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Europium activated Ba2MgSi2O7 phosphor was synthesized via combustion syn-
thesis technique and bluish-green emission was observed under near-ultraviolet re-
gion. The results of the XRD patterns have clearly revealed that its monoclinic crystal 
structure with a space group C2/c. The average crystallite size (D) is calculated as 
70nm, and crystal lattice strain is also calculated as 0.27nm. The actual formation and 
functional group identification was clarified by FTIR spectroscopy. In PL spectra, the 
emission spectrum displays a single intense band allocated at 498nm wavelength, 
which corresponds to the 4f65d1 → 4f7 transitions of Eu2+ ions. The phosphor has 
shown main broad excitation peak located at 351nm, respectively. All excitation bands 
correspond to the allowed f→d transition of Eu2+ ions. The PL excitation spectra and 
comparison of PL emission spectra shown displays maximum intensity when Eu is 
5mol% after that concentration quenching of Eu2+ occurs which results in decrease in 
PL intensity. The pairing or coagulation of activator ions may have created quenching 
centres, seems to be the reason for decrease in intensity after a specific concentration 
of Eu2+ ions. The calculated colour-chromaticity coordinate that this [X = 0.2513, Y = 
0.6113] co-ordinate represents the green light emission from the phosphor. The favor-
able properties for the applications such as NUV-LED conversion phosphor, white light 
emitting diode and detection of cancer disease.
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Introduction 

All over the world, material science research has done phe-
nomenal work in the field of lighting, which has made researchers 
more aware and diligent in the investigation for white light emit-
ting phosphor. That is, it will not be an exaggeration to call WLEDs 
the 5th generation lighting source. Nowadays, the silicate-based 
phosphors are widely investigated as favorable luminescent mate-
rials because of their attractive and unique features. The alkaline 
earth (i.e., Ca, Ba, Sr) silicates have relatively remarkable stability of  

 
physical and chemical features, as well as crystalline structure [1-
4]. Silicates possess extreme chemical resistance and visible light 
transparency and are therefore included in an attractive class of in-
organic materials utilized for extensive range of applications [5]. In 
addition, lanthanide ion (Eu, Dy, Ce) doped alkaline earth silicates 
yield much better characteristics as compared to the conventional 
sulphide and aluminate materials used earlier, because of their high 
thermal and chemical stability in ambient environment, excellent 
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water resistance, stable crystal structure [6], brighter luminosity, 
cheaper, easily prepared and strong absorption in the NUV region 
[7]. Divalent europium [Eu2+] (4f7) ion exhibits different parity-al-
lowed 4f–5d emission in different color bands from ultraviolet (UV) 
region depending on the host lattice in terms of site size, site sym-
metry and its coordination number [8,9]. Ba2MgSi2O7 phosphor has 
can be an excellent host material in which the probability of the 
excitation energy to be trapped by the killer center is lower [10]. 

As a commercial phosphor, BaMgAl10O17: Eu2+ has been suc-
cessfully prepared by this technique [11]. TTH Tam, et al. [12] 
have investigated that the optical characteristics of green emitting 
Ba2MgSi2O7:Eu2+ phosphor [12]. Jing Yan, et al. [13] have investigat-
ed the PL properties of Ba2MgSi2O7:Eu2+ phosphor shows the green 
luminescence as a result of the electric dipole-allowed transition 
from the lowest level of the excited 4f65d1 configuration to the 4f7 
(8S7/2) ground state [13]. Shanshan Yao, et al. [14] have also stud-
ied that a blue–green emitting Ba2MgSi2O7:Eu2+ phosphor prepared 
by the combustion-assisted synthesis and an efficient bluish-green 
emission under from ultraviolet to visible light [14]. Thomas Ai-
tasalo, et al. [15] have reported the monoclinic Ba2MgSi2O7:Eu2+, UV 
excited and persistent luminescence are observed at the green re-
gion centered at 505 nm [15]. Therefore, it is also considered and 
highly applicable to be a new favorable solid-state lighting device, 
promising candidate of white light emitting diodes and long per-
sistent applications. Biomaterials literally means a living organism 
bio active molecule in vitro and vivo, used in tissue engineering 
[16]. Nowadays, the luminescence properties of biomaterials may 
be potentially applied in the drug delivery, cancer disease therapy 
fields, Bone Materials, Biomaterials, Bone Tissue Engineering and 
Tissue Engineering applications and at the same time, it is also 
making an important contribution to DNA transplantation and Im-
age processing in computer science applications etc. To the best our 
knowledge, Ba2MgSi2O7:Eu2+ phosphor is potential applicable as a 
bluish-green phosphor, which was observed under near-ultravio-
let region. Here we report on the synthesis and characterization of 
bluish-green emitting Ba2MgSi2O7:Eu2+ phosphor by a combustion 
synthesis method and investigate their luminescent properties.

