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ABSTRACT

The present paper reports on the synthesis and characterization of &,CeO, doped with La** and Eu** rare earth
ions with (0.5%) concentration. The phosphor samples were synthesized using the standard solid state reaction
technique. Analytical grade inorganic salts like S(NOs),, CeO,, La,0; and Eu,0O; were used as raw materials of
assay 99.9% were weighed, mixed and ground in to fine powder using agate mortar and pestle. The samples were
heated to 1200°C for 3 hours using muffle furnace with a heating rate of 5°C/min. All the samples were allowed to
cool at room temperature in the same furnace. We have studied the effect of La: Eu co-dopant on the structural,
morphological, and Photo luminescent properties of the samples using X-ray diffraction (XRD), SEM, PL, particle
size analysis and CIE coordinates.

Keywords. photoluminescence, solid state reaction method, light emitting diodes, Phosphor, nano-crystallite
particles

INTRODUCTION

There is growing interest in the development of rfiefvcolor emitting phosphor materials that comthermal and
chemical stability in air with high emission quamtwield at room-temperature. The search for bluesphor
emitters has been increasing due to their applibabi many fields, such as cathode ray tubes (€Rprojection
televisions (PTVs), fluorescent tubes, X-ray detectind field emission displays (FED). Very satisfay red and
green commercial materials are being producedcdnparable materials for the blue emission arklatking and
are under development for practical applicatidhsl]. Even in the paper industry, fluorescent dyes #tsorb UV
and emit in blue color are widely used as orgamitical brightening agents (OBA) and new inorgane® have
been under investigation. Concerning many of tlaggadications, such as FED and OBA, the availabditgystems
consisting of uniform particles in size and shapal$o an essential prerequisite for improved perémce, and new
synthetic routes are been developed in order tchréaese systems. Most recently Danielson €f5alinvented a
new blue luminescent material,,SeQ,, using combinatorial techniques. Not only that Hane phosphor was
prepared by different routes, such as conventiewild state reaction, chemical co-precipitationcnmvave
calcinations, pulsed laser deposition, polymeriecprsorsaand ultrasonic spray pyrolysis methdés10]. SLCeQ,
was found to exhibit efficient blue—white luminesce under excitation with UV light, cathode raysxerays. The
excited-state lifetime, electron spin resonancegmatic susceptibility and structural data suggest luminescence
of SLCeQ, originates from a ligand-to-metal Ce4+ chargegfan(CT).

In this work, fine particles of the blue phosphasC2Q, and, La, Eu rare earth ions dopedC®&Q, in different
concentrations are prepared via solid state methdda spectroscopic study is reported.
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MATERIALSAND METHODS

Analytical grade Strontium nitrate [Sr(N)g], Cerium oxide (Ceg), Lanthanum oxide (L#®3), Europium oxide
(Ew05)) of assay 99.9% were used as starting materdishe phosphor samples are prepared via solite sta
reaction method (SSR).

First we prepared undoped,SeQ, phosphor by weighing, mixing inorganic salts, Stiam nitrate [Sr(NQ),],
Cerium oxide (Ceg) in 2:1 molar ratio. We ground into fine powdeingsagate mortar and pestle about an hour.
The samples were fired at 1200 °C for 3 hours witieating rate of °&/min in a muffle furnace by keeping in an
alumina crucible closed with lid. In the same viay Eu rare earth ions doped and co- doped i6&, phosphor
concentration (0.5mol %) was prepared.

All the phosphor samples were characterized byy<diffraction using (Synchrotron Beam Indus -Pgrticle size
analysis was done using, laser particle size aisalMsalvern Instrument Ltd (U.K) and Photoluminesoerstudy
usingSpectrofluorophotometer (JOBIN VYON, Fluoromax-8¢orded at room temperature.

RESULTSAND DISCUSSION

3.1 Physical properties
After heating at 12ART and cooling to room temperature in the furnake,samples appears light cream in colour
and light hard crystalline into material was obgehvAll the samples were again ground to make powde

3.2 X-ray Diffractometry (XRD)

The phase and purity of the products were ideudtifig X-ray diffraction (XRD). XRD of the present ggphors
were done on Indus beam line-Il at RRCAT, Indonelia. The wave length of beam line X-ray is 0.895/&.1 is
the XRD pattern of undoped BeQ, phosphor. On comparison with literature most of leaks are matching and
the majority of the material is in single phase @dood agreement with the findings of the presiawrkers like
Chia-Hao-Hsu et al[11]. The calculated crystallite size using Scherddemula D =KA\Bcod for undoped
Sr,CeQis around ~ 9nm, for La doped A67.6nm and Eu doped A810nm. This confirms the formation of nano
phosphor, via solid state reaction method (SSR)

3.3 SEM Analysis

Fig.2 is the typical SEM photograph of the synthedi SyCeQy: La: Eu phosphor. The multi layered structure
was observed and the prominent characteristic #3e®): La: Eu crystal growth is the serious anisotrogriowth
rate. The growth rate along tlab plane is ~5 times larger than that along tkexis. This phenomenon can be
easily understood from the periodic bond chain (PBReory. The fundamental building units are in the
orthorhombic structure.

3.4 Photoluminescence analysis

Fig.3 shows the excitation spectrum of La, Eu aadEu doped $€eQ, blue phosphor which is monitored under
400nm wavelength. It is a broad excitation rangenf220 to 370 shows peaks around 250 and 365nm3@5em
peak belongs to crystal field.

