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ABSTRACT 
Luminescence study continues to be an active area of research because of wide applications in different fields. Inclusion 

of lanthanide ion enhances the efficiency of the luminescent phosphors. In the present work, lanthanide doped calcium 

sodium phosphate nanophosphors have been synthesized by using chemical route technique. XRD analysis of the 

nanophosphor shows rhombohedral structure and space group R3C. EDAX spectra depicts the presence of Ca, Na, P 

and O in the nanophosphor. The crystallite size has been determined from TEM microgram.  Excitation and emission 

properties of the nanophosphors with 3 at.% doped Europium have also been investigated and discussed. The emission 

spectra at the excitation wavelength of 245nm shows intense peak at 593nm and 615nm corresponding to magnetic 

dipole transition and electric dipole transition. The CIE coordinate of the sample is calculated and found to be (0.58, 

0.33) which lies in the far-red region of the CIE chromaticity diagram. 
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Introduction 

Rare-earth doped inorganic luminescent nanomaterial have emerged an active research field in the field of 

nanoscience and nanotechnology because nanomaterials have very different properties compared to those of 

the bulk due to their high surface to volume ratio[1-3]. Phosphate compounds as the luminescent material has 

become an interesting research area because of low cost, environmental friendliness, thermal and charge 

stability and a potential candidate for application in display devices and lamps such as white light emitting 

diodes (WLED). White light emitting diodes (WLED) are widely considered as the next generation solid state 

lightning because of their high brightness, energy efficiency, long lifetime, harmlessness and environment 

friendliness [4-8].White light is generally produced by combining red/green/blue tricolors.  Therefore 

researchers have been searching for suitable phosphors which produced these tricolours by pumping near UV 

region (350-410 nm) to generate white light. Earlier blue phosphors Eu
2+

-doped LiSrPO4 and KSrPO4, green 

phosphors Eu
2+

-doped NaCaPO4 and KCaPO4, green-yellow phosphors Mn
2+

-doped LiZnPO4 and yellow 

emitting Eu
2+

-doped Ca10 Na(PO4)7 have been reported to be suitable candidate for the application in white 

LED[5,9,10]. 

In this paper we are reporting the synthesis of red emitting Eu
3+

-doped Ca10 Na(PO4)7 nanophosphor by 

chemical precipitation techniques and their characterization.  

 

Experimental Procedure 

Eu
3+

 doped Ca10 Na(PO4)7 nanophosphors were synthesized by chemical precipitation method. Stochiometric 

ratios of highly pure Ammonium phosphate monobasic (H6NO4P), calcium chloride dehydrate (CaCl2) and 

Sodium hydroxide pellets (NaOH) are and dissolved in distilled water to form 0.1M solution. These solutions 

are mixed and stirred for one hour to form a homogenous solution. Thereafter the particles are collected by 

centrifugation and washed with distilled water and acetone respectively.  The nanophosphors are annealed at 

about 800
0
C for three hours. Then the nanophosphors are characterized using X-ray diffractomer (XRD) and 

High Resolution Transmission Electron Microscope (HR-TEM) to study their structural properties. 

Morphology and Elemental composition of the samples are investigated with Scanning Electon Microscope 

(SEM) and EDAX respectively. Luminescence properties of the nanophosphor are also investigated and 

discussed. 

 

 Results and discussion 

 X-ray study 

The XRD pattern of all the samples are measured using Philips powder diffractometer (model PW 1071) with 

CuK radiation. Fig. 1 shows the XRD pattern of as-prepared samples of 3at.% Eu
3+

 doped Ca10 Na(PO4)7 
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nanophosphor. The X-ray spectra shows rhombohedral structure of Ca10 Na(PO4)7 and space group R3C. The 

crystal parameters a, b and c are 10.44 Α, 10.44 Α and 37.3Α respectively [ICDD Ref. No-00-045-0339]. 

 
Fig.1. XRD pattern of Eu

3+
-doped Ca10 Na(PO4)7 nanophosphor. 

 

SEM and EDAX study 
The SEM micrograph of the 3 at.% Eu

3+ 
 doped Ca10Na(PO4)7 nanophosphor are measured using FEI Quanta-

250 and shown in Fig.2. It shows glass liked structured and agglomeration of particles. Further magnification 

shows agglomeration of these particles to form these glass liked structures. EDAX spectrum of 3at. % Eu
3+  

doped Ca10Na(PO4)7 is shown in the Fig. 3 and show the presence of Na, Ca, P and O. The first peak in the 

spectrum is attributed to the carbon element which is used as the coating material during the measurement. 

