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Abstract
We developed novel phosphors based on Y6Ba4(SiO4)6F2(YBSF) apatite doped with Dy3+. Phosphors with different doping
concentrations of Dy3+ were prepared and their morphological, structural and spectral properties were analyzed. XRD pattern
confirms the formation of Y6Ba4(SiO4)6F2 apatite structured phosphors with space group P63/m and Debye scherrer formula gives
the average crystalline size 33.4 nm. The morphological and topographical studies were done by FESEM and HRTEM analysis.
EDX spectra show presence of all initial reactants in the final product. Photoluminescence spectra show two prominent peaks at
487 nm and 573 nm corresponding to magnetic dipole transitions (4F9/2→

6H15/2) and electric dipole transitions (
4F9/2→

6H13/2)
for 350 nm excitation wavelength. The chromaticity coordinate of the prepared phosphors was found to be in the region of near
white light which shows that prepared phosphor are potential single phased phosphor for white light emitting diodes.
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Introduction

Earlier incandescent bulb and fluorescent lamps were in
vogue. Studies have showed that incandescent bulb and fluo-
rescent lamps have adverse effect on environment [1–3].
Researchers are much more focused on the development of
white light emitting diodes (w-LEDs) which has certain prop-
erties like mercury free environment, more operational life
and low energy consumption [4–7]. A commercial w-LEDs
available today is a combination of InGaN blue chip and a
YAG:Ce3+ yellow phosphor [8, 9]. This method of obtaining
w-LEDs has certain shortcomings like low color rendering
index (CRI) and high correlated color temperature (CCT) be-
cause of insufficient red emission [10, 11]. Alternatively an-
other method was adopted by combining near ultraviolet
(NUV) LED chips with tricolour (Red, Green & Blue) phos-
phors to overcome the problem of low color rendering Index
(CRI) and high correlated color temperature (CCT). But its

high cost and self-adsorption among the phosphors affected
its luminous efficiency [12]. The present paper reports study
onYBSF phosphors which can be used as single-phased NUV
excited white light phosphor [13, 14].

Apatite group of compound has hexagonal crystal structure
with space group P63/m having general structural formula
A(I)10-xA(II)x(ZO4)6Q2. A(I) and A(II) represents two different
crystallographic (cationic) sites, one is 4f site with nine-fold
coordinate site and another is 6 h site with seven fold coordinate
site [15, 16]. It is generally occupied by alkali, alkaline-earth or
rare earth atoms. Z site is occupied by phosphorous, vanadium,
silicon, boron, germanium etc. and Q is anion site occupied by
bromide, hydroxyl, chlorine, fluoride etc. [13, 17, 18].

In the present paper YBSF apatite phosphor are doped with
Dy, a well known and extensively studied material from rare
earth family. When dysprosium is combined with YBSF apa-
tite phosphors materials it showed emission in blue and yellow
region of visible spectrum due to 4F9/2 →

6H9/2 and
4F9/2→

6H13/2 transitions [19–21].

Experimental

Novel apatite compound with formula Y6Ba4(SiO4)6
F2:xDy

3+(x = 0,0.4,0.6,1 mol%) having different doping con-
centrations were prepared by conventional solid state reaction
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method. Starting material Y2O3, BaCO3, SiO2, BaF2 and
Dy2O3 were taken in stiochiometric ratio and 50 mol% excess
amount of BaF2 was added to prevent the loss of flourine [22,
23]. Further, the mixture was ground in an agate mortar
and pestle for 40 min and placed in an alumina crucible
and kept in a muffle furnace at 1200 °C for 4 h with a
heating rate of 5 °C per minute. The samples were cooled
naturally. The samples were crushed and again ground for
40 min in an agate mortar and pestle. The samples were
calcined at 1500 °C for 5 h with a heating rate of 5 °C per
minute and muffle cooled. The obtained products were
further ground to obtain the YBSF apatite phosphor in a
fine powder form.

BaCO3→BaOþ CO2 ↑

3Y2O3 þ BaF2 þ 3BaOþ 6SiO2 Dy2O3
→

Y6Ba4 SiO4ð Þ6 F2:Dy
3þ

Result and Discussion

XRD

3 kW PANalytical -XPERT powder X-ray diffractometer
was used for determining the phase structure of the pre-
pared phosphors with CuKα(λ = 0.15405 nm) at generator
voltage of 40 kV and tube current of 30 mA. Average

crystalline size of the prepared sample was calculated by
using debye-scherrer formula (Eq. 1) and was found to be
33.4 nm for YBSF [24].

τ ¼ kλ
βcosθ

ð1Þ

Where τ is average crystalline size, k = 0.9 (dimensionless
shape factor), β = 0.2674 is FWHM in radians, θ = 0.0043 is
bragg angle in radians and λ is wavelength of X-ray used.