Experimental and Characterization Study
Sample Synthesization Analysis

We have applied combustion synthesis process in our experi-
ment for the preparation of Ba2-xMgSi2O7: Eux

2+ (5mol %) phosphor. 
Phosphors were prepared by combustion synthesis. The ingredi-
ents used were Ba (NO3)2.xH2O, Mg (NO3)2.xH2O, silicic acid (SiO2.
xH2O) and Eu (NO3)3.xH2O as starting raw reagents with 99.99% pu-
rity. The combustion fuel was used as urea and boric acid was used 
as an oxidizer. In our experiment, all constituents with appropriate 
molar ratios in the stated proportions, along with the combustion 
fuel and oxidizers, were mixed together and a very little quantity of 

acetone (CH3COCH3) was added to get a clear solution. After thor-
oughly grinding, the mixture was transferred to a pre-heated fur-
nace at 650oC. On rapid heating the mixture evaporates and ignites 
to yield a white product. The entire combustion process is over 
within a few minutes. Within a few minutes, the mixture solution 
undergoes thermal dehydration with liberation of gaseous prod-
ucts, to formation of silicates and ignites to produce a self-propa-
gating flame. The powder so obtained was annealed at 1000oC for 1 
hour in a covered crucible under reducing atmosphere provided by 
burning charcoal. The resulting specimen was restored in airtight 
bottle for characterization investigations.

The chemical reaction of this entire process as follows:

( ) ( ) ( )3 2 3 2 2 2 2 2 3 3 2 2 7 2 2 2  ( ) (  *       )Ba NO Mg NO SiO H O NH CONH H BO Ba MgSi O H O CO N+ + + + → + ↑ + ↑ + ↑  (1)

( ) ( ) ( )2
3 2 3 2 2 2 3 3 2 2 3 3 2 2 7 2 2 2   *  ( ) (    ) ( ) :       Ba NO Mg NO SiO H O Eu NO NH CONH H BO Ba MgSi O Eu H O CO N++ + + + + → + ↑ + ↑ + ↑  (2)

For the combustion process of oxides, metal nitrates are ap-
plied as oxidizer and urea is also applied as a reducer [17]. With 
the calculation of oxidizer to fuel ratio, the elements were assigned 
formal valences as follows: Ba = +2, Mg = +2, Eu = +3, Si = +4, B = +3, 
C = +4, H = +1, O= –2, and N = 0. Such a way, the heat of combustion 
is maximum for Oxidizer/Fuel ratio is equal to 1 [18,19].

Sample Characterization Analysis

To confirm the structure of the synthesized phosphors, pow-
der photographs were noted with the help of Bruker D8 advance 
X-ray diffractometer with Cu-Kα radiation having wavelength (λ = 
1.5406 Å) at 40 kV tube voltage and 40 mA tube current. The XRD 
patterns collected in the range of 10° ≤ 2θ ≤ 80° and FTIR spectra 
was recorded with the help of Bruker Alpha Fourier Transform In-
fra-Red Spectroscopy. Photoluminescence spectra were measured 
with a spectro-fluorophotometer (SHIMADZU, RF-5301 PC) using 
a xenon lamp of power 150 watt as excitation source with spectral 
slit width of 1.5 nm in the range 300– 650nm. All experiments were 
performed in identical conditions. All measurements recorded at 
the room temperature.