Fig.4 shows the emission spectrum of La, Eu andLBudoped SCeQ, blue phosphor under 250nm excitation.
Pure SyCeQ, shows emission peak at 470nm with high intensitydoped sample shows peak at 470nm with less
intensity when compared with pure,SeQ,. The emission peaks of Eu doped sample are arousid486, 509, 536,
542, 556, 584, 589, 614, 617 and 632nm. This resutbmpared with the results of Rahul e{H]. Where as
emission spectrum of La: Eu when co-doped wit)fC80, phosphor shows the same peaks in addition a naw pe
around 601nm is observed with good intensitye corresponding energy along with the transitioas been shown

in table-1 Not only that as per the CIE co-ordinates (x=0)34).33) the sample emitting white light with good
intensity. It is also observed that the emissidangity at 470nm is decreases gradually as thenda@oscentration
increases. Under the excitation of 260nm all the@as shows the same peaks but the intensity s hig

3.5 Particle size analysis

The Rarticle size distribution histograms of thedoped SCe(Q, & La:Eu (0.5%) doped SeQ, particles as shown
in fig.5 & 6. The prepared phosphor specimen partiize was measured by using laser based systdwefda
Instrument U.K. The mean diameter of the particte ss follows. SCeQ,:26um, La: 18.3um, Eu: 17um and La:

Eu 27.28um from the above data the average particle dianmadt&turopium doped phosphor is L and the

crystallite size is around 10nm. As such many mdbacparticles agglomerate and from as a crystadlitd many
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crystallites together become a patrticle. In thespné case approximately 2000 crystallites (10nmggtieer forms a
particle of diameter is 1im in Eu doped $S€eQ, system.

3.6 CIE Coordinates

The CIE co-ordinates of (chart -1931) were cal@daby the Spectrophotometric method using the sgdestergy
distribution of the undoped £eQ, La doped SCeQ, Eu doped SCeQ, and La: Eu doped geQ, samples
shown in fig.7. The colour co-ordinates for the oped SyCeQ, samples are x = 0.16 and y = 0.18 this does not
match with the coordinates reported by Danielsaad.€ix = 0.20, y = 0.30)1B] and those of Jiang et al. (x =0.19, y
= 0.26) f14]. But these are closer to the values of Serrd. ¢ka 0.16, y = 0.21)15] andLiu et al.(x =0.15 and y
=0.27[16]. La doped SCe(,(0.5%) x = 0.16 and y = 0.19, Eu dopedCxQ, (0.5%) x = 0.268 and y = 0.31, and
Eu: La co-doped $€eQ,(0.5%) x=0.32 and y=0.33. This phosphor is hawrgellent colour tunability from blue

to cyan and emitting white light.

XRD Patren of Sr,CeO, Phosphor
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Fig.2: SEM image of La,Eu doped Sr,CeO,

125
Scholars Research Library



Ch. Atchyutha Raoet al Arch. Phy. Res,, 2012, 3 (2):123-129

1Ladoped sr,CeO,
—— 2 Eu doped sr,CeO,
—3 La:Eu doped sr,CeO)

Intensity(arb.u)

| Excitation spectrum

T T T T T T T T T
240 270 300 330 360
Wavelength(nm)

Fig.3: Excitation Spectrum of La (0.5%), Eu (0.5%) doped Sr,CeO4 & La: Eu(0.5%) doped Sr,CeO,
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Fig.4: Emission Spectrum of undoped Sr,CeO,, La (0.5%), Eu (0.5%) & La: Eu (0.5%) doped Sr,CeO,4 under
250nm excitation
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Table 1: Energy values of the corresponding transitions of Eu doped Sr,CeO,4 phosphor

Wavelength (nm)  Transitions Energy (eV)

466 D> R 2.657
490 DR, 2.528
509 D>, 2.429
536 D> 7R 2.307
542 D> 7R 2.281
556 DR, 2.228
584 D> "Fy 2.118
589 D>y 2.103
601 D> F, 2.063
616 *D>F, 2.015
619 *D>'F, 2.003
632 D> 7Fs 1.961

Volume (%)

10.0
Particle Diameter (ym.)

ilvern Instruments Ltd. Mastersizer Micro Ver. 2.19

Hvern, UK Serial Number: MAL1033413 ’
I:=+{44] (0)1684-892456 Fax:+{44] (0)1684-892789 ki

Fig.5: Particle size of undoped Sr,CeO;,
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Fig.6: Particle size of La:Eu (0.5%) doped Sr,CeO,
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Fig.7: CIE coordinates depicted on 1931 chart where (A) undoped Sr,CeO,, (B) La doped Sr,CeO,, (C) Eu
doped Sr,CeO, (D) La: Eu Co- doped Sr,CeO,

CONCLUSION

The present phosphor under study can be a goodrh&terial if one can get good semiconductor LED siaisin
the range 240-280nnThe XRD pattern of $€eQ, phosphor at 1206 shows the formation of a single-phase
compound. The calculated average crystallite sgirguscherrer’'s formula is ~9nm.This confirms tlena size.
The Commission International de I'Eclairage co-nadés are x = 0.16 and y = 0.18 for the undope@esy,
sample and x = 0.32 and y = 0.33 for the La: Eg{).60-doped SCeQ, sample. This confirms the PL studies&
CIE co-ordinates revels that the present phosphorbe a good blue emitting phosphor material farps and
white emitting phosphor for many display devices.
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