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Abstract 
Ca2MgSi2O7 (CMS) nano phosphor was prepared by Combustion Synthesis technique. XRD, SEM, 

EDX, FTIR, PL spectra and CIE Color Chromaticity Co-ordinate Diagram as well as TL characteristics 

have briefly investigated. The phase formation of synthesized sample was displayed P42̅1m space group 

with akermanite type tetragonal crystal structure. This crystal structure creates a layered compound. It 

belongs to mellite group. The average crystallite size (D) is calculated as 31.91nm and lattice strain as 

0.25nm. The chemical composition of the synthesized phosphor was well clarified with the help of EDX 

spectroscopy. The actual phase formation and functional groups identification of this phosphor have been 

shown with the help of FTIR spectroscopy. In Photoluminescence (PL) characteristics such as Excitation 

and Emission spectra were also investigated. The phosphor displayed single emission peak at 472nm. 

The CIE chromaticity coordinates have calculated as [X = 0.2445, Y = 0.2679] respectively. The CIE 

diagram has shown that this phosphor approached to blue light luminescent color region. In Thermo 

luminescence (TL) study, the sample UV exposed for 15 min gives optimum TL intensity and single TL 

glow curve peak was allocated at 152.43°C temperature respectively, and this peak position remains 

constant with 15min UV irradiation time. 

 

Keywords: Ca2MgSi2O7 (CMS), mellite, combustion synthesis, akermanite, x-ray diffraction pattern 

(XRD) 

 

Introduction  

In modern times, luminescence has made an amazing contribution to the field of material 

science. Solid-state lighting (SSL) and Light Emitting Applications (LEDs) are in great 

demand. Thus, the white light emitting diodes (WLEDs) have emerged as a superior attraction 

for solid-state lighting (SSL) source applications. The availability of different varieties of 

colorful LEDs has added to the lighting market and industries which is continuously growing. 

Observationally, it turns out that the main reason behind all this is the better performance of 

the host materials. These host materials form a basic pillar for the doping process. The best 

long persistent phosphor ever discovered in the history of luminescence is SrAl2O4:Eu2+, Dy3+, 

whose long after glow persistency is ~20 hours [Matsuzawa et al.(1996)] [1]. For the past few 

years, material scientists and researchers have been developing better host materials. So that, 

the better long after glow phosphor can be prepared by doping process of different types of 

rare earth ions. In the recent few years, the demand for energy is increasing continuously in 

our present society i.e. energy is the future demand for all of us. Additionally, there is need to 

focus our attention on important global issues such as saving energy and protecting the 

environment. With the aim of overcoming the problem of energy shortage and environmental 

pollution, the ongoing process of actively researching and developing various types of white 

light emission phosphors. The phosphors converted (pc) solid-state lighting (SSL) sources 

have been conferred exclusive properties such as long lifetime, energy saving, high efficiency 

and ecofriendly etc. In this way, we can say that the better implementation of host materials 

make the doping process more accessible and efficient. In general, it would be fair to say that 

the host material plays a pivotal role in the discovery of new phosphors. Silicate based 

phosphors have been widely investigated due to consisting of their exclusive properties, such 

as rigid crystal structure, water resistance, high brightness, high thermal, physical and 

chemical stabilities, low-cost and strong absorption in the near-UV (Ultra-violet) region [Tam 

et al. (2014) [2], Tingqiao et al. (2016) [3], Yuan et al. (2012) [14], Ju et al. (2014) [5], Liu et al.  
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(2016)] [6].  

Rare-earth doped silicate phosphors have displayed sufficient 

practical applications such as optical display devices, detector 

systems, solar cell, scintillates, lasers of phosphors making 

and many other varieties of light emitting diodes (LEDs) 

[Tshabalala et al. (2016)] [7]. 

Mellite are a large crystal-structured group of compounds 

whose represented by means of usual structure representation 

[i.e. M2X1Y2
2O7, where M= Ba (Barium), Sr (Strontium), Ca 

(Calcium); X1 = Mg (Magnesium), Zn (Zinc), Cu (Copper), 

Mn (Manganese), Co (Cobalt); Y2 = Ge (Germanium), Si 

(Silicon)]. As an optical material, this crystal structure is 

widely studied [Sharma et al. (2021)] [9]. Akermanite, which 

is belongs to the family of soro-silicates. The di calcium 

magnesium di silicate is also called as a host for long-lasting 

phosphors, generally activated with various RE ions, such as 

(Eu2+, Nd3+, Dy3+ or Mn2+). This CMS phosphor has been 

extensively discussed in biological and medical areas of 

applications [Karacaoglu et al. (2015)] [10]. Silicate with 

akermanite structure may be a possible and attractive bio 

ceramics for tissue engineering applications [Bhatkar et al. 

