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Abstract: In this paper, LiNa5(PO4)2:Eu3+, a new class of phosphor, was prepared with different 

concentrations of Eu3+ by solution combustion synthesis. This series of prepared materials were 

investigated by using various experimental techniques. X-ray diffraction confirmed a consistent 

orthorhombic phase and agreed with the standard JCPDF data. This phosphor exhibits intense d red 

emission peaks at ~612 nm corresponding to 5D0–7F2 transition upon 392 nm excitation. The color of 

the emitting light is red, and the calculated chromaticity coordinates are well placed in the red region. 

The results indicate that the present phosphors could be the potential candidates for the source of red 

color both in lasers and in light-emitting diodes.  
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1. Introduction 

Nowadays, phosphors have great interest in the development of display and lighting 

devices. Various hosts like borates, aluminates, silicates, etc., are well known for commercial 

phosphors due to their chemical and thermal stability [1]. Among these hosts, phosphates are 

considered good because of their high acceptance of dopants, low synthesis temperatures, and 

chemical and thermal durability. So these materials are appearing continuously as potential 

candidates for luminescence applications. This kind of material is not only for optical 

applications but also useful for nonlinear optical applications with structure-property 

relationships [2]. Moreover, among various rare-earths ions, Eu3+ is an important source of red 

light due to its simple energy level structure, which explains the local environment of these 

ions with its characteristic transition intensities [3–5]. 

In search of high-performance phosphors for different multifunctional applications [6], 

Eu3+ doped phosphate phosphors had their significance [7,8] to support a pure white light 

generation [9–14]. In this context, we are working with this LiNa5(PO4)2 host with different 

rare-earth ions [15]. However, no work has been reported earlier on Eu3+ ions doped 

LiNa5(PO4)2. Therefore, this study investigated the luminescence properties with varied dopant 

concentrations by excitation and emission spectra with decay profiles. 

2. Materials and Methods 

LiNa5-x(PO4)2:xEu3+ where x = 0, 0.1, 0.3 and 0.5 mol%;  phosphors were prepared by 

using solution combustion method. LiNO3, NaNO3, Eu2O3, and (NH4)H2PO4 are used to 
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prepare the samples. All precursors were taken in stoichiometric ratio and urea and mixed in a 

mortar to obtain a uniform mix. Oxide materials were converted to Nitrates by dissolving in 

Nitric acid. Further, Boric acid is used as a flux. The precursors' concentration was calculated 

by following the procedure reported by K.N. Shinde et al. [16]. Each batch (20 g) with a 

different concentration of Eu3+ was mixed well in an agate mortar and kept in a high-

temperature furnace at 800 oC. In a few minutes (3-4 minutes), the reaction occurred, and solid 

white foam remained in the crucible. The resultant sample was ground and annealed at 650 oC 

for 3h for thermal stabilization. All the characterization of samples was done at room 

temperature. X-ray diffraction patterns were obtained from SHIMADZU LabX DRD-6100 

diffractometer with Cu-K radiation. Photoluminescence–emission and excitation spectra 

were measured with a Thermo spectrophotometer. Decay profiles were measured by using 

Edinburgh Instruments FLSP 920 system. 

3. Results and Discussion 

X-ray diffraction patterns of prepared (a) LiNa5(PO4)2 (pure), (b) LiNa5(PO4)2:0.1Eu3+  

and (c) LiNa5(PO4)2:0.3Eu3+, (d) LiNa5(PO4)2:0.5Eu3+ were shown in Fig 1 and are confirmed 

the well-crystallized orthorhombic structure(JCPDS No.77-0996) in all the samples. Further, 

no such considerable changes were observed with the addition of dopant. We also used the 

Reitveld refinement method to determine the crystal structure of the prepared 

LiNa5(PO4)2:0.5Eu3+ sample. 

 

Figure 1. X-ray diffraction  patterns of Eu3+ doped LiNa5(PO4)2 phosphors 

The standard structure (JCPDS No.77-0996) was taken to initiate the procedure, and 

the obtained result is shown in Figure 2. The result shows that the prepared sample is in an 

orthorhombic structure with the space group of P212121, and the lattice parameters are a = 

10.095 Å, b = 14.842 Å, c = 10.163 Å, V = 1522..87 Å3, and the refinement parameters are Rp 

=7.69, Rwp =8.16, 2 = 1.79; which indicates the good match of standard structure (V = 1517.51 

Å)  and resembles the isostructure of LiNa5(PO4)2.  The slight variation in the cell volume is 

due to the radius of Eu3+. No impure phases were found and demonstrated the occupation of 

Eu3+ (r = 0.95 Å)  to Na+ (1.02 Å ) sites in the host [6]. Visualization for Electronic and 

Structure Analysis (VESTA) program [17] is utilized to generate the crystal structure of the 

unit cells with the obtained lattice parameters (Figure.3).  
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Figure 2. Reitveld refinement of LiNa5(PO4)2 : 0.5 Eu3+. 

 
Figure 3. Unit cell of LiNa5(PO4)2. 

