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Abstract 

Host Ba2MgSi2O7 phosphor was successfully prepared via low temperature combustion synthesis 

route. The phase identification of the prepared phosphor was done with the help of powder XRD 

technique. The XRD pattern of the phosphor revealed its monoclinic crystal symmetry with a space 

group C2/c. XRD pattern of synthesized powder sample have well-matched with the help of JCPDS 

PDF Card No. #23-0842. The average crystallite size calculated as 44nm with the help of Debye 

Scherer’s mathematical formula and also calculated as 56nm using Williamson–Hall (W–H) plot 

method and crystal lattice strain has been calculated as 0.24nm. This Raman line corresponds to the 

stretching vibrations of the Si–O bonds of the Si2O7 group. It is acquired that the sample exposed for 

15min gives optimum TL intensity at 112.190C temperature and displays single TL glow peak. On the 

basis of TL glow curve, it can be suggested that the Ba2MgSi2O7 (BMS) phosphor is an efficient host 

lattice but not a better TL phosphor. In thermo-luminescence property, the effect of 15min UV 

exposure on different kinetic parameters for this peak was determined with the help of peak shape 

method. In our present study, we have studied on the XRD, FESEM, Raman & IR Spectra and thermo-

luminescence (TL) characteristics of this phosphor.  

 

 

Keywords: X-ray diffraction (XRD), Ba2MgSi2O7 (BMS), Raman Spectra, Monoclinic, C2/c. 

 

1. Introduction 

Since, 21th century, national progress was closely linked with scientifically and technologically 

development and that linkage intensified in last few decades. The nano materialistic research 

achievement is more important and necessary role in the progressive and development of technological 

era. Our new innovative rare earth do-pant ions such as Eu, Er, Tb, Dy and Ce are more essential part 

in our advanced materialistic achievements of optical display system lightening LEDs. But the biggest 

challenge is finding a worthy host crystal lattice. Green nature inspired manufacturing technologies for 

sustainable developments are the key issues that environmental biomaterial addresses. Thermo Kinetic 

parameters are an essential analytic part that many applications in nanomaterials and high temperature 

dosimetry radiation. It concerned with thermally stimulation process that can be initiated by changing 

temperature. Emerging technologies and nano applications that demand advanced, high-tech 
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innovative materials like silicates, aluminates, sulphides to highly approach studied. Biomaterials 

literally means a living organism bio active molecule in vitro and vivo, used in tissue engineering [1]. 

Various characterization methods for all prepared samples were utilized to brief investigation of the 

phase structure, average particle size and surface morphology. Inorganic solid-state silicates have 

become a focus of technological interest due to their favorable physical and chemical properties. For 

variety of applications, various silicates host materials doped with rare-earth and other ions have been 

widely investigated as luminescent materials. The best long persistent phosphor known till now is 

SrAl2O4: Eu2+, Dy3+ which is a commercial phosphor and may have afterglow for more than 20 hours 

[2,3]. Many of the silicate based phosphors doped with divalent or trivalent rare-earth ions likewise 

Eu2+, Dy3+, Ce3+, Er3+ have been preferred for used as commercial phosphor in fluorescent lamp, 

scintillators [4,5], plasma display panels, white light emitting diodes (WLEDs), long persistent 

phosphor, high temperature radiation dosimetry applications. In monoclinic Ba2MgSi2O7 crystal 

structure have been clearly displayed octahedral [BaO8] sites because the octahedral coordination 

number of Ba2+ ion and tetrahedral for both Mg2+ and Si4+ ions [6]. Dubey et al. proposed that the 

Ba2MgSi2O7 has revealed a monoclinic structure with space group C2/c [7]. Our only intension behind 

this present research investigation is to find out the possibility of better performance in a suitable host 

crystal lattice, as the selection of a better host material is what drives the entrepreneurship of the main 

characteristics (such as structural, and thermal) of any phosphor. In this paper, host Ba2MgSi2O7 

sample was successfully synthesized via combustion synthesis technique and its structural properties 

such as XRD, FESEM and optical properties such as Raman Spectra as well as thermal characteristics 

such as thermoluminescence (TL) spectra have also be briefly discussed. 