(2011)] [8]. Akermanite (CMS) crystal structure exhibits 

superior biocompatibility and bioactivity features. For this 

reason, they are also identified as probable candidates for 

bone material [Sharma et al. (2021)] [9]. Our present research 

study is based on a brief investigation including XRD, FTIR, 

SEM, EDX, PL, CIE Diagram and TL characteristics of 

sintered CMS nano- phosphor samples. 

 

Experimental analysis 

Sample Preparation 

The combustion synthesis method have been developed in an 

facile, fast, versatile, cheaper (i.e. low-cost) and more 

efficient pathway with a behavioral approach to rapidly 

producing of a extensive category of catalysts, ceramics and 

nano-sized luminescent-materials (i.e. phosphors) as well as 

oxides [Patil et al. (2002) [12], Aruna et al. (2008) [13], Patil et 

al. (2008)] [14]. Commonly, inorganic phosphor samples are 

sinteredvia anun-doped host-crystal lattice matrix as well as 

intentionally compiled by a very slight amount of impurities 

(i.e. catalyst). When deciding on a host phosphor material and 

appropriate concentration of the catalyst. So at that time some 

special things need to be taken into consideration such as its 

physical characteristics such as surface field, crystallinity, 

phase accuracy and proper & prescribed distribution of 

catalyst in the host crystal lattice play an exceedingly relevant 

contribution in regularizing luminescence properties 

[Muresan et al. (2011)] [15]. In our present investigation, we 

have applied combustion synthesis technique for sample 

preparation [Fig: 1]. This process itself is the best material 

synthesization technique. Basically, the purpose of preparing 

nano phosphors (i.e. luminescent material) and other type of 

ceramic products have been attracted more and more attention 

from researchers and material scientists. That is, gave birth to 

a deep interest in them. Simultaneously, multi-component, 

fine particle size, crystalline and homogenous materials were 

synthesized at relatively very low temperature and short 

period of time duration [Kim et al. (2003)] [16]. All precursor 

materials have been used as starting materials such as Ca 

(NO3)2 (Analytical-Reagent Grade), SiO2 ∗ H2O (Analytical-

Reagent Grade), NH2CONH2 (Urea) (Analytical-Reagent 

Grade), Mg (NO3)2 (Analytical- Reagent Grade), and H3BO3 

(Boric Acid) (Analytical Reagent Grade) with (99.99%) 

purity in our experiment. The oxidizer and fuel need to be 

used in very small quantities. In present research work, 

NH2CONH2 (urea) is utilized as a combustion fuel and H3BO3 

(boric acid) is utilized as an oxidizer (i.e. flux). It is more 

essential to note that the entire precursor reagents with 

convenient molar-ratio should be solubilizing in a very slight 

quantity of CH3COCH3 (Acetone) (Analytical Reagent Grade) 

homogeneously to obtain a very clear solution. The measured 

amount of each metal nitrates, flux (i.e. oxidizer) and fuel 

were grinded with the help of 5” agate mortar and pestle for 

fifteen minute to turn into a thick-paste solution. The resulting 

solution is placed into a cylindrical crucible (i.e. silica) with a 
relatively large volume as well as transferred into pre-

maintained [i.e. at 650°C temperature] muffle furnace. In 

about 5min, the overall combustion process has been finished. 

It is clear from observation that the mixture-solution enters in 

thermal-dehydration process within a few minutes. Basically, 

products with gaseous nature are obtained during this process, 

in which silicates are yielded and ignited to produce a self-

propagating flame. As a result, the process of self-propagating 

ends after a few seconds. The crucible is then taken out of the 

muffle furnace and kept in an open space to cool down. As 

soon as the cooling process is over, as a result we get fluffy 

form of the phosphor sample. Then, it is finely crushed with 

the help of agate mortar and pestle. Subsequently, the 

obtained powder material was post-annealed at 950°C 

temperature for 1 hour. At 5°C per minute, the heating as well 

as cooling rates were set of the muffle furnace. After 

subsequent grinding, the final sintered white powder sample 

was achieved which results its conversion into superfine 

powder sample. In air-tight bottle, the resulting powder 

sample was restored for further studies. The chemical process 

is given as: 

 

Ca (NO3)2 + Mg (NO3)2 + SiO2 ∗ H2O + NH2CONH2 + 

H3BO3 → Ca2MgSi2O7 + H2 O (↑) + CO2 (↑) + N2 (↑)         (1) 

 

Sample Characterization 

For phase structure determination, an X-ray diffraction (XRD) 

pattern of sintered powder material sample was investigated 

using Bruker D8 advance X-ray powder diffract to meter with 

Cu-Kα radiation having 1.5405 Å wavelengths (i.e. at 40 kV 

and 40 mA). The surface morphology Images of the material 

sample was analyzed with the help of Scanning Electron 

Microscope (Model: ZEISS EVO 18). FTIR spectra were also 

recorded with the help of Bruker-Alpha FTIR spectrometer. 

