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ABSTRACT

Pure LaPO, and LaPO, :Ga* (0.5 mol%) phosphor was synthesized by the conventional solid-state reaction
method. Photoluminescence (PL) properties of pure LaPO, and LaPO, :Ga®* phosphor was investigated.The
excitation spectrum of pure LaPO, and LaPO, :Ga® phosphor monitored under 400nm wavelength was
characterized by a broad band ranging from 220-280nm with a maximum intensity peak at 249nm(4.98¢eV) and
248nm(5.0eV) respectively.Upon excitation at 254nm wavelength, the emission spectrum of pure LaPO, and LaPO,
:Ga* phosphor emits a broad band range from 400-650nm with maximum intensity peak at 469nm(2.64eV, Blue)
and 594nm(2.08eV, Red) with the full width at half maximum (3nm). The color coordinates for the LaPO, :Ga®>* (0.5
mol%) phosphor are x=0.5691 and y= 0.4303. LaPO, :Ga* (0.5 mol%) phosphor having excellent colour tunability
of red light.

Keywords: Photoluminescence; XRD; SEM; FTIR; phosphor; ragkeions; solid state reaction technique;CIE;
particle size analysis.

INTRODUCTION

The optical properties of the lanthanides in inoigacompounds, their preferred valence, and thkdcten
donating or accepting properties are all determimethe electronic structure, i.e., by the relatwel absolute level
energies of the lanthanide impurity states and hbst conduction and upper valence band states.-dRatle
orthophosphates(RERare a very interesting class of host latticesafvator ions due to their physic-chemical
inercy(high insolubility, high thermal stability}hus providing durable phosphors[1]. Lanthanidéhaphosphate
(LnPQy) belongs to two polymorphic types, the monoclimonazite type (for La to Gd) and quadratic xenotime
type (for Tb to Lu).The LaPfQcrystalline matrix is widely used for developmert phosphors for compact
fluorescent lamps,plasma display panels, field simis display, optical amplifiers, laser active mads and
electrical conduction. Process ability of this miaileand resistance for atmospheric influence cdube interest to
study of the luminescent properties of LgR@noparticles. Monoclinic lanthanum phosphate é@mpound with
extremely low solubility in water,and high thernaid chemical stability; it has been proposed fa& insbroad
applications.The luminescent properties of rar¢heainosphates can be conferred by the presenemibianide(lll)
ions as activators due to their intense and nagmission bands arising from f-f transitions, whate proper for
the generation of individual colours in multiphosphdevices [2-4]. Lanthanide orthophosphate (LgP&nd
lanthanide (llI)-doped lanthanide orthophosphatevehaattracted much attention due to their unique
photoluminescent properties and various potenfgllieations in various areas, including color diggl, light
sources, field-effect transistors, solar cells, biminedical labels,nanoscintillators for radiothmr$s,6].It is known
that the LaP@ has a monoclinic phase of monazite structure algsfraphically,wherein ¥ ion is nine
coordinated to oxygen atoms, four oxygens formirdjstorted tetrahedron interpenetrating a quas#l@entagon
formed by another five [7-10]. The f'aion site in the monazite structure can be easilysttuted by any other
lanthanide ions. To improve luminescent propertiesanocrystalline phosphors, many preparation ougtave
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been used, such as solid state reactions, sokgkhigues, hydroxide precipitation, hydrothermaitbgsis, spray
pyrolysis, laser-heated evaporation, and combustyothesis[11-13].

In this paper pure LaP@nd LaPQ :G&" (0.5 mol%) phosphor was prepared by the solicestaction method in
air at 1208C, and their luminescent properties were studigutin@zation of the concentration of activator ions
incorporated into the host lattice during the sgsth of the phosphor powders is essential for dgimy highly
luminescent RE doped nanocrystalline phosphors as well as fogtbeth of grain particles. Photoluminescence
studies and CIE co-ordinates of pure LaR@®d LaPQ :G&" phosphor reveals that the emission colour having
excellent colour tunability of red light So this rdal may be a potential luminescent material.

