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ABSTRACT 
 

The blue-emitting phosphors of Eu2+ doped Ca10(PO4)6Cl2 were prepared by combustion synthesis, characterized 

by  X-ray powder diffraction measurement, SEM (Scanning electron microscopy) and Photoluminescence (PL) 

techniques, has been reported. The luminescence properties were investigated by photoluminescence excitation and 

emission spectra. The phosphor exhibited the blue luminescence due to the 4f6 5d1 → 4f7 transition of Eu2+ ions 

under the excitation of near UV light. PL emission spectrum of Eu2+ ion under 353 nm excitation gives PL 

emission at 456 nm (Blue) due to 4f6 5d transitions. The concentration quenching of Eu2+ ions in the 

Ca10(PO4)6Cl2 host is determined to be 0.5 mole % , demonstrating CIE chromaticity coordinates of (0.149,0.023). 

The above results suggest that the Ca10(PO4)6Cl2:Eu2+ phosphor is a promising blue-emitting phosphor for 

application in near-UV white light-emitting diodes. 
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I. INTRODUCTION 

 

Recent years, rare-earth (RE) activated inorganic 

compounds have been developed to be efficient 

luminescence materials in fabricating the white light 

sources using InGaN based LEDs devices. Nowadays, 

more and more interest has been focused on the 

synthesis and luminescence of RE-doped compounds [1-

3]. Eu
2+ 

activated aluminates, silicates, and phosphates, 

have been intensively studied for their potential 

application as white light-emitting diodes (W-LEDs) 

phosphors [4-8]. White light-emitting diodes (w-LEDs) 

have great significant attention owing to their 

satisfactory advantages of energy saving properties, long 

lifetime, high efficiency as well as high material stability 

[9, 10]. Because of this, w-LEDs are considered to be 

potential candidates for the replacement of conventional 

incandescent and fluorescent lamps and treated as the 

next-generation solid-state lighting [11-13]. Eu
2+

 

activated phosphates were known as a highly efficient 

blue emitting phosphor for near UV LED excitation [14, 

15]. The emission and absorption spectra of Eu
2+

 usually 

consist of broad band due to transitions between the 
8
S7/2 

(
4
f7) ground state and the crystal field components of the 

4f
6
5d excited-state configuration. Since the 5d orbital 

involved is external, the position of the energy level and 

consequently the wavelengths of excitation and emission 

bands strongly depend on the host crystal [16]. Thus, the 

host is critical for the luminescence properties of Eu
2+

 

ions. Moreover, the Eu
2+

 ion can emit light from UV to 

infrared with a broad band emitting luminescence on 

different host matrices since the involved 5d orbital of 

the Eu
2+

 ion is external and strongly influenced by the 

crystal field [17]. Due to these excellent properties, Eu
2+

 

ion-doped phosphors have been widely studied in LED 

applications [18-21]. 

 

In this present work, the crystal structure, reflectance 

spectra, and quantum efficiency of blue-emitting 

Ca10(PO4)6Cl2:Eu
2+

 phosphor is reported, as well as its 

application in near-UV white light-emitting diodes have 

been investigated. The white LEDs were fabricated by 

using an InGaN-based near-UV LED chip (353 nm).  

 

The blue-emitting phosphors of Eu
2+

 doped 

Ca10(PO4)6Cl2 were prepared by Combustion synthesis. 
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The excitation and emission spectra, the dependence of 

luminescence on the doping concentration and the 

temperature were investigated. 

 

II. METHODS AND MATERIAL 
 

The Eu
2+

 activated Ca10(PO4)6Cl2 phosphors were 

prepared via combustion synthesis. The starting AR 

grade materials (99.99% purity) were taken where 

Calcium nitrate (CaNO3)2, Ammonium di-hydrogen 

phosphate NH4H2(PO4), Europium oxide (Eu2O3), 

Ammonium chloride (NH4Cl) and urea used as fuel. In 

the present investigation, materials were prepared 

according to the chemical formula Ca10-x(PO4)6Cl2:Eux 

(0.1  x  1.0). Eu
2+

 ions were introduced as Eu(NO3)3 

solutions by dissolving Eu2O3 into dil. HNO3 solution 

for the preparation of Ca10-x(PO4)6Cl2:Eux (0.1  x  1.0) 

phosphor. After mixing all reagents for about 15 min, 

mixture was transferred to a furnace preheated at 650
0
C 

and the porous products were obtained. The 

photoluminescence measurement of excitation and 

emission were recorded on the Shimadzu RF5301PC 

spectrofluorophotometer. Emission and excitation 

spectra were recorded using a spectral slit width of 1.5 

nm. The prepared host lattice was characterized for its 

phase purity and crystallinity by X-ray powder 

diffraction (XRD), using a PAN-analytical 

diffractometer (Cu-Kα radiation). 