An EDX spectrum was utilized for the elemental composition 

analysis. For identifying the absorption of functional group 

region (4000 to 1400 cm-1) and the finger-print region (1400 

to 400 cm-1) and vibrational features of sintered sample 

through adding with potassium bromide (KBr) powder sample 

[Analytical-Reagent Grade] with pallet preparation. In PL 

study, excitation and emission spectral data were carried out 

with the help of SHIMADZU, RF-5301 PC spectro-fluoro 

photometer whose confers refined excitation and emission 

spectral data and curves in the range between[200-400nm and 

475-700nm] respectively. CIE chromaticity diagram was 

recorded with the help of GO-CIE (1931) software. TL glow 

curves were plotted between emitted TL intensity and the 

temperature of the sample were recorded using routine TL 

set-up Nucleonix TLD Reader (TL 1009I) with constant 

heating rate 5°Cs-1.In each measurement, 6mg of the phosphor 

was used. All measurements were recorded at the room 

temperature. 
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Fig 1: Flow chart of sample synthesization process 
 

Results and Discussion 

X-Ray diffraction (XRD) 

XRD has a unique place of its own as an important technical 

technique with multilateral and non-destructive features 

which is better utilized for the purpose of revealing elaborated 

information in terms of chemical composition and 

crystallographic phase structure of synthetic (i.e. inartificial) 

and fabricated material samples. It would be fair to say that 

XRD is the most important experimental technique ever 

developed by which the crystals phase identification of any 

phosphor sample is performed very precisely. It can also be 

utilized for successful implementation of lattice constants and 

geometry, imperfections (i.e. defects), preferred orientation of 

poly-crystals, recognition of unfamiliar samples, 

configuration examination of single crystals, strains such as 

various related problems etc. Specially, used in a variety of 

applications (i.e. grain shape fixation, degree of crystallinity 

in mixture sample of crystalline and non- crystalline matters 

and phase recognizance) [Friedbacher et al. (2011) [17], 

Lyman et al. (1993)] [18]. XRD pattern of sintered 

Ca2MgSi2O7 phosphor sample has been shown in Fig. 4. To 

observe the phase structure, XRD (X-ray Diffraction) data has 

been carried out in the range between (100\2θ\800). The XRD 

diffraction peak positions are well examined with the standard 

(JCPDS# 77-1149) [JCPDS PDF File] are displayed in Fig: 4. 

The standard Ca2MgSi2O7 CMS crystal formation, crystal 

lattice parameters and cell-volume are examined with the help 

of AMCSD 0008032 [American Mineralogist Crystal 

Structure Data-Base-Code]. XRD diffraction peaks were 

assigned at (16.10), (21.14), (22.37), (23.84), (25.13), (29.19), 

(31.24), (32.75), (35.34), (36.12), (38.64), (44.07), (46.16), 

(48.47), (51.63), (61.94), (64.94), (67.25) corresponding to 

(110), (101), (200), (111), (210), (201), (211), (220), (002), 

(310), (102), (212), (410), [(222), (330)], [(310), (312)], 

(332), (223) and (521) planes respectively. When the 

diffraction peaks obtained from XRD were closely observed. 

Then some special results emerged that the phase structure of 

synthesized phosphor, which relates to akermanite type 

tetragonal crystal structure with a P42̅1m (i.e. 113 space 

number and D2d space group) space group and the cell 

parameters were examined to be a = b = 7.8071 Å, c = 4.9821 

Å with α = β = γ = 90° [Sharma et al. (2021)] [11]. Debye– 

Scherrer equation is demonstrated as: D = Kλ/βCosθ, where K 

indicates the Scherrer constant (i.e. 0.94), λ indicates 

wavelength (i.e. incident X-ray beam), β indicates the FWHM 

of the peaks and θ indicates the analogue Bragg diffraction 

angle [Feitosa et al. (2004) [21], Ubale et al. (2007)] [22]. D (i.e. 

average crystallite size) is calculated as 31.91 nm. 

The average crystalline size and strain was calculated from 

the width of prominent peak at (2θ) ~ 31.24 with respect to 

XRD (211) plane. The strain [Uniform Deformation Model 

(UDM)] was determined with the help of the following 

mathematical representation: ε=β/4tanθ [Sharma et al. 

(2021)]. The sintered CMS sample was obtained as an 

optically translucent (i.e. semi-transparent) and white (i.e. 

colorless) powder. The lattice parameters of sintered phosphor 

materials have shown in Table no. 1. 
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Table 1: Various Parameters of synthesized phosphor 
 

No. Parameters Ca2MgSi2O7 Phosphor 

1. Crystal Structure Tetragonal/Akermanite 

2. Space Group P42̅1m 

3. Lattice parameters 
a = b = 7.8071 Å, c = 4.9821 Å& 

α = β = γ = 90֯ 

4. Crystallite size D (nm) 31.91 nm 

5. 2θ (Deg) 31.24 

6. Cell Volume (V) 303.663 Å3 

7. Crystal plane spacing d (Å) 2.8630 Å 

8. Strain 0.25nm 

 

Crystal Structure 

According to the crystal structure of Ca2MgSi2O7 phosphor, 

four independent cation sites, namely, Ca1
2+, Ca2

2+, Mg, and 

Sexist in the crystal lattice. Ca1
2+ is coordinated by eight 

oxygen atoms, Ca2
2+ is coordinated by six oxygen atoms and 

both Mg2+ and Si4+ cations occupy in the tetrahedral sites. All 

of the calcium atoms are located in the channel and 

coordinated by oxygen atoms in both the structures (Figure: 2 

& 3) [Yao et al. (1998) [23], Lin et al. (1999) [24], Chaplot et al. 

