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Abstract 
The luminescence properties of a potential blue-emitting 
RbBaPO4:Eu2+ phosphor substituted with various metal 
ions have been investigated. The main emission 
wavelength of the phosphor samples was red-shifted by 
the substitution with K and Sr ions. The maximum peak 
intensity was obtained from the sample 
Rb0.25K0.75Ba0.99Eu0.01PO4 which showed 144% relative 
intensity versus that of BAM:Eu2+ phosphor under 254 
nm excitation. 

 
 

1. Introduction 
 

Phosphors are essential component for display and 
lighting devices. Thus, the development of more 
efficient phosphors has been demanded since the 
performance of phosphors affects the quality of 
devices significantly. A blue-emitting phosphor 
BaMgAl10O17:Eu2+ (BAM:Eu2+) has been widely used 
for various display devices such as plasma display 
panels (PDPs), cold cathode fluorescence lamp 
(CCFLs) and so on. However, this phosphor has some 
disadvantages which include low color purity and 
poor thermal stability originated from its inherent 
crystal structure. 

Meanwhile, KBaPO4:Eu2+ blue-emitting phosphor 
was known such that it shows high color purity and its 
host lattice has excellent thermal stability [1, 2]. In 
addition, it is recently reported that its stability against 
moisture can be improved by coating nano-sized silica 
particles on the phosphor surface [3]. 

In this research, luminescence properties of 
RbBaPO4:Eu2+ phosphor, whose crystal structure is 
analogous to that of KBaPO4:Eu2+ phosphor, were 
studied as a potential blue-emitting phosphor for the 
first time [4]. In addition, effects of substitutions of 
Rb and Ba sites with K and Sr ions, respectively, were 
investigated. 

 
 

2. Experimental  
 

Rb1-xKxBaPO4:Eu2+ and RbBa0.99-ySryPO4:Eu2+ 
phosphor samples were prepared by conventional 
solid-state reaction. Rb2CO3 (Aldrich, 99.8 %), K2CO3 
(Aldrich, 99.995 %), BaHPO4 (Aldrich), SrHPO4 
(Aldrich, 99.98 %), (NH4)2HPO4 (Aldrich, 99.99+ %) 
and Eu2O3 (GCM, 99.99 %) were used as raw 
materials to prepare phosphor samples. They were 
mixed and ground with ethanol in an agate mortar. 
The mixture was dried for a day and ground again 
before firing. All the samples were fired at 1100oC for 
4 hours in an alumina crucible with 400 ml/min of 5% 
H2/N2 gas for reduction. The obtained samples were 
ground well before analysis. 

The morphology and size of the prepared phosphor 
particles were observed by a Philips XL30SFEG 
scanning electron microscope (SEM). Crystalline 
phases of the phosphor were analyzed by a Rigaku 
D/max – RB X-ray diffractometer (XRD) with Cu Kα 
(λ = 1.542 Å) radiation operating at 40 kV and 100 
mA. The scan rate was 3°/min and the measurement 
range was from 15° to 45°. The PL emission and 
excitation spectra of the prepared samples were 
recorded by DARSA PRO 5100 PL System (PSI, 
Korea). The excitation spectra in UV region were 
corrected by sodium salicylate. 

 
 

3. Results and discussion 
 

Figure 1 (a) shows the XRD patterns of the Rb1-

xKxBa0. 99Eu0. 01PO4 samples with the var ious 
concentration of K and JCPDS patterns of RbBaPO4 
and KBaPO4, respectively. All the peaks of the sample 
RbBa0.99Eu0.01PO4(x=0.00) were well matched with 
J C P D S  p a t t e r n  o f  R b B a P O 4  ( # 8 1 - 0 6 4 7 , 
orthorhombic). However, as the concentration of K 
increased, positions of the peaks of XRD patterns 
shifted gradually to larger 2θ rather than impurity 
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Fig. 1. XRD patterns of (a) Rb1-xKxBa0.99Eu0.01PO4 
and (b) RbBa0.99-ySryEu0.01PO4 samples 

