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Previously, there are many studies succeeded in fabricating transparent glass ceramic 
of tellurite based-glass system [3]. However, the synthesis of nano-crystalline Eu3+

 doped 
TeO2 based glass has been less extensive reported and the growth dynamic of the glass 
system is unclear [6]. According to the previously reported phase diagrams, the tellurite 
glasses can easily be obtained with a high concentration of europium [7]. Moreover, 
properties of Eu3+ doped TeO2 glasses which undergo heat treatment process were studied 
only recently. Therefore, the aims of this study are to prepare the tellurite glass doped with 
europium (Eu3+) via melt quenching technique. The effect of dopant throughout all samples 
towards the structural in terms of XRD and SEM will be investigated. In addition, the 
optical properties were determined with luminescence. 

 

2. Experiment 
 

The ability of glasses for crystallization was first measured by the values of the glass 
crystallization temperature (Tc) to obtain transparent glass ceramics. Portions of the glass 
sample were heat treated for 30 minutes at temperature 15 – 20oC above the Tc in an electric 
furnace throughout all samples.  

The XRD peak corresponding to be (111) plane where the particle size with basically 
a cubic structure was estimated from the full width at the half maximum (FWHM), β of an 
XRD peak corresponding to the plane shown by Scherrer’s equation as shown in Eq.1. 

 
d = 0.89 λ / β cos θ            (1) 

 
where d is the crystallite size, λ is the wavelength and θ is the diffraction angle.  

XRD measurement is performed on Siemens Diffractometer D5000. For this 
measurement, the samples must be in powder form. Diffraction patterns were collected in 
the 2 range from 15 o to 75o, in steps of 0.05o and 1s counting time per step and using Cu 
Kα as a radiation source of wavelength λ=1.54056Å.  

To investigate the kind of the formed crystallites, it was examined by SEM. The 
crystallized portion of glass was polished and then successively diamond paste. The 
specimen is then was coated with a thin layer of carbon by an evaporation technique. An 
electron accelerating voltage of 8 kV was used and the micrographs were obtained using 
back-scattered imaging. 

The Photoluminescence measurement is conducted on Nanosecond Luminescence 
Spectroscopy System, Ekspla Model NT340/1 tunabled Nd: YAG laser system. Each sample 
which is in powder form was placed in the spectrometer and scanned for radiation spectral 
wavenumber in the range of 200 – 900 cm-1 at room temperature. The Xenon lamp (300 < λ 
< 1300nm) was used as a pumping source. 
 

3. Results and Discussion 
 

A series of unheat-treated and heat-treated TeO2 - Na2O – MgO glass system doped 
with Eu3+ have successfully been prepared by melt-quenching technique. 
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Fig. 3: A luminescence spectra of Eu3+ doped TeO2 - Na2O - MgO for heat-treated glass system 
excited at 400 nm. 

 
Fig. 4 shows the luminescence spectra of the 1 mol% Eu2O3 concentration for the 

unheat-treated and heat-treated glass sample at temperature above the crystallization 
temperature (Tc) for 30 minutes. The detected emission spectra for heat-treated glass sample 
with the same Eu2O3 concentration is similar to the as-cast glass sample, which contributes 
to the same transition. It is clearly be seen that the shape of emission band does not change 
but there is a slightly shift of the peaks position which indicates the interaction of ions 
between Eu3+ sites is very strong [12].  Both of them exhibit the same five emissions which 
are in agreement with the other researcher [11]. 

