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ABSTRACT 

 

The present paper reports that the thermoluminescence and optical properties 

of Dy3+ doped MgO nanoparticles, prepared the Solution Combustion Synthesis (SCS) 

method. MgO:Dy3+ samples were characterized by powder X-ray diffraction analysis 

(XRD), infrared (FTIR) spectroscopy, scanning electron microscopy (SEM) and high 

resolution transmission electron microscope (HRTEM). The thermoluminescence 

(TL) glow curve was recorded by heating the sample exposed to UV-radiation, at a 

fixed heating rate 1°C sec–1. In view of this, we have prepared small size of 

nanoparticles with different concentration of Dy3+ doped MgO nanoparticles. The TL 

glow curve of MgO:Dy3+, they have a simple structure with two prominent peak, one 

peak around 152 0C  and second peak around 250 0C, moreover, the both peak does 

not shift towards to the shorter  temperature, but intensity of glow peak increases with 

increasing dopant concentration of  Dy3+ and was observe. The activation energy of 

the samples was in the range for peak-I 0.46 eV to 0.42 eV and for peak-II 1.33 eV to 

.90 eV the order of frequency factor of the samples was found in the range for peak-I 

1.01×1017 s-1 to 0.65×1016 s-1 and for peak-II 5.78×1028 s-1  and 2.78×1028 s-1 and the TL 

follows second order kinetics. 
 

Keywords: Thermoluminescence, Dy3+ doped MgO nanoparticles, Solution 

Combustion Synthesis (SCS),  scanning electron microscopy (SEM). 

 

1.  INTRODUCTION 

 

When an insulator or semiconductor previously exposed to ionizing radiation such as 

X-rays, γ-rays, β-particles or α-particles or any other radiations is heated, then the energy 

http://www.physics-journal.org/
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stored in the phosphors, as a result of irradiation process, liberates in the form of visible light 

in addition to the normal thermal radiation. The additional visible light emitted during first 

heating is called thermally stimulated luminescence (TSL) or simply thermoluminescence 

(TL). Reheating such phosphors cooled to room temperature gives rise to only normal thermal 

emission, in which additional non-thermal visible light is not emitted. When an irradiated 

coloured crystal is heated at a rapid rate, holes or electrons are set free from the traps (defect 

sites) and emission takes place when they recombine with a charge of opposite sign. The defect 

sites which release the carriers are known as traps. In contrast, the centres from where thermal 

releases of carriers, etc. are not possible, but where the probability of capture of charges of 

opposite sign is appreciable, are called recombination centres. Presently the 

thermoluminescence continues to be an active area of research because of its immense 

contribution in the field of personnel and environmental dosimetry, dating of archaeological 

artifacts, sediments and study of defects in solids, etc.1-6.   
 Over the past few years many advances have been made in the area of preparation of 
nanomaterials. Nanotechnology has made nanocrystalline materials become an area of intense 
research activity7–10. Nanocrystalline materials are polycrystal- line materials with grain size 
below 100 nm 11,12. The change in the crystalline size and shape will alter the properties, which 
were formerly thought to be constant for a given material. Nanocrystals of common metal 
oxides have been shown to be highly efficient and active adsorbents for many toxic chemicals, 
including air pollutants, and chemical warfare agents13. Magnesium oxide (MgO), as an 
exceptionally important material for using in catalysis14,15, toxic waste remediation, or as 
additives in refractory, paint, and superconductor products16 has been attracting both 
fundamental and application studies17. Many different synthetic routes provide nanoscale MgO 
including sol–gel18, hydrothermal/solvothermal19,20, laser vaporization21, chemical gas phase 
deposition22, aqueous wet chemical23, surfactant methods24, polyol-mediated thermolysis 
process25, and microwave-assisted method26.  In recent years metal and semiconductor 
received considerable attention as active components in wide variety of research and 
technological application due to their optical, electric and magnetic properties compare to the 
bulk modular parts27-29. Magnesium oxide is an interesting basic oxide that has many 
application in catalysis, absorption and synthesis of refectory ceramics30-33. MgO is a wide 
band gap insulator (7.8ev) with rock salt crystal structure (fcc) at ambient pressure, the Mg 
ions occupying octahydral sites in anion closed packed structure34,35. Dy 3+ ions are well 
known activator dopants for many different inorganic lattice producing white light emission 
by suitably adjusting yellow and blue emission36. Although the PL such as borate, niobate and 
phosphate has drawn attention37,38. MgO:Dy3+ has commonly being prepared using 
combustion syntheses method at temperature of 550° C. This method is one of the best method 
because it is relatively simple, efficient,low cost and time consuming method. The scope of 
this work is to analyze crystalline nature, spectrum and atomic percentage of sample. The 
present results prove that the combustion technique using MgO:Dy3+ can produce the materials 
with high crystallinity.  The results in this study show that the SCS technique can potentially 
produce materials with TL intensity comparable to commercial dosimetric materials, although 
further optimizations are still required. 
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2.  EXPERIMENTAL  