(2000) [25], Jung et al. (2009) [26], Yonesaki et al. (2009)] [27]. 

The physical, chemical and crystallographic features of this 

standard phosphor sample have been displayed in Table no. 2 

as follows. 

 

 
 

Fig 2: Akermanite crystal structure projected on (001) plane 

 

 
 

Fig 3: In CMS Crystal Structure, Inter-atomic Distance and Site Symmetry of Silicon Site 

 
Table 2: The physical and chemical properties of CMS Phosphor 

 

No. 
Chemical 

Composition 
Crystal Structure Chemical Properties 

Cations for substitution & 

their size 

Coordination Number of the 

crystal lattice sites for substitution 

1. Ca2MgSi2O7 
Tetragonal  

Akermanite 
Stable and Biocompatible 

Mg2+ (0.72) 

Ca2+ (0.99) 

Ca1(1:6), Ca2(2:8)  

Mg (4) 
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Fig 4: XRD Pattern of Un-doped CMS Sample 

 

Usually, we completely agree that the oxidizers &fuel are 

compulsory required for any combustion synthesization 

technique. In this process, metal nitrates (i.e. as oxidizers) and 

urea (i.e. as fuel) are also employed. Based on propellant 

chemistry, it is very essential to calculate the stoichiometric 

molar-ratio of all metal nitrates; oxidizers and fuels are used 

in this experiment, so that the chemical reaction can be 

balanced [Ekamabaram et al. (2005)] [28]. With the calculation 

of oxidizer to fuel ratio, the elements were assigned formal 

valences as follows: Ca = +2, Mg = +2, Si= +4, B = +3, C = 

+4, H = +1, O = -2 and N = 0. For complete combustion 

process, it is very important that the oxidizer and fuel serve as 

a numerical-coefficient to maintain the stoichiometric 

equilibrium, so that the equivalence ratio is equal to unity (i.e. 

total oxidizing valency/total reducing valency (O/F) = 1), and 

the maximum energy is released [Kingsley et al. (1988)] [29]. 

 
Table 3: The elements were assigned formal valences 

 

No. Elements Atomic Number (Z) Electronic Configuration Formal Valences 

1. Calcium (Ca) 20 2, 8, 8, 2 +2 

2. Magnesium (Mg) 12 2, 8, 2 +2 

3. Silicon (Si) 14 2, 8, 4 +4 

4. Boron (B) 5 2, 3 +3 

5. Carbon (C) 6 2, 4 +4 

6. Hydrogen (H) 1 1 +1 

7. Oxygen (O) 8 2, 6 -2 

8. Nitrogen (N) 7 2, 5 0 

 

FESEM Analysis 

The FESEM instruments also utilize a focused beam-ray of 

high-energy-electrons at the specimen-plane to originate 

various signals. In this way, signals obtained through the 

electron-sample protection displays sample information 

related to the external morphology, chemical composition and 

crystalline structure as well as configuration of the sample-

creating material. The selected field with a range between (i.e. 

almost 1cm-5micron width) in a scanning mode utilizing 

morphological image can be done [Goldstein et al. (1981) [30], 

Egerton et al. (2005) [31], Williams et al. (1984)] [32]. SEM has 

also proven the virtue of being able to analyze of picked spot 

positions on a specimen. It is the most essential investigation 

of qualitative or semi-quantitative chemical compositions (i.e. 

utilize in EDS), crystalline phase structure and crystal 

assortments are dependent on its behavioral point of view 

[Clarke et al. (2002)] [3]. The luminescent property of any 

phosphor samples depends on particles morphology (i.e. 

shape, size, and its defects) [Reed et al. (2005)] [34]. In Fig: 5, 

the surface morphology (i.e. SEM Images) of the sintered 

CMS sample has shown with 200nm magnification. Thus, 

when the SEM images are investigated closely, the particles 

shapes are tightly interconnected in an irregular spherical 

form. The availability of agglomerate particles, voids and 

pores was ensured because of the gases released during the 

combustion process. During observation, it was also found 

that the phosphor sintered via combustion synthesis technique 

is less compact than the traditional solid-state reaction 

technique (i.e. high-temperature process). 

