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A series of single-phase Sr2YNbO6(SYNO): Bi
3+

, Eu
3+

 phosphors for light-emitting diode applications were synthesized by 

high-temperature solid state reactions. The XRD measurement indicated that the doping of Bi
3+

 and Eu
3+

 did not change 

crystal structure of the phosphors. The results show that the optimum doping concentrations of Bi
3+

 and Eu
3+

 ions are 0.03 

and 0.12, respectively. The emission color of the SYNO: 0.03Bi
3+

, 0.12Eu
3+

 phosphor can be adjusted from green to white to 

purple and blue by selecting appropriate excitation wavelengths in near-UV or the suitable Eu
3+

 doping contents. Especially, 

the white emission light is obtained when the excitation wavelength changes from 355 to 360 nm. All results indicate that 

Sr2YNbO6: Bi
3+

, Eu
3+

 phosphor has a vast application prospect and preponderance in the field of white light-emitting diodes. 
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1. Introduction 

 

White light-emitting diodes (w-LEDs) become a new 

type of solid lighting device in this century, exhibit great 

advantages such as small solid, shock resistant, not easy to 

damage, energy saving, high luminous efficiency, long life, 

no pollution, instantaneous start, no stroboscopic, etc. 

[1-7]. At present, there are three main methods for 

preparing w-LEDs: one is composed of blue LED chip and 

Y3Al5O12: Ce
3+

 (YAG: Ce) phosphor. The second is to use 

UV and n-UV chips to excite three-color phosphors. And 

the third is three LED chips (red, green and blue) [8-12]. 

The shortcoming of first solution is the low color 

rendering index (CRI) [13-15], and the preparation of 

latter two solutions is complex and the cost is high. Using 

n-UV LED as excitation light source, a single-phase 

full-color white light emitting phosphor which not only 

can obtain good luminous effect, but also has the 

advantages of simple preparation and low cost. It is a 

promising method for the preparation of w- LED, and has 

become the research hotspot and frontier position. 

In recent years, double perovskite niobate has become 

a research hotspot [16-22]. The electric dipole transition 

and the energy transfer (ET) will be strengthened due to 

the lower symmetry by stretching or twisting of the 

monoclinic crystal structure. There are a lot of related 

research reports here, such as Ca3MgSi2O8:Eu
3+

/Bi
3+

, 

Ba3Y4O9: Bi
3+

/Eu
3+

, Y2GeO5: Bi
3+

/Eu
3+

, Ca3Al4ZnO10: 

Bi
3+

/Mn
4+

 [23-28]. ET between Bi
3+

 ions and other dopant 

ions has been reported in these reports. In addition, some 

blue-green tunable phosphors have also been reported, 

such as Ca2Al3O6F: Ce
3+

, Tb
3+

, Ba2Gd2Si4O13: Ce
3+

, Tb
3+ 

[29,30]. There are also related research reports on the 

adjustable color of light, for exampleY2O3: Bi
3+

, Yb
3+ 

[31,32]. However, there are very few experimental reports 

on Bi
3+

 and Eu
3+

 doped Sr2YNbO6. According to this 

manuscript, a kind of phosphor with adjustable color from 

blue and green to white phosphors by adjusting Eu
3+

 

content or excitation wavelengths were synthesized. The 

luminescence mechanism of phosphors has been studied.  

 

 

2. Experimental 

 

A series of phosphors (Sr2YNbO6:xBi
3+

, x =0, 0.005, 

0.01, 0.02, 0.03, 0.04, 0.05, and 0.075; Sr2YNbO6:0.03Bi
3+

, 

yEu
3+

,y = 0.02, 0.04, 0.06, 0.08, 0.10, 0.12, 0.14, 0.16, 

0.18) were compounded through high temperature solid 

state way. This experiment are all using high-purity raw 
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materials of Y2O3 (Jining Tianyi New Materials Co., Ltd., 

99.99%), SrCO3 (Tianjin Kemiou Chemical Testing Co., 

Ltd., 99%), Nb2O5 (Aladdin, Shanghai Aladdin Industrial 

Co., Ltd., 99.9%), Bi2O3 (Tianjin Fuchen Chemical Testing 

Co., Ltd., 99%) and Eu2O3 (Aladdin, Shanghai Aladdin 

Industrial Co., Ltd., 99.99%). First, the powder was 

weighed, mixed and ground with a high-precision 

electronic scale in a certain proportion. The mixed powder 

was sintered at 1623 ℃ for 12 hours. And then it was 

ground and bagged to be tested after the sintered sample 

was naturally chilled to room temperature in air. 

