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ABSTRACT 
We successfully obtained Eu2+-activated Ca6BaP4O17 

phosphors via the solid state reaction. With increasing the 
content of the Eu2+ ion, the emission peak shift from 550 
nm to 610 nm. The Rietveld refinement shows that the 
Eu2+ ion preferentially occupies CaO7 and CaO8 sites in 
the host. 

1   INTRODUCTION 

The discovery of novel phosphors for white-light emitting 
diodes (wLEDs) have been conducted owing to its 
excellent features such as high luminescent efficiently, a 
long lifetime and environmentally friendly compared with a 
fluorescent lamp and a midget lamp [1]. Therefore, wLEDs 
are the attention for a next generation of lighting system. 
In general, the most commercial wLEDs are composed of 
a blue-LED (InGaN) and a yellow-emitting phosphors, 
Y3Al5O12:Ce3+ (YAG:Ce3+) [2]. Nevertheless, the system of 
this wLEDs have low color rendering index (CRI) due to 
the lack of the red emission region in the YAG:Ce3+ 
phosphor. Thus, another systems of wLEDs propose in 
order to solve this problem. For example, the white-LEDs 
combining with a blue LED and two different phosphors, 
green (or yellow) and red emission phosphors have been 
suggested. Moreover, near-ultraviolet LED (near-UV - 
LED) + blue/green/red emission phosphors can become 
the new system for white-LEDs [3] [4].  

The typical red phosphors for wLEDs are nitride 
phosphors such as CaAlSiN3:Eu2+, SrLiAl3N4:Eu2+ and 
Sr2Si5N8:Eu2+ [5] [6] [7]. These nitride phosphors have 
sufficient luminescent efficiency excited the blue light and 
the excellent thermal stability. However, nitride phosphors 
are difficult to synthesize because nitride materials needs 
a special furnace, which can control the high temperature 
and pressure. Therefore, many researchers investigate 
novel oxide phosphor materials which can appear red 
emission under blue-light excitation. In the recent research, 
Sr6Y2Al4O15 with the large amount of the Ce3+ ion 
appeared the broad red emission under the blue light 
irradiation because the cerium ion could replace the Y3+ 
octahedral site with the strong crystal field, while the blue 
emission owing to the Ce3+ ion in Sr sites was also present 
[8]. Thus, an incorporation of the high concentration of 
activators with the 4f-5d allowed transition is the useful 
technique to develop the red emitting phosphor [9] [10]. 

We focus on the Eu2+-activated Ca6BaP4O17 phosphors, 
which can appear the green-yellow emission excited blue 
light. This phosphor has been firstly reported by N. Komuro 

et al [11]. Nevertheless, the emission color tuning by 
doping amount of Eu2+ has not been investigated. 
Furthermore, the host lattice of Ca6BaP4O17 have three 
different crystallographic alkali sites, CaO7, CaO8 and 
BaO12 respectively (Fig. 1). Therefore, it indicates that 
the emission color of the Eu2+-activated Ca6BaP4O17 
phosphor can be tuned depending on the concentration 
of Eu2+. 

In this study, Ca6BaP4O17:Eu2+ phosphors were 
synthesized by the conventional solid state reaction 
method. The crystal structure, lattice parameters and the 
site occupancies in Eu2+-activated Ca6BaP4O17 were 
identified by the Rietveld refinement analysis from the X-
ray powder diffraction. Moreover, their emission and 
excitation spectra, the quantum efficiency, the thermal 
stability, the lifetimes of Eu2+ and Commission 
Internationale de L’Eclairage (CIE) chromaticity 
coordinates are systematically investigated. 

2   EXPERIMENT AND CHARACTERIZATION 

Ca6(1-x)Eu6xBaP4O17 (CBP:xEu2+) phosphors were 
synthesized by the solid state reaction. CaCO3 (Kanto 
Chemical Co., Inc., 99.99%), BaCO3 (Kanto Chemical 
Co., Inc., 99.99%), (NH4)2HPO4 (Kanto Chemical Co., 
Inc., 99.0%) and Eu2O3 (Shin-etsu Chemical Co., Inc., 
99.99%) are weighed in the stoichiometric ratio at Ca : 
Ba : P : Eu = 6(1-x) : 1 : 4 : 6x (0≤x≤0.20). Then, sorted 
raw materials were mixed in acetone with an agate 
mortar. After drying, the mixtures were pelleted and 
heated at 1523 K for 6 h in a reducing atmosphere (95 
vol.% Ar / 5 vol.% H2) to reduce from Eu3+ to Eu2+. 

