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Abstract: 

The Eu2+ activated and Ce3+ doped Ca2MgSi2O7 phosphor is prepared via high temperature solid state 

reaction. The phase identification shows that the calcining temperature of this material is 1200°C. The 

photoluminescence analysis presents Ca2MgSi2O7:Ce3+Eu2+ phosphor exhibits a prominent emission band 

around 470nm.. The Thermoluminescence (TL) analysis observed that it has been   a single glow peak was 

occured in all the TL glow curves of  Ca2MgSi2O7: Eu2+,Ce3+ codoped phosphor . The single isolated peak 

due to the formation of only one type of luminescence centre which is created due to the UV irradiation So the 

application of this material can be extended. 
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Introduction: 

Persistent luminescence is an optical process in which a material is excited with high energy radiation like 

ultraviolet light, beta rays can also be used and the resulting visible luminescent emission remains visible for 

an appreciable time – from seconds to many hours - after the excitation has stopped. The effect is also called 

phosphorescence, afterglow. A wide variety of host materials are used as luminescent compounds, but when it 

comes to persistent luminescence, the number of known hosts is relatively low. The majority of research on 

this phenomenon is concentrated around the aluminates, with SrAl2O4 as most famous representative, and the 

silicates, represented by Ca2MgSi2O7.  Alkaline earth akermanites family  M2MgSi2O7 (M = Ca,Sr,Ba) 

materials presenting afterglow mechanisms, and they are the most widely studied persistent luminescent 

silicates. But only few host crystals have been found to exhibit persistent luminescence with Eu2+ activators. 

Ca2MgSi2O7:Eu2+,Ce3+  has a much brighter and longer afterglow than their non-codoped variants. In this 

research paper, Ca2MgSi2O7 phosphors with the various concentration ratio of dopant and co-dopant were 

prepared using the solid state reaction. The Photoluminescence (PL) studies were done to identify the long 

lasting phosphor. Thermoluminescence (TL) glow curve of the phosphor were observed. Charge carrier traps 

play a important role in persistent luminescence mechanisms. One of their main properties is their the 

activation energy required to release a captured charge carrier. Shallow traps (with a depth lower than around 

0.4 eV are fully emptied at low temperatures, and do not dynamically take part in processes at room 

temperature. Very deep traps (around 2 eV or deeper, on the other hand, require more energy to be emptied 

than is available at room temperature. Therefore, charge carriers caught by these traps remain there until the 

material is sufficiently heated. To observe persistent luminescence at room temperature, the traps should have 

suitable activation energy somewhere between these two extremes (a trap depth around 0.65 eV is considered 

to be optimal . In this paper, we will also observed that the nature of the trapped charge carriers. (electrons or 

holes) is still subject of discussion. 
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Material and Method: 

Synthesis of rare earth codoped sample (Ca2MgSi2O7: Eu2+,Ce3+) was prepared by solid state diffusion 

reaction method. The phosphor Ca2MgSi2O7  is prepared from the compounds calcium carbonate (CaCO3) and 

magnesium oxide (MgO) , SiO2 and CeO2 , Eu2O3 . The prepared phosphor Ca2MgSi2O7 is weighed and 

grounded into a fine powder using agate mortar and pestle about an hour. The grounded mixture was placed in 

an alumina crucible and heated from room temperature to 12000 C in a muffle furnace with a heating rate of 

50C/min. After reaching 12000C the phosphor heated for 3hours and the furnace was allowed to cool to room 

temperature along with the samples. Photoluminescence was recorded by RF -5301 PC SHIMADZU 

Spectrofluorophotometer (RF 5301 PC) . Emission and excitation were recorded using a1.5 nm width of 

spectral slit.The thermoluminescence glow curve was recorded using a TL 10091, NUCLEONIX 

spectroscopy, which used a 254 nm UV lamp and had a heater that heated upto 600 oC. The sample typically 

weighs around 30 milligrams. 

