Available online at www.der phar machemica.com

B xMac, =
| o
ScholarsResearch Library Q ﬁ)ﬁ
Scholars Research = & i
Der Pharma Chemica, 2011, 3 (6):174-181 I'_ W _'I
(http://derpharmachemica.com/archive.htrr
I SSN 0975-413X

CODEN (USA): PCHHAX

Synthesis, Characterization and Photoluminescence study of
Sr,Ce0,:Eu’* phosphor

Ch. AtchyuthaRao’, K. Suresh’, K. V. R. Murthy? and N. V. Poor nachandra Rao®

"Department of Physics, VRS & YRN College, Chiral®, India
!Department of physics, CSR Sarma, College, Ongofe, India
“DisplayMaterials Laboratory, Applied Physics DepartmerdagcBlty of Technology &
Engineering, M.S University of Baroda, Baroda, bndi
3NVR College of Engineering and Technology, Teaiitur District, A.P, India

ABSTRACT

Photoluminescence studies of undoped 80, phosphor and Eu rare earth ion dopedGeQ,
phosphor with different concentrations are reporiedhe present paper. All the samples were
prepared through standard solid state reaction rmodthAnalytical grade inorganic salts like
Sr(NG;),, CeQ and EyO; were used as raw materials of assay 99.9%. All riéguired
chemicals were weighed in molar ratio 2:1 and thaybly mixed in agate mortar and pestle.
The final mixture was heated at 1200 °C for 3 houa muffle furnace with heating rate of
5°C/min. The XRD study reveals the formation ofrttagerial mostly in single phase and also
particle size was measured by using laser basetersysThe Commission International de
I'Eclairage coordinates of undoped £eQ,is x = 0:158 and y= 0:192, and Eu doped:CeQ,
(0.1%, 0.5%, 1%) are x = 0.174 and y = 0.143, x 280and y = 0.28, x=0.425 and y=0.241.
The PL was recorded with 250nm excitation and theemission was observed at 470 for pure
specimen, when the excitation is changed to 26@enemission did not change but the intensity
is increased by 40%. From this study it can bermgfd the solid state reaction method is
adequate for synthesis of,8eQ, nano crystallite phosphors. This phosphor can seful for
many display applications.

Keywords. Photoluminescence; Solid state reaction methodsptiar; Nano particle.

INTRODUCTION

Recently various phosphor materials have been dygtiinvestigated to improve their
luminescent properties and to meet the developmérdifferent display and luminescence
devices. Inorganic compounds doped with rare darth form an important class of phosphors
as they possess a few interesting characteristich as excellent chemical stability, high
luminescence efficiency, and flexible emission celwith different activators [1, 2]. As a new
blue luminescent material, &eQ, phosphor has been widely studied since it was dooy
combinatorial chemistry method in 1998 [3, 4],8#Q, consists of infinite edge-sharing C&O
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octahedral chains separated by Sr atoms. The lsoenee originates from a ligand-to-metal
Cé" charge transfer. The broad emission band (at#%unh) is suitable for the doping of rare
earth ions in pursuing new luminescent materiats ssme research work has been carried out
by traditional solid-state reaction [5, 6], nam#lg metal oxides are used as precursors and the
reaction reagents have to be calcined at very tagiperature for a long time. Growing interest
has been focused on the synthesis and investigafitime properties of rare earth ions doped
SrCeQ,, which has been synthesized by many wet chemistries, including emulsion liquid
membrane system [7], co precipitation processgd8$embling hybrid precursors [9] and citrate-
gel method [10]. Sol-gel process is well acceptedaaypical strategy to prepare nano scale
complex oxides [11, 12]. In this study we presentexistandard Solid state reaction method for
the preparation of series of various concentratiohshe rare earth ions doped.GeQ, at
1200C temperature. The effect of calcinations tempeeatand different amounts of doping
ions on the structural, morphology and luminesgenperties were investigated. The obtained
phosphors were characterized by different techisique

MATERIALSAND METHODS

Analytical grade Strontium nitrate [Sr (NJg, Cerium oxide (Ceg and Europium oxide
(Ew0s3) of assay 99.9% were used as starting materidlghé phosphor samples are prepared
via solid state reaction method (SSR). First wepgred undoped SteQ, phosphor by
weighing, mixing inorganic salts, Strontium nitrd@r (NGs),], Cerium oxide (Ceg@) in 2:1
molar ratio. We ground into fine powder using agatertar and pestle about an hour. The
samples were fired at 1200 °C for 3 hours with a@ihg rate of 8C/min in a muffle furnace by
keeping in an alumina crucible closed with lidthe same way Eu rare earth ion dopesL80,
phosphor at 0.1, 0.5 and 1.0% concentrations wesaped.

