
Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under 

the terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, 

distribution, and reproduction in any medium, provided the original work is properly cited 

  

 

  

 

International Journal of Scientific Research in Science and Technology 

Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com) 

© 2021 | IJSRST | Volume 8  -  Issue 1   

 

 458 

Photo Luminescent Properties of Dysprosium-Dy3+ Doped Ba3Y(BO3)3 

Phosphor 
Sanjay P. Hargunani1*, Rajkumar P. Sonekar1, Ravindra Chavhan1, Sanjay J. Dhoble2 

1*Physics Department, G. S. Science, Arts and Commerce College, Khamgaon, Maharashtra, India 
2Department of Physics R.T.M. Nagpur University Nagpur, Maharashtra, India 

 

ABSTRACT 

Ba3Y1-x(BO3)3:xDy3+[ 0.005 ≤ x ≤ 0.03 ] phosphor is synthesized by solution combustion method. Photo- 

luminescence in the range 400nm to 700nm is recorded which shows two major peaks at 485nm [4F9/2 – 6H15/2], 

575nm [4F9/2 – 6H13/2] and minor peak at 622nm 4F9/2 – 6H11/2. Under UV excitation of 349nm it shows white 

luminescence. Intensity ratio of Blue line of 485nm to yellow line of 575nm is calculated which also confirms 

the emission of near white light. The optimal doping concentration of Dy3+ in Ba3Y1-x(BO3)3 host matrix is found 

to be 2 mole percentage.The 1931-CIE color coordinates and the CCT value of phosphor is also calculated using 

McCamy empirical formula. All the results indicate that Dy3+ doped Ba3Y1-x(BO3)3 powder phosphor could be 

used as an efficient luminescent material for solid state lighting as well as NUV based w-LEDs. 
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I. INTRODUCTION 

Dy3+ ion has been extensively studied to generate 

white light in various hosts like oxides, silicates, 

aluminates, alumininoborates, aluminisilicates, 

nitrides, borates, etc. due to its two main emission 

bands  the blue band (455–500 nm) due to the 

magnetic dipole transition and the yellow band (570–

600 nm) due to the electric dipole transition. In most 

cases trivalent dysprosium ion (Dy3+)-doped phosphors 

shows intense blue (455-490nm) and yellow (570-

590nm) emissions and generate white-light 

emission.As a result white light can be obtained by 

balancing the ratio of blue to yellow emissions.The 

yellow emission of Dy3+ is dependent to the local 

environmentin crystal, and the blue emission of Dy3+ 

is not very sensitive to the local environment. Owing 

the high sensitivityproperty to the local environment, 

Dy3+ can be used to probe the crystal structure of the 

host lattice. A white light emission with proper 

correlated color temperature (CCT) and chromaticity 

coordinates can be achieved by suitable adjustment of 

the yellow/blue (Y/B) intensity ratio of Dy3+-doped 

phosphors. Because of this, Dy3+-doped host lattices 

can be develop as a single host phosphor as source of 

white light in light emitting diodes[1].Poor color 

rendering index and high CCT are the drawbacks of 

blueInGaN LED chip and YAG:Ce3+ yellow 

phosphors used for white light emitting diodes.  So 

research on new blue and yellow phosphors which 

balances the red component in white light emission is 

going on[2,3]. In recent years, many phosphors doped 

with Dy3+ have been reported, such as SrGa12O19: 

Dy3+ [4], LaB3O6:Dy3+[5], KBaY(BO3) 2: Ce3+, Dy3+ 

[6], Ba2CaZn2Si6O17:Dy3+ [7], Li4CaB2O6: Dy3+  

[8]. Li4CaB2O6: Dy3+ [9] etc. 
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II. METHODS AND MATERIAL 

 

Powder samples of Ba3Y1-x(BO3)3:xDy3+[ 0.005 ≤ x ≤ 

0.03 ] were synthesized by a modified exothermic 

solution combustion method. In the SCS, nitrate 

solution of A.R. grade [99.9% purity] precursors 

[Ba(NO3)2,Y(NO3)3,H3BO3,Dy(NO3)3·xH2O]  in the 

stoichiometric amount was used as an oxidizer while 

NH2CONH2is a fuel for combustion [10,11]. In 

deionized water paste of all precursors is made and 

then kept in preheated furnace at 680oC. The paste 

boiled - ignited within a few minutes and develops a 

self-propagating yellow-orange flame for4 to 5 

minutes.To ensure the complete decomposition of 

chemicals and for proper phase of phosphor the 

crucible is kept in furnace for 20 minutes.After 

removing crucible from the furnace it cooled to room 

temperature and grinded into fine powder.The 

synthesized powder phosphor were post annealed at 

9500C for 3 hours in a muffle furnace in air. 