From Fig. 4, it is clear that both unheat-treated and heat-treated glass show about 
similar emission wavelength throughout five emissions transitions. It can be explained by 
the energy of photon emitting which does not influenced by Eu2O3 concentration. In 
consequents, the number of photon emitted is really affected the intensity of the emissions 
as the concentration of Eu2O3 is very sensitive to them. Moreover, it can be concluded that 
the samples are very stable since its energy remains at the same transition level as the 
dopant concentration is varied. 
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Fig. 4: Emission Spectra of glass at 1 mol% of Eu2O3 for unheat-treated and heat-treated glass. 
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By taking the average peak wavelength throughout all samples, a plot of peak 
wavelength as a function of different transitions for both untreated and heat-treated glass 
sample as illustrated in Fig. 6. The observed peak wavelength throughout all emission peaks 
for 5D0 → 7F0, 

5D0 → 7F1, 
5D0 → 7F2, 

5D0 → 7F3 and 5D0 → 7F4  is found to be at around 568 
nm, 600 nm, 628 nm, 664 nm and 712 nm, respectively. As we can see, the average 
transition of 5D0 → 7F0 emits in the lower wavelength at 568 nm, which was describe as 
yellow region. Peak wavelength of 5D0 → 7F1 transition is in the orange region which is at 
600. For the highest emission intensities of 5D0 → 7F2 transition lies in the red region at 628 
nm. The color region is then consistently in red region for 5D0 → 7F3 and 5D0 → 7F4 

transitions at 664 nm and 712 nm, respectively. 
By taking the average peak intensity throughout all samples, a plot of peak intensity 

as a function of different transitions for both untreated and heat-treated glass sample as 
illustrated in Fig. 5 for all Eu2O3 concentration. The experimental data is further compared 
with the intensity of luminescence emission spectra with heat-treated glass sample. It can be 
seen that the spectra of the samples present higher emission intensities with the heat-
treatment process. As the glass undergoes heat-treatment process, the increase in the 
intensity of emission spectra is observed. This indicates that the local crystalline field 
symmetry around the Eu3+ ions does change due to the heat-treatment. Therefore, the 
mechanisms that are contributing for changes in the intensity of the Eu3+ emissions in 
samples are due to the heat treatment process. In addition, with heat-treatments, all 
emissions transitions are due to the transition from a glass-like to a crystal-like environment 
[10]. 

It is observed that the emission located at around 620 to 630 nm are more affected 
with the heat-treatment process as the peak intensity of 5D0 → 7F2 at 627.5 nm is the highest 
if compared to the others transition and 5D0 → 7F3 shows the weakest transition. The highest 
transition, 5D0 → 7F2 transition with electric dipole (∆J = 2) have the maximum europium 
intensity which is about two times higher from 5D0 → 7F1 with electric dipole transition (∆J 
= 1). According to Giridhar et.al, (2000), these two transitions are the spin forbidden 
emission bands with (∆S = 1). Transitions 5D0–

7F2 is electric-dipole allowed and therefore 
their amplitudes are sensitive to changes in the polarizability of the ligand and reduction of 
the local symmetry around the Eu3+ ions [11].  
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Fig. 6: Peak intensity as a function of different transitions. 
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4. Conclusion 
 

A series of glass system based on (80-x) TeO2 - 5Na2O - 15MgO - (x) Eu2O3 for both 
unheat-treated and heat-treated or nano glass system over the concentration region from 0 to 
2.5 mol% have successfully been obtained using conventional melt quenching technique. 
The series of glasses shows a good quality of glass as they are largely transparent and 
visualized. 
 For the crystallization investigation, XRD spectra confirms the presence of 
crystalline phase of nano glass which the diameter is estimated around 68.7 nm and SEM 
studies revealed the nano-crystal glass morphology which is associated to the existence of 
crystallized phase. Crystal immersed in the amorphous material, with no observable 
clustering and a size distribution of are observed. 

A detailed study of on the luminescence properties has successfully been carried out. 
The result shows some peak observed throughout all emission peaks for 5D0 → 7F0, 

5D0 → 
7F1, 

5D0 → 7F2, 
5D0 → 7F3 and 5D0 → 7F4  was found to be at around 568 nm, 600 nm, 628 nm, 

664 nm and 712 nm, respectively. The enhancement of Eu3+ luminescence especially for the 
highest emission intensity, 5D0 → 7F2 transition which lies in the red region as compared to 
the precursor glass is exhibited. 
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