All the phosphor samples were characterized by Wdidffraction using (Synchrotron Beam
Indus -II), Particle size analysis was done uslaggr particle size analysis Malvern Instrument
Ltd (U.K), CIE analysis and the Photoluminescerfek) (emission and excitation spectra were
measured by Spectrofluorophotometer (SHIMADZU, R®5b PC) using Xenon lamp as
excitation source, recorded at room temperature.

RESULTSAND DISCUSSION

3.1 Physical properties

After heating at 120 and cooling to room temperature in the furnabe, samples appears
light cream in color and light hard crystallineannaterial was observed. All the samples were
again ground to make powder.

3.2 X-ray Diffractometry (XRD)

The crystalline structure of the powders was areylay X-ray powder diffraction (XRD)he
present XRD phosphors were done on Indus beanllliaeRRCAT, Indore, India. The wave
length of beam line X-ray is 0.895A. Fig.1 is th&®X pattern of undoped $eQ, phosphor.
The crystalline phases were identified with thesinational Centre for Diffraction Data (ICDD)
database card number 89-5948]. All the diffraction peaks were well indexed anahfirms
the SpCeQ, single phase. It clearly indicates that the hesdtinent temperature and time were
sufficient to form single phaseThe calculated crystallite size using Schereismila
D=K.\\Bcod®, where k the constant (0.94)the wavelength of the X-ray (0.895 A the full-
width at half maxima (FWHM) (0.53}) the Bragg angle of the XRD big peak, @28.99 and
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for undoped SCeQ,is around ~9nm and Eu doped&eQ, is around 12nm. This confirms the
formation of nano crystallite phosphor, via solidts method
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Fig.1: XRD Pattern of Sr,CeO,

3.3 SEM Analysis

Fig.2 shows the SEM image of Eu dopedC&Q, phosphor, the morphology look like baby
cornflake structure having length of 5um and di@neéd00nm, which are agglomerated
randomly.

AccV  Spot Magn Det WD Exp
30.0kv 3.0 5000x %E 88 1 ISUD.RRCAT. Indore

Fig.2: SEM image of Sr,CeO,

3.3 Photoluminescence Study

Fig.3 shows PL emission spectrum of undopegC&D, phosphor, it is observed that under
250nm excitation, phosphor shows broad emissiom f8%0 — 650 peaking at 470nm. This
broad band is due to—t,g transitions of C¥ [3] as shown in fig.10. When excitation was
varied from 250 to 260, the observed emission meséut intensity is high. The observed
emission at 370nm with good intensity is due todtyestal field.
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Fig.3: Excitation and emission spectra of undoped Sr,CeO, phosphor

Fig.4, 5 and 6 are the Eu (0.1, 0.5 & 1%) dope£&D, under excitation of 250 & 260nm. The
blue emission band at 467 nm is attributed to t66-@7 charge transfer transitions in,SeQ,
host. After doping 0.5 mol% Elj the phosphors shows white emission due to thelapvef
host blue emission band and*Eintra- 4f lines.
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Fig.4: Excitation and emission spectra of Eu (0.1%) doped Sr,CeO, phosphor

The SpCeQ, phosphor doped with BU(0.1, 0.5 & 1%) excited under 250nm wavelength show
main emission peaks at 467, 491, 511, 538, 557 aB87616nm. The emission spectra of Eu
contain not only the characteristic transition $irieom the lowest excitetDolevel but also those
from higher energy leveRD; and’D,. As the Ed" concentration increases, the relative intensity
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of both°Dy—F; transition at 587 nm and thB,—'F, transition at 616 nm increased whereas

the intensity ofDo— 'F; and’D;, °D,—F; transition decreased. This observation suggests tha

most of Ed* ions are located in a site without inversion syrmneAt Eu** concentration above

5 mol %, phosphors have a red emission spectrarpatiue to the vanishing of blue emission

and the dominance oDy—'F, transition. The PL emission intensity vs waveléngf the

phosphors studied are presented in table 1. Talsleo®/s the energy values of corresponding

transitions.