MATERIALSAND METHODS

Synthesis:
The pure LaP@and LaPQ :G&" (0.5 mol%) phosphor was synthesized by using theventional solid-state
reaction method. The formation of the phosphor pmveatcurs according to the following chemical etrat

For pure LaP@and LaPQ@ Ga (0.5%)
La,O3+ 2 (NH,) H,PO, > 2LaPQ + 2NH,0OH 1+ H,0O1
La,O3+ 2 (NH)H,PO, + GaG> 2LaPQ: Ga (0.5%)

The starting materials were lanthanum oxide,;Qs Diammonium Hydrogen Phosphate [(NHH, PQ,),Galium
oxide(GaO) of 99.9% purity.They were weighed witeatain stoichiometric ratio. The composite povgdeere
grinded in an agate mortar and then placed in amiab crucible with the lid closed. After the powsldad been

sintered at 12(53(0: for 3 hr in a muffle furnace and then cooleddom temperature. All the samples were again
ground into fine powder using an agate mortar agstl@ about an hour. Finally, the powders wereesleagain
through 100 pum sieve.The emission and the excitafpectra of the synthesized powders were chaizedewith a
spectroflurophotometer(Shimadzu RF — 5301 PC) widmon lamp as excitation source.The Commission
International de I'Eclairage (CIE) co-ordinates eealculated by the spectrophotometric method ubiagspectral
energy distribution. The chromatic coordinatesyj of prepared materials were calculated with colcalculator
version 2, software from Radiant Imaging[14].

RESULTSAND DISCUSSION

Photoluminescence Study of pure LaPO,and LaPO, :Ga* (0.5 mol%) phosphor

Fig.1and Fig,2 shows PL excitation and emissiorcspeof pure LaP@andLaPQ, :Ga* (0.5 mol%) phosphor
recorded at room temperature. The excitation specif LaPQ :G&* (0.5 mol%) phosphor monitored under
400nm wavelength was characterized by a broad bemging from 220-400nm with a maximum intensity lpaa
264nm.The L¥ ion site in the monazite structure can be easihsstuted by any other lanthanide ions. Thé"La
ion site in the monazite structure can be easilpssuted by any other lanthanide ions.The lumirasc
characteristics of the particles depend on its aimb other properties including the degree of atljsation, defects
and the valence state of the doped activator ibns.shape of the emission spectra and emissionwpaaiiength is
independent of the excitation wavelengths.Upontakon at 254nm wavelength, the emission spectriibta®0,
:G&* (0.5 mol%) phosphor emits a broad band range #66:650nm with maximum intensity peak at 589(red)nm
with the full width at half maximum (3nm).

CI E (1931-Chart) Coordinates of pure LaPO,and LaPO, :Ga>* (0.5 mol%) phosphor
Most lighting specifications refer to color in tegrof the 1931 CIE chromatic colour coordinates Whigcognizes
that the human visual system uses three primaoucsl red,

green, and blue. In general, the color of any lightirce can be represented on they) coordinate in this color
space. The color purity was compared to the 19FH &hndard Source C (illumina@s (0.3101, 0.3162)). The
chromatic coordinatexy), was calculated using the color calculator progradiant imaging.

Fig.4 shows the CIE co-ordinates of (chart -19F)we LaPQandLaPQ, :G&" (0.5 mol%) phosphor. The color
co-ordinates for the pure LaR@re x=0.1609 and y=0.0305 draPQ, :G&* (0.5 mol%) phosphor are x=
0.5691and y= 0.4303.The location of the colour dowtes of the monophosphate powder on the ClEncétioity
diagram presented in Fig.4 indicates that the cofoperties of the phosphor powder prepared bid sihte
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reaction method are approaching those requirefigioremission displaysThis phosphor is having excellent colour
tunability of red light.
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Figure 1 Exicitation spectrum of Pure LaPO,and LaPO,: Ga* (0.5%) phosphor
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Figure.2 Emission spectra of Pure LaPO,and LaPO, :Ga* (0.5 mol%) phosphor
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Figure. 3 CIE Co-ordinatesof purelaPO,and LaPO, :Ga* (0.5 mol%) phosphor depicted on 1931 chart
CONCLUSION

Pure LaPQ and LaPQ, :G&" (0.5 mol%) phosphor powder were successfully ssited through solid state
reaction method at high temperature(1’@)0and the luminescent properties of sample wadiesiulrhe PL
characterization demonstrates that the pure LaP@LaPQ, :G&* (0.5 mol%) phosphor shows the most intense
emission.The Commission International de 1'EclairdGIE] co-ordinates of LaPQGa" (0.5 mol%) phosphor
exhibit the excellent colour tunability of red.Tkéare, the LaP@:G&" (0.5 mol%) phosphor can be easily applied
in various types of lamp and display due to itsdyph performance.
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