Available online at www.pelagiar esear chlibrary.com

R Pelagia Research Library
RKE_

Advancesin Applied Science Research, 2011, 2 (5):303-309

Library

Library
| SSN: 0976-8610
CODEN (USA): AASRFC

Effect of Erbium Doping on Structural and Photoluminescence
Properties of LaPO4: Eu Phosphor

*Y.S. Patil', K. G. Chaudhari?, N. V. Poornachandra Rao* and K. V. R.Murthy?

'Applied Physics Department, MCT’S Rajiv Gandhiitast of technology, Versova,
Andheri (w), Mumbai
“Department of Physics, VSR & NVR College, Tenalit@uDistrict, A.P
®Display Materials Laboratory, Applied Physics Depaent, Faculty of Technology and
Engineering, the M. S. University of Baroda, Vadada

ABSTRACT

The present paper reports the Photoluminescencé dPkthe LaPQ phosphor doped with Er
and Er:Eu rare-earth ions. The phosphors were sssited using the standard solid state
reaction technigue and ground using mortar and lpedired at 1208C for 4 hour in a muffle
furnace.The X-Ray diffraction pattern reveals th@imgsize of the particlethe Infrared spectra for

the prepared solid nanopowders were recorded in the range between 400 and 4000 cm- on a Fourier
transform spectrometer (Bruker Make,Vector-22 Model, OPUS_NT FT-IR). The PL emission of pure
LaPO, phosphor was observed at 470 nm and effect oh#r,&r:Eu doped with LaP{also has
been discussed.
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INTRODUCTION

Phosphors are widely used in displays and lightiegces. Morphology of phosphors i.e. shapes
and size of the powder particles is one of the gayameters to use phosphors for various
applications. The research for oxide-based phosph@s been increasing due to their
applications in many field , such as cathode rdopetulight emitting diodes and field emission
displays, nanoscale electronic and plasma dispdanels[1-4] due to their special chemical and
physical properties. Oxide-based phosphors attemsetarcher’s attention due to the advantages
of their good stability upon excitation by electrbaam. It is important to develop phosphors
with high quantum efficiency, controlled morpholognd small particle sizes.The broad
emission band is suitable for the doping of RE iompersuing new luminescent materials.The
RE materials exhibit excellent sharp-emission leagence properties with suitable sensitization
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and effectively used in designing of white lighti#ting materials Various solution-phase routes,
including solid state reaction, sol-gel, precipgat water oil micro emulsion, polyol-mediated
process, ultrasonification, hydrothermal, and maohehemical method[5-8], have been tried to
lower the reaction temperature and obtain highigubehPQ, based nano particles. However, the
simple and mass fabrication of LaP@anocrystals with narrow grain size distributiomda
uniform morphology still remains a challenge. Weoptgd the standard solid state reaction
technique to prepare LaR@ith good morphologies and fine crystal structuessl its emission
and intensity of luminescence were also studied.e Tpresent paper reports the
Photoluminescence (PL) of the LapPghosphor doped with Er and Eu:Er rare-earth idhgse
crystals could find applications as optical matsriemitting in visible and near IR region and
their behavior can provide a useful comparisonctammunity working with the corresponding
materials.

MATERIALSAND METHODS

The samples were prepared using solid state syatiiethod. Stoichiometric proportions of raw
materials namely, Lanthanum Oxide £0g), Diammonium Hydrogen Phosphate [(NHH
PQOy), Erbium Oxide (E1O3) and Europium Oxide (E®3) were grinded in an agate motor and
mixed and compressed into a crucible and heaté@GFC for 4 hour in a muffle furnace. The
samples were kept at the set temperature for fourshthen cooled down naturally. All samples
were prepared with the same synthesis technique. XIRD patterns of the samples were
obtained using Diffractometer system XPERT-PRO @LNPune and the excitation & emission
spectra were recorded at room temperature usingMAHBZU,make Spectroflurophotometer
RF — 5301 PC) using Xenon lamp as excitation soatadisplay research Lab., Department of
Applied Physics, M.S.U. Baroda.The emission andtatian slit were kept at 1.5 nmThe
Infrared spectra for the prepared solid nanopowdeese recorded in the range between 400
and 4000 crt on a Fourier transform spectromet@ruker Make,Vector-22 Model, OPUS_NT
FT-IR).

