and near 

infrared (UV-Vis-NIR) regions. The 

absorption bands with different wavelengths 

are correlated to the electronic transition 

between the inner orbits of Eu3+ ion. These 

bands corresponding to the transitions 7F0 → 
5G2 (381 nm), 7F0 → 5L6 (394 nm), 7F1 → 5D3 

(412 nm), 7F0 → 5D2 (465 nm), 7F1 → 5D1 (532 

nm), 7F0 → 7F6 (2091 nm) and 7F1 → 7F6 (2209 

nm) were observed. The absorption band 

positions in MgBPEu glasses are similar to 

those reported in other literatures (Linganna 

and Jayasankar, 2012; Vijaya and Jayasankar, 

2012; Rajagukguk et al., 2016). Among all 

absorption bands, the 7F0 → 5L6 (394 nm) 

transition is found to be more intense than any 

other transitions, even this transition is 

forbidden by the ΔS and ΔL selection rules but 

allowed for the ΔJ selection rule (Linganna and 

Jayasankar, 2012; Rajagukguk et al., 2016). 

Furthermore, the absorbance of MgBPEu 

glasses increases with increasing Eu3+ 

concentration. 

Photoluminescence 

Figure 4(a) shows the excitation spectra 

of Eu3+ doped magnesium barium phosphate 

glasses in the wavelength range of 350-550 

nm, by monitoring the emission at 613 nm. 

From the excitation spectra, various bands are 

observed at 362, 382, 394, 414, 464, 525 and 

533 nm corresponding to the transitions from 

the ground state to the excited states that are 
7F0 → 5D4, 7F1 → 5G2, 7F0 → 5L6, 7F1 → 5D3, 7F0 

→ 5D2, 7F0 → 5D1 and 7F1 → 5D1, respectively 

(Vijaya and Jayasankar, 2012). Among these 

excitation bands, the 7F0 → 5L6 (394 nm) 

transition is found to be more prominent and it 

was used to record the emission spectra of 

MgBPEu glasses in the wavelength range of 

550-750 nm. 

 
 

Figure 3. The absorption spectra of MgBPEu 

 glasses in UV-Vis-NIR regions 

    
 

Figure 4. The density and the refractive index (a) and the molar volume (b) of glass samples 
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The emission spectra of MgBPEu glasses 

for different concentrations of Eu3+ ion under 

394 nm excitation wavelength are shown in 

Figure 4(b). The emission spectra exhibited 

five emission bands centered at 579, 590, 613, 

652 and 699 nm corresponds to 5D0 →7F0, 5D0 

→7F1, 5D0 →7F2, 5D0 →7F3 and 5D0 →7F4 

transitions, respectively (Maheshvaran and 

Marimuthu, 2012). The 5D0 →7F1 transition 

(ΔJ = 1) is a magnetic dipole (MD) allowed 

transition and is not sensitive to the site 

symmetry around Eu3+ ion, whereas the 5D0 

→7F2 transition (ΔJ = 2) is due to the electric 

dipole (ED) allowed transition and very 

sensitive to the coordination environment of 

Eu3+ ion, so 5D0 →7F2 transition can indicate 

the symmetry around Eu3+ ion in glass matrix 

(Linganna and Jayasankar, 2012; Luciana et 

al., 2010; Maheshvaran and Marimuthu, 2012; 

Stambouli et al., 2013). The intensities of both 

excitation and emission peaks increase with 

increasing of Eu2O3 concentration upto 1.00 

mol% and then decrease. Because of the rise in 

non-radiative decay channels, which are 

enhanced due to the concentration quenching 

effect (Linganna and Jayasankar, 2012). 

Therefore, the optimum concentration of 

Eu2O3 for MgBPEu glass is 1.00 mol% which 

makes the highest intensity of emission 

coming out from this glass. 

The intensity ratio R (ratio between 

intensities of ED and MD transitions; 

ED/MD), known as the asymmetric ratio can 

be used to investigate the symmetry of the 

local environment the RE ion and relative 

strength of covalent/ionic bonding between 

Eu3+ ion. Higher ratio shows lower symmetry 

around the Eu3+ ion and higher Eu–O 

covalence (Maheshvaran and Marimuthu, 

2012; Ramachari et al., 2013). Also the R 

value provide valuable information in 

developing laser sources. (Stambouli et al., 

2012). In this work, the intensity ratio of 

MgBPEu100 glass is found to be 3.44 and is 

smaller when compared to BBCE2 (Libin Xia 

et al., 2017) and 2EB (Maheshvaran and 

Marimuthu, 2012) glasses and higher when 

compared to PbPEuP (Maheshvaran and 

Marimuthu, 2012) and BNaPbZnLiEu_2 

(Rajagukguk et al., 2016) glasses as presented 

in Table 1. Therefore, can be explained more 

laser potential of MgBPEu100 glass than 

PbPEuP and BNaPbZnLiEu_2 glasses. 

