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ABSTRACT

In this paper we report the synthesis and luminescence of Dy*" activated tungstates of the type ALaLiWO, (where A = alkaline
earth metals Sr and Ba), prepared by solid state diffusion reaction method. These novel luminescent tungstate materials were
characterized by X-ray diffraction, scanning electron microscope (SEM) and photoluminescence (PL) techniques. The Dy**
activated ALaLiWOg (where A = Sr and Ba) phosphors are effectively excited around 350 nm which is mercury free excitation
in near UV and give a broad emission band peaking around 470 nm(blue region) along with a sharp characteristic peak at 577
nm (yellow region). Thus, the Dy** activated ALaLiWO, phosphors may be used in white light applications. Copyright © 2011

VBRI press.
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Introduction

Recently, interest in mixed tungstates i.e. having more than
one cations, with their structure related to the CaWO,
scheelite-type, has considerably increased because they
have been recognized as the important optical materials [1].
The introduction of rare earth ions into these tungstates as
activators has gone a long way in improving their
luminescence properties [2-5]. Therefore, the scope of the
applications of rare earth activated tungstate compounds
have also widened greatly. More recently, double tungstate
(with two cations) single crystals have become very
attractive materials as laser hosts due to their large rare-
earth ion admittance [6-7]. However, the studies on rare
earth activated double tungstates are mostly confined to
their LASER applications [8-11]. Their application in Light
Emitting Diodes (LEDs) and White Light Emitting Diodes
(WLEDs) have not been investigated adequately. White
light-emitting diodes (W-LEDs) offer benefits such as high
luminous efficiency, low energy consumption, long
lifetime, and environment friendly and so on. They are
tipped to be the next generation solid state lighting [12]

The preparation and general properties of this type of
tungstates were reported by Brixner [13] and Singh et
al.[14]. However, to the best of our knowledge, the
luminescent properties of the lanthanum activated mixed
tungstates and their possible applications in other fields like
scintillation and solid state Lighting (SSL), have not been
investigated and reported adequately so far. Here, we are
reporting the synthesis of a family of tungstate compounds
with formula ALaLiWOsDy** (where A = Sr, Ba),
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alongwith their characterization and possible Solid State
Lighting (SSL) applications in generation of white light.

Experimental

The undoped and Dy** doped ALaLiWOg compounds
were prepared by the  Solid State diffusion reaction
technique. The analar grade 99.9% pure chemicals A(NO3),
. Lay,03, LINO;, Dy,0z;and WO; were used as starting
materials. The concentration of Dy*" ions was in the range
of 0.05- 1mol%. All the chemicals were weighed in
stoichiometric proportion, mixed and then crushed in an
agate mortar pestle thoroughly. Nitrates being hygroscopic
in nature, the mixture therein became wet on crushing. It
was dried at 200°C in an electric oven for one hour and
crushed again. The dried mixture in the powder form was
put in a resistive furnace to heat it while increasing its
temperature gradually at the rate of 5°C/minute till it
reached 800°C. It was taken out and mixed in mortar pestle
again for the reaction to take place efficientla/. After that, it
was heated at a fixed temperature of 800°C for 24 hrs.
Finally, the  phosphors, thus prepared, were allowed to
cool down to room temperature slowly.

The prepared phosphors were characterized for their
phase purity and crystallinity by X-ray powder diffraction
(XRD) using PAN-analytical analytical XPert PRO X-ray
diffractometer with Cu-Kd radiation of wavelength 1.54
AU, at a scanning step of 0.01° for continue time of 20s,
in the range of 26 = 10° to 80°. The surface morphology
and particle size of the rare earth doped tungstate
phosphors prepared in the present investigation were
studied using an FEI Philips-XL-30 model of scanning
electron microscope (SEM). 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 spectral slit width of 1.5 nm.

Results and discussion
XRD pattern

Fig. 1 and 2 show the X-ray diffraction (XRD) patterns of
SrLaLiWOg and BalLaLiWOg respectively To the best of
our knowledge, there are no standard JCPDS files for these
compounds. However, The XRD patterns of BaLaLiWOQOg
compound is well in line with the XRD pattern of
BalLaLiWOgNd** reported by Dan Zhao et al [15]. It was
observed that, the doping of Dy3"ion in these compounds
does not change the XRD patterns significantly. Because
the small amount of doped rare earth ions has virtually no
effect on the phase structures [16].

The obtained patterns do not indicate the presence or
traces of reactants which is an indirect evidence of
formation of desired compounds. This also indicates the
completion of the reaction. The patterns indicate that the
final products are formed in homogeneous form.