Results and Discussion
X-Ray Diffraction (XRD) Analysis

In order to determine the phase structure, crystalline size, lat-
tice constant powder XRD analysis has been carried out. The XRD 
patterns of Ba2MgSi2O7:Eu2+ for 5 moles% of Ba2MgSi2O7 are shown 
in Figure 1. It was recorded in the range between (100\2θ\800). All 
the peaks displayed well matched with the help of standard JCPDS 
PDF file No. 23-0842 [20]. The layered structure, with the follow-
ing cell parameters: a = 8.4128 Å, b = 10.7101 Å, c = 8.4387 Å, β 
= 110.71°, consists of discrete [Si2O7]6- units connected by tetra-
hedral coordinated Mg2+ and eight-coordinated Ba2+ ions [21]. It is 
generally agreed through investigations that the influence of dop-
ing doesn’t affect the phase structure of the phosphors. We have 
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suggested that the Europium [Eu2+] ion is requisite to capture the 
barium [Ba2+] ion sites in Ba2MgSi2O7 host crystal lattice site. The 

as-synthesized phosphor had better crystallinity and very good dif-
fraction patterns were obtained.

Figure 1: XRD Pattern of Synthesized Ba2MgSi2O7: Eu2+ Phosphor.

Crystallite Size Determination by Debye–Scherrer formu-
la: Debye–Scherrer formula is represented as: D=Kλ/βCosθ, where 
these parameters represent, crystallite size [D] for (hkl) surface, 
Scherer’s constant (k = 0.94 or 1) and λ is the wavelength of the 
incident X-ray radiation [Cu-Kα (0.15406 nm)], β (in radians) [β = 
1 (2θ2 − 2θ1)] denotes the FWHM [Full Width at Half Maximum] 
of one of the primordial peaks scattered at an angle of θ is the 
corresponding diffraction angle for the (hkl) surface. Sharper and 
isolated diffraction peaks such as 2𝜃 = 22.42 (002), 27.51 (022),
29.22 (131), 31.16 (222), 32.69 (113), 54.14 (153) were chosen 
for calculation of the crystallite size. Based on the Debye-Scherrer’s 
formula, the crystallite size is ~79 nm, 76nm, 70 nm, 69 nm, 66 nm, 
65 nm was calculated, respectively and the average crystallite size 
is ~70.00 nm.

Crystal Lattice Strain Determination by W-H Uniform De-
formation Model (UDM): The strain induced broadening in the 
powder material was calculated via the following mathematical re-
lation given as below:

  / 4tanε β θ=  (4)

The crystal lattice strain was calculated from the width of prom-
inent peak at (2θ ~ 27.51) with respect to (022) plane [19]. The rel-

evant crystal strain size is ~ 0.27nm was evaluated with the help of 
the UDM. Where ε is represent the crystal lattice strain. Sharper and 
isolated diffraction peaks such as 2𝜃 = 22.42 (002), 27.51 (022),
29.22 (131), 31.16 (222), 32.69 (113), 54.14 (153) were chosen for 
calculation of the crystal lattice strain. Based on UDM, the crystal 
lattice strain size is ~ 0.30nm, 0.29nm, 0.28nm, 0.27nm, 0.26nm, 
0.24nm was calculated, respectively and the average crystal lattice 
strain size is ~ 0.27nm.

FTIR Spectra Analysis

FTIR is a non-involving damage, facile and molecular-spectro-
scopic technical system utilized for collecting the IR [infra-red] ab-
sorption spectrum of the phosphors [22]. Actual formation of this 
phosphor was obtained through FTIR. An FTIR spectrum was re-
corded with the help of Bruker Alpha Fourier Transform Infra-Red 
Spectroscopy. For investigating the functional groups (4000 to 
1400 cm-1) as well as the fingerprint area (1400 to 400 cm-1) of syn-
thesized phosphor through mixing the sample with analytical grade 
potassium bromide (KBr) with pallet preparation. The FTIR spec-
trum of this synthesized sample has been showed in Figure 2. The 
band, centered at 474.62 cm-1, 567.49 cm-1, 616.39 cm-1, 674.39 cm-

