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ABSTRACT

Eu** and Dy** doped strontium vanadium oxide (Sr,V,0-) phosphor has been successfully synthesized using solid state diffusion
method and characterized by XRD as well as photoluminescence (PL) measurements. The PL emission of Eu®" ion was
observed in  Sr,V,0- phosphor at 593 nm and 618 nm in orange and red region of the spectrum, which corresponds to °Dy=>
F1,°Do> 'F, transitions, at the excitation wavelength of 393 nm. The PL emission of Dy*" ion was observed in Sr,V,0,
phosphor at 484 nm and 575 nm in blue and yellow region of the spectrum, which corresponds to* F ¢, ®H 15, and “F g, > ©
H 13 transitions, at the excitation wavelength of 349 nm. The 300 — 400 nm is Hg free excitation, which is characteristic of
solid state lighting. Hence, Sr,V,0; :RE [RE = Eu*" and Dy**] phosphors may be efficient materials for solid state lighting.
Copyright © 2011 VBRI press.
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Introduction

Rare earth luminescent materials have considerable
practical applications in almost any device involving the
artificial production of light, such as cathode ray tubes,
lamps, and X-ray detectors, etc. [1-7].Recently Shinde et al
[8] studied the influence of Li* doping on
photoluminescence  properties of Srs  (PO,)s:EU*.
Deshmukh et al [9] studies the optical properties of
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MAI;04¢:Eu (M = Ca,,Ba,Sr) nanophopshors. Europium
ion is widely used as luminescent center in lots of
phosphors for the exhibited characteristic red emission
corresponding to its °Dy—F, transition [10,11]. In the past
years, the Eu**-activated YVO, has attracted considerable
attention because of its broad application [12]. However,
due to certain unperfected performance in luminescent
intensity and color purity of the current commercial
phosphors, much continuous work on the development of
new high efficient phosphors still needs to be carried out.
Recently, considerable efforts have been devoted to explore
novel phosphors for white light-emitting diodes (W-LEDS)
as they are replacing the traditional incandescent lamps and
fluorescent lamps. Currently W-LEDs are preferred owing
to low energy consumption and reduction of greenhouse
gas emissions due to their high efficiency, long lifetime and
environmentally friendly characteristics [13-15]. These W-
LEDs can be generated by several different methods. The
most promising techniques to obtain high quality phosphor
converted white light-emitting diodes (PC-WLEDs) is to
use red, green and blue light-emitting phosphor coated on a
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near UV LED chip or the use of blue-emitting LEDs
covered by green and a red phosphor, all encapsulated in
epoxy resin[16].In order to fabricate excellent PC-WLEDs,
the excitation wavelength of red phosphor should match the
emission of the near UV LEDs (350-410nm) or blue LEDs
(440-470nm),therefore the phosphor materials play an
important role in PC-WLEDs. Ideally, white emission by an
appropriate  combination of near-UV LED suitable
inorganic phosphors is desirable for signaling or
illumination applications. It is thus necessary to develop
efficient phosphor to convert the near-UV pump light with
a range of 300-400nm into the visible wavelength [17, 18].
Recently rare earth doped vanadate phosphor have
generated considerable attention owing to their long —
wavelength excitation properties, which enable their use in
LEDs, fluorescent lamps, and flat panel display(FPD) [19-
22]. Eu ** ions, which have luminescence peaks at 593 nm
and 618 nm due to the °Dy> 'F1,°Dy~> 'F, transitions have
attracted much attention. Luminescent materials doped with
Dy * have drawn much interest for their white emission
[23, 24]. Dy *" ions, which have luminescence in the 465-
650 nm region due to 4 F op> 6 H 15, and 4F ap 2 6 H 135
transitions, have attracted much attention because of their
light emission. In this paper we have reported Sr,V,0; :
RE [RE = Eu * and Dy*'] phosphor synthesis by solid
state diffusion method and their luminescent properties
were investigated. The prepared phosphors were also
characterized by XRD technique.

Experimental

Eu** and Dy** doped strontium vanadium oxide (Sr,V,0; )
phosphor has been successfully synthesized using solid
state diffusion method. The high purity (99.99%) starting
materials were SrCO;, V,0s, Eu,03 and Dy,0s;. The
doping concentration of Eu®** and Dy** were 0.1, 0.3, 0.5
and 1m%. Stiochiometric amounts of reagents were
thoroughly mixed and ground using an agate mortar. The
reaction mixture was taken in a high — purity silica crucible
and slowly heated in an electrical furnace at 750°C for 24 h
and then cooled down to room temperature to obtain white
powder. The reaction temperature was selected with
reference to the work of Nikajima et al [25] they had
prepared M,V,0,(M=Ba,Sr,Ca) by solid state reaction .
The reaction is as follows,

2 SrCO; + V,05 > Sr,V,07 + 2C02T

The phase composition and phase structure were
characterized by X-ray diffraction (XRD) pattern using a
PAN — analytical diffractrometer. The photoluminescence
measurement of excitation and emission were recorded on
the Shimadzu RF5301PC spectrofluorophotometer. The
same amount of sample 2g was used for each measurement.
Emission and excitation spectra were recorded using a
spectral slit width of 1.5 nm. All the measurements were
conducted at room temperature.