PL Intensity(arb.u)
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Fig.5: Excitation and emission spectra of Eu (0.5%) doped Sr,CeO, phosphor
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Fig.6: Excitation and emission spectra of Eu (1%) doped Sr,CeQ, phosphor
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Table-1: Peak intensity of a particular Table-2: Energy values of the corresponding

colour wavelength transitions

S |y (nm) El; El(J) EOU ;I'ransit7ion Wavelength (hm) Energy (&n
No (0.1%) | (0.5%) | (1%) D, — 'Fy 467 21459
1 467 826 609 336 °D, - 'F, 491 20408
2 491 609 414 214 °D, — 'F, 511 19646
3 511 471 336 184 D, > 'R, 538 18726
4 537 370 287 206 °D; - 'F, 557 18018
5 558 172 133 93 Dy — 'F; 587 17123
6 587 145 121 113 °Dy — 'F, 617 16207
7 616 93 93 155

These above PL observed luminescent propertieslageto low vibration energy of £eQ,
host lattice and different energy transfer prodes® host to dopant. The high efficiency energy
transfer allows us to expect that theGQ, crystal structure could form the base for the ttoea
of phosphors with different spectral emissipié-19].

3.4 Thermoluminescence study

Thermoluminescence (TL) of prepared phosphor wadiest using the equipment described by
Murthy et al [18]. TL of all the phosphors is stediwith beta dose of 10Gy given prior to TL
recording. Every time for TL measurement 5mg oddrated weighted powder phosphor was
taken. There is no TL observed, irradiated usin@®B source, because may be the formed
compounds are in hano crystallite form.
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chart undoped Sr,CeO, phosphor chart where A=0.1%, B=0.5% & C=1%
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3.5 CIE Coordinates

The CIE co-ordinates of (chart -1931) were caladaby the Spectrophotometric method using
the spectral energy distribution of undopedC®0Q, and Eu doped Z€eQ, sample is shown in
fig.7 & 8. The color co-ordinates for the undopeadC&Q, sample are x = 0.158 and y = 0.192
this does not match with the coordinates reporieBdmielson et al. (x = 0.20, y = 0.3(3J and

179
www.scholarsresearchlibrary.com



Ch. Atchyutha Rao et al Der Pharma Chemica, 2011, 3 (6):174-181

those of Jiang et al. (x = 0.19, y = 0.28)]. But these are closer to the values of Serra ¢ a
0.16, y = 0.21). Eu doped £reQ, (0.1%, 0.5%, 1%) samples are x = 0.174 and y =3).44
0.26 and y = 0.28, x=0.425 and y=0.241. This phosghhaving excellent color tunability from
blue to red and emitting white light.

3.6 Particle size analysis

The patrticle size distributation histogram of uneédBsCeQ, and Eu doped ZTeQishows in
fig.9 & 10. The prepared phosphor specimen parscte was measured by using laser based
system Malvern Instrument U.K. The mean diameter tlod particle size of undoped
SrCeQis26um and Eu doped ZeQijis 17um,from the above data the average particle
diameter of Europium doped phosphor isuti7and the crystallite size is around 12nm.As such
many molecular particles agglomerate and from asystallite and many crystallites together
becomes a patrticle. In the present case approXyr2@80 crystallites (12 nm) together forms a
particle of diameter is 1um in Eu doped $S€eQ, system.
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Fig.9 Particle size distribution histogram Fig.10 Particle size distribution of
undoped Sr,CeO, histogram of Eu doped Sr,CeO,
CONCLUSION

Superfine SiCeQ:EL®" phosphor was successfully prepared by solid sestetion method and
the preparation temperature was lowered from &t 18800 to 1200°C and got single phase
phosphor. The $€eQ;:EU** emission could be tuned from blue to white andligitt by varying
the concentration of Bl thereby controlling the emission intensity ratib tmst and RE'
transitions. The mean diameter of the particle Sg€eQ, is 26um and doped with Eu is i
which led as to conclude the Eu doped host redtleesaverage particle size. The calculated
average crystallite size using Scherer’'s formula~i®nm. This method is easy for the
preparation of $S€eQ;:RE** phosphors and can be potentially applied to tmthsgis of other
high quality rare earth ions doped oxides phosphaterials with micro/nano structure. This
phosphor can be useful in many lamps and displaicee.
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