 

III. RESULTS AND DISCUSSION 

 

3.1 XRD:-The formation of the phosphor in desired 

crystallographic phase was determined by powder 

XRDrecorded by X-ray diffraction using the Cu-Kα 

wavelength (λ= 1.54060 Å) and scanning in the 2θ 

range from 20o–80o. Figure (1) shows the powder XRD 

pattern of the phosphor Ba3Y1-0.02 (BO3)3:0.02Dy3+. It is 

in agreement with standard pattern given in ICSD File 

NO. 39744 and standard JCPDS file no 51-1849.This 

host crystal compound has two phases i.e. low 

temperature phase α-Ba3Y (BO3)3andhigh temperature 

β-Ba3Y (BO3)3[12     ]. XRD pattern of synthesized 

phosphor matches with the standard low temperature 

phase.Few extra peaks at 68.92o and75.94o are present 

in the XRD.Low temperatureα-Ba3Y (BO3)3 phosphor 

possess hexagonal crystal structure with the space 

group P63 cm (No.185)[13]. All B3+ are co-ordinated 

with three O2- forming the BO33- triangles. Y and Ba 

sites are separated by parallel planes constructed by 

BO33- anion group. All Ba sites has the 9 co-ordination 

number. All Y3+ ions has the 6 co-ordination number. 

As shown in figure (2) crystal structure comprised of 

isolated BO3 triangles; YO6 octahedral and 

BaO4polyhedral. Ba3Y (BO3)3 possess layer structure of 

BO3 triangles[14]. Cell parameters are a=b=9.419Ao; c= 

17.590Ao;V=1352.67Ao3. 

 
Figure [1] X-ray diffraction Ba3Y1-0.02 (BO3)3:0.02Dy3+ 

 
3.2 SEM-EDS:- 

SEM micrographs of  Ba3Y(BO3)3:0.02Dy3+ given in 

figure(3)shows that powder phosphor is made of a 

network of agglomerated irregular particles. The 

surface consists of voids due to large gaseous matter 

that escaped due to high exothermicity during 

combustion process. SEM micrographs of 

Ba3Y(BO3)3:0.02Dy3+powder phosphors were 
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recordedat 20KV X 10000; 20KV X 20000; 20KV X 

30000; 20KV X 55000 magnifications. Elemental 

composition of powder phosphor is studied using EDS 

along with SEM. EDS Spectrum given in figure(4) 

confirms the presence of  Barium (Ba), 

Yettrium(Y),Boron(B),Oxygen(O), and Dysperium 

(Dy) elements. 

 
Figure 2 SEM images of Ba3Y(BO3)3:0.02Dy3+ at 

different resolution 

 
Figure 3 EDS of Ba3Y(BO3)3:0.02Dy3+ 

3.3 FTIR:-To confirm the coordination environment 

of B-O in Ba3Y(BO3)3structure, the IR spectra of 

Ba3Y(BO3)3were recordedat room temperature & 

shown in Figure(5). The FTIR spectrum exhibit broad 

absorptions in the 650 - 1600 cm-1 range. All the bands 

in the 1200 - 1600 cm−1 range correspond to the 

stretching of the B–O bonds of BO3 units. The bands 

in the region of 800 - 1200 cm−1 correspond to the B–

O bond stretching of tetrahedral BO4 units. All the 

bands below 800 cm−1 correspond to the B–O–B 

bending vibrations of borate networks. The peak at 

3300-3500 cm-1 corresponds the stretching mode of O-

H are also absent. The absence of peaks in 1500- 2000 

cm-1 indicates the complete residual of nitrate and 

organic matter. Comparing the FTIR spectra of 

Ba3Y(BO3)3 and that of Ba3Y(BO3)3:0.02Dy3+ , 

Ba3Y(BO3)3:0.03Dy3+, Ba3Y(BO3)3:0.04Dy3+  , it was 

observed that there is no change in the FTIR spectrum 

structure, and only difference in intensity was 

observed. It can be concluded that incorporating 

different dopant ions in the Ba3Y(BO3)3  host matrix 

did not influence the main structure or form any type 

of bonds in the development of the powder 

phosphors, which is in agreement with the XRD 

spectra. 

 
Figure 4 FTIR of Ba3Y(BO3)3:0.02Dy3+ 

3.4 Photo-Luminescence study:- 

PL-PLE spectra of Ba3Y0.98(BO3)3:0.02Dy3+ phosphor 

was measured at room temperature and shown in 

figure( 6 ). PLE spectra monitored at 485nm 

luminescence exhibit intense absorption peak for 

349nm because of  6H15/2 → 6F9/2 transition of Dy3+ in 

host crystal.PLE spectra also shows less intensity 

multiple peaks at 324nm, 364nm and 387nm. PL 

spectra was measured in the range 450nm -680nm for 

349nm near UV excitation. In PL three major peaks 

was present at 485nm, 575nm and 622nm. 
4F9/2→6H15/2magnetic dipole transition of 

Dy3+independent of surrounding crystal fieldproduce 

blue emission line at 485nm.Crystal field 

hypersensitive 4F9/2→6H13/2electric dipole transition of 

Dy3+produce yellow line at 575nm.Disordered crystal 

field transition 4F9/2→6H11/2of Dy3+produce near red 
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spectral line at 622nm.Ratio of intensities of 485nm to 

575nm spectral line is 1.28, which results in near 

white light emission from the material. So 

Ba3Y0.98(BO3)3:0.02Dy3+phosphor is NUV excited white 

light emitting phosphor. 