Results and discussion

Fig. 1 presents the XRD pattern of Sr,V,0.:Eu *
phosphor prepared via solid state diffusion technique. The

Adv. Mat. Lett. 2011, 2(5), 341-344

Singh and Dhoble

XRD pattern of prepared phosphor is shown by the stick
pattern which matched well with the standard JCPDS file-
00-030-1315.
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Fig. 1. XRD pattern of Sr,V,07: Eu** phosphor.

As presented in Fig. 2 a broad band was observed in the
wavelength region from 320 nm to 420 nm peaking at 392
nm. The broad band in the excitation spectrum originating
from a charge transfer (CT) transition. This broad band
took place by electron delocalization from an oxygen 2p
orbital to an empty 4f orbital of europium ion. It was
reported that the peak position of charge transfer band
(CTB) is strongly depended on the Eu-O bond length
[26,27].The excitation spectrum consist of an intense and
broad excitation band centered at 392 nm, which is a CTB
of Eu** - O% interaction and also due to V- O componants
of the host matrices.The emission spectrum of all Eu®*
activated phosphors have been involved in the following
emission lines of °Dy>'Fiand *Dy>'F,, *Dy>'F; and
*Dy=>'F4, which are determined by transitions between its f-
electron energy levels.
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Fig. 2. Excitation spectra of Sr,\,07: Eu®* phosphor.

Fig. 3 presents the emission spectrum of Sr,V,0,:Eu®"
phosphor. We observed two emission peaks one at 595nm
(orange region) and another at 618nm (red region).the
orange line at around 593 nm originate from the magnetic
dipole transition D> F4, while the red line at around 618
nm originate from the >Dy=>'F, electric dipole transition by
393nm excitation i.e. solid state lighting excitation. From
the emission spectrum of Sr,V,0,:Eu®* phosphor, we can
find that peak position of the emission lines for all
concentrations are almost same, but the intensity pattern of
their luminescence spectrum shows maximum at 1mole% of
Eu ion. According to the Judd-Ofelt theory, the magnetic
dipole transition is permitted. However, the electric dipole

Copyright © 2011 VBRI press.



Research Article

Adv. Mat. Lett. 2011, 2(5), 341-344

ADVANCED MATERIALS Letters

transition is allowed only when the europium ion occupies a
site without an inversion center and the intensity is
significantly affected by the symmetry in local
environments around Eu®* ions [28]. In this case the Eu®**
ion occupy an inversion symmetry site in the Sr,V,0;
crystal lattice, the orange-red emission, magnetic transition
*Dy>'F; (around 593 nm) is the dominant transition . On
the contrary *D,~>'F; (around 610-620 nm). According to
the emission spectra, it can be conclude that most Eu** ions
have inversion centers and the magnetic dipole transition
*Dy>F1(593nm) is dominant. All the PL characteristics
indicate that prepared Eu activated Sr,V,0; phosphor may
be good candidate for red emitting phosphor for lamp
industry as a solid state lighting phosphor.

140

593nm

a=1m%

b=0.5m%
c¢=0.3m%
d=0.1m%

"
15
=}

-
=)
=1

Intensity(a.u.)

=
=1

ra
=}

560 580 600 620 640 660

‘Wavelength(nm)

Fig. 3. Emission spectrum of SroV,07:Eu®" phosphor.

Fig. 4 shows the excitation spectrum of Sr,V,0;: Dy3+
phosphor which gives peak at 349 nm wavelength.
Excitation spectrum reveals that a broad excitation band
centered at 349 nm, which aroused due to the combination
of charge transfer state corresponding to Dy*" -O*
interaction and the charge transfer from the oxygen ligand
to the central metal atom inside the vanadate (V — O) host
matrix.
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Fig.4 Excitation spectra of Sr;V,07: Dy** phosphor.

Fig. 5 shows the emission spectrum of Sr,V,0;:Dy*"
phosphor. In this we observed two peaks one at 484 nm
(blue region) and another at 575 nm (yellow region). The
blue peak at 484 nm originate due to the *F ¢,=> °Hysp
transition of Dy** ion and yellow peak a 575 nm originate
due to the “*F g, > ® H 13, transition of Dy** ion. From
fig.5 we can also observe that as we increase the

concentration of Dy** ion the intensity of phosphor
increases.

Conclusion

An efficient Eu®* and Dy** activated Sr,V,0- phosphor is
synthesized via solid state diffusion method and confirmed
by XRD pattern. Eu**  gives PL emission at 593 nm
(orange) and 618 nm (red) region of the wavelength. Dy**
gives PL emission at 484 nm (blue) and 575 nm (yellow)
region of the wavelength. All these PL results indicate that
prepared Eu®* and Dy*" activated Sr,V,0O; phosphors may
be good candidates for lamp industry as a solid state
lighting phosphor.
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Fig. 5. Emission spectrum of Sr,V,07:Dy** phosphor.
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