Result and Discussions: 

Photoluminescence : 

Fig. shows the excitation and emission spectra of Ca2MgSi2O7:Ce3+Eu2+ phosphor. From the figure 

Ca2MgSi2O7:Ce3+Eu2+ phosphor exhibits a prominent emission band around 470nm. The position and shape 

of the emission spectra of Ca2MgSi2O7:Ce3+Eu2+ phosphor are approximately same with Eu2+ doped that 

phosphor. But from the fig. It can be also observed that Ce2O3 co-doping enhanced the luminescence intensity 

of Eu2+ doped host lattice (Ca2MgSi2O7:Ce3+Eu2+ )  which implies that Ce3+ can efficiently transfer the 

absorbed energy to Eu2+.  From the above results, related to the enhancement in PL emissions on adding Ce3+ 

to Ca2MgSi2O7:Eu2+ phosphor, we could observe that some form of energy transfer taking place with Ce3+ 

ions acting as sensitizers and Eu2+ ions as activators. A method that can be used to demonstrate the occurrence 

of energy transfer is to measure the excitation spectrum of the emission from the activator. If the excitation 

spectrum of the activator emission shows the excitation bands of the sensitizer in addition to those of the 

activator, it indicates energy transfer from the sensitizer to the activator, since the excitation energy is 

absorbed by the sensitizer and emitted by the activator. However, in the present co-doped sample, the 

excitation spectrum of the emission of Eu2+ ion not only contains its excitation bands at 242nm, 270nm and 

325 nm. Generally energy transfer occurs only when the emission band of sensitizer overlaps spectrally with 

the absorption band of activator. 
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Fig: Emission spectra of  Ca2MgSi2O7:Ce3+Eu2+ sample. 

 

 

Fig : Excitation Spectra of Ca2MgSi2O7:Ce3+Eu2+ doped phosphor 

 

 

 

Thermoluminescence: 

 

The thermo-luminescence (TL) glow curve of Ce3+Eu2+ co-doped Ca2MgSi2O7 phosphors with different 

concentration were recorded and are shown in fig. In the fig, all the TL glow curve were first irradiated for 

5min using UV source, then after radiation source was switch off and the irradiated sample were heated at a 

linear heating rate of 50C/S , from room temperature to 2500C. From the fig, initially the TL intensity 

increases with the temperature, attains a peak value for a particular temperature and then decreases with 

further increase in temperature. All the TL glow curves recorded exhibit rich structure and substantial 
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intensity in the range from 50 0C to 2500C. The depth of traps of prepared sample was calculated using glow 

peak method and half width method. 

Ce3+ Eu2+ 

concentration 

T1( 0C) TM(  
0C) 

T2( 0C) τ (K) δ( K) ω (K) μ E(e V) E (e 

V) 

0.01 mol 114.98 122.5 188.16 7.52 65.66 73.18 0.89 0.58 0.56 

0.02 mol 136.43 176.45 202.1 40.02 25.65 65.67 0.40 0.58 0.59 

0.03 mol 145.93 180.25 209.18 34.32 28.93 63.25 0.46 0.91 1.2 

0.04 mol 141.2 178.1 202.1 36.9 24 60.9 0.39 0.65 0.64 

0.05 mol 150.62 180.25 205.68 29.63 25.43 8.23 0.46 1.1 1.3 

 

 

 

Conclusion: Ce3+Eu2+ co-doped Ca2MgSi2O7 phosphors Eu were successfully prepared by using the 

solid state reaction. A study of thermoluminescence properties of Eu2+,Ce3+ codoped Ca2MgSi2O7 

phosphors , it has been observed that , a single glow peak was occured in all the TL glow curves of  

Ca2MgSi2O7: Eu2+,Ce3+ codoped phosphor . The single isolated peak due to the formation of only one 

type of luminescence centre which is created due to the UV irradiation. Calculated activation energy of 

the phosphor shows that the phosphor is a quite good persistent luminescent material. Ce3+Eu2+ co-

doped Ca2MgSi2O7 phosphors show afterglow properties. The PL spectra of Ce3+ Eu2+ co- doped 

sample it has been observed that, emission spectra of   the prepared samples is ( in the shape and 

position ) approximately same  with the single doped rare earth ions in host lattice . But this case, 

enhanced the emission intensity by Ce3+ can transfer absorbed energy to Eu2+  ion respectively. 
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