 

The starting raw materials are magnesium nitrate [Mg(NO3)2.6H2O] urea 

[NH2CONH2] and dysprosium nitrate. These raw materials were firstly weighted first and were 

taken in mortar pistal and mixed it properly for one hour. After mixing, these materials are 

placed in crucible was then introduced into muffle furnace at 550°C for 20 min as the ignition 

occurs the reaction occurs vigorously for few seconds and the fluffy substance was obtained. 

The morphologies and sizes of the mercaptoethanol capped MgO: Dy3+ nanoparticles 

were determined by X-ray diffraction (XRD) studies with Cu Kα radiation (𝝀=1.5418Å). 

XRD data were collected over the range 20-700 at room temperature. In XRD the 

particle size was calculated using the Debye-Scherrer formula. The particle size was 

also calculated using the field emission gun scanning electron microscope (FEGSEM) and 

high resolution transmission electron microscope (HRTEM) methods. The 

thermoluminescence was recorded with the help of a TLD reader in which the heating rate was 

10C/s. The model of TLD reader is TL 1009I and its make is NUCLEONIX. 

 

3.  RESULT AND DISSCUSSION   

 

3.1 X-Ray Diffraction (XRD) Study 

 

The XRD patterns for the samples are shown in Fig. 3.1 MgO:Dy3+ nanocrystals for 

four different concentrations (Dysprosium), Three different peaks are obtained at 2θ values 

of  32.36, 42.65 and 62.34. This shows that the samples have cubic structure and the peaks 

correspond to diffraction at (111), (200) and (220) planes, respectively. The lattice 

parameter has been computed as 5.31Å, which is very close to the standard value (5.42Å). 

It is also seen from Fig. 3.1 that peaks intensity are increases for higher concentration of 

dopent. The size of the particle has been computed from the width of the first peak using 

Debye-Scherrer formula (39) given below: 

 

                                  D= 
𝐾𝜆

𝛽𝐶𝑂𝑆𝜃
                                                                             (3.1) 

 

where K is constant (K=0.9), λ the wavelength of X-ray, β the full width at half maximum 

and θ is Bragg angle. 

 

3.2  EDX (Energy Dispersive X-ray) 

   

 Fig.2a shows the spectrum obtained by EDX samples is shown in Fig.2b from the 

sample spectrum 100% of Mg metal was observed in the sample corresponding to peak shown 

in the Fig3b. In sample the inclusion of Dy3+ is shown in the corresponding peaks. From the 

data it is observed that the synthesized sample contains about Mg, O and Dy with 55.71%, 

44.32% and 0.87% of atomic percentage respectively which agrees with expected value.  
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Fig.1.  XRD pattern of MgO nanocrystals of different concentration of Dy3+. 

 

 
 

Figure 2a. EDX spectra of MgO:Dy3+ nanoparticles.  Figure 2b. EDX spectra of MgO:Dy3+nanoparticles. 

 

3.3  Field emission gun scanning electron microscope (FEGSEM)  

  

Figure 3(a,b,c,d) shows the FEGSEM image of MgO:Dy3+ nanoparticles. The 

FEGSEM image is carried out by using Zeiss. Evo 18 Special Edition in order to analyse the 

structure and morphology of doped samples. SEM was used for the morphological study of 

MgO Doped with Dy. The instrument was accelerated at voltage of 10 Kv and the samples 

were scanned at a working distance of 8.5 mm. The SEM images for the MgO doped with 

dysprosium samples are shown in Fig 3 (a,b,c,d). 
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      (a)MgO:Dy3+ (0.2 mol%)       (b) MgO:Dy3+ (0.4 mol%) 

 

             
 

(c )MgO:Dy3+ (0.6 mol%)      (d)MgO:Dy3+ (0.8 mol%) 

 

Figure 3(a,b,c,d). SEM image of MgO of different concentration of doped Dy3+ nanoparticles. 

 
3.4  High resolution transmission electron microscope (HRTEM) 

 

A typical HRTEM image of MgO:Dy3+ nanoparticles is shown in Fig.4 and Fig.5, 

respectively. The particle size obtained from HRTEM image is found to be in the range of 

20 nm. HRTEM image clearly shows that the particles size is not spherical. The lattice 

fringes visible in the HRTEM micrograph are indicative of the crystalline nature of the 

particles. The three diffraction rings in the EDX patterns correspond to the (111), (200) and 

(220) reflections, confirming the cubic structure in accordance with XRD results. 
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Figure 4. Selected Area Electron Diffraction (SAED) image of MgO:Dy3+ nanoparticles. 