RESULTSAND DISCUSSION

PHASE PURITY AND STRUCTURE:-

The crystallinity and phase purity of the produarevfirstly examined by XRD analysis. Fig 1
and 2 shows the typical X-ray diffraction (XRD) fgahs of synthesized samples of pure LaPO
and LaPQdopped with Er. The XRD pattern of LaREr nano particle is similar to that of bulk
powder except for the much broder peaks of nanticfes{14]. This results from the very small
size of LaPO4 nanoparticles. The peaks in theatiffion pattern seems to match with those of
LaPQ, (JCPD no.- 32-0493) indicating monoclinic phasenainazite structure. These XRD
pattern also agree with that of LaP@ped Eu nanoparticles reported by Riwotzki [12-T3e
main peak was found around 28gbrresponding to a d- value of about 3.10fsllowed by
other less intense peaks corresponds to the moroslystem of crystal structure of Lanthanum
Phosphate[5-7]. All diffraction patterns were obtai using Cuk radiation (. = 1.540598 A)

at 40 kv and 30 mA, and divergence slit fixed &21mm. Measurements were made frain=2
10 to 80 with steps of 0.008356
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Fig.1 XRD Pattern of LaPO4
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Fig.2 XRD Pattern of LaPO4:Er

When crystallites are less than approximately 1@0im size, appreciable broadening in X-ray
diffraction lines occurs. The crystallite size drjicles of powder sample were calculated by
using Scherer equation

D= 0.9./pcod
Wheref represents full width at half maximum (FWHM) of BRines
A = Wavelength of the X-rays.(0.154 nm in the présase)
0 = Braggs angle of the XRD peak.

The average crystallite size of LaPO4 phosphoB9iam and when doped with RE dopants Er
(0.5%) and Eu (0.5%) , the crystallite size becoiteam.
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Photoluminescence Study:-
Figure-4 shows the PL emission of undoped Lapiidsphor was observed at 470 nm a perfect
blue region with very good intensity.
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Fig 3. Excitation Spectra of undoped LaPO,
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Fig 4. Emission Spectra ofundoped LaPO ,

The emission spectra of LaR@r (0.5%) is shown in fig.5 reveals the modificatiof the
emission wavelength of pure phosphor. However tecteof Er,Eu dopent and co-dopant
effectively modified the emission wavelength bug ihtensity slightly decreased as shown in
fig.6. Under the excitation of 254nm wavelength, éhission of doped LaR@hosphor shows
peaks at 589, 596, 614 and 622nm with good intensit
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Fig.5. EMission spectra of LaPO4:Er((0.5%)
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Fig.6.EMission Spectra ofLaPO4:Er(0.5% ):Eu(0.5%)

Fourier transformsinfrared spectoscopy:-
The technique has been used to identify the readbtetween solids, by monitoring the

vibrational and rotational motion of the molecuteging the reaction. The FTIR spectrum of
LaPQ, doped Eu and LaPQ@loped Eu, Er has been depicted in fig 7 and figspectively shows
FTIR analysis. The most of the bands are charattesiof vibration of phosphate group. So the
characteristics of monoclinic phase of four bamdsied at 537, 577, 618, 771 tmwere clearly

observed.
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Figure7. FTIR spectra of LaPO4:Er(0.5%)
12
6/29/1107:26:26 PM
Fig.8. FTIR spectra OF LaPO4: Eu (0.5%),Er (0.5%)
SR.No. Material FTIR Peaks(wave numberdm
01 LaPQ:Er (0.5%) 537,577,618,771,949,992,1014,1059,1(8%2,23106,
3674,3730,3836
02 LaPQ:Er(0.5%),Eu (0.5%) 537, 560, 577, 617, 949, 998,0058, 1091
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The data from the graph shows that, the presenee@fin the material is detected by the broad
peaks 3674, 3730, 3836 in LaP@ped Er. These bands may be due to the stretetbngtion

of hydroxyl (OH) complexes, which is due to the@bgd water molecules on the surface of the
phosphor material. Whereas such peaks are notvasser sample LaP{2loped Er, Eu.

CONCLUSION

LaPQ,phosphor doped with Er and Eu rare-earth ionse \weepared using solid state synthesis
method are successfully synthesized. The main peaiRD pattern was found around 28.7
corresponding to a d- value of about 3.10fllowed by other less intense peaks corresptmds
the monoclinic system of crystal structure of Lamim Phosphate. The PL intensity is very
high therefore; the LaP&r:Eu phosphors can be easily applied in variopgdyof lamp and
display.
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