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A B S T R A C T   

A new kind of host phosphor materials Ba3 La2 (BO3)4 doped with Sm3+ ion, were prepared by 
solid state reaction method. The crystal structure of synthesized samples is an orthorhombic 
structure confirmed by XRD study. The FTIR spectra confirmed the band assignments among the 
borate networks. The thermal stability of the sample was examined by TG-DTA study. FESEM and 
EDX provide surface morphology and elemental composition of the materials. From DRS analysis 
we have calculated the energy band gap through Tauc plot method. For PL studies, Ba3 La2 
(BO3)4: Sm3+ samples excitation spectra were monitored at 601 nm and the prominent excitation 
peak was observed at 408 nm. The emission spectra consist of four bands and the highest intense 
emission peak was observed at 601 nm (4 G 5/2 → 6 H 7/2) due to the intra 4f transition of the 
Sm3+ ion. From CIE 1931 Chromaticity, the color coordinates were calculated x = 0.5363; 
y = 0.4519 and these are lying in the orange-red region. Hence this new phosphor sample might 
be a useful material for an orange-red emission, applicable in solid-state lighting and display 
devices.   

1. Introduction 

Researchers extensively investigating on the present and future generations of white light emission diodes (W-LEDs), field emission 
displays (FEDs) and plasma display panels (PDPs) that have been occupied by the inorganic phosphor materials which can have su
perior characteristics of high luminous efficiency, energy saving, chemical stability and eco-friendly [1,2]. W-LEDs based on phosphor 
materials and have attractive features as solid-state lighting sources since they can have several advantages over fluorescent and 
incandescent lamps including cheap cost, high efficiency, energy conservation, high compactness, high thermal stability, good reli
ability and longer operating life [3–5]. Many research groups have been paid efforts to synthesize red emitting phosphor suitable for 
LEDs [6]. Among the rare earth elements, trivalent samarium ion (Sm3+) usually emits orange-red light when excited with blue and 
near ultraviolet and commonly has a elevated emission intensity [7,8]. 

The luminescent characteristics are varying based on the host material and hence host material selection is most important. The 
selected host materials that have high crystallanity, thermal stability, chemical stability, low phonon energy and superior transparency 
in an ultra violet [UV] region are best suitable for luminescent materials [9–11]. Borate based oxide materials could show these 
characteristics and hence many pioneering researchers have worked on borate based phosphor materials. The present Ba3La2 (BO3)4 
material belongs to borate group inorganic phosphor material which have orthorhombic crystal structure with space group pcmn (62) 
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[12]. In addition, the lanthanum ion (La3+) is more suitable for doping with sm3+ ion because of both ions are belongs to lanthanide 
group and have same oxidation state and ionic radius also almost similar. Best our knowledge and according to literature still now no 
one has reported Ba3La2 (BO3)4: Sm3+ phosphor materials. 

2. Experimental 

2.1. Material preparation 

In this present work, the Ba3La2(BO3)4 doped with trivalent samarium (Sm3+) phosphor synthesized by the conventional solid state 
reaction method using high purity of oxides. The analytical grade of BaCO3 (AR 99.5 %), La2O3 (AR 99.9 %), H3BO3 (AR 99 %) and 
Sm2O3 (99.9 %) were used as starting materials. A 5-gram batch was prepared by taking exact weight proportions of starting elements 
according to their molecular weights. The finely powdered mixture was annealed at 900 ◦C for 5 h, we could obtain Ba3La2 (BO3)4: 
xSm3+ phosphor materials with various concentrations x = 0.02, 0.04, 0.06, 0.08 and 0.1 mol. The chemical equation of the sample is:  

3BaCO3+(1-x)La2O3 + xSm2O3+ 4H3BO3→Ba3La2 -2xSm2x(BO3)4 + 6H2O↑+ 3CO2↑                                                                              

2.2. Materials characterization 

The prepared Ba3La2 (BO3)4: xSm3+ (x = 0.02, 0.04, 0.06, 0.08 and 0.1 mol) phosphor samples were analyzed through various 
characterizations techniques. The phase structure and crystalline nature were analyzed by XRD using Bruker D8-Advance diffrac
tometer. FTIR analysis was employed to detect borate-oxygen and metal-oxygen vibrational bands. The thermal stability and heat 
reactions were examined by TG-DTA using TA instrument, SDT Q600 model. The surface morphology images with different resolutions 
were recorded by FESEM using TESCAN-MIRA3 analyzer. The starting elements of synthesized phosphor samples were confirmed by 
using EDX through X-Flash BRUKER analyzer. The photoluminescence studies were carried out by using fluorolog-FL3-11. All the 
above characterizations were done at room temperature. 