 

III. RESULTS AND DISCUSSION 
 

 XRD analysis of Ca10(PO4)6Cl2:Eu
2+

 phosphor 

                   X-ray diffraction (XRD) 

 
Figure 1. X-ray diffraction (XRD) patterns 

Ca10(PO4)6Cl2 phosphor powder. 

 

The XRD pattern of the powder was recorded on an X-

ray diffractometer using Cu-Kα radiation (1.54060 nm) 

and at a scanning scan step time of 10.3377 s. Figure 1. 

Show the XRD pattern of Ca10(PO4)6Cl2  prepared at 

650 °C combustion synthesis. However, the obtained 

diffraction peaks of these compounds did not match any 

data in the JCPDS base after careful comparison with 

the reported compounds, considering that the starting 

materials were weighed according to the given chemical 

compositions of the Ca10(PO4)6Cl2 matrix, they are 

thereby named as Ca10-x(PO4)6Cl2:Eux (0.1  x  1.0) 

phosphor in this paper. The XRD pattern did not indicate 

presence of the constituents like, (CaNO3)2, NH4H2 

(PO4), (NH4Cl2), Eu2O3 and other likely phases, for the 

obtained phase, it was carefully observed that there were 

no peaks of raw materials. It was found that the main 

phase did not agree with any JCPDS data available. 

These results indicate that the final product was formed 

in crystalline and homogeneous form. Prepared 

compounds XRDs data are not available in the standard 

JCPDs file. However, some new diffraction peaks also 

emerged, which were characteristic diffraction peaks for 

the prepared samples but could not be attributed to any 

known compounds. 

Scanning electron microscopy (SEM):- 

  

 

 
Figure 2. SEM patterns of Ca10(PO4)6Cl2: Eu

2+
 phosphor 

powder. 

 

The particle size distribution of the phosphor is an 

important factor for its application in WLEDs. SEM 

photographs of Ca10(PO4)6Cl2: Eu
2+

 phosphors clearly 

shows that the grains are irregular shaped particles with 

a size 1-5 µm. This shows that the combustion reactions 

of the mixtures took place well. The typical 

morphological images are represented in Figure 2. The 

particles possess foamy like morphology formed from 
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highly agglomerated crystallites. An average crystallite 

size is in sub-micrometer range of Ca10(PO4)6Cl2:Eu
2+

 

phosphors. The size distribution is about 1-5 µm with 

some agglomeration. This is a suitable size for 

fabrication of solid-state lighting devices. 

 

Photoluminescent properties of Ca10-x(PO4)6Cl2: Eux
2+ 

(0.1  x  1.0) 

 
Figure 3. Excitation spectrum Ca10(PO4)6Cl2: Eu

2+
  

phosphor monitored at  456 nm 

 

 
 

Figure 4. Emission spectra of Ca10-x(PO4)6Cl2: Eux
2+

 

phosphor  

(0.1  x  1.0) (excited at 353 nm). 

 

 

PL measurements were performed at room temperature, 

using a Shimadzu RF5301PC Spectrofluorimeter 

equipped with a 450 W xenon lamp, in the range from 

200 to 700 nm, with spectral width of 1.5 nm. Prepared 

phosphors for W-LED meet the basic requirement that 

exhibits a bright emission under the excitation of near-

UV light. Thus, the excitation and emission spectra of 

the prepared phosphors Ca10(PO4)6Cl2:Eu
2+

 were studied 

in order to assess their potential to be used for near-

UVLED based W-LEDs. The photoluminescence (PL) 

and photoluminescence excitation (PLE) spectra of 

phosphor prepared are shown in Figure 3. The broad 

bands in the PLE (λem = 456 nm) spectra of phosphors, 

which are due to the transition from 
8
S7/2 (4f 

7
) ground 

state of Eu
2+

 to the 4f
6
5d

1
 excited state [22]. The band is 

located at around 353 nm, which matches well with the 

emission of commercially available near- UV LED chips. 