 
Fig.2. SEM micrograph of Eu

3+
-doped Ca10 Na(PO4)7 nanophosphor. 

 

 
Fig.3. EDAX spectrum of Eu

3+
-doped Ca10 Na(PO4)7 nanophosphor. 
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TEM study 

TEM image of the 3 at. % Eu
3+ 

doped Ca10Na(PO4)7
 
nanophosphor is shown in Fig. 4. (a). The size of the 

particle shown in the image is measured and found to be 18nm. Fig.4.(b) shows the selected area electron 

diffraction (SAED) pattern of 3 at.% Eu
3+

 doped Ca10Na(PO4)7 nanophosphors and shows crystalline nature of 

the particles. 

 
Fig.4. (a) TEM image of 3 at.% doped Ca10Na(PO4)7: Eu

3+ 
nanophosphors and magnified image of the single 

particle is shown in the inset image (b) its SAED pattern. 

 

 Photoluminescence study 

Luminescence properties of 3 at.% Eu
+3

 doped Ca10 Na(PO4)7  nanophosphors are measured using F-7000 FL 

spectrometer. Fig.5 shows excitation spectrum of 3 at. % Eu
+3

 doped nanocrystalline Ca10 Na(PO4)7  at the 

emission of 615nm. The excitation spectrum shows peaks at 245, 317, 360, 376 and 394 nm. The peak centred 

at 245nm is due to the charge transfer band (CTB) of 2p electrons O
-2

 to the empty 4f orbitals of Eu
+3

 ions. 

The other weak peaks at 317, 360, 376 and 394nm corresponds to 
7
F0, 1 →

5
H 3,6, 

7
F 0,1 →      

5
D 0, 

7
E 0,1 →   

5
G1, 

5
L7   and 

7
F0 →  

5
L6 transition of Eu

+3 
respectively [6-7]. These peaks are weak compared to CTB 

absorption due to the forbidden nature of f-f transitions. 

 Fig.6 shows the emission spectrum 3 at. %  Eu
+3

  doped nanocrystalline Ca10 Na(PO4)7 at the excitation 

wavelength of 245nm. The spectrum shows weak peaks at 420, 440, 450, 468, 482 and 492 nm and two 

prominent peaks at 591 and 615 nm. Apart from these peaks, three more peaks are also observed at 653, 686 

and 699nm. The weak peaks at 420, 440, 450, 468, 482 and 492 nm are attributed to the host ions and two 

prominent peaks centred at 591 and 615 nm corresponds to magnetic dipole transition (
5
D0 →  

7
F0) and 

electric dipole transition (
5
D0 → 

7
F2) respectively. In addition to this peak three weak peaks at 653, 686 and 

699nm are also observed due to transition from 
5
D0 → 

7
F3,

 5
D0 → 

7
F3, and 

5
D0 → 

7
F4.   

The symmetry around the Eu
+3 

ions can be understood using the ratio of intensities of electric dipole transition 

to magnetic dipole transition (called asymmetric ratio) which is defined as 

              𝐴21 =
 𝐼𝑑𝜆
628

604

 𝐼
604

582
𝑑𝜆

                      (1) 

where I represents the respective intensity and λ represents wavelength in nanometer. The asymmetric ratio is 

found to be greater than unity indicating that Eu
+3 

ions occupied at the inversion symmetry of the crystal 

lattice. The CIE coordinate of the sample is calculated and found to be (0.58, 0.33) which lies in the far-red 

region of the CIE chromaticity diagram.  

 
Fig.5. Excitation spectrum of Eu

3+
-doped Ca10 Na(PO4)7 nanophosphor. 
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Fig.5. Emission spectrum of Eu

3+
-doped Ca10 Na(PO4)7 nanophosphor. 

 

Conclusion: 

Eu
3+ 

doped Ca10Na(PO4)7: nanophosphors have been prepared by chemical route method. The prepared 

nanophosphors are found to be crystalline in nature and exhibit high intensity emission whose peaks are 

centred at 591 and 615 nm indicating that these particles are red emitting nanophosphors. The intensity and 

area under the peak centred at 591 nm which is due to magnetic dipole transition is lesser than the intensity 

and area under the peak centred at 615 nm which is due to electric dipole transition. This indicates that Eu
+3 

ions occupied at the inversion symmetry of the crystal lattice 
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