3. Results and discussion 

3.1. X-ray diffraction studies 

The Sm3+ doped Ba3La2 (BO3)4 samples were synthesized by solid state reaction method and their phase purity can be confirmed by 
XRD measurements. The XRD profiles of Ba3La2(BO3)4: xSm3+ (x = 0.02, 0.04, 0.06, 0.08 and 0.1 mol) phosphors have shown in the 
Fig. 1. The doping of Sm3+ ion to the host sample was done by the reduction of the exact mol% of La3+ ions. It was clear that all the XRD 
patterns were similar to one another which are the evidence that by the addition of Sm3+ ions to the host material, the basic crystal 
structure does not changed that indicates Sm3+ ions can be easily occupied in the vacancies of La3+ ions in the crystal lattice. In 
addition, all the patterns and their phases were in good agreement with the JCPDS card no.77-0546 of Ba3La2 (BO3)4. Hence the crystal 
structure was confirmed as primitive orthorhombic structure with space group Pcmn (62) with lattice parameters a = 7.734 Å, 
b=17.043 Å, c=9.056 Å and lattice angles α = β = γ = 90◦. The lattice cell volume V = 1193.68 Å3 and its coordination numbers is 
Z = 4. 

Fig. 1. XRD profiles of Ba3La2 (BO3)4: xSm3+ phosphors.  
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The crystallite size (D) of the phosphor samples have been calculated by using Debye-Scherer’s formula [13], 

D =
0.89λ
βCosθ

(1)  

where λ = 0.15406 nm is the wavelength of the incident x-rays, β is the full width half maxima (FWHM) of strongest diffraction peak 
and θ be the diffraction angle. The crystallite sizes and dislocation densities of various concentrations of Sm3+ doped phosphors were 
calculated and the details were shown in Table1. 

3.2. FTIR analysis 

The Fourier Transform Infrared (FTIR) spectroscopy provides the information on the local environments of metal cations in the host 
material. The FTIR spectra of Ba3La2 (BO3)4: xSm3+ (x = 0, 0.02, 0.04, 0.06, 0.08 and 0.1 mol) were recorded in the region of 400 to 
4000 cm− 1 were shown in the Fig. 2(a) and an enlarged view of spectrum for 0.02 mol Sm3+ is shown in Fig. 2(b). 

FTIR analysis is helpful to describe the unique vibrational bands and structural groups of B–O–B and these would cover the 
spectral wave number range from 600 to 1500 cm− 1 [14]. The spectral bands observed at 1227 cm− 1 and 1435 cm− 1 were assigned to 
asymmetric stretching vibrations of B–O bond of trigonal BO3 units, the bands observed at 870 cm− 1, 964 cm− 1, and 1074 cm-1 were 
ascribed to B–O symmetric stretching vibrations of tetrahedral BO4 units. The shorter region bands observed at 590 cm− 1, 616 cm− 1 

and 741 cm− 1 are corresponding to B–O–B bending vibrations of borate network [15]. The bands at 428 cm− 1 and 457 cm− 1 arisen 
from the bonds in La–O occurred in the lattice structure may be expected [16]. The other bands which were observed in the range 
from 2300 cm− 1 to 4000 cm-1 were also ascribed may be due to the hydrogen bonds in the OH group [17]. All the details of FTIR 
assignments were depicted in Table 2. 

3.3. FESEM and EDX analysis 

FESEM analysis provides topographical information of sample surface at high magnifications of 5×, 10×, 100×, 1000×, etc. with 
virtual depth of field. For better clarity and high brightness of the photo shots, FESEM analysis of this phosphor powder was equipped 
with gold sputtering. In Fig. 3(i), (ii), (iii) and (iv), the surface morphology pictures of synthesized phosphor Ba3La1.9(BO3)4: 0.1 mol 
Sm3+ were captured and observed that the particles are submicron-sized, agglomerated and irregularly distributed over the surface. 
Since the micron level sizes of the particles, these phosphors can be good applications in solid-state lighting devices [18]. 

EDX is an analytical technique useful for the elemental analysis or chemical characterization of a sample. The EDX spectra of Ba3La2 
(BO3)4: 0.1 mol Sm3+ sample was shown in Fig. 4 in which barium, lanthanum, oxygen, boron and samarium are presented. In 
addition, the weight% and atomic% of the starting elements in the synthesized material were also estimated from EDX data and the 
same were calculated theoretically which was shown in Table 3, found to have a good coincidence. 

3.4. TG-DT analysis 

Thermo gravimetric (TG) analysis is an analytical technique is used to determine the material’s thermal stability also for the 
materials characterization through analysis of decomposition patterns. Where as in the differential thermal analysis (DTA) technique, 
the investigating sample is monitored with respect to a reference sample; both were heated at constant rate of temperature and 
measures the temperature difference between the sample and the reference so that exothermic and endothermic heat reactions may be 
detected. 