2. Experimental Studies 

2.1 Sample Preparation 

It is a very large group family of compounds which characterized through the general composition 

formula like M2X
1Y2

2O7, [where M; denotes Ba, Sr & Ca, X1; denotes Mg, Zn, Cu, Mn & Co and Y2; 

denotes Ge & Si]. The compounds of this group are being widely intensive studies as optical materials 

[8]. Low temperature combustion synthesis route is one of the best synthesization routes as compared 

to other synthesis techniques. In this technique, very low heating temperature and less time for 

synthesization are required. We applied in our experiment; Ba2MgSi2O7 (BMS) were successfully 

synthesized via Low temperature combustion synthesis route. As starting materials, for the 

synthesization of host Ba2MgSi2O7 sample, Analytical grade Ba (NO3)2 (99.99%), Mg (NO3)2 

(99.99%), SiO2*H2O (99.99%), NH2CONH2 (99.99%) (Urea) and H3BO3 (99.99%) were used in our 

present investigation study. The precursor chemicals were taken according to their respective 

stoichiometric ratio required for the preparation of desired phosphor and mixed in a mortar pestle. 

Urea (NH2CONH2) has been used as a combustion fuel and boric acid (H3BO3) also employed as an 

oxidizer or flux. The stoichiometric ratio of the precursor powders specimens using with acetone 

(CH3COCH3) were grinded thoroughly in an agate mortar-pestle before being transferred to a 

cylindrical silica crucible. Then the mixture was fired at 650oC in muffle furnace. The mixture 

undergoes thermal dehydration and ignites at 10000C for 1h with liberation of gaseous products, to 

yield silicates. The entire combustion process was completed in about 5min. The products obtained by 

combustion process were fluffy masses and after additional crushing converted into a fine powder. The 
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resulting sample was restored in airtight bottle for structural and optical characterization studies [10]. 

The sintered BMS sample was obtained as an optically translucent (i.e. semi-transparent) and white 

(i.e. colorless) powder.  

The chemical reaction of this process is given as follows:  

Ba (NO3)2 + Mg (NO3)2 + SiO2*H2O + NH2CONH2 + H3BO3→ Ba2MgSi2O7 + H2O (↑) + CO2 (↑) + 

N2 (↑)                                                                                                                         (1) 

For the combustion process of oxides, metal nitrates are applied as oxidizer and urea is also applied as 

a reducer [9]. With the calculation of oxidizer to fuel ratio, the elements were assigned formal valences 

as follows: Ba = +2, Mg = +2, Si = +4, B = +3, C = +4, H = +1, O= -2 and N = 0. Thus, the heat of 

combustion is maximum for Oxidizer/Fuel ratio is equal to 1 [10].   

 
Fig. 1 [a] Monoclinic Crystal Structure and [b] Prepared Pure Ba2MgSi2O7 Sample  

2.2 Sample Characterization 

XRD of the crystalline structure, size and phase composition of the synthesized phosphor were noted 

with the help of Bruker D8 advance X-ray diffractometer with Cu-Kα radiation having wavelength (λ = 

1.5405Å), at 40 kV, and 40 mA voltage and current values, respectively. Surface morphology of the 

sample was examined with the help of SEM (ZEISS model microscope). Raman & IR spectra have 

been characterized with the help of Centre India Raman Spectrometer. A routine Thermo-

luminescence (TL) study of the UV-irradiated (254 nm) samples was recorded with the help of routine 

TL set-up Nucleonix TL 1009I TLD reader (Integral-PC Based) with constant heating rate 50Cs-1. All 

experiments were performed in identical conditions. All experiments were performed in identical 

conditions, and it was observed that the results were reproducible. All measurements carried out in the 

room temperature.  