 

 
 

Fig 5: FESEM Image of Ca2MgSi2O7 (CMS) Phosphor 

 

Energy Dispersive X-Ray Spectroscopy (EDX) 

Fundamentally, EDX analysis is demonstrated as EDS or 

EDAX that has been shown to be more beneficial as an X- ray 

analysis technique for identifying the elemental composition 
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of material samples. Its consumptions include such as 

substances and products research, refining, de-formulation 

and much more. The EDX system plays an important role of 

enclosure for electron microscopy instruments such as SEM 

(Scanning Electron Microscope) or TEM (Transmission 

Electron Microscope). In this way, both SEM & TEM 

instruments are complement to each other. Additionally, the 

imaging durability of the both microscope plays a specific 

role in the recognition of the specimen’s interest [Goldstein et 

al. (1981) [30], William et al. (1984)] [32]. In order to better 

quantify & identify properties of the elemental components or 

chemical characterization of the any specimen spotting area. 

This technique is put to practical use, which is as small as 

nanometers (nm) range. The data achieved through EDX 

analysis clearly shows the presence of spectral peaks. Under 

this study, the spectral peak is obtained resembling the 

elements that make up the actual composition of the sample 

[Goldstein et al. (1981)] [30]. Fig: 6 show the EDX spectrum 

of sintered Ca2MgSi2O7 phosphor sample. From the analysis 

of spectrum it is found that the emission peaks of Calcium 

(Ca), Magnesium Mg & Silicon Si as well as Oxygen O 

compositional elements are clearly evident in this spectrum. 

In the meantime, they do not reveal any emission peaks of any 

kind. The presence of an intense emission peak displays that 

this is ensured by the actual structure formation of the 

phosphor sintered through the combustion synthesis route. 

Table: 4 represents that the elemental compositions of 

sintered CMS sample. In this way, they are compared with the 

ideal Ca2MgSi2O7 (CMS) phosphor. 

 

 
 

Fig 6: EDX Spectrum of sintered CMS Sample 
 

Table 4: Elemental Composition of sintered CMS Sample 
 

Elemental Composition 

No. Chemical Elements Atomic (%) Weight (%) 

1. O K 48.84 65.38 

2. Mg K 6.14 5.90 

3. Si K 16.64 13.18 

4. Ca L 28.38 15.54 

Total 100.00 100.00 

 

Fourier Transform Infra-Red Spectroscopy (FTIR) 

This spectroscopic technique is the most significant and 

useful technique, which is utilized to recognition and 

determine the absorption band of the various functional 

groups of any chemical compound. Its special properties can 

also be used to obtain knowledge about certain components of 

an unnamed mixture. During observation of a chemical 

compound, it also exhibits IR radiation as well as vibrational 

motion [Makreski et al. (2007) [35], Stuart et al. (2004)] [36]. In 

this present work, determination of all absorption bands and 

functional groups were determined between in the range of 

(4000 - 400 cm−1) [Nakamoto et al. (2009)] [38] under FTIR 

spectra. Recently, computerized FTIR devices are better 

utilized. Thus, they prove to be faster and more sensitive 

powerful tools than the old-fashioned dispersive devices 

[Kauppinen et al. (2001)] [37]. The sintered CMS phosphor 

FTIR spectrum has been displayed in Fig: 7. At 961.27cm-1, 

an intense band are situated which is responsible due to the 

evidence of (Si-O-Si) asymmetric stretch. The band at 871.72 

cm-1 is located due to the (Si-O) symmetric stretch. At 597.62 

cm-1 and 486.61cm-1, bands are situated because of the 

presence of (Si-O-Si) group in vibrational mode. In addition, 

the absorption bands can be amenable to the clearly evidence 

of silicate (SiO4) group [i.e. at 688.34 cm-1 and 1364.28 cm-1] 

[Gou et al. (2005)] [39]. At 1866.39cm−1, the band is situated 

due to the existence of small amount of the calcite. At 

1866.39 cm-1, the spectrum band is situated due to the  

existence of asymmetry stretching of carbonate (CO3)2- 

functional group which have recorded in the range between 

(1900−1700cm-1) [Vicentini et al. (2000)] [40]. At 1671.53 cm-

1, the band can be responsible due to the vibration of 

magnesium [Mg2+] ions. Likewise bending of sharp peaks 

have situated (i.e. at 871.72cm-1, 778.15cm-1, and 745.12 

cm−1) which are amenable due to the stretching vibration of 

Ca2+ ions [Chandrappa et al. (1999) [41], Frost et al. (2007) [42], 

Salim et al. (2009)] [43]. At 3467.74 cm-1, the band is centered 

due to the existence of stretching vibration of (O-H) hydroxyl 

functional group. It is clearly indicate that the evidence of (O-

H) hydroxyl group due to moisture of this sample. The clearly 

evidence of (Mg-O) group due to the spectral band is situated 

at 486.61 cm-1 [Salim et al. (2009) [43], Caracas et al. (2003) 
[44], Sharma et al. (2021)] [45]. 
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Fig 7: FTIR Spectra of Sintered CMS Sample 

 

Photoluminescence (PL) analysis 

The phenomenon of PL (i.e. cold light source) is a just 

opposite process of Incandescence (i.e. hot light source). In 

simple words, an exclusive kind of luminescence produced 

during the process of light being emitted due to the absorption 

of photon particles which is called photoluminescence. 