As shown in the Fig. 5, both TG and DTA curves were depicted simultaneously as the sample Ba3La2 (BO3)4 was subjected to heat 
from room temperature to 800 ◦C. From TG curve it was cleared that, as the heating temperature increases, the sample undergone three 
stages decomposition and lost weight 1.813 % up to 80 ◦C, 4.192 % up to 462 ◦C and 1.263 % up to 763 ◦C. Later it was attained a 
stable state. A weight loss of 7.273 % was occurred and 92.727 % of its total weight was thermally stable. From the DTA curve, initially 
endothermic peaks up to 279 ◦C were may be ascribed to evaporation of water molecules and carbon dioxide molecules. An exothermic 
and endothermic occurred at 465 ◦C and 602 ◦C may be corresponding to the phase formation of Ba3La2(BO3)4 crystal. 

Table 1 
Crystalline size (D) and dislocation density (δ) of Sm3+ doped Ba3La2 (BO3)4 phosphor.  

S.No. Sm3+ ion (mol) FWHM β (rad) Diffraction angle (2θ) D = 0.89λ/βcosθ (nm) δ = 1/D2 (nm− 2) 

1 Sm3+ = 0 0.00646 28.02◦ 22.14 0.00204 
2 Sm3+ = 0.02 0.00496 28.13◦ 28.81 0.0012 
3 Sm3+ = 0.04 0.00616 28.72◦ 23.25 0.00185 
4 Sm3+ = 0.06 0.00564 27.87◦ 25.34 0.00155 
5 Sm3+ = 0.08 0.00614 28.41◦ 23.29 0.00184 
6 Sm3+ = 0.1 0.00648 28.63◦ 22.07 0.00205  
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Fig. 2. (a). FTIR spectra band assignments of Ba3La2 (BO3)4: Sm3+ and Fig. 2 (b). Bands enlarged view for 0.02 mol Sm3+.  
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Table 2 
FTIR bonding assignment details of Ba3La2(BO3)4: Sm3+.  

S.No. Wave number (cm− 1) Bond assignment range Type of bond assignment 

1 1227 and 1435 1200–1600 B–O asymmetric stretching vibrations of trigonal BO3 units 
2 870, 964 and 1074 800–1200 B–O symmetric stretching vibrations of tetrahedral BO4 units 
3 590, 616 and 741 600–800 B–O–B bending vibrations of borate network 
4 428 and 457 <600 La–O band lattice vibrations  

Fig. 3. FESEM images of phosphor materials with different resolutions.  

Fig. 4. EDX spectra analysis of Ba3La2 (BO3)4: 0.1 mol Sm3+.  
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3.5. DRS studies and band gap (Eg) 

The diffuse reflectance spectrum (DRS) of Ba3La2(BO3)4 host sample is shown in the Fig. 6 in which a strong absorption band was 
observed in the wavelength region of 280− 400 nm which can be due to electron passage from a valence band to conduction band. 
There was no weak absorption peaks observed in the region of UV–vis, which suggests that the surface defects, traps, impurities are 
very less [19]. 

The band gap of Ba3La2 (BO3)4 host materials can be calculated by using Kubelka-Munk function [20] using DRS spectra is 

Table 3 
EDX analysis showed weight percentages of starting elements in Ba3La2(BO3)4: 0.1 mol Sm3+.  

S.No. Element Atomic mass (units Molecular weight Weight% (calculated) R = weight%/Atomic wt Atomic% R/E 

1 12 Oxygen 15.999 191.988 20.42 1.276 56.91 
2 3 Barium 137.327 411.981 43.82 0.319 14.22 
3 2 Lanthanum 138.905 277.81 29.55 0.212 9.45 
4 0.1 Samarium 150.36 15.036 1.6 0.01 0.45 
5 4 Boron 10.811 43.244 4.6 0.425 18.96    

Total: 940.06 99.99 % 2.242 (E) 99.99 %  

Fig. 5. Thermal study of phosphor sample carried by TGA and DTA.  