3. Results and Discussion 

3.1 XRD Analysis 
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XRD patterns were recorded in the range between (100\2θ\800) of un-doped Ba2MgSi2O7 powder 

sample was successfully synthesized by combustion synthesis route. All the peaks have been displayed 

according to the standard JCPDS PDF file No. 23-0842 [11]. The cell volume the following lattice 

parameters were also examined [12]. All parameters have shown in Table no. 1. We have suggested 

that the di barium magnesium di silicate [Ba2MgSi2O7] sample is better host material. Few extra peaks 

were displayed in the XRD patterns. XRD diffraction peaks were peaked at (15.35), (22.42), (25.25), 

(26.88), (27.51), (29.22), (31.16), (32.69), (34.92), (44.14), (47.39), and (54.14) corresponding to 

(020), (002), (202), (112), (022), (131), (222), (113), (310), (114), (151), and (153) planes respectively 

and Sharper and isolated XRD peaks likewise 2𝜃 = 22.42 (002), 27.51 (022), 29.22 (131), 31.16 (222), 

32.69 (113), 54.14 (153) were chosen for crystallite size evaluation. The relevant crystallite size is ~ 

40nm, 48nm, 42nm, 46nm, 44nm, 44nm was evaluated with the help of the Debye-Scherrer's formula 

respectively and the average crystallite size is obtained ~ 44nm. The XRD pattern confirms that the 

pure phase of monoclinic Ba2MgSi2O7 formed at an annealing temperature of 10000C for 1h. 

 
Fig. 2 XRD Pattern of Synthesized Ba2MgSi2O7 Phosphor 

3.1.1 Debay-Scherrer formula 

To determine the crystallite size (D), using Debye–Scherrer empirical formula is represented as 

follows:  

                   D =  
kλ

βCosθ
                                               (2) 

Where k = 0.94 (Scherrer constant), λ is wavelength of occurrence X-ray (for Cu-Kα radiation, λ = 

1.5406 Å), β is the FWHM (Full width half maximum) of the peaks and θ (theta) is presented the 

corresponding Braggs diffraction angle [13] as well as D denotes crystallite size. The lattice 

parameters (in Table No. 1) of sintered powder sample, which have observed according to prominent 

peak (022), position of the peak of the XRD patterns and the calculation values of parameters. 
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Table: (1) Lattice Parameters of Synthesized Pure Ba2MgSi2O7 Phosphor 

No. Lattice Parameters Properties 

1. Crystal Structure Monoclinic 

2. Space   Group C2/c 

3. Lattice Parameters a = 8.4128 Å, b=10.7101 Å, c = 8.4387 Å & α=900,  β 

=110.71° γ=900 

4. Cell Volume 711 (Å)3 

5. Radiation Cu-Kα 1 

6. Incident X-ray Wavelength 1.5406 Å 

 

3.1.2 Williamson-Hall (W-H) Plot Method of Analysis 

This method clearly based on Uniform Deformation Model (UDM). Using this method, we obtain the 

graph between βCosθ and 4Sinθ. Fig. 3 displays the W-H plot of the various diffraction peaks of BMS 

phosphor. The Williamson-Hall (W-H) method is one of the best methods to consider the effect of 

strain-induced X-ray diffraction [XRD] peak extension. In addition, this method provides the 

calculation of the intrinsic strain as well as crystalline size [14,15]. 

This method is seen as a very important and very useful method from the point of view of estimating 

the crystal lattice strain clearly present in the synthesized samples. In this way, FWHM can be 

represented as a linear combination of the major role from the crystallite size & crystal lattice strain 

[16]. The crystal lattice strain induced broadening in the powder material was calculated via the 

following mathematical relation given as below: 

βcosθ =
kλ

D
+ 4ε sinθ                                             (4) 

Where, ‘β= 2 (θ2- θ1)’; indicates the FWHM (in radians), ‘θ’ indicates the Bragg angle of the peak, ‘λ’ 

(i.e. 1.5405 Å); indicates the wavelength of X-ray used, ‘D’; indicates the effective particle size and 

‘ε’; indicates the effective crystal lattice strain [17].  