Powder X-ray diffraction (XRD) patterns were obtained 
using an X-ray diffractometer (D2 PHASER; Bruker) with 
a monochromatic CuKα radiation (λ= 0.154056 nm) 

Fig. 1 Crystal structure of Ca6BaP4O17 and three 
crystallographic alkali sites. 
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under 10 mA and 30 kV. The Rietveld refinement was 
carried out using the RIETAN-FP software [12]. 
Photoluminescence (PL), photoluminescence excitation 
(PLE) spectra were measured at room temperature using 
a spectrofluorometer (FP-6500 / FP-6600; Jasco Inc.) with 
150 W Xenon lamp. Internal quantum efficiencies (IQE) 
are calculated via Quantaurus-QY (Hamamatsu Photonics 
Inc.). The decay curves of Eu2+ in Ca6BaP4O17 were 
measured by Quantaurus-Tau (Hamamatsu Photonics 
Inc.).  

3   RESULT AND DISCUSSION 

Fig. 2 shows the Rietveld refinement on X-ray powder 
diffraction data of the Ca6BaP4O17 host  R values, Rwp, Rp, 
Re and S are converged to 8.973%, 6.174%, 5.106% and 
1.757, respectively. It implies that the Ca6BaP4O17 is 
successfully synthesized without impurities. Ca6BaP4O17 
has a monoclinic crystal structure with the space group of 
C 2/.m (No. 12). Moreover, The refined cell parameters of 
Ca6BaP4O17 is found to be a = 1.2303(1) nm, b = 

0.71044(2) nm, c = 1.17160(8) nm and V = 
0.73109(10)nm3, respectively. 

Fig. 3 shows the X-ray diffraction patterns of 
CBP:xEu2+ (0≤x≤0.20). All diffraction peaks are in 
agreement with the simulation pattern of Ca6BaP4O17. 
Moreover, Until x = 0.10, impurity phases cannot be 
observed, while the diffraction peak of Ca3(PO4)2  is 
appeared around 32° at x = 0.20.  

The normalized emission spectra of CBP:xEu2+ (x = 
0.01, 0.05, 0.10, 0.20) under the blue light excitation at 
450 nm are shown in Fig. 4. The emission spectrum of 
CBP:0.01Eu2+ exhibits the broad green-yellow emission 
with the peak top of 550 nm and the full width half 
maximum (FWHM) of 131 nm. On the other hand, as the 
concentration of Eu2+ ion increases, the emission peak 
position are drastically shifted to the longer wavelength. 
Consequently, the emission band of CBP:0.20Eu2+ is 
located in the red emission region with the peak top of 
611 nm and FWHM of 166 nm. It indicates that the 
location of the Eu2+ ion are varied depending on the 
content of activators. To determine the occupancy of the 
Eu2+ ion in the CBP host lattice, the Rietveld refinement 
of CBP:xEu2+ is also conducted. As a result, the lattice 
volumes of CBP:xEu2+ gradually increases as the 
concentration of the Eu2+ ion becomes higher, indicating 
that the larger Eu2+ ion are preferentially incorporated 
into smaller calcium sites rather than the barium site. 
Furthermore, from the Rietveld refinement, it seems that 
most of the Eu2+ ions are located in CaO8 site, while a 
few amount of activators are substituted for CaO7 sites. 

4   CONCLUSION 

We succeeded in synthesizing Eu2+-activated CBP 
phosphors via the solid state reaction. From the Rietveld 
refinement, the Eu2+ ions are preferentially replaced to 
two calcium sites, CaO7 and CaO8, respectively. As the 
concentration of the Eu2+ ion, the emission red shift from 
550 nm to 610 nm is observed. The incorporation of the 
high concentration of activators with the 5d-4f transition 
is useful technique to develop the red emission phosphor 
materials. 

Fig. 2 Rietveld refinement on X-ray powder 
diffraction data of Ca6BaP4O17. 

Fig. 3 X-ray diffraction patterns of  
CBP:xEu2+ (0≤x≤0.20). 

Fig. 4 Normalized emission spectra CBP:xEu2+  
(x = 0.01. 0.05, 0.10, 0.20) excited at 450 nm. 
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