Fig. 6. DRS spectrum of Ba3La2 (BO3)4 and Tauc plot curve for energy band gap (inset).  
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Fig. 7. (a) Excitation spectrum and 7 (b). Emission spectra of Ba3La2-x (BO3)4: Sm3+ phosphors. 7 (c). Empirical energy transitions diagram of Sm3+ in Ba3La2(BO3)4 phosphor.  
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F(R) =
(1 − R)2

2R
=

K
S

(2)  

where R is the diffuse reflectance percentage, K is the absorption coefficient and S be the scattering factor. 
The linear absorption coefficient (α) and optical band gap (Eg) of a material, by Tauc relation is given by [21] 

αhν = C(hν − Eg)
n (3)  

Here hν is the energy of photon, C is the proportional constant called band tailing parameter and the exponent n is the power factor 
(n = 2) 

The Eq. (3) is modified by using above Eq. (2) as 

[F(R)hν]2 = C(hν − Eg) (4) 

Now we plotted a graph with hν values on x-axis and [F(R)hν]2 values on y-axis from which the extrapolation of linear fitted region 
intersected on x-axis can gives approximate band gap energy (Eg) of this sample. The inset graph in Fig. 6 have shown the band gap of 
Ba3La2(BO3)4 was estimated nearly 4.15 ev. 

3.6. Photoluminescence studies 

The emission and excitation spectra of Ba3La2-x(BO3)4: Sm3+ phosphors were recorded and shown in the Fig. 7(a). For the excitation 
spectrum, the sample was monitored at 601 nm and it consists of five excitation bands. The excitation bands were identified and 
assigned to respective transitions of Sm3+ ion, such as 6H5/2 → 4D3/2 at 365 nm, 6H5/2 → 4D1/2 at 377 nm, 6H5/2 → 4F7/2 at 406 nm, 6H5/ 

2 → 6P5/2 at 420 nm and 6H5/2 → 4G9/2 at 440 nm [22]. All these bands were excitation transitions from ground state to higher energy 
states of Sm3+ ion. Among all these transitions, the band 6H5/2 → 4F7/2 at 406 nm has the highest excitation intensity and hence the 
emission spectra of phosphors were monitored under the excitation wavelength of 406 nm. 

The photoluminescence emission spectra of Ba3La2 (BO3)4: xSm3+ (x = 0.02, 0.04, 0.06, 0.08 and 0.1 mol) were recorded in the 
range of 450− 700 nm. Fig. 7(b) shows the emission spectra phosphor samples monitored at an excitation wavelength 406 nm. The 
identified emission bands were raised due to the intra 4f transitions of Sm3+ ion, which were ascribed to 4F3/2 → 6H5/2 at 507 nm, 4G5/2 
→ 6H5/2 at 563 nm, 4G5/2 → 6H7/2 at 601 nm and 4G5/2 → 6H9/2 at 648 nm [23]. Among these emissions, the transition corresponding to 
4G5/2 → 6H7/2 has the strongest emission intensity at 601 nm. This transition satisfied the selection rule of ΔJ = ±1, where J is the 
angular momentum. Magnetic dipole transitions obey the selection rule of ΔJ = 0 and ±1, and electric dipole transitions obey the 
selection rule of ΔJ ≤ 6 unless J or JꞋ = 0 when ΔJ = 2, 3, 6 [24]. The transitions 4G5/2 → 6H5/2 and 4G5/2 → 6H7/2 are magnetic dipole 
transitions, while the transition 4G5/2 → 6H9/2 is an electric dipole transition [25]. Also observed the emission intensity was raised and 
optimum for 0.06 mol concentration, further the intensity was decreased, obviously due to the concentration quenching effect. The 
4f-4f partial energy transitions of Sm3+ ion were shown in the Fig. 7(c). 

3.7. CIE color chromaticity 

The performance and quality of emission color of the synthesized phosphor would dependent on the color coordinates lying in the 
CIE 1931 color chromaticity diagram. The coordinates for the optimum concentration of Sm3+ ion in Ba3La2(BO3)4 were calculated and 
reported as x = 0.5263 and y = 0.4519, and all the coordinates for other concentrations also be very close to these values as shown in 
Table 4. It was observed that these values were lying in the orange-red emission region as shown in the Fig. 8 of CIE diagram and hence 
this phosphor candidate may be useful for the application of orange-red emission color by pumped at NUV wavelength. 

4. Conclusion 

A new host material Ba3La2 (BO3)4 in which various concentrations of Sm3+ ion doped phosphor samples were successfully syn
thesized by solid state reaction method and an orthorhombic crystal structure was confirmed. Thermal, structural, morphological 
characteristics have been studied by TG-DTA, XRD, FTIR, DRS and FESEM, EDX characterization techniques and properties were 
reported. From the PL spectra we have observed four emission peaks in which prominent emission intensity peak at 601 nm. The 
optimum concentration of Sm3+ is 0.06 mol for highest emission intensity and the color coordinates have been calculated as x = 0.5363 
and y = 0.4519 which confirmed the emission color is lying in the orange-red region of the CIE 1931 diagram. From the character
ization results such as, thermal stability, submicrons sized grains and perform optimum luminescence emission, this phosphor can be a 
good material for an orange-red light emission which might be applicable in solid-state lighting and LED display devices. 
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