 

Fig. 3 Williamson-Hall Plot of Pure Ba2MgSi2O7 Phosphor  
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The determination of the effective particle size [D] for which the crystal lattice strain is taken into 

account can be the extrapolated from the plot as clearly displayed in Fig.3. The crystal lattice strain 

was determined from the slope and the crystalline size was determined from the y-intercept of the 

linear fit. The W-H plots clearly demonstrate that the line extension was essentially isotropic, which 

indicates that the diffraction domains were isotropic and present with a small percentage of 

microscopic-strain. Sharper and isolated XRD peaks likewise 2𝜃 = 22.42 (002), 27.51 (022), 29.22 

(131), 31.16 (222), 32.69 (113), 54.14 (153) were chosen for crystallite size and crystal lattice strain 

evaluation. The relevant crystallite size is ~ 56nm, 60nm, 52nm, 58nm, 56nm, 54nm was evaluated 

with the help of the W-H plot method respectively and the average crystallite size is obtained ~ 56nm 

and crystal lattice strain is obtained as ~0.24nm. 

 

The average crystallite size calculated as 44nm with the help of Debye Scherer’s mathematical formula 

and also calculated as 56nm using Williamson–Hall (W–H) plot method. The average crystal size and 

of all synthesized samples was obtained to be maximum value calculated by W-H plot method as 

compared to the Debye scherrer method. 

Table: 2 Determinations of Average Crystallite Size and Lattice Strain Size 

Diffraction 

Angle 

Respective 

Plane 

Debye Scherer's Formula  

(nm) 

W-H Plots Method  

(nm) 

Lattice Strain  

Size (nm) 

22.42 002 40 56 0.23 

27.57 022 48 60 0.24 

29.22 131 42 52 0.25 

31.16 222 46 58 0.24 

32.69 113 44 56 0.24 

54.14 153 44 54 0.25 

Average size  ~44nm ~56nm 0.24nm 

3.2 FESEM Analysis 

 

In Fig. 4, the surface morphology of the prepared nano phosphor is displayed in 30.00 K X 

magnification with 1μm nano range. A closer examination of the FESEM image demonstrates that the 

particle’s surface morphology was not uniform and at the same time they were very tightly clustered 

with each other to form numerous secondary particles [18]. One of the FESEM image represents that 

the all samples have smooth and homogeneous crystal structure with isolated pores. From the FESEM 

image, it can be clearly examined that the particles with different size distributions are present in 

prepared samples. Furthermore, these samples have been prepared by low temperature heat-treatment, 

due to which there are some large aggregates exist in them.  
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Fig. 4 FESEM Image of Pure 𝐁𝐚𝟐𝐌𝐠𝐒𝐢𝟐𝐎𝟕 Phosphor 

3.3 Raman and IR spectra 

It is a special type of analytical technique, where scattered light is better utilized to measurement the 

vibrational energy modes of a specimen, called as Raman spectroscopy [19]. The phonon energy of 

materials can be characterized via Raman spectroscopy. The Raman spectrum of pure Ba2MgSi2O7 

sample phosphor is represented in Fig. 5(a). To ensure the single phase of the phosphor powder, 

Ba2MgSi2O7 samples annealed at 10000C for 1h were subjected to Raman scattering measurements, 

which have taken at room temperature. The Raman spectrum of the Ba2MgSi2O7 sample presents huge 

Raman shifts at about 147, 179, 235, 289, 448, 658, 895, and 969cm-1. The lines correspond to the 

stretching vibrations of the Si–O bonds of the Si2O7 group [20,21]. The IR spectra [fig. 5 (b)] are 

similar to those previously published. The unit cell volume and Si-O-Si angle depend on the absorption 

wavelength. These results suggest that no peak shift occurred Ba2MgSi2O7 peaks.  

 
Fig. 5 [a] Raman Spectra of Pure Ba2MgSi2O7 Phosphor 



Rover  Publications 

United International Journal of Engineering and Sciences (UIJES) 

An International Peer-Reviewed Engineering and Science Journal;Impact Factor: 5.735(SJIF) 

www.uijes.com                    Vol-3,Issue-3 ,2022                                         ISSN:2582-5887 

___________________________________________________________________________ 

UIJES                                        Copyright                                     Rover Publications  Page 35 
 

 
Fig. 5 [b] IR Spectra of Pure Ba2MgSi2O7 Phosphor 

3.4 Thermo-luminescence (TL) Study 

Thermo-luminescence phosphor display afterglow characteristics, which are known as persistent 

luminescence, and they are very needful in various field of applications likewise brightness in the 

darkness road, bio-imaging and emergency sign. At present time, the evolution of novel TL materials 

demonstrates a new and rapid developing application of research in physics, medicine area as well as 

mineral prospering, archaeological dating, forensic science and high temperature radiation dosimetry 

[22]. 