Morphophological characterizations

The scanning electron microscopic images of BalLalLiWOQOg
and SrLalLiWOg are shown in Fig. 3 (a) and (b)
respectively. The morphological studies performed using
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the scanning electron microscope (SEM) techniques show
that all the compounds are in fluffy and porous form. This
may be due to the agglomeration of the material. The
individual particles are scarcely seen in Fig. 3 (a) of
BaLaLiWOgand Fig. 3 (b) of SrLaLiWQsg.
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Fig. 1. XRD of SrLaLiWOQse.
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Fig. 2. XRD of BalLaLiWOs.

Fig. 3. SEM image of (a) BaLaLiWOsg (b) SrLaLiWOs.

PL properties of SrLaLiWOg:Dy*" and BaLaLiWOg:Dy**

The excitation spectra of SrLaLiwOgDy** and
BalLaLiWOg:Dy** phosphors were observed at 350 and 352
nm respectively. Thus, the excitation wavelengths of all the
three phosphors fall in the near ultraviolet (NUV) region of
the electromagnetic spectrum. They are shown here in Fig.
4 and 6, respectively. Under these excitations, the as
prepared compounds SrLaLiWOg:Dy** and
BaLaLiWOgDy** show a very broad emission spectra
over the region of 370-550 nm, as seen in Fig. 5 and 7.
The characteristic intrinsic luminescence of the hosts, due
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to the WOg® ion, lies in this region. In all the compounds,
this major emission broad band is peaking around 470 nm.
In addition, another sharp characteristic peak around 570
nm is also observed in the emission spectra.

The band located at 570 nm gyellow) corresponds to the
hypersensitive transition *Fon™> “Higp (DL =2,D;=2),and
another band located at 470 nm (blue) is due to the
transition “Fgp,~> ®Hisp. Thus, it can be seen that the
characteristic peak of Dy** ion at 470 nm falls in the region
of characteristic broad band (370-550 nm) of the hosts
ALaLiWOg as mentioned above. The results of analysis
indicate that the hosts absorb excitation energy, then
transfers part of the energy to rare-earth ions Dy**, and this
is followed by luminescence of Dy**. The resonant transfer
of energy is preferable.
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Fig. 4. The Excitation spectra of SrLaLiWOg:Dy*".
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Fig. 5. The Pl emission spectra of SrLaLiWOgDy** showing peak
intensities of emission at 577 nm (a) 0.5mol % (b)18.419mol %
(c)0.05mol% and (d) 0.1mol%.

On the comparison of intensities it is seen that the
characteristic emission at 470 nm of SrLaLiWOgDy** is
more intense than BaLaLiWOgDy**. These phosphors also
show very weak concentration quenching at 5mol% of
Dy**ion which gives the liberty to enhance the intensity of
emission by increasing the concentration of the dopant.
Also, as the emission spectra show the emission of blue and
yellow colors, it is possible to obtain near-white emission
with only Dy*"-activated luminescence materials, by
adjusting the yellow-to-blue intensity ratio (Y/B) value
appropriately. Therefore, the Dy** activated ALaLiWOs
phosphors are promising white light phosphors and can be
used in mercury-free lamps. For mercury-free lamps, the
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excitation energy is mainly composed of VUV radiation but
VUV energy is mostly absorbed by the host crystal, if the
energy can be transferred from host to rare-earth (RE) ions
then the rare earth ions can emit visible light. So the host
absorption intensity is very important for VUV-excited
phosphors applied in mercury-free lamp.
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Fig. 6. The excitation spectra of BaLaLiWQs : Dy*",
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Fig. 7. The Pl emission spectra of BalaLiWOs:Dy** showing peak
intensities of emission at 577 nm corresponding to (a) 0.05mol% (b) 0.1
mol% (c) 0.2mol% and (d) 0.5mol%.

Conclusion

The Dy** activated ALaLi(WQ,), (where A = Sr and Ba)
phosphors synthesized by the solid state diffusion reaction
method. They were found to be in homogeneous form and
free from the traces of constituent reactants. This was
confirmed from their XRD and photoluminescence
characterizations. The morphological studies performed
using the scanning electron microscope (SEM) techniques
show that the all the compounds are in a fluffy and porous
form. The individual particles are scarcely seen and are
observed to have dimensions of the order of 100 nm. In the
Dy** activated ALaLiWOg (where A = Sr and Ba)
phosphors there are two emission bands located at 570 nm
(yellow) and 470 nm(blue) when they are excited by the
radiation of wavelength around 350 nm. By adjusting the
yellow-to-blue intensity ratio (Y/B) value appropriately, it
is possible to obtain near-white emission with only Dy**-
activated luminescence materials. Therefore, the Dy**
activated ALaLiWOg (where A = Sr and Ba) compounds
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are promising white light phosphors and can be used in
mercury-free lamps.

Acknowledgement
One of the authors PN is thankful to UGC, New Delhi for financial
assistance.