Figure 1 shows the structural representation of YBSF
apatite phosphors.

YBSF belongs to apatite structured compound (Fig. 1),
having hexagonal crystal system with space group P63/m.
YBSF provides two non equivalent crystallographic cationic
sites (4f and 6 h). 4f cationic site has C3 symmetry with nine
co-ordination (Y3+/Ba2+(I)) and 6 h cationic site has Cs sym-
metry with seven co-ordination (Y3+/Ba2+(II)).Y3+ and Ba2+

placed in 4f site (Y3+/Ba2+(I)) has occupancy percentage of
75% and 25% where as that in 6 h site (Y3+/Ba2+(II)) are
37.5% and 62.5% respectively. Since the ionic radii of Dy3+

in nine coordinate and that of Y3+ in seven coordinate are
almost similar (Table 1) hence Dy3+ randomly occupy the 4f
site (Y3+(I)) with nine-coordination and 6 h (Y3+(II)) site with
seven coordination. The Charge balance on Y3+ and Dy3+ are
same which also favours the Dy3+ to occupy Y3+ site [25–27].

XRD pattern of the prepared phosphors are shown in Fig. 2.
X-ray diffarction pattern confirms the crystalline nature of the
prepared YBSF:Dy3+ phosphors due to presence of sharp
peaks. X-ray diffraction peaks were analyzed which confirms
the formation of YBSF:Dy3+ apatite with hexagonal crystal
structure having space group P63/m. The XRD pattern was
indexed with a reference pattern La6Ba4(SiO4)6F2 having
JCPDS card number 98–017-0852 [28]. The doping of Dy3+

does not cause any considerable change in the host crystal

Fig. 1 Representation of Y6Ba4 (SiO4)6F2

Table 1 Structure parameters and ionic radii for a given CNs of Y3+,
Ba2+ Dy3+ ions

Ion Sites Symmetry Ionic Radius(Ả)
CN = 9

Ionic Radius(Ả)
CN = 7

Y3+ 4f/6 h C3/Cs 1.075 0.96

Ba2+ 1.47 1.38

Dy3+ 1.083 0.97

Fig. 2 X-Ray Diffraction pattern of Y6Ba4 (SiO4)6F2 and Y6Ba4
(SiO4)6F2:Dy

3+
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Fig. 3 FE-SEM images of YBSF (labelled 1 & 2) and YBSF:0.6Dy3+ (labelled 3 & 4) Phosphors on a scale of 1 μm

Fig. 4 EDX spectra of (a)
Undoped YBSF and (b)
YBSF:0.6Dy3+

Fig. 5 HR-TEM Image of (a)
YBSF and (b) YBSF:0.6Dy3+

phosphors
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lattice which confirms that Dy3+ ions are perfectly incorporated
in the host crystal. The value of lattice parameters were calcu-
lated for different peaks obtained in X-ray diffraction pattern by
analytical method and the value of a = b = 8.47 Å and c =
10.88 Å was found which confirm the Hexagonal structure of
the synthesied phosphors. The unit cell volume and axial ratio
was found to be 675.96 Å 3 and 1.28 Å respectively.

FE-SEM and HR-TEM

Figure 3 show the FE-SEM (Field emission scanning electron
microscope) images of the prepared YBSF:Dy3+ phosphors re-
corded with Zeiss-oxford SEM analyzer. FESEM images show

irregular shaped pipe like structure with average particle size of
841 nm and average diameter of pipe was found to be 170.6 nm.

Energy dispersive X-ray (EDX) spectra of the prepared
YBSF and YBSF:0.6Dy3+ apatite phosphors shows the pres-
ence of all initial reactants as shown in Fig. 4.

HR-Transmission electronmicroscope (TEM)micrographs
were recorded with the help of TEM analyzer Hitachi H-600
at 200 kV.TEM images of the prepared phosphors are in good
agreement with the images recorded with FESEM (Fig. 5).
Average particle size of prepared phosphors was found to be
165.5 nm.

Selected area electron diffraction (SAED) image of the
prepared YBSF:Dy phosphors were obtained (Fig. 6) and is
in good agreement with the recorded X-ray diffraction pattern
and shows the formation of polycrystalline material.
Interplanar spacing (d-value) calculated from the SAED pat-
tern for the first three rings are 3.23Ả, 2.18Ả and 1.60Ả re-
spectively which corresponds to (210), (113) and (240) planes
of the hexagonal crystal structure of YBSF:Dy3+.