 

Fig. 6 FWHM of Glow Curve 

From the TL glow curve, it is seen that, initially thermo-luminescence [TL] intensity increase with 

increasing UV irradiation time. The optimum TL intensity is maximum for 15 min of UV exposure, 

after that they start to decrease. It is predicted that with the increasing UV irradiation time, large 

amount of charge carriers are released which increases the trap density results in increase of TL 

intensity (density of charge carrier may have been increasing), but after a specific exposure (15 min) 

traps density starts to destroy results in decrease in TL intensity [23].  
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Fig. 7 TL Glow Curve of Pure 𝐁𝐚𝟐𝐌𝐠𝐒𝐢𝟐𝐎𝟕 Phosphor with 15 min UV irradiation Time 

Fig. 7 displays that the single TL glow curve of Ba2MgSi2O7 phosphor has been obtained with 15min 

UV irradiation time at constant heating rate 5oCs-1. For TL measurement, the fixed amount of the 

powder specimens were kept (8mg) in cavity. The TL glow curve peak was allocated at 112.41oC 

temperature respectively, and these peak positions remains constant with UV irradiation time. In our 

case, the TL peak is very weak and can be neglected. Observing the TL glow curve, we find that the 

maximum glow curve is obtained at 112.41oC. From 68.45oC temperature, TL intensity is continuously 

increasing up to 112.41oC. Thereafter that the TL intensity is decreasing continuously up to 168.37oC 

temperature. Thereafter TL intensity curve is near about flate and constant having the lowest value of 

TL intensity up to 300oC temperature. 

3.3.1 Calculation of Kinetic Parameters 

The thermo-luminescence (TL) characteristics of a phosphor mainly depends on the kinetic parameters 

i.e. Trap-depth or activation energy (E), order of kinetics (b), and the frequency factor (s) describing 

the trapping emitting centers which is quantitatively responsible for the thermo-luminescence (TL) 

emission. TL phosphors exhibit glow curves with one or more peaks when the charge carriers are 

released. There are various methods for determining the kinetic parameters from TL glow curves. For 

example, when one of the TL glow peaks is highly isolated from the others, the experimental technique 

such as peak shape method [fig. 6] is appropriate to determine kinetic parameters. The TL parameters 

for the prominent glow peak of sintered phosphor were calculated with the help the peak shape method 

[24,25].  

[a] Order of Kinetics [b]  

It clearly depends on the peak shape of TL glow curve. The mechanism of recombination of de-

trapped charge carriers with their counterparts is called as the order of kinetics [b]. The kinetic order 

for glow peak of Ba2MgSi2O7 phosphor can be determined via calculating geometrical factor µg from 

the mathematical relation as follows: 

                                           µ
g

=
δ

ω
=

T2−Tm

T2−T1
                                (2) 



Rover  Publications 

United International Journal of Engineering and Sciences (UIJES) 

An International Peer-Reviewed Engineering and Science Journal;Impact Factor: 5.735(SJIF) 

www.uijes.com                    Vol-3,Issue-3 ,2022                                         ISSN:2582-5887 

___________________________________________________________________________ 

UIJES                                        Copyright                                     Rover Publications  Page 37 
 

Where Tm is the optimum peak temperature, T1 and T2 are temperatures at half intensity on the 

ascending and descending parts of the glow peak, respectively, [ω = T2 – T1], the high-temperature 

half width [δ = T2 – Tm]. The geometric factor is to differentiate between first and second order TL 

glow peak. [µg = 0.39-0.42] for the first order kinetics; [µg = 0.49-0.52] for the second order kinetics 

and [µg = 0.43-0.48] for the mixed order kinetics [26].  