According to Judd-Ofelt theory when Dy3+ take low 

symmetry local site without inversion symmetry in 

host crystal the 4F9/2→6H13/2electric dipole 

transitionresulting in yellow emission will be 

dominant in PL spectra[15]. In this phosphor blue 

emissionat485nm which is independent of Dy3+ 

surrounding crystal field is prominent. Yellow 

emission line decide the color correlated temperature 

of phosphor and generate white light. The effect of 

Dy3+ concentration on photo luminescent property of 

Ba3Y1-x(BO3)3:xDy3+ is shown in figure(7). At all 

concentrations of Dy3+ position of PL peaks is at the 

same wavelength and only intensity changes. At 

2mole% weight of Dy3+ intensity of PL-PLE line is 

maximum and above it intensity decreasesi.e. 

concentration quenching occurs.Figure (8) shows 

concentration quenching curve. As concentration of 

Dy3+ increases the probability of non radiative energy 

transfer among them increases leading to decrease in 

PL intensity.Critical distance Rcamong Dy3+ ions will 

decide the type of interaction i.e. an exchange, 

radiation reabsorption or multipole-multipole leading 

to concentration quenching.   

 
Figure 5PL-PLE of Ba3Y0.98(BO3)3:0.02Dy3+ 

 
Figure 6 PL-PLE OF Ba3Y1-x(BO3)3:xDy3+ 

 
Figure 7 Concentration quenching curve of Ba3Y1-

x(BO3)3:xDy3+ 

3.5 CIE-Chromaticity Diagram:-The Commission 

International de l’Eclariage (CIE-1931) chromaticity is 

an important system for checkingcolors of 

phosphors[16]. Figure(9) shows 1931-CIE 

chromaticity co-ordinates diagram of phosphor Ba3Y1-x 

(BO3)3:xDy3+.The 1931-CIEco-ordinates of 

Ba3Y0.98(BO3)3:0.02Dy3+phosphor are 

X=0.410,Y=0.380and lie in the white region but away 

from ideal same intensity white light illumination ( 

X=0.333, Y=0.333). CIE- co-ordinates of 0.005Dy3+.and 

0.03Dy3+ dopedphosphor are the yellowish-white 

region. 0.04Dy3+ and 0.01Dy3+ phosphor are in 

radish-white region of 1931-CIE diagram.The color 

quality of white light in terms of color correlated 

temperature (CCT) is given by the McCamy empirical 

formula [17].  

CCT = –437n3 + 3601n2 – 6861n + 5514.31 
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Where n is the inverse slope line having value, n = ( 

X-Xe) / (Y-Ye). Here (X,Y) are CIE-co-ordinates and 

(Xe=0.332,Ye=0.186) co-ordinates of epicenter. 

Lamps with CCT value below 3200K are considered as 

Warmth sources and having value more than 4000K 

are considered Cool sources of light in appearance. For 

each phosphor CCT value and CIE- co-ordinates are 

given in table (1). 

Table 1 CCT value and CIE- co-ordinates of 

synthesized phosphor 

Ba3Y1-

x(BO3)3:xDy3+ 

CIE-Co-ordinates  

( X,Y ) 

               CCT 

  0.005 Dy3+ (0.430,0.395) 3043.877892 

0.01 Dy3+ (0.420,0.340) 2688.035948 

0.02 Dy3+ (0.410,0.380) 3309.475983 

0.03 Dy3+ (0.410,0.350) 3018.699669 

0.04 Dy3+ (0.398,0.425) 3885.047021 

 
Figure 8 CIE-Chromaticity diagram of Ba3Y1-

x(BO3)3:xDy3+ 

 

IV. CONCLUSION 

 

Ba3Y1-x(BO3)3:xDy3+ phosphors doped with different 

concentrations of Dy3+ ions were prepared by the 

solution combustion method in air. The crystalline 

structure, excitation, emission properties of the 

phosphors were characterized by XRD and 

photoluminescence spectrophotometry, respectively. 

The PLE spectrum shows that Ba3Y1-x(BO3)3:xDy3+ 

powder phosphor exhibit a strong peak at 349 nm 

which is acceptable wavelength for w-LEDs. Upon 

349 nm excitation, this phosphor shows peaks at 485 

nm (blue), 575 nm (yellow) and 622 nm (red). The 

optimal doping concentration of Dy3+ in Ba3Y1-x(BO3)3 

host matrix was found to be x = 0.02.The 1931-CIE 

color coordinates for Ba3Y1-x(BO3)3:xDy3+ (x = 0.02) 

phosphor is calculated by LED tuning software to be 

(0.410,0.380) which falls near the white region with 

the CCT value of 3309.475983 K. All the results 

indicate that Dy3+ doped Ba3Y1-x(BO3)3 powder 

phosphor could be used as an efficient luminescent 

material for solid state lighting as well as NUV based 

w-LEDs. 
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