Photoluminescence Study

Photoluminescence study of the prepared sample was carried
out using a spectrofluorophotometer (RF-5301PC shimadzu).
PL emission spectra (λ ex = 350 nm) of Y6Ba4(SiO4)6F2:xDy

3+

(x = 0,0.4.0.6 & 1mol%) is shown in Fig. 7. When the prepared
sample was excited by 350 nm light it gives different emission
peaks at 487 nm, 573 nm. The Photoluminescence excitation

Fig. 6 SAED image YBSF:0.6Dy3+

Fig. 7 Photoluminescence
Emission spectra of
YBSF:xDy3+(x = 0.4,0.6
&1 mol%).Inset shows
concentration Quenching
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(PLE) spec t rum of Y6Ba4 (S iO4 ) 6F2 :Dy3+ (X =
0.4,0.6&1mol%)monitored by 574 nm (λem) is shown in Fig. 8.

In PLE spectrum when the sample is subjected to light of
wavelength 574 nm several excitation peaks are observed
which is due to the transition of Dy3+ from ground state to
excited state of Dy3+ as shown in Fig. 9 and Tables 2 and 3.

When 350 nm excitation wavelength was used we got two
emission peak located at 487 nm and 573 nm due to
4F9/2→

6H15/2 and
4F9/2→

6H13/2 transitions of Dy
3+ respec-

tively [29]. The emission intensity increases with increasing
concentration of Dy3+ and reaches a maximum emission in-
tensity for 0.6 mol%. On further increasing the Dy3+

concentration the emission intensity starts decreasing as
shown in Fig. 7 (Inset). By using Blasse equation we can find
the crystal distance Rc between Dy3+ ions for investigating the
concentration quenching phenomenon [30].

Blasse equation : −Rc ¼ 2
3V

4πΧcN

� �1
3

ð2Þ

In the above equation V denotes volume of of unit cell,
Xc and N represents critical concentration and number of
host sites which can be occupied by dopant. On substitut-
ing the values of V = 675.96Ả, Xc =0.6 mol and N = 10
for the prepared phosphor the critical distance Rc was
found to be 5.99Ả. The critical distance value shows that
electric multipolar transition will dominate since Rc is
greater than 5Ả [31].

Fig. 8 Photoluminescence
Excitation spectra of
YBSF:xDy3+(x = 0.4,0.6
&1 mol%)

Fig. 9 Energy level transition diagram for YBSF:Dy3+ system

Table 2 Photoluminescence Excitation spectra transition of
YBSF:Dy3+ Phosphors

S.No Peak position(nm) Transition

1 325 6H15/2 -
6P1/2

2 351 6H15/2 -
6P7/2

3 364 6H15/2 -
6P5/2

4 385 6H15/2 -
4I13/2

5 425 6H15/2 -
4G11/2

6 447 6H15/2 -
6P11/2

7 456 6H15/2 -
4I15/2

8 476 6H15/2 -
4F9/2
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CIE and Color Correlated Temperature

International commission on Illumination (CIE) chromaticity
coordinate of Y6Ba4(SiO4)6F2:Dy phosphors is estimated
from the photoluminescence emission spectra. Figure 10
shows the CIE coordinates. Chromaticity coordinate of
YBSF:Dy phosphors lies near white light region and no sig-
nificant variation in chromaticity coordinate (Table 4) is ob-
served on changing the doping of dysprosium on the prepared
phosphors. The color correlated temperature (CCT) of as pre-
pared phosphors was calculated by using polynomial formula
given by McCamy’s (Eq. 3) [32].

CCT x; yð Þ ¼ 449n3 þ 3525n2 þ 6823:3nþ 5520:33 ð3Þ

Where n ¼ x−0:332
y−0:1858:

The chromaticity coordinates of an ideal white light is
(X,Y) = (0.33,0.33).The prepared phosphors shows chroma-
ticity coordinates close to (X,Y) = (0.33,0.33) as shown in
Fig.10. Color correlated temperature confirms cool white light

and the value for daylight is in the range of 5000 K–6500 K
[33]. Our prepared phosphors is in good agreement with the
daylight color temperature as shown in Table 4.

Conclusion

A novel apatite structured Y6Ba4(SiO4)6F2 was successfully
synthesized via solid state reaction method. X-ray Diffraction
pattern confirms the Apatite structure of Y6Ba4(SiO4)6F2.
SAED confirms that the prepared is polycrystalline in nature.
SEM and TEM images shows similar pipe like structure.
Photoluminescence (PL) Excitation and Emission spectra are
obtained and concentration quenching is achieved at
0.6 mol%. PL emission spectra under 350 nm excitation
wavelength was used for the calculation of CIE coordinates.
CIE coordinates of the prepared phosphors is white light re-
gion. The prepared phosphors can be a potential candidate for
the generation of white light for a single Host.
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