 

         
             (a)MgO:Dy3+ (0.2 mol%)     (b) MgO:Dy3+ (0.4 mol%)  

    
     (c )MgO:Dy3+ (0.6 mol%)     (d)MgO:Dy3+ (0.8 mol%) 

Figure 5 (a,b,c,d)  HRTEM image of MgO of different concentration of doped Dy3+ nanoparticles. 
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3.5   Fourier transforms infrared Spectra   (FTIR)   
 

Fig. 6 shows FTIR Spectra of MgO:Dy3+ particles are peaks at 3448 cm-1 and 2450 

cm-1 corresponding to the O–H stretching mode of hydroxyl groups were present on the surface 

due to moisture. Peak at 1672 cm-1 was attributed to the bending vibration of water molecule. 

There are also small narrow bands at 1002 cm-1 which are due to the oxygen stretching and 

bending frequency. In additions the bands at 1561 cm-1 and 1672 cm-1 are due to C-H 

stretching. The major peaks at 480 cm-1, 678 cm-1 which confirmed the presence of Mg-O 

vibrations. 

 

 
Fig. 6  FTIR Spectra of MgO:Dy3+ nanoparticles 

 

4.  THERMOLUMINESCENCE STUDY 

 

4.1   Thermoluminescence Study 
 

Fig. 7 shows the recorded TL glow curve peak a,b,c,d of MgO:Dy3+ nanoparticles , 

exposed to UV-radiation, with different concentrations of Dy3+.As could be seen in fig.7, the 

glow curve of MgO:Dy3+, exposed to UV-radiation , they have a simple structure with two 

prominent peak, one peak around 152 0C  and second peak around 250 0C, moreover, the both 

peak does not shift towards to the shorter  temperature, but intensity of glow peak increases 

with increasing dopant concentration of  Dy3+ and was observe that (fig.7 ) the shape of the 

glow curve remains at almost the same for all the concentration of dopant.  It is seen that the 

intensity of the peak of TL intensity increases with increasing concentration of the Dy3+. Due 

to the increase in the concentration of  Dy3+ the TL intensity also increases hence, it can be 

inferred that the peak intensity increases with increasing concentration of  Dy3+ and the peak 

position does not shifts towards the lower temperature with the increasing concentration of  

Dy3+. 
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Figure.7 The TL glow curve of MgO:Dy3+ nanoparticles with different concentrations of Dy3+ 
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Figure.8 Comparison between the experimental (---) and and the theoretical (…) fitted glow curve of 

MgO:Dy3+ nanoparticles with UV-exposed. 
 

4.1.1 Glow Curve Convolution and De-convolution (GCCD) 
  

Figure 8 To verify further, the energy levels of the glow peaks in UV-radiation 

irradiated sample of MgO:Dy3+ sample, their glow curves deconvolution was done (fig.8), 

using Glow Curve Deconvolution (GCD) functions suggested by43 for first order, second, and 
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general order glow curves, respectively. The functions are further modified for better accuracy. 

The modified formula were used for the deconvolution here (in fig.8) . The order of kinetics 

and activation energy of the isolated peak was found using Chen’s set of empirical 

formulae44,45, use of the correlation between order of kinetics and the form factor given by 

Chen was made. The frequency factor was obtained form the relation44,45. The concentration 

of Dy3+ the glow peak also increases with dopant. The activation energy of the samples was in 

the range for peak-I 0.46 eV to 0.42 eV and for peak-II 1.33 eV to .99 eV the order of frequency 

factor of the samples was found in the range for peak-I 1.01×1017 s-1 to  0.65×1016 s-1 and for 

peak-II 5.78×1028 s-1  and 2.78×1028 s-1  Table 4 shows The concentration of dopant, peak 

position, peak intensity of the MgO;Dy3+  nanoparticles and Table 5 shows The concentration 

of dopant, activation energy and frequency factor and order of kinetics of the MgO;Dy3+  

nanoparticles. Fig.9 shows that the graph between the TL glow peak vs different concentrations 

of Dy3+ .  