According to this method, a series of samples were made 

and experiments were carried out. 

The data of the XRD were measured by X-ray 

diffraction instrument. The microstructure image of the 

phosphors was collected by SEM. We use fluorescence 

spectrophotometer to record the emission and excitation 

spectra with the temperature-varying. 

 

 

3. Results and discussion 

 

3.1. Crystal structure and Composition 

 

Structure details of Sr2YNbO6 are shown in Fig. 1. 

Sr2YNbO6 is a niobate with structure of double perovskite. 

The atoms of Nb, Sr and Y take shape together an 

octahedron with the oxygen atoms and its spatial group 

belongs to P21/n. Because the radii of Bi
3+

 (1.03 Å), 

Eu
3+

(0.95 Å) is very similar to Y
3+

 (0.90 Å) [33], Bi
3+

 and 

Eu
3+

 ions are most likely to substitute Y
3+

 ions in 

Sr2YNbO6. 

 

 

Fig. 1. Sr2YNbO6 structure diagram (color online) 

 

 

Fig. 2(a) displays the XRD of series Sr2YNbO6 

phosphors with undoped, doped Bi
3+

 ions, doped Eu
3+

 ions 

and Bi
3+

/Eu
3+

 ions co-doping. XRD results showed that the 

peaks of diffraction in all phosphors is the same as the 

position identified by PDF#78-0537. Therefore, it can be 

seen that the above doping does not create an impurity 

phase in the samples. Fig. 2(b) shows the SEM of 

Sr2YNbO6:0.03Bi
3+

. The appearance of agglomeration 

form is due to the typical characteristics of high 

temperature solid state method. These powders are 

relatively similar in size, between 2 and 8 μ m. This is 

beneficial to the luminescence of phosphors. 
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Fig. 2. (a) XRD image of Sr2YNbO6: xBi3+(x=0, 0.03), 

Sr2YNbO6:0.12Eu3+, Sr2YNbO6:0.03Bi3+, 0.12Eu3+ phosphors 

(color online) and (b) SEM of Sr2YNbO6: 0.03Bi3+  

 

 

3.2. Luminescence properties 

 

Fig. 3 exhibits the emission of Sr2YNbO6: xBi
3+

 

(x=0.005, 0.01, 0.02, 0.03, 0.04, 0.05, 0.075) that excited 

by 329 and 374 nm. It's obvious to see that the curve (329 

nm excitation) has two broad bands Bi
3+

(1)(507 nm) and 

Bi
3+

(2)(419 nm) in Fig. 3(a), respectively. However, there 

is only one in Fig. 3(b), which is marked as Bi
3+ 

(2) peaked 

of 419 nm (λex = 374 nm). We found that the optimal 

doping concentration is 0.03, after which the emission 

intensity decreases rapidly due to the quenching effect. 

 

(b) 
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Fig. 3. PL spectra excited by (a) 329 nm and (b) 374 nm of 

Sr2YNbO6: xBi3+(x=0.005, 0.01, 0.02, 0.03, 0.04, 0.05, 0.075) 

phosphors (color online) 

 

 

In Fig. 4, PL and PLE spectra were placed together to 

facilitate comparative analysis. In PLE spectrum 

(monitoring 612 nm) of Fig. 4(a), the band in the range 

from 215 to 340 nm is allocated to charge transfer (CT) 

transitions [34,35]. Peaks at 362, 384, 393, and 465 nm are 

belong to 
7
F0 → 

5
D4, 

7
F0 → 

5
G3, 

7
F0 → 

5
L6, 

7
F0 → 

5
D2 

transitions of Eu
3+

, individually [36,37]. The PL spectrum 

at 394 nm shows the typical Eu
3+

 emission peaks of 
5
D0 → 

7
FJ (J=0,1,2,3,4) transitions in the range of 560–720 nm 

[38,39]. It is greatly affected by the crystal environment, 

especially the position symmetry. Fig. 4(b) shows the 

emission spectra of Sr2YNbO6: 0.03Bi
3+

 (λex are 329 nm 

and 374 nm) and the excitation spectra of 

Sr2YNbO6:0.12Eu
3+

 (λem=613 nm). It is obvious that there 

is a great overlap from 375 nm to 550 nm between the 

broad emission peak of Bi
3+

 and the sharp PLE peak of 

Eu
3+

, which indicates that ET occur between Bi
3+ 

and Eu
3+

. 
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Fig. 4. (a) Emission and excitation curves of Sr2YNbO6: 0.12Eu3+ 