Compared to the other optical characterization processes (i.e. 

reflection and absorption), the process of PL exhibits the 

phenomenon of being less stringent regarding beam-

alignment, sample-thickness and surface-flatness. Analyzing 

the exclusive advantages of PL characteristics is revealed 

during the analysis, which is widely examined from the 

naivety of optical-mensuration and power to investigate 

compulsory for electronic merits [Ozawa et al. (2018)] [46]. 

These alkaline earth (AEs) metals [i.e. Sr (Strontium) & Ca 

(Calcium) as well as Ba(Barium)] rare-earth doped silicates 

have also been broadly studied as long after-glow 

luminescence-materials (i.e. phosphors), because of a new 

growing market for their wide range of application in traffic 

signs, decoration and textile printing, among others. 

Compared to previously utilized the sulphide phosphors (i.e. 

luminescent materials), silicate phosphors exhibits superior 

features likewise longer and brighter luminescence emission, 

facile and very low-cost (i.e. cheaper) as well as rapid 

synthesization of materials [Chandra et al. (2013) [47], Chen et 

al. (2009) [48], Chandrakar et al. (2015) [49], Chang et al. 

(2005)] [50]. 

The PL analysis of pure CMS sample has been studied based 

on the excitation and emission spectra [i.e. Fig. 8(a) & 8(b)]. 

Analysis of excitation spectra clearly shows that the spectral 

lines are found [i.e. at 300-400 nm wave length].At 338nm 

wave length, the optimum peak is centered and some-other 

spectral peak at 362nm. Simultaneously, the major peak 

allocated in blue color region at 472nm emission wave length 

[i.e. (400-600nm)]. Based on the PL analysis, we can say that 

both excitation and emission spectra of pure CMS Sample are 

displayed on very-low intensity [Sharma et al. (2021)] [9]. 

 

 
 

Fig 8: (a) Excitation Spectra of CMS Phosphor 

 

 
 

Fig 8: (b) Excitation Spectra of CMS Phosphor 

 

CIE color chromaticity diagram 

Colour coordinates are the most significant factors for 

estimating phosphors performance. To calculate the phosphor 

performance on colour of luminescent emission spectra, 

Commission International de I’Eclairage (CIE) chromaticity 

co-ordinates were calculated adopting standard procedures. 

The luminescent-color is the most essential and important 

factor for application of phosphors (i.e. luminescent 

materials). In this way, the color emission of any phosphors 

(i.e. luminescent materials) are also examined and well 

elucidated with the help of chromaticity colour coordinates 

(i.e. CIE diagram) [CIE (1931) [51], CIE Color Spaces-SPIE 

books]. This colour coordinate of phosphors were examined 

based on a clear observation of their emission spectra. The 

CIE diagram of un-doped CMS phosphor is clearly displayed 

in Fig: 9. It is very clear from the calculated colour-

chromaticity coordinate that this [X = 0.2445, Y = 0.2679] co-

ordinate represents the blue light emission from the phosphor. 

As a result, the colour chromaticity co-ordinate of the 

luminescent-color emission has been displayed by this 

phosphor, approaches very close to blue light colour region. 
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Fig 9: CIE Diagram of CMS Phosphor 
 

Thermo luminescence [TL] Study 

The TL analysis is well introduced as the occurrence of 

radiation emission process upon heating of a solid-sample 

material, that is, after the preceding energy-absorption i.e. 

during the irradiation process. In this way, we have assigned 

the general meaning of TL, that the heating procedure itself is 

the primary energy origin of the luminescence. Precise 

investigations suggest that this phenomenon is not in actually 

true, as it is quite discontinuous from the radiation 

involuntarily released from a material sample. For this reason, 

when it is heated to incandescent (i.e. hot source) [Murthy et 

al. (2008) [52], McKeever et al. (1985)] [53]. Based on 

experimental analysis, it has often been found that the thermo-

luminescence [TL] materials exhibit afterglow properties, 

which is called as persistent luminescence. As a result, they 

are very strongly useful in various applications such as glow 

in the darkness road and emergency sign as well as bio-

imaging fields [Luo et al. (2015)] [54]. In recent years, the 

rapid evolution of novel phosphor materials has been 

examined. The main reason behind this is to demonstrate a 

new and rapidly emerging application of research in the fields 

of physics, medicine area (i.e. medical treatment) as well as 

archaeological dating, forensic science radiation dosimetry 

and mineral prospering areas etc. which are continuously 

being explored [Pratibha et al. (2014) [55], Rivera et al. 

(2011)] [56]. 