The bright blue emission band with peak at about 456 

nm is observed in the PL (λex = 353 nm) spectra of this 

phosphors, which could be attributed to the typical 

4f
6
5d

1 
(t2g )  4f 7 (

8
S7/2) transition of Eu

2+
 [23] . 

 

The concentration of activator has an impact on the 

performance of a phosphor. Therefore, it is important to 

determine the composition of the Ca10(PO4)6Cl2:Eu
2+ 

phosphor with optimal PL emission intensity. A series of 

Ca10-x(PO4)6Cl2: Eux
2+ (0.1x  1.0) phosphors with 

various  Eu
2+ content x was prepared and studied for the 

effect of activator concentration. The emission spectra of 

Ca10(PO4)6Cl2:Eu
2+ phosphor ( λex =353 nm) with 

different activator concentration are shown in Figure 4 .  

 

No obvious changes were observed for all the samples in 

our experimental wavelength range, except the fact that 

the emission intensity of phosphor increases with the 

increase in Eu
2+

 concentration and reaches the maximum 

at 0.5 mole % then concentration quenching occurs as 

the concentration of Eu
2+ 

shown in Figure 5. This type of 

quenching may be attributed to the fact that energy 

transfer between two identical ions occurs because the 

average distance between the activator ions becomes 

short enough for the energy to migrate [24]. The 

excitation spectrum is at 353 nm and it is properties of 

LED lighting and gives the emission in blue region and 

this phosphor may be good candidates for white LED 

lighting. 
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Figure 5. Variation in the PL intensity due to Eu

2+
 ion 

                            concentrations 

 

Chromatic properties: 

 

 
Figure  6. CIE chromatic diagram showing the 

coordinates 

Ca10(PO4)6Cl2:Eu
2+ phosphor 

 

By using 1931 CIE chromatic colour coordinates are 

specified lighting that recognize human visual system 

uses three colours red, green and blue  [25,26]. In this 

system the light sources are represented by (X, Y) 

coordinates and coloured are compared with 1931 CIE 

diagram. The colour purity was compared to the 1931 

CIE Standard Source C (illuminant Cs (0.3101, 0.3162)). 

The chromatic coordinates (x, y), was calculated using 

the colour calculator program radiant imaging [27]. In 

this article the coordinates of Eu
2+ 

are doped 

Ca10(PO4)6Cl2 Phosphor are located (X = 0.149,Y = 

0.023) as shown in Figure  6 indicates that the colour 

properties of the phosphor powder prepared by 

combustion method is approaching those required for 

field emission displays. The dominant wavelength is the 

single monochromatic wavelength that appears to have 

the same colour as the light source. This result indicates 

that high colour purity of this Ca10(PO4)6Cl2:Eu
2+ 

halophosphate phosphors because it is slightly near to 

the edge of the CIE diagram. Hence, such material may 

be an efficient photoluminescent material for solid-state 

lighting phosphors as a blue component, and helpful in 

generating white light with a particular ratio of this 

phosphor. 

IV. CONCLUSION 
 

In conclusion, a series of Eu
2+

 doped Ca10(PO4)6Cl2 blue 

emitting phosphors was synthesized by combustion 

method. Photoluminescence measurements showed that 

Eu
2+ 

doped Ca10(PO4)6Cl2  synthesized by this method 

exhibits intensive blue wide band emission with 

maximum intensity at 456 nm under near-UV excitation. 

Both blue and white LEDs can be fabricated by pre-

coating the above synthesized phosphors onto 353 nm 

emitting In-GaN chips. Moreover, the strong absorption 

of phosphor in the range of 300 nm to 410 nm makes 

this Eu
2+  

activated chlorapatite phosphor a potential 

candidate as a blue component (one of the three primary 

color components) for fabrication near-UV based 

phosphor is good candidate for white light LED 

application. 
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