(b) the overlap between excitation spectra of Sr2YNbO6:0.12Eu3+ 

and emission spectra of Sr2YNbO6:0.03Bi3+ (color online) 

 

Fig. 5(a) and (c) present the emission spectra of 

Sr2YNbO6: 0.03Bi
3+

, yEu
3+

(y=0.02-0.18) under 329 nm 

and 374 nm excitation. It is obvious that the phosphors 

have not only the wide emission of Bi
3+

, but also the linear 

peak emission of Eu
3+

. The higher the content of Eu
3+

, the 

weaker the emission intensity of Bi
3+

. In contrast, the 

increase in Eu
3+

 content will increase the PL strength of 

the red components, reached the maximum at 0.12, and 

then decreased significantly because of the concentration 

quenching effect. The above results undoubtedly show that 

the red emission of Eu
3+

 in Sr2YNbO6: 0.03Bi
3+

, yEu
3+

 

phosphors accompanied by the transfer of energy from 

Bi
3+

 to Eu
3+

. The CIE of Sr2YNbO6:0.03Bi
3+

, yEu
3+

 

excited by 329 nm and 374 nm as shown in Fig. 5(b) and 

(d), respectively. Obviously, the CIE chromaticity 

coordinate (0.3166, 0.3688) in Fig. 5(b) shows that the 

white light is obtained. The luminous color changes from 

blue (0.1872, 0.0797) to red-purple (0.3003, 0.1728) in Fig. 

5 (d) indicating that Sr2YNbO6: Bi
3+

, Eu
3+

 phosphors can 
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convert n-UV light to suitable light source to promote 

plant photosynthesis. 
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Fig. 5. Emission spectra (a) and CIE (b) under 329 nm  

excitation and emission spectra (c) and CIE (d) under  

374 nm excitation of Sr2YNbO6: 0.03Bi3+, yEu3+  

(y = 0.02,0.04,0.06,0.08,0.10,0.12,0.14,0.16, 0.18)  

phosphors (color online) 

The ET process between Bi
3+

 and Eu
3+

 could be 

explained by critical distance (Rc) [40]. Rc is represented 

by equation (1) 

     [
  

     
]
   

              (1) 

where xC represents the sum of the optimal doping 

concentration of Bi
3+

 and Eu
3+

 ions, V stands for the 

volume of unit cell, N stands for the sites number. xC = 

0.15, V=281.02 Å
3
, N = 2. According to the calculation of 

equation (1), Rc equals 12.14 Å. Therefore, multipole 

interaction is the major ET mechanism of concentration 

quenching effect. According to Dexiter's theory [41], the 

specific form of interaction is given by equation (2): 

  

  
 

  

  
  

 

                 (2) 

In Eq.(2), I0/Ix can be approximately used instead of 

the η0/ηs. The emission intensities of Bi
3+

 are I0 and Ix for 

the doped and undoped Eu
3+

 ions, respectively. The total 

doping concentration of Bi
3+

 and Eu
3+

 is C. The n value 

presents different interaction types that including 3, 6, 8, 

and 10. The Fig. 6 matched I0/Ix with C
n/3

 by linear 

function. It indicates that the major ET mechanism in 

Sr2YNbO6: Bi
3+

, Eu
3+

 is quadrupole-quadrupole (q-q) 

interaction.  
 

 

0.000 0.001 0.002 0.003 0.004 0.005 0.006
5

10

15

20

25

 

 

 Bi
3+

 Linear fitting curve

I 0
/I

 o
f 

B
i

C10/3(Bi3++Eu3+)

R
2
=0.9235

 

 

Fig. 6. Dependences of (I0/I) of Bi3+ and Bi3++Ei3+  

on C10/3 (color online) 

 

Fig. 7(a) shows the emission spectra for Sr2YNbO6: 

0.03Bi
3+

, 0.12Eu
3+

 under 329 to 374 nm excitation. 