 
 

phases formed. It is suggested that K ions are 
substituted well for the sites of Rb ions and all 
samples substituted are regarded as single phase. 
Finally when all Rb ions were substituted with K ion 
(x=1.00), the XRD pattern of the sample indicated that 
the single phase was obtained by confirmation with 
JCPDS pattern for KBaPO4 (#84-1462, orthorhombic). 
In the case of Sr ion substitution for Ba site, similar 
results were obtained. Figure 1 (b) shows the XRD 
patterns of RbBa0.99-ySryEu0.01PO4 phosphor samples 
with the various concentration of Sr. All peaks also 
shifted to larger 2θ as like as one of Rb1-

xKxBa0.99Eu0.01PO4. It means that the lattice parameter 
decreased and volume of the unitcell reduced. 
Unfortunately, we can’t confirm whether the host 
lattice of RbSr0.99Eu0.01PO4 phosphor sample was well 
synthesized because JCPDS pattern of RbSrPO4 have 
not been reported yet. However, the crystal structure 
of RbSr0.99Eu0.01PO4 phosphor sample could be 

imagined roughly by using Miller index and 
interplanar spacing obtained from the XRD pattern of 
it, supposing all RbBa0.99-ySryEu0.01PO4 phosphor 
samples are of single phase. As the concentration of Sr 
increased, (112) planes are split while (210), (013), 
and (020) planes are not split as shown in Fig. 1 (b). 
The split of (112) plane means more than one 
interplanar angle tilted. On the other hand no split of 
(210) and (013) means interplanar angle γ and α 
didn’t tilt, respectively. So, it is concluded that 
interplanar angle β tilted and crystal system 
changed, as the concentration of Sr increased, from 
orthorhombic to monoclinic like NaBaPO4 (#71-2449, 
monoclinic) which is one of the MIMIIPO4 (MI = 
alkali ions, MII = alkali earth ions) group. The 
followings equation describes interplanar spacing of 
monoclinic [5]. 
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The lattice parameters (a, b, c, and β) of obtained 

sample were calculated as follows: Miller index (h, k, 
and l) and interplanar spacing (d) of chosen peaks 
from XRD pattern were substituted into the above 
equation. After obtaining four simultaneous equations, 
they were solved through analytic method. 

 
TABLE 1. Miller index and interplanar spacing of 
chosen peaks 

  (112) (210) (013) 

dhkl (Å) 3.344 3.321 3.132 2.841 
 

TABLE 2. The lattice parameters of RbSr0.99Eu0.01PO4 
a b c β 

7.509 5.678 9.846 90.65 
 

The PLE spectra and the PL spectra of Rb1-

xKxBa0.99Eu0.01PO4 phosphor samples with the various 
concentration of K are shown in Fig. 2 (a) and (b), 
respectively. The shape of the PLE spectra remained 
almost the same whereas the emission peak 
wavelength shifted from 412nm to 420nm as the 
concentration of K increases. Because of the strong 
crystal field around the Eu2+ ions, the lowest 5d level 
would become lower than the 6P7/2 level. Therefore, 
the emission wavelength of Eu2+-activated phosphor 
can be determined by the relative position between the 
lowest 5d level and 8S7/2 [1]. The crystal field at an 
activator ion is strongly related to the interatomic 
distance. In addition, the surroundings of the activator 
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Fig. 2. (a) PLE spectra and (b) PL spectra of Rb1-

xKxBa0.99Eu0.01PO4 samples relative to BAM:Eu2+ 
phosphor. (c) the relative PL intensity and the main 
emission wavelength of the samples depending 
upon the concentration of K. 

 
 

ions also affects the position of the emission band [6]. 
However, because RbBaPO4 is isostructural with 
KBaPO4, the environment of the site of activator ions 
could be regarded as almost same [4]. Hence, we can 
focus only on the interatomic distance to compare the 
crystal field effect among Rb1-xKxBa0.99Eu0.01PO4 
phosphor samples. Not only the ionic radius of Rb is 
larger than that of K, but lattice parameters of 
RbBaPO4 are also larger than one of KBaPO4. 
Therefore, the distance between Eu2+ ion and 
surrounding O2- ion gradually decreased as Rb ion 
became substituted with K ion, and then the crystal 
field at the site of the activator ion increased. 
Subsequently, the emission peak wavelength was red-
shifted. The maximum peak intensity was obtained 
from the sample Rb0.25K0.75Ba0.99Eu0.01PO4 which is 
144% compared with that of BAM:Eu2+ phosphor 
under 254 nm excitation, which is of great advantage 
for CCFL applications. Figure 2 (c) shows the relative 
PL intensity and the main emission wavelength of the 
samples depending upon the concentration of K. PLE 

 
Fig. 3. (a) PLE spectra and (b) PL spectra of 
RbBa0.99-ySryEu0.01PO4 samples relative to 
BAM:Eu2+ phosphor. (c) the relative PL intensity 
and the main emission wavelength of the samples 
depending upon the concentration of Sr. 