 

Evaluation of Trapping Parameters 

The silicate materials can be considered as photo-luminescent 

or thermo-luminescent due to their nature of energy storage 

and which generate luminescence by either photo or thermo-

stimulation [Mckeever et al. (2011) [57], Bas AJ et al. (2006) 
[58]]. Thus, among the various silicates the selection of the 

proper host and activators is an important issue for TL. The 

combination of host, do-pant and the optimum doping 

percentage of do-pants plays the significant role for creating 

luminescence centers and helps in making sensitive TL 

phosphors. TL luminescent-materials (i.e. phosphors) 

demonstrate glow-curve peaks with one or more peaks. In 

such a case, when the charge carriers (i.e. holes or electrons) 

are freed. When TL analysis of any phosphor, then the TL 

glow-curve of that phosphor primly depends on the kinetic 

(i.e. trapping) parameters which mainly comprise such as 

[Order of Kinetics b] and [Frequency Factor s-1] as well as 

[Activation Energy E or Trap Depth] [DR Vij (1998) [64]]. 

There are different methods which are applied for examining 

the kinetic parameters (i.e. trapping parameters) from thermo- 

Luminescence [TL] glow curve peaks. For instance, the TL 

glow-curve peak appears to be highly isolated from each 

other’s. The most popular experimental method is known as 

peak shape method. The peak shape method is well 

appropriate method for the determination of kinetic 

parameters (i.e. trapping parameters). These parameters were 

analyzed for the optimal TL glow-curve peak of sintered 

phosphor samples with the help of this method [Shrinivas et 

al. (2012) [59]. 

 

Peak Shape Method 

To determine the trapping parameters the peak shape method 

is being used. The temperature at different points of the glow 

peak has been used to calculate the parameters using the given 

formula. Peak shape method [Fig: 10] is an analytical 

technique which was proposed by Chens, thus also known as 

Chen’s method [Shrinivas et al. (2012) [59]]. This method is 

also useful to detect the position of energy levels in the 

forbidden energy gap and defect centers [Pagonis et al. 

(2006)] [60]. Therefore, the complete analysis of glow curve 

has been done using this method. Fig: 10 shows that the peak 

shapes of glow curve of the prepared sample. Tm, T1 and T2 

are maximum, lower (ascending part of glow curve) and 

higher (descending part of glow curve) temperature at half the 

intensity, respectively [Ekdal et al. (2007) [61], Jose et al. 

(2011)] [62], and other kinetic parameters (τ, δ, ω) are 

originated using these temperatures, where Tm-T1 defines τ, 

T2-Tm gives δ and T2-T1 defines ω. Using these parameters 

activation energy, order of kinetics and frequency factor is 

evaluated. 

 

 
 

Fig 10: Peak Shape FWHM Method 
 

Order of Kinetics (b) 

This kinetic parameter is clearly displays the dependence on 

the peak shape of TL glow-curve. It is clear to say that the 

mechanism of recombination process of de-trapped charge-

carriers (i.e. electrons or holes) with their samples is called 

order of kinetics [b]. For glow-curve peak, this parameter can 

be evaluated with the help of shape factor (i.e. geometric 

factor) µg determination from the following mathematical 

form as below. 

 

                            (2) 

 
Where Tm represents the prominent peak temperature and T1 
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& T2 are represents temperatures at half intensity on the 

ascending and descending orders of the glow-curve peak, 

respectively and ω = T2 – T1 and [δ = T2 - Tm ]are represents 

the high-temperature half-width. The geometric shape factor 

is key part of TL glow-curve peak which is to differentiate 

between 1st and IInd order kinetics. The mathematical value 

of geometric factor [µg = 0.39-0.42] represents for the 1st 

order kinetics and [µg = 0.49−0.52] represents for the 2nd 

order kinetics as well as for the mixed order kinetics also 

represent as [µg = 0.43-0.48] [Pagonis et al. (2006) [60], Ekdal 

et al. (2007) [61], Jose et al. (2011) [62], Deshpande et al. 

(2016)] [63]. 

 

Activation Energy (E) or (Trap Depth) 

The trapped electron needs some amount of energy to free 

itself, also known as activation energy (i.e. trap depth)which 

is required to liberate an electron to the conduction band from 

defects center [Pratibha et al. (2014)] [55]. The value of trap-

depth (i.e. activation energy) can be evaluated with the help of 

the following mathematical equation as mentioned, which is 

valid for any kinetics (i.e. first, second and mixed order 

kinetics). 