Remarkably, as the wavelength of excitation increases, the 

PL emission position of the Bi
3+

 and Eu
3+

 remains 

unchanged, but the luminous intensity changes. Therefore, 

blue, green and red luminescence is realized by different 

excitation wavelengths. The International Commission on 

illumination (CIE) chromaticity coordinates of Sr2YNbO6: 

0.03Bi
3+

, 0.12Eu
3+

 excited by different wavelengths light 
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is shown in Fig. 7(b). It is obvious that the emission color 

of the Sr2YNbO6: 0.03Bi
3+

, 0.12Eu
3+

 phosphor can be 

adjusted from green to white to purple. Especially, the 

white emission light is obtained when the excitation 

wavelength changes from 355 to 360 nm. According to 

this, the emission spectra of Sr2YNbO6:Bi
3+

, Eu
3+

 can be 

regulated by choosing fitting excitation wavelength in 

close to UV. It has a peculiarly significant for 

implementation in simple-phase w-LEDs. 
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Fig. 7. (a) Emission spectra and (b) CIE chromaticity  

coordinates of Sr2YNbO6: 0.03Bi3+, 0.12Eu3+ with various 

excitation light from 329 nm to 374 nm (color online) 

 

 

The emission spectra of Sr2YNbO6: 0.03Bi
3+

, 

0.12Eu
3+

 at 329 nm excitation wavelength in diffierent 

temperature ranges from 298 to 548 K are shown in Fig. 8. 

The PL intensity of Bi
3+

 and Eu
3+

 decreases monotonically 

and slowly as the temperature increases from 298 K to 548 

K. The pattern and state of the curves do not change. 

Therefore, the temperature quenching is observed. At the 

point when the temperature comes to 448 K, the intensity 

maintain at 53.04% of that at 298 K (room temperature) 

for Bi
3+

 and 30.39% for Eu
3+

 (see inset in Fig. 8). 

Sr2YNbO6: Bi
3+

, Eu
3+

 single-phase color-modulated 

phosphors with excellent properties were prepared.  
 

 

Fig. 8. The temperature-varying emission spectra (λex = 329 nm) 

of Sr2YNbO6: 0.03Bi3+, 0.12Eu3+, the inset shows normalized 

integrated emission intensity of Bi3+ and Eu3+  

versus temperature (color online) 

 

4. Conclusions 

 

The crystal structure of Sr2YNbO6 is not affected by 

the different consistencies of Bi
3+

 and Eu
3+ 

doping. The PL 

spectrum of Sr2YNbO6: xBi
3+

 (x=0.005-0.075) phosphors 

contain two wideband emission spectrum spikes at 419 nm 

(Bi
3+ 

(2)) and 507 nm (Bi
3+ 

(1)), separately. The ideal 

doping convergence of Bi
3+

 and Eu
3+

 particies are 0.03 and 

0.12, respectively. Some of this ET is migrated from Bi
3+

 

(1) and Bi
3+

 (2) sites to Eu
3+

 ion was observed. Under the 

excitation of 329 nm and 374 nm, emission spectra from 

green to white and blue to purple can be acquired by 

changing the substance of Eu
3+

. Moveover, the CIE shows 

that the luminous color of Sr2YNbO6: 0.03Bi
3+

, 0.12Eu
3+

 

phosphor could be altered from green to white and later to 

purple under various excitation frequency from 329 nm to 

374 nm. Increased temperature leads to reduced emission 

intensity (298–548 K) which displays the unique thermal 

quenching behavior. The PL intensity at 448 K remain at 

53.04% of that at 298 K (room temperature) for Bi
3+

 and 

30.39% for Eu
3+

. Hence, Sr2YNbO6:Bi
3+

, Eu
3+

 phosphors 

can still maintain excellent stability at different 

temperatures. Summarizing all the above results, it can be 

clearly concluded that Sr2YNbO6: Bi
3+

, Eu
3+

 phosphor is a 

useful candidate material in the field of single-phase white 

LED. 
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