 
 

spectra of RbBa0.99-ySryEu0.01PO4 phosphor samples 
are shown in Fig. 3 (a). The shape of each PLE 
spectrum is almost similar to each other below 350 
nm. Subsequently, above 350 nm in those become 
gentle as Ba ion became substituted with Sr ion. 
Figure 3 (b) shows PL spectra  of RbBa0. 99-

ySryEu0.01PO4 phosphor samples with the various 
concentration of Sr. The peak wavelength of each 
sample was significantly shifted from 412nm to 
442nm with increase of the concentration of Sr. The 
shape of emission band also changed conspicuously. 
Especially, the band width of each sample enlarged as 
the concentration of Sr increased. It means that the 
energy spacing between the ground state and the 
excited state became large. Although the ratio of ionic 
radius of K+/Rb+ (0.908) is similar to one of Sr2+/Ba2+ 
(0.874), the distinguishable tendency about the change 
in the shape of emission and excitation spectra 
between when Rb ion was substituted with K ion and 
when Ba ion was substituted with Sr ion in 
RbBaPO4:Eu2+ phosphor, respectively, is notice. It 
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Fig. 4. SEM image of the RbSr0.99Eu0.01PO4 
phosphor sample (a) 500X, (b) 5000X 

 
 

seemed to be originated from the fact that the crystal 
structure didn’t change in the former case, but became 
changed from orthorhombic to monoclinic in the latter 
case as mentioned above. Consequently, in the latter 
case, the coordination environment of the activator ion 
seemed to be distorted and changed, which induced 
additional Stokes shift added to the crystal field 
resulted from shrinkage of the volume of unit cell. 
Figure 3 (c) shows the relative PL intensity and the 
main emission wavelength of the samples depending 
upon the concentration of Sr. 

Figure 4 (a) and (b) shows SEM images of 
RbSr0.99Eu0.01PO4 phosphor sample. Particles were 
very well dispersed and their mean size was around 10 
μm. The shape of particles was “egg-shape” and the 
surface of them was very smooth as shown in Fig. 4 
(a) and (b). It seems that the morphology of sample 
shown in Fig. 4 is suitable for fabrication of CCFL 
devices. 

 
 

4. Summary 

In this study, influences of substitution of the metal 
ions in a potential blue-emitting RbBaPO4:Eu2+ 
phosphor have been investigated. Because KBaPO4 is 
isostructural with RbBaPO4, the excitation bands of 
Rb1-xKxBa0.99Eu0.01PO4 phosphor samples were little 
affected by the substitution with K. At the same time, 
the emission bands of the same samples were red-
shifted with increase of the concentration of K. It is 
described that the shorter Eu2+ to O2- interatomic 
distance caused by shrinkage of the volume of unit 
cell, the stronger crystal field at the site of activator 
ion. On the other hand, the substitution with Sr ion 
gave rise to changing the crystal structure from 
orthorhombic to monoclinic. The shape of the 
excitation bands above 350 nm and the emission 
bands of RbBa0.99-ySryEu0.01PO4 phosphor samples was 
much different with increase of the concentration of Sr, 
although the ratios of ionic radius of K+/Rb+ and 
Sr2+/Ba2+ are similar. It is because the crystal field 
resulted from shortened interatomic distance as well 
as the change of the coordination environment. The 
morphology of particle is suitable for fabrication of 
CCFL devices. The phosphors we have investigated 
until now have rigid crystal structure and good PL 
intensity in the blue spectral region. In addition, it is 
possible to adjust the emission properties by 
substituting the ions in the host lattice. Therefore, 
RbBaPO4:Eu2+ phosphor would be a potential blue-
emitting phosphor candidate for display or lighting 
devices. 
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