Reference

1. Wang, Z,; Liang, H.; Wang, Q.; Lou L.; Gong M.; 2009,164, 120.
DOI:10.1016/j.mseb.2009.08.002

2. Nikl, M.; Phys. Status Solidi a; 2000,178,595.

DOI: 10.1002/1521-396X (200004)

3. Pang, M.L; Lin, J,; Yu, M.; J. Solid State Chem., 2004,177, 2237.
DOI: 10.1016/j.jssc.2004.02.031.

4. Wang, J.; Jing, X.; Yan, C,; Lin, J.; Liao, F.; J. Lumin., 2006,121, 57.
DOI:10.1016/S1002-0721(08)60190-8

5. Zeng, Q.; Liang, H.; Gong, M.; Su, Q. J. Electrochem. Soc.,
2008,155, H730.

DOI: 0rg/10.1149/1.2965527.

6. Rico, M.; Volkov, V.; Zaldo, C. Journal of Alloys and Compounds,
2001,806,323.

DOI: 10.1016/S0925-8388(01)01149-5.

7. Kaminski, A.A.; Laser crystals, their physics and properties, second
ed., Springer Series. Optical Science, vol. 14, Springer, Berlin,
Heidelberg, 1990.

DOI: 10.1016/j.jcrysgro.2004.05.055.

8. Kaminskii, A.A.; Agamalyan, N.R.; Kozeeva, L.P.; Nesterenko,

V.F.;Pavlyuk, A.A. Phys. Stat. Sol. a, 1983,71,K1.
DOI: 10.1002/pssa.2210750141.

9. Tu, C.; Qiu, M. Li, L.; Liao, H., Opt. Mater., 2001,16, 431.
DOI: 10.1016/50925-3467(01)00003-9.

10. Esmeria Jr., J.M.; Ishii, H.; Sato, M.; Ito, H., Opt. Lett., 1995,20,
1538.

DOI: 10.1364/0L.20.001538.

11. Han, X.M.; Wang, G.F.; Tsuboi, T.; J. Crystal Growth, 2002,242,
412.

DOI:10.1016/S0022-0248(02)01450-1.

12. Brixner, L.H.; Mater. Res. Bull., 1974, 9, 1041.
DOI:10.1016/0025-5408(74)90014-2.

13. K. N. Shinde, S. J. Dhoble, Adv. Mat. Lett. 2010, 1(3), 254.

DOI: 0.5185/amlett.2010.9161.

14. Singh,N.K.; Kumar, P.; Kumar, H,; Rai, R.; Adv. Mat. Lett.,
2010,1(1),79.
DOI:10.5185/amlett.2010.3102.

15. Zhao,D.; Lin,Z.; Zhang,L.; Wang,G. J. Cryst Growth, 2007, 299-1,
223.

DOI: 10.1016/j.jcrysgro.2006.11.239.

16. Deshmukh, A.D.; Dhable, S. J.; Dhoble, N.S. Adv. Mat. Lett. 2011,
2(1), 38.

DOI: 10.5185/amlett.2010.10171.

D wr 2o o> o
I o

a rapid publication platform

ADVANCED MATERIALS Letters @ JOURNAI

Publish your article in this journal

ADVANCED MATERIALS Lettersis an international journal published

quarterly. The journal is intended to provide top-quality peer-reviewed ADVANCED
research papers in the fascinating field of materials science particularly in Mt

the area of structure, synthesis and processing, characterization, = ATE';J@-E
advanced-state properties, and applications of materials. All articles are Structure,syrithosis &
indexed on various databases including DOAJ and are available for § ey
download for free. The manuscript management system is completely TN i

electronic and has fast and fair peer-review process. The journal includes
review articles, research articles, notes, letter to editor and short
communications.

Submit your manuscript: http://amlett.com/submitanarticle.php
| ____&§

Adv. Mat. Lett. 2011, 2(5), 358-361 Copyright © 2011 VBRI press. 361



doi:10.1016/j.mseb.2009.08.002
doi:%2010.1002/1521-396X%20(200004)
doi:%2010.1016/j.jssc.2004.02.031.
doi:10.1016/S1002-0721(08)60190-8
doi:org/10.1149/1.2965527.
doi:%2010.1016/S0925-8388(01)01149-5.
doi:%2010.1016/j.jcrysgro.2004.05.055.
doi:%2010.1002/pssa.2210750141.
doi:%2010.1016/S0925-3467(01)00003-9.
doi:%2010.1364/OL.20.001538.
doi:10.1016/S0022-0248(02)01450-1.
doi:10.1016/0025-5408(74)90014-2.
doi:%200.5185/amlett.2010.9161.
doi:10.5185/amlett.2010.3102.
doi:%2010.1016/j.jcrysgro.2006.11.239.
doi:%2010.5185/amlett.2010.10171.
http://amlett.com/index.php
http://www.doaj.org/doaj?func=byTitle&p=2&hybrid=&query=A
http://amlett.com/submitanarticle.php