1, 839.62 cm-1, 929.57 cm-1 and 1026.23 cm-1 can be allocated to the 
responsible of silicate [SiO4] functional group. In addition, consid-
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ering the absorption bands, validated at 674.39 cm-1 and 567.49 cm-

1, respectively, because of the responsible of [SiO4] functional group. 
Thus examined, the absorption bands of silicate [SiO4] functional 
groups were clearly evident in the (IR) infra-red spectrum [23]. 
The sharp band centered at 839.62, 929.57 cm-1 and 1026.23cm-

1 was allocated because of the responsible of Si-O-Si asymmetric 
stretch. The bands allocated at 674.39 cm-1 and 616.93 cm-1 may 
be responsible due to the [Si-O] symmetric stretching and [Ba-O] 
bending vibrations. The bands bending revealed at 567.49 cm-1 
and 474.62 cm-1, because of the existence of [Si-O- Si] vibrational 
mode [24]. The Peak centered at 839.62 cm-1 may be responsible 

to [Mg-O] bending vibrations and due to the asymmetric stretch-
ing on its spectrum dominates, band allocated at 1652.45 cm-1. The 
bands centered at 1823.42 cm-1, 1873.66 cm-1 and 1968.33 cm-1 is 
responsible because of the carbonation reaction mechanism. This 
can be led to distortion in the lattice resulting in 1436.79 cm-1 and 
1652.45 cm-1 vibration modes represented to vibration in divalent 
barium ion [Ba2+] and divalent magnesium ion [Mg2+], respective-
ly [24,25]. At 3475.51 cm-1, peak centered due to [O-H] hydroxyl 
group stretching which reveals the inherence of moisture in this 
synthesized powder sample [26].

Figure 2: FTIR Spectra of Synthesized Ba2MgSi2O7: Eu2+ phosphor.

Photoluminescence Properties

The excitation and emission spectra display in Figure 3, respec-
tively. For the excitation spectra of 351nm, broadband emission 
peak obtained at 498 nm. The excitation bands originate from the 
4f6 → 4f75d1 transitions of Eu2+ ions. It can be seen that the exci-
tation band situated at 351nm in longer wavelength region ranges. 
The absorption of the Eu2+- doped Ba2MgSi2O7 phosphor obtained 
in this work matches the excitation wavelength of the NUV LED 
chip applied for White LEDs. The broadband emission spectra cen-
tered at 498nm (Bluish-Green region) observed under the ultravi-
olet excitation of 351nm correspond to the Eu2+ emission due to 

transitions from sublevels of 4f65d1 configuration to 8S7/2 level of 
the 4f7 configuration. The emission spectra cover from 400 nm to 
600nm, which is a sign of a good phosphor. The emission peak of 
the phosphor is attributed to the typical emission of divalent euro-
pium [Eu2+] ion because of the 4f65d1 → 4f7, which transition of Eu2+ 
ions, which is an allowed electrostatic dipole transition. With an 
increase in the Eu2+ concentration, quenching of Eu2+ luminescence 
occurs. The critical quenching concentration of Eu2+ ions in Ba2Mg-
Si2O7: Eu2+ phosphor is determined as 5 mol%. Figure 3 shows the 
dependence of Eu2+ emission intensity on Eu2+ doping concentra-
tion in Ba2MgSi2O7 host. Excited at 351nm, Ba2MgSi2O7: xmol% 
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Eu2+ (x = 5) phosphor show emission bands with similar shape but 
different emission intensities. The Eu2+ emission intensity could 
be increased by increasing Eu2+ concentration. But the Eu2+ emis-

sion intensity reduces after 5mol% for synthesized phosphor. The 
reduction of Eu2+ emission intensity is induced by concentration 
quenching mechanism. 

Figure 3: Excitation and Emission Spectra of Synthesized Ba2MgSi2O7: Eu2+ Phosphor.