 

CIE Chromaticity Diagram 

The emitting color of MgBPEu glasses 

excited by 394 nm were investigated using the 

Commission International deI'Eclairage (CIE) 

1931 chromaticity diagram to identify the 

dominant emission wavelength of glass 

samples for evaluating the material performance. 

The CIE color coordinates (x,y) of 

MgBPEu005, MgBPEu010, MgBPEu050, 

MgBPEu100 and MgBPEu200 glasses are 

found to be (0.647,0.352), (0.648,0.352), 

(0.648,0.352), (0.648,0.351) and (0.648,0.351), 

respectively. Figure. 5 presents the location of 

(x,y) color coordinate of the emission light of 

the MgBPEu glasses on CIE 1931 

chromaticity diagram, which is fall in the 

reddish orange region, also confirms the 

suitability of MgBPEu glasses for using as 

reddish orange emitting applications under the 

excitation of 394 nm. 

 

Radioluminescence 

Figure 6(a) shows the radioluminescence 

(RL) spectra of MgBPEu glasses recorded under 

X-ray excitation at room temperature. Under the 

excitation of X-rays, the emission spectra of 

MgBPEu glasses in the region of 550-750 nm 

consist of five bands centered at 578 nm (5D0 

Table 1. Comparison of intensity ratio of glass sample with other reported Eu3+ glasses 

Glass system Intensity ratio (R) Reference 

PbPEuP  2.08 (Maheshvaran and Marimuthu, 2012) 

BNaPbZnLiEu_2 3.07 (Rajagukguk et al., 2016) 

MgBPEu100 3.44 Present work 

BBCE2   4.01 (Libin Xia et al., 2017) 

2EB 4.24 (Maheshvaran and Marimuthu, 2012) 
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→7F0), 590 nm (5D0 →7F1), 610 nm (5D0 →7F2), 

651 nm (5D0 →7F3) and 700 nm (5D0 →7F4). It is 

observed that, the strongest emission band is 

centered at 610 nm and the emission intensity 

also increase with increasing of Eu2O3 

concentration until 1.00 mol%, after that it 

decrease via concentration quenching effect. 

Although the excitation source was different, 

the spectral results were nearly identical to those 

from the photoluminescence. In addition, the 

light emission suggested that MgBPEu glasss 

have the potential to X-ray detections. 

 

Temperature Dependence Luminescence 

From the luminescence spectra, emission 

spectra of glass samples have been recorded 

under photon and X-ray excitations, it is 

observed that MgBPEu glass doped with Eu3+ 

concentration at 1.00 mol% is maximum 

intensity of emission, so they are selected for 

measurement the temperature dependence 

luminescence. Temperature dependence of 

emission spectra of MgBPEu100 glass is also 

investigated from 300 K to 10 K by exciting 

with 266 nm laser excitation as presented in 

Figure 6(b). The results indicate that the 

intensity of the emission peak is found to be 

increased with decreasing temperature. Even if 

the shape of the emission peaks are similar for 

all temperature, the emission intensity of the 

MgBPEu100 glass at 10 K was almost 2 times 

that at room temperature (300 K). This feature 

regards to the increase of non-radiative thermal 

quenching at high temperature causing a 

gradual decrease of the integrated emission 

efficiency (Park et al., 2016; Luewarasirikul et 

al., 2017). 

Conclusions 

Eu3+ doped magnesium barium phosphate 

glasses have been fabricated and their physical 

optical and luminescence properties were 

investigated. These glasses were prepared by 

the melt-quenching technique. The results 

 

 
Figure 5. CIE chromaticity diagram of 

 MgBPEu glasses 

         
 

Figure 6. The RL spectra of MgBPEu glasses (a) and the temperature dependence luminescence of 

 MgBPEu100 glass under laser induced emission spectra (b) 
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indicate that the density and the refractive index 

of glass samples increase when the concentration 

of Eu2O3 is increased. While, the molar 

volume of glass samples tends to decrease with 

increasing Eu2O3 content up to 0.50 mol% and 

then increases. From the result of molar 

volume, it indicates that the percentage of the 

Eu2O3 content also performs differently within 

the matrix. The absorption bands of glass 

samples were clearly observed in the UV–Vis–

NIR regions. Emission spectra analysis of 

glass samples had been recorded under photon 

and X-ray excitations. Five emission bands of 

Eu3+ were observed and the strongest emission 

band centered at around 610 nm exhibits 

reddish-orange emission, which was confirmed 

by CIE chromaticity diagram. Although the 

excitation source was different, the spectral 

results were nearly identical to those from the 

photoluminescence. The optimum concentration 

of Eu2O3 for MgBPEu glass is 1.00 mol% 

which makes the highest intensity of emission 

coming out from this glass. Temperature 

dependence of luminescence was also studied 

under laser induced emission spectra. It is 

observed that the emission spectra of glass 

samples were increased with decreasing 

temperature from 300 K to 10 K. This result 

suggests that MgBPEu glasses can be good 

candidate as laser source and display devices 

in reddish orange region. 
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