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A novel white-bluish emitting phosphor of (Ba0.49Sr0.49)2B2P2O10:0.02Eu2+ is synthesized by the solid state reaction. 

(Ba0.49Sr0.49)2B2P2O10:0.02Eu2+ can be effectively excited by 370 nm ultraviolet (UV) light, and exhibits two emission 

bands at 430 nm and 522 nm which are attributed to the d-f transitions of the Eu2+ ions in two different cation sites in 

the host lattices. And the chromaticity coordinate of (Ba0.49Sr0.49)2B2P2O10:0.02Eu2+ phosphor is (0.29, 0.25). 
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The combination of red, green and blue phosphors with 

ultraviolet (UV) or near-UV (350-410 nm) light-emitting 

diodes (LEDs) is a common method for the generation of 

white light. However, in the method, the blue emission 

efficiency is poor because of the strong reabsorption of 

the blue light by the red or green emitting phosphors. 

Therefore, many effects[1-8] have been made to develop 

the single-phase white-emitting phosphors based on the 

energy transfers from Eu2+ to Mn2+, from Ce3+ to Eu2+, 

from Ce3+ to Mn2+ and from Ce3+ to Tb3+. Moreover, 

singly doping Eu2+, Eu3+ or Dy3+ can also obtain the 

white light emitting phosphor[9-11]. Besides, the emission 

intensity and wavelength of the phosphors would be af-

fected and tuned by the concentration of the activator 

during changing the local surroundings around Eu2+ sites 

by varying Eu2+ and M2+(M=Ca, Sr, Ba) concentra-

tions[12-14]. 

In the last decade, many novel Eu2+ and Mn2+ co-doped 

borophosphates were reported and structurally charac-

terized[15,16]. These studies revealed that the Eu2+ doped 

borophosphates could be a kind of photoluminescent mate-

rials with high efficiency. The absorption and emission 

bands of activators Eu2+ can also be well controlled by 

varying the crystal field or the bond covalence which de-

pends on site size, site symmetry and coordination envi-

ronment of activator ions[17,18]. Ba2B2P2O10 and Sr2B2P2O10 

are both luminescence hosts with the stable crystal struc-

ture and high thermal stability. Ba2+ and Sr2+ ions occupy 

two different coordinated sites with a different R-O dis-

tance. In this paper, in order to obtain the single white 

light emitting phosphor, (Ba, Sr)2B2P2O10:Eu2+ phosphors 

are synthesized, and the color variations of emission at-

tributed to the two emission bands of Eu2+ are also dis-

cussed from the perspective of crystal field strength and 

the covalence of hosts. White phosphor-converted (pc) 

LEDs are also fabricated by the combination of 370 nm 

LED chips and the as-synthesized phosphors. 

(Ba1-x-ySry)2B2P2O10:xEu2+ was synthesized by the solid 

state reaction. SrCO3, BaCO3, H3BO3, NH4H2PO4 and 

Eu2O3 were used as the starting materials. After these 

materials were ground thoroughly in an agate mortar 

respectively, the homogeneous mixture was heated at 

1000 °C for 5 h in a reducing atmosphere with 5% H2 and 

95% N2, and then these phosphors were obtained. 

The present phase of the samples was characterized by 

powder X-ray diffraction (XRD) (D/max-rA, Cu Kα, 40 

kV, 40 mA, λ=0.15406 nm). The emission and excitation 

spectra were measured by a SHIMADZU RF-540 fluo-

rescence spectrophotometer. The commission interna-

tional de l’Eclairage (CIE) chromaticity coordinates of 

the phosphors were measured by a PMS-80 UV-VIS-near 

IR spectrophotocolorimeter. All properties of the samples 

were studied at room temperature. 

The XRD patterns of Ba2B2P2O10 (JCPDS No.19-0096), 

Sr2B2P2O10 (JCPDS No.18-1270) and the optimized 

phosphors of (Ba1-x-ySry)2B2P2O10:xEu2+ (x=0.02, y=0.01, 

0.3, 0.49 and 0.98) are shown in Fig.1. Among all (Ba, 

Sr)B2P2O10:Eu2+ phases, only Ba2B2P2O10:0.02Eu2+ 

and Sr2B2P2O10:0.02Eu2+ are obtained as a single phase, 

whereas other analogues are the mixtures of the known 

phases which belong to the Ba2B2P2O10 and Sr2B2P2O10, 

respectively. 
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Fig.1 XRD patterns of Ba2B2P2O10 (JCPDS No.19-0096), 

Sr2B2P2O10 (JCPDS No.18-1270) and (Ba1-x-ySry)2B2P2O10: 

xEu
2+

 (x=0.02, y=0, 0.01, 0.3, 0.49 and 0.98) 

 

Fig.2 shows the emission spectra of (Ba1-x-ySry)2B2P2O10: 

xEu2+ (x=0.02, y=0.01, 0.3, 0.49 and 0.98) and the exci-

tation spectra of Ba2B2P2O10:Eu2+ and Sr2B2P2O10:Eu2+. 