 

                     (3) 

 
Cα and bα (where α = τ, δ, ω) are determined with the help of 

the following mathematical equation, which is valid for any 

general order kinetics [Sharma et al. (2018)] [65]: 

 

Cτ = 1.51 + 3 μg − 0.42], bτ = [1.58 + 4.2(μg − 0.42) (3.1) 

 

Cδ = 0.976 + 7.3 μg − 0.42, bδ = 0   (3.2) 

 

Cω = 2.52 + 10.2 μg − 0.42, bω = 1.0  (3.3) 

 

Frequency Factor (𝒔−1) 
The occurrence of this trapping parameter are clearly 

indicates the probability of an electron escaping from the 

traps after exposure to ultra-violet (i.e. UV) radiation. This 

kinetic parameter is one of the most significant parameters 

which are used for sample characterization process 

[Deshpande et al. (2016)] [63]. This trapping - parameter is 

calculated by substituting the previously evaluated values of 

order of kinetics [b] and activation energy E in the 

mathematical equation (as mentioned): 

 

                (4)   
 

Where k represents Boltzmann constant, E represents 

activation energy & b represents an order of kinetics, Tm 

represents the prominent temperature of glow-curve peak 

position, and β (i.e. at present work 5oCs-1) represents the 

heating rate of the any material sample [Pagonis et al. (2006) 
[60], Ekdal et al. (2007) [61], Jose et al. (2011)] [62]. 

The TL glow-curve peak of sintered CMS sample has been 

displayed in Fig: 11. In has been found in the analysis that the 

glow-curve peak was centered at 152.43°C temperature with 

15 min UV-irradiation time at 5oCs-1 constant heating rate. 

This peak of the sample is very weak which are found in our 

case and it can be neglected. Observing the TL glow curve, 

we find that the maximum glow curve is obtained at 152.43°C 

temperature, respectively. From 38.18°C temperature, TL 

intensity is continuously increasing up to 152.43°C, 

respectively. There after that the TL intensity is decreasing 

continuously up to 230.31°C and their after TL intensity 

curve is near about flate and constant having the lowest value 

of TL intensity up to 300°C 

 

 
 

Fig 11: TL glow-curve peak of CMS sample 

 
Table 5: The kinetic parameters of sintered CMS sample 

 

Trapping Parameters 

UV min HTR T1 (°C) Tm (°C) T2 (°C) τ δ ω μg = ᵟ/ω E (eV) Frequency factor s−1 

15 5oCs−1 107.63 152.43 202.66 44.80 50.23 95.03 0.53 0.50 5.6 X 107 

 

The effect of 15 min UV exposures time on the un-doped 

Ca2MgSi2O7 (CMS) sample and different thermo- 

luminescence [TL] kinetic (i.e. trapping) parameters such as 

[activation energy (i.e. trap depth) (E), and frequency factor 

(s−1) as well as order of kinetics (b)] are evaluated in Table: 5. 

The Geometric shape factor (μg) is calculated as 0.53, which 

indicates second order kinetics. Along with this, 

corresponding evaluated value of activation energy (E) is 0.50 

eV and frequency factor (s-1) has been obtained as 5.6 × 107 s-

1. 

 

Applications of future scopes 

Akermanite earth silicates have been broadly studied as host 

materials for phosphor application because of their chemical 

and physical stability and varied luminescent color. Thus, the 

material is a suitable host for phosphor application in white 

light emitting diodes (WLEDs) and solid-state lighting (SSL) 

devices. Compared to sulfide phosphors, silicates phosphors 

play an important contribution among many inorganic 

phosphors. The most significant factor behind all this is the 

fact that they possess vast chemical and structural variations. 

Usually, they have large band gaps as a host matrix. 

Presently, this phosphor has been widely utilized prominently 

in specific beneficial areas likewise Cancer-Therapy, Drug-

delivery, Bone-Materials, Bone-Tissue Engineering, Bio-

Materials and Tissue Engineering applications. Along with 
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this, it is also making its significant contribution in the field of 

DNA transplantation technique in medical science and 

computer application (i.e. for Image Processing) as well as 

operation research, Information technology areas. 

 

Conclusion 

The host Ca2MgSi2O7 (CMS) nano phosphor was successfully 

synthesized via combustion synthesis technique. The analysis 

of XRD patterns reveals the formation of single-phase 

tetragonal/Akermanite crystal structure. FESEM images 

displays that this phosphor is comprised of irregular pores 

with the nano crystal structure composition of slight particles 

very close to the pores. The pores are approximately 

disordered (i.e. unarranged). The elemental composition of 

sintered phosphor was compared with the standard element 

with the help of EDS spectra. The silicate (SiO4) absorption 

bands and different functional groups of related pure 

compound to well agreement for actual clarifications have 

been investigated under the FTIR spectra. At 472nm emission 

wavelength, the major peak Located in blue light region. On 

the basis of comparison of PL results, we can say that the host 

CMS phosphor has been shown both excitation and emission 

spectra at comparatively very low PL intensities. The CIE 

chromaticity diagram of the sintered phosphor are carried out 

and reached to blue luminescence color emission respectively. 

The TL glow curve peak was allocated at 152.43°C 

temperature respectively, and this peak position remains 

constant with 15min UV irradiation time. In our case, the TL 

glow curve peak is very weak with non-systematic and it can 

be neglected. After this overall study, it would be fair to say 

that the PL & TL intensities do not achieve their optimum 

level due to the large band gap in the host materials. This is 

the reason why doping process should be adopted to narrow 

band gap so that PL & TL glow curves can be obtained at 

higher intensities. 
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