The excitation spectra were recorded by monitoring 612 nm wavelength. Similar 

spectrums were observed for all the samples, and Eu3+ spectrum [18,19] is shown in Figure 4 

for clear visibility of excitation peaks. The excitation bands observed at 360 nm, 392 nm, 413 

nm, 463 nm, and 531 nm are assigned to intra 4f6 absorption transitions of Eu3+ from 7F0 to 
6D4, 

6L7, 
6L8, 

6D3, and 6D0, respectively. The transition 7F0 → 6L7 at 392 nm is with maximum 

intensity, which means that 6L7 level is acting as a metastable state and consists of a maximum 

number of absorbed photons [20]. 

 
Figure 4. The excitation spectrum of LiNa5(PO4)2:0.5 Eu3+ phosphor. 
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The optical excitation is done by the light (392 nm) from the xenon lamp through a 

monochromator and measured by the emission spectra for the present phosphors shown in 

Figure 5. The photoluminescence emission spectra consist of a series of well-resolved emission 

bands at 589 nm, 611 nm, 651 nm, and 701 nm, which can be assigned to the emission transition 
5D0 → 7F1, 

5D0 →
7F2, 

5D0 → 7F3 and 5D0 → 7F4. It shows the splitting of the  Eu3+ 4f shall as 
5D0 – 7FJ (J = 1, 2, 3 and 4)[1,10,18] for all the phosphor powders.  

 
Figure 5. Emission spectra of LiNa5(PO4)2: Eu3+ phosphors. 

Here we can see a gradual increase in the intensity of the emission peaks with the 

concentration of Eu3+, showing the dependence of emission intensity on the concentration of 

dopant [3,4,13]. It is a well-known fact that a magnetic dipole transition depends on crystal 

field strength and electric dipole transition on the local electric field around Eu3+ ions. In 

addition, the allowed electric dipole transition is hypersensitive to the local symmetry around 

the rare earth ion. In the case of these Eu3+ doped LiNa5(PO4)2 phosphors, the 5D0 →
7F1(589 

nm) is magnetic dipole transition, and the 5D0 →
7F2(611 nm) is electric dipole as well. The 

high intensity of 5D0 →
7F2

 also demonstrates the increasing distortion of the local field around 

the Eu3+ ions [7,21–24], i.e., Eu3+ ions process no inversion symmetry at sites. 

Further, one can measure the degree of distortion from the inversion symmetry of the 

local environment of Eu3+ ions by calculating the asymmetric ratio, the intensity ratio between 
5D0 →

7F1  and 5D0 →
7F2. Figure 5 shows that the asymmetry ratio increases with dopant 

concentration and suggests the symmetry distortion of the local environment around Eu3+ ions 

in the present host due to different sizes of Na+ and Eu3+. On the other side, charge 

compensation is needed to replace Eu3+ in Na+ sites, which raises the defects in the host and 

lowers the symmetry of the local environment as a consequence [25]. These results 

significantly show the existence of nonradiative recombination centers and are helpful to the 

host to be a potential candidate for nonlinear optical applications.  

Figure 6 shows the decay profiles of LiNa5(PO4)2: Eu3+ phosphors. The decay profiles 

were fitted with a single exponential function, 𝐼 = 𝐼0𝑒
−𝑡

𝜏⁄ , where  is the decay lifetime. The 

estimated lifetimes are 1.9 ms, 2.17ms, and 2.5 ms for 0.1, 0.3, and 0.5 mol% of Eu3+, 

respectively. These values were increased with increasing Eu3+ concentration, which also 

supports the increase in the number of luminescent centers without crystal field effects 

[5,23,26–28]. 
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Figure 6. Decay profiles of LiNa5(PO4)2: Eu3+ phosphors 

Commission Internationale de l'Eclairage (CIE) coordinates were estimated for 

LiNa5(PO4)2: Eu3+ phosphors, which are frequently used to examine and express colors of 

phosphors[29,30] and are shown in Figure 7. The color purity and CCT values were also 

estimated by using color calculator v7.77 and other formulae. The estimated values are given 

in Table 1. 

Table 1. CIE color coordinates with CCT values. 

Sample CIE Coordinates (x,y) CCT (K) Colour Purity 

LiNa5(PO4)2: 0.1Eu3+ (0.634, 0.352) 1099 91.04 % 

LiNa5(PO4)2: 0.3Eu3+ (0.641, 0.342) 1032 92.53 % 

LiNa5(PO4)2: 0.5Eu3+ (0.647, 0.346) 1027 93.72 % 

 
Figure 7. CIE diagram of LiNa5(PO4)2:xEu3+ (x = 0.1, 0.3 and 0.5 mol%) phosphors. 
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The coordinates and the corresponding color purity values of the present phosphors 

indicate that the phosphors are suitable candidates for efficient red emission. So these 

phosphors are useful for developing both display and light-emitting diodes.  

4. Conclusions 

LiNa5(PO4)2: Eu3+ phosphors were prepared using solution combustion synthesis. Eu3+ 

ions were successfully placed in the host without altering the structure, confirmed by Xray 

diffraction studies with refinement. A small variation occurred in unit cell volume by doping 

the Eu3+ ions. Photoluminescence intensity increased with an increase in Eu3+ concentration is 

related to both no symmetry distortion and enhancement of luminescent centers and consequent 

nonradiative recombination centers. Decay profiles also support the results shown by the 

phosphors. CIE coordinates were well placed in the red region and indicate that these phosphors 

are promising candidates for red emission.  
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