[b] Activation energy (E)  

The activation energy [E] or trap depth can be determined by the general formula, which is valid for 

any kinetics. It is given by mathematical relation as follows:  

                                                             Eα = Cα (
kTm

2

α
) − bα(2kTm )                            (3)  

For general order kinetics, the values of the Cα and bα (α = τ, δ, ω) are expressed as cτ = [1.51 + 3(µg − 

4.2), bτ = [1.58 + 0.42((µg − 0.42)]; cδ = [0.976 + 7.3(µg − 0.42)], bδ = 0 and cω = [2.52 + 10.2(µg − 

0.42)], bω = 1.0.  

[c] Frequency factor  

It’s clearly reflecting the probability of electron escape from the traps after exposure to ionizing 

radiation. Frequency factor is one of the most significant parameters for material characterization. 

After obtaining the order of kinetics [b] and activation energy [E], the frequency factor [s] can be 

determined with the help of the following mathematical relation through replacing the values of E and 

b [26,27]:  

                                               
βE

kTm
2 = s [1 + (b − 1)

2kTm

E
] exp (−E/kTm)                     (4) 

Where k is Boltzmann constant, E is activation energy, b is an order of kinetics, Tm is a temperature of 

peak position, and β is the heating rate. In the present work β = 50Cs −1. 

The kinetic parameters were evaluated with the help of the thermo-luminescence (TL) glow curve of 

prepared pure powder sample with different UV irradiation time at constant heating rate 5oCs−1 has 

been displayed and summarized in Table 3. 

Table: 3 The Kinetic Parameters for UV Irradiated Pure 𝐁𝐚𝟐𝐌𝐠𝐒𝐢𝟐𝐎𝟕  Phosphor 

UV 

min 

HTR 

 

T1 

(oC) 

Tm  

(oC) 

T2  

(oC) 

τ ᵟ ω μ = ᵟ/ω   E 

(eV) 

Frequency 

Factor 

(s−1) 

15 5oCs−1 

 

82.4

5 

112.4

1 

139.2

8 

29.9

6 

26.8

7 

56.83 0.47 0.57 7.8 

× 107 

 

For pure Ba2MgSi2O7phosphor, geometric shape factor (μ
g
) is calculated to be 0.47. The 

corresponding Activation energy (E) and frequency factor (s-1) were evaluated as 0.57 eV and 7.8 ×
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 107s−1 respectively. In our experiments, shape factor (μg) is a lie between (0.43-0.48), which 

indicates that it is a case of mixed order kinetics. It is very close to second order kinetics. In our case, 

the thermo-luminescence [TL] peak of this phosphor is very weak because on heating the sample, the 

charge carriers leave their valance band and move towards the conduction band, and thus return 

straight back without falling into any trap there. The result is that the TL intensity is not that high. For 

this reason, we need doping of a suitable do-pant rare earth ions in the host crystal lattice site for trap 

construction. Because the do-pant ions generate a trap in the host crystal lattice site in which the 

charge carriers get trapped there. That is, the charge carriers trapped in the trap take more time to 

return from there, due to which their TL intensity increases.   

Conclusion 

In summary, Undoped Ba2MgSi2O7 (BMS) phosphor sample was successfully synthesized via low 

temperature combustion synthesis route and its XRD, FESEM, Raman spectra and thermo-

luminescence (TL) properties were also investigated. The analysis of XRD patterns revealed that the 

single-phase monoclinic crystal structure of synthesized phosphor was confirmed. The average crystal 

size and of all synthesized samples was obtained to be maximum value calculated by W-H plot method 

as compared to the Debye scherrer method. The grains size of the sintered phosphor in nano range and 

homogeneity much better. The Raman spectrum of the synthesized Ba2MgSi2O7 sample presents huge 

Raman shifts at different wave numbers. These lines correspond to the stretching vibrations of the Si–

O bonds of the Si2O7 group. On the basis of comparison of TL results, we can say that the host 

Ba2MgSi2O7 phosphor has been shown thermal spectra at comparatively very low TL intensities. After 

this overall study, it would be fair to say that the TL intensities do not achieve their optimal level due 

to the large band gap in the host materials. This is the reason why doping process should be adopted to 

narrowband gap so that TL glow curves can be obtained at higher intensities. 
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