 Fig.10 shows that the graph between the activation energy vs different concentrations 

of Dy3+ . The activation energy slightly deceases with decreasing concentration of dopants as 

well as if the bottom of conduction band increases slowly with the reducing  size of 

nanocrystals, and the energy level of trapping centre increase comparatively at higher rate with 

reducing size of crystals, then some decrease in the trap-depth can be obtained with reducing 

size of the nanoparticles and vice-versa. The equation for frequency factor is given by,                  

s = 
𝛽𝐸

𝑘𝑇𝑚
2 exp(

𝐸

𝐾𝑇𝑚
). As E/Tm decreases with reducing size of nanoparticles, the frequency factor 

s decreases with reducing size of nanoparticles. It is to be noted that, although both E and Tm 

decrease with reducing size of nanoparticles, the ratio E/Tm decreases with reducing size of the 

nanoparticles because decrease of E with reducing size of nanoparticles is comparatively faster 

as compared to the decrease of Tm with reducing size of nanoparticles. As such the factor 

exp(
𝐸

𝐾𝑇𝑚
) decreases with reducing size of nanoparticles. 
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Figure.9 Graph between TL glow peak vs   Figure.10 Graph between different concentrations 

different concentrations of Dy3+   of Dy3+ and activation energy. 
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Table 4: The concentration of dopant, peak position, peak intensity of the MgO;Dy3+  nanoparticles 

 

Table 5: The concentration of dopant, activation energy and frequency factor and order of 

kinetics of the MgO;Dy3+  nanoparticles 
 

Sample Concentration  

of the Dy3+ mol% 

Peak Activation energy half  

Size width method  

electron volt (eV) 

Frequency  

factor s (s-1) 

Order of kinetics (b) 

MgO:Dy3+ 0.2 
I 0.46 1.01×1017 

2 
II 1.33 5.78×1028 

MgO:Dy3+ 0.4 
I 0.44 0.95×1017 

2 
II 1.1 4.20×1028 

MgO:Dy3+ 0.6 
I 0.43 0.85×1017 

2 
II 0.99 3.51×1028 

MgO:Dy3+ 0.8 
I 0.42 0.65×1017 

2 
II 0.90 2.78×1028 

 

CONCLUSIONS 

 

The important conclusions drawn from the present study are as given below: 

(i) When the TL glow curve is recorded by heating the sample exposed to UV-radiation for 

5 minutes, at a fixed heating rate 10 C/s, initially the TL intensity increases with 

temperature, attains a peak value Im for a particular temperature, and then it decreases 

with further increase in temperature.  

(ii) As the smaller particles have higher surface/volume ratio and more surface states, they 

contain more accessible carriers for TL. Furthermore, the carrier recombination rate 

increases with reducing size of the nanocrystals because of the increase of the overlap 

between electron and hole wave functions.  

(iii) If the bottom of conduction band increases slowly with the reducing  size of nanocrystals, 

and the energy level of trapping centre increase comparatively at higher rate with 

reducing size of crystals, then some decrease in the trap-depth can be obtained with 

reducing size of the nanoparticles and vice-versa. The equation for frequency factor is 

given by, s = 
𝛽𝐸

𝑘𝑇𝑚
2 exp(

𝐸

𝐾𝑇𝑚
). As E/Tm decreases with reducing size of nanoparticles, the 

Sample 

Concentration 

of the Dy3+  

mol % 

Peak Tm(0C) T1(0C) T2(0C) Im(a.u) 

ξ = 

Tm-

T1(0C) 

δ=  

T2-

Tm(0C) 

ω=  

T2-

T1(0C) 

μg=   

δ/ ω 

MgO:Dy3+ 0.02 
I 152 107 182 1500 45 30 75 0.4 

II 250 225 273 1250 25 23 48 0.47 

MgO:Dy3+ 0.04 
I 152 106 189 1752 46 37 83 0.44 

II 250 220 278 1325 30 28 58 0.48 

MgO:Dy3+ 0.06 
I 152 105 195 2005 47 43 90 0.47 

II 250 212 285 1605 38 35 73 0.47 

MgO:Dy3+ 0.08 
I 152 105 201 2698 47 49 96 0.51 

II 250 208 292 2105 42 42 84 0.5 
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frequency factor s decreases with reducing size of nanoparticles. It is to be noted that, 

although both E and Tm decrease with reducing size of nanoparticles, the ratio E/Tm 

decreases with reducing size of the nanoparticles because decrease of E with reducing 

size of nanoparticles is comparatively faster as compared to the decrease of Tm with 

reducing size of nanoparticles. As such the factor exp(
𝐸

𝐾𝑇𝑚
) decreases with reducing size 

of nanoparticles. It is seen from Table1 that the shape factor determined from the 

equation, μg= δ/ω = (T2-Tm)/(T2-T1), lies in the range from 0.51 to 0.40. Therefore, the 

TL follows second order kinetics because μg is nearly 0.42 36. 

(iv) The activation energy of the samples was in the range for peak-I 0.46 eV to 0.42 eV and 

for peak-II 1.33 eV to .90 eV the order of frequency factor of the samples was found in 

the range for peak-I 1.01×1017 s-1 to  0.65×1017 s-1 and for peak-II 5.78×1028 s-1  and 

2.78×1028 s-1   
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