The asymmetry emission of Eu2+ in Ba2B2P2O10 and 

Sr2B2P2O10 can be considered as a superposition of two 

Gaussian components. According to Ref.[19], the spec-

trum of Sr2B2P2O10:Eu2+ phosphor consists of two peaks 

at 430 nm and 490 nm which come from Eu2+ substitute 

for Sr sites (Sr1 and Sr2), and that of Ba2B2P2O10:Eu2+ 

contains 514 nm (Ba1) and 560 nm (Ba2), respectively. 

With the substitution of Ba2+ for Sr2+ (i.e., from Ba2B2P2O10: 

Eu2+ to Sr2B2P2O10:Eu2+), the emission bands of longer 

wavelength show a blue shift, whereas these of shorter 

wavelength show a red shift.  
 

 

Fig.2 Emission and excitation spectra of (Ba1-x-ySry)2-
 

B2P2O10:xEu
2+

 (x=0.02, y=0, 0.01, 0.3, 0.49 and 0.98) 

phosphors 

 

These results could be explained in terms of two com- 

peting factors: the crystal field and the bond covalence. 

The crystal field strength increases with decreasing bond 

length by replacing Ba2+ with smaller Sr2+ cations. The 

correlation between the crystal field strength and bond 

length is given as[20] 

Dq=3Ze2r4/5R5,                             (1) 

where Dq is the crystal field strength, R is the bond 

length between a center ion and ligands, r is the mean 

size of a center ion, and Z is the charge of a center ion. 

Therefore, the increase of the crystal field strength could 

result in a red shift for 5d-4f transition of Eu2+, as re-

ported by Kim et al[20]. In addition, the observed blue 

shift can be attributed to the decreasing nephelanxetic 

effect[21]. With the decreasing degree of covalence in Eu-O 

bands (in the other Ba and Sr), less negative charges 

transfer to Eu2+ ions, and thus the energy difference be-

tween the 4f and the 5d levels is increased. Thus, the 

degree of covalence in the Eu-O bonds is decreased with 

the substitution of Ba2+ for smaller Sr2+ cations, so the 

blue shift of the Eu2+ emission band is introduced. 

In the case of Ba2B2P2O10:Eu2+ to Sr2B2P2O10:Eu2+, the 

size difference between the M(2) site and ionic radius of 

Eu2+ is too much larger than that between M(1) site and 

ionic radius of Eu2+ ion. The symmetry of ligand ions 

around Eu2+ ions is slightly distorted, and their crystal 

fields are relaxed. The ligand ions should not effectively 

exert the crystal field on Eu2+ ions occuping the M(2) 

sites. Consequently, the bond covalence effect in M(2) 

site is dominant, and the covalence decreases in order of 

Ba2+﹥Sr2+, so that the slight blue shift of Eu2+(2) emis-

sion at longer wavelength is observed. On the other hand, 

the difference between the size of M(1) site and ionic 

radius of Eu2+ ions is smaller than that between the size 

of M(2) site and ionic radius of Eu2+ ions. The Eu2+ ions 

occuping the larger M(1) site are dominantly affected by 

the crystal field, which causes the slight red shift of 

Eu2+(1) emission at shorter wavelength. 

Fig.3 shows the commission international de I’Eclairage 

(CIE) chromaticity diagram with empirical CIE coordinates 

under excitation at 370 nm. The chromaticity coordinates 

of optimized phosphors of (Ba0.97Sr0.01)2B2P2O10:0.02Eu2+, 

(Ba0.68Sr0.3)2B2P2O10:0.02Eu2+ and (Ba0.49Sr0.49)2B2P2O10: 

0.02Eu2+ are (0.21, 0.31), (0.23, 0.25) and (0.29, 0.25), 

respectively. The inset shows the photograph of bluish- 

white (Ba0.49Sr0.49)2B2P2O10:0.02Eu2+ phosphor under the 

365 nm excitation. 

 

 

Fig.3 CIE chromaticity diagram for (Ba0.97Sr0.01)2B2P2O10: 

0.02Eu
2+

, (Ba0.68Sr0.3)2B2P2O10:0.02Eu
2+

 and (Ba0.49Sr0.49)2- 

B2P2O10:0.02Eu
2+

 excited at 370 nm (The inset shows the 

(Ba0.49Sr0.49)2B2P2O10:0.02Eu
2+

 photo taken under 365 nm 

excitation in a UV box.) 
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In summary, (Ba1-x-ySry)2B2P2O10:xEu2+ phosphors are 

synthesized by a conventional solid state reaction. The 

phosphors can be effectively excited by 370 nm light, 

and exhibit two emission bands which are attributed to 

the f-d transitions of doped Eu2+ ions in two different 

cation sites in host lattices, and color variation of emis-

sion is observed by substituting the M2+ sites. And the 

chromaticity coordinate of (Ba0.49Sr0.49)2B2P2O10: 0.02Eu2+ 

phosphor is (0.29, 0.25). The result shows that it is a 

potential bluish white emitting phosphor for white LEDs. 
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