The concentration quenching is caused by the non-radiative en-
ergy transfer between neighboring Eu2+ ions. No emission peaks of 
Eu3+ were observed in the spectra. This implies that the Eu3+ ions in 
the matrix had been completely reduced to Eu2+ in the reducing at-
mosphere. It is well known that the emission spectrum shows an ef-
ficient bluish-green emission under from ultraviolet to visible light 
which single intensive band centered at 498 nm wavelength corre-
sponds to the transitions of 4F9/2 → 6H13/2 and this emission belongs 
to hypersensitive transition with (J = 2) [12,14]. We get information 
about the inter-atomic distance and ionic radii from the literature 
of Shannon (1976). On the basis we are suggesting that in the host 
Ba2MgSi2O7 crystal structure, divalent Europium [Eu2+] (1.12Å) re-
quires to acquisition of barium cation (Ba2+) site preferably. This is 
mainly because the ionic radius of divalent Europium [Eu2+] (1.12Å) 
is very close to that of Barium cation (Ba2+) (1.42 Å). But we also see 
that the ionic radius of magnesium cation (Mg2+) (0.58 Å) and sili-
con cation (Si4+) (0.26 Å) is very small. So, both these cations are far 
away from the reach of Europium [Eu2+] ions [27]. Since the crys-
tal field can perfectly affect the 4f65d1 electron states of Eu2+ ions, 
but there is not modification in the shape of the emission spectrum 

therefore it is concluded that the crystal field is not changed much 
with the compositional variation [28,29]. Eu2+ ions are expected to 
occupy [BaO8] sites because the coordination number of Ba2+ ion is 
eight and four for both Mg2+ and Si4+ ions. It is hard for Eu2+ ions to 
substitute the tetrahedral [MgO4] or [SiO4] crystal lattice symmetry 
but can easily substitute octahedral [BaO8] lattice sites [30].

CIE Chromaticity Diagram

The luminescent color is the most essential and important fac-
tor for application of phosphors. Color Coordinates are the most 
significant factor in assessing the performance of phosphors [31]. 
This colour coordinate of phosphors were examined based on a 
clear observation of their emission spectra [32,33]. The CIE dia-
gram of Ba2MgSi2O7: Eu2+ phosphor is clearly displayed in Figure 4. 
It is very clear from the calculated colour- chromaticity coordinate 
that this [X = 0.2513, Y = 0.6113] co-ordinate represents the green 
light emission from the phosphor. As a result, the colour chroma-
ticity co-ordinate of the luminescent-color emission has been dis-
played by this phosphor, approaches very close to green light colour 
region.
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Figure 4: CIE Chromaticity Diagram of Synthesized Ba2MgSi2O7: Eu2+ Phosphor.

Conclusion
In summary, Phosphors based on Ba2MgSi2O7: Eu2+ were syn-

thesized by combustion synthesis technique, and the effects of 
sintering temperature on its phase and luminescent properties 
were investigated. At a sintering temperature of 1000oC for 1 h, the 
phosphors present a single monoclinic phase, and the doping ions 
of Eu2+ will clearly substitute the alkaline earth metal (Ba2+) ions 
only slightly affects the host crystal lattice site. It is observed that all 
peaks of XRD pattern are well matched with the JCPDS no 23-0842, 
which confirms the formation of phase (monoclinic) of sample and 
confirmed. The average crystallite size (D) is calculated as 70nm 
and lattice strain as 0.27nm. Actual formation and the functional 
group identification of the prepared phosphor were carried out via 
FTIR spectroscopy. PL measurements displayed that the sintered 
phosphor exhibited emission peak with good intensity situated at 
498nm wavelength (bluish-green emission), which was observed 
near UV region. With an increase in the Eu2+ concentration, quench-
ing of Eu2+ luminescence occurs. The critical quenching concentra-
tion of Eu2+ in Ba2MgSi2O7:Eu2+ phosphor is determined as 5 
mol%. The emission spectrum shows a single intense band allocat-
ed at 498 nm, which corresponds to the 4f65d1 → 4f7 transitions 
of Eu2+ ions. The phosphor has shown main broad excitation peaks 
located at 351nm, respectively. The optimal PL intensity acquired 
with a doping concentration of 5 mol% [Eu2+] ions. These results 
indicate that synthesized phosphor may be better promising candi-
date in the various field of solid-state lighting and white light long 
persistence phosphor as well as cancer therapy.
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