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Abstractd Powder samples of rare eartby**) ion doped strontium cerium oxide §SeQ,) were prepared by solid

state reaction method. The sampfieed at 1200°C for 3hwere characterized by-Fy diffraction (XRD), scanning

electron microscope (SEM), photoluminescence (PL) technique, Fourier Transform Infrared spectrometer (FTIR)
technique and Laser diffraction particle size analy${RD patternsdisclosed that theSr,CeQy:Dy*" phosphor

exhibited anorthorhombic crystal structuredRoom temperature photoluminescence (PL) analysis indicated that there
were three excitation peaks located at around 250, 260 and 270nm, and all the samples showsdhihteresrission

at 470nm and yellow emission at 575nm. SEM images showed that the sample fired@uE20bighly agglomerated

with multi layered structure. FTIR determined the chemical bonds in a molecule and the particle size distribution
histogram imlicated the mean diameter of sam@le. mmi ssi on i nternati orahatedad | 6dec
Sr,CeQ;:Dy** revealed that the emission varies from blue to orange with increasing of dysprosium concentration.

Keywordd Sr,CeQ,; Solid state reaction metHp blue emission; yellow emission; particle size distribution
histogram.

1. INTRODUCTION In this research article, we have stdlion the synthesis,
size, morphology and photoluminescence properties of

The development of phosphors for the three primafyure and DY ion doped SiCeQ, phosphors prepared by
colours attracts considerable interests in recent years diitid state reaction method in air 1200C. The prepared

to their potential technological applications sucth@$t  materials were characterized by XRD, FTIR, SEM,
performance fluorescent lights and higisolution paricle size distrilition histograms  and
display devices [B]. In the recent years, research on thghotoluminescence techniqueBL studies andCIE co
phosphors used for white LEDs has become a hot topigdinatesof Dy*'(0.5mol %) doped $€eQ, phosphor
and gained maturityWhen excited, the oxideased reveals thatthe emission colour varies from blue to

phosphors convert absorbed energy ialectromagnetic yellow. This phosphor has a good potential for
radiation in ultraviolet, visible, infrared regions, and thgechnological applications.

luminescence of rare earth based phosphors also permits

the development of trichromatic luminescence lighting 2. EXPERIMENTAL METHODS

1998, a blue phosphor compound,C3Q,, possessing

onedimensonal chain of edgsharing Ce® octahedra, Pure and dysprosium ion doped Sr,CeQ, were
was identified by Danielson and his -amrkers with synthesized by the conventional solid state reaction
combinatorial chemistry [4]. It exhibited a biwehite method.The dopant concentration 8r,CeQ,:Dy** varied
emission band that peaks at 485 nmder 254 nm from 0.0:31.0 mol% rangé&trontium Nitrate Sr(Ng),
excitation. The luminescence was suggested to originaassay(99.995%) Sigm@ldrich Chemie Inc,Germany,
from a ligangto-metal C& charge transfer. In addition, it Cerium oxide (Ce§) assay (99.5%)Dysprosiumoxide

has been established thatSp,CeQ, exhibits (Dy,Os;) assay (99.9%), National Chemicals, Nutan
photoluminescence under excitation with irradiation oGujarat Industrial Estate, Vadodara, India, were used as
ultra violet rays [5, 6]Sr,CeQ, phosphor has been widely starting materials to prepare pure &wf" doped SiCeQ,
studied because of its importance ie thealization of a phosphors. The stdiometric mixture(Sr /Ce 2:1) of

new generation of optoelectronic and displaying devicethese staring materials were thoroughly homogenized in
Recently, some groups began using all kinds of methoea agate mortar and pestle for 1hr and then put into an
to fabricate this promising material and research itslumina crucible Different samples were obtained after
luminescent properties {¥0]. subsequent thermal treatment at 1£0for 3 h in muffle
furnace in air with a heating rate of3min. Finally the
samples were allowed to cool down to room temperature
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for about 20h.All the samples were again grouimto region which extends from 38860nm with a pek at
fine powder using agate mortar and pestle about an houAd70nm with the full width at half maximum (FWHM)
value of 80nm. The emissidband can be assignedftoY
To identify the crystal phase, -¥ay diffraction (XRD) t,g transitions ofCe"* ions. The Stokes shift is 8936¢m
analysis was carried out with gowder Xray ‘determined from the difference between the first
diffractometer (Indus beam lindl (ADXRD BL-12), excitation maximum (250nm) and the emission maximum
RRCAT, Indore, India). The electron source size at thig70nm). From the literatures it has been known that a
port is approximately 0.5mm (H) x 0.5 mm (v). The beamypical Stokes shift for a charge trées(CT) transition
accepance of the beam line is 2mrad (H) x 0.2mrad (V)on a rare earth ion ranges from 4000 (0.5 eV) up to
The microstructures of the samples were studied using1Z000 cmt* (2.1 eV) [15,16]. The FWHM ofhe charge
scanning electron microscope (SEXL 30 CP Philips). transfer (CT) emission is typically between 3000tm
Thescanning ont i nues time is 1M®37 ey mAd 6000 dhad@eev) B7].fIH @un
15 to 60. The FTIR spectra were recorded in an FTIRxperiment, the Stokes shiind the FWHM fall within
spectrometerlRAffinity -1) in the range from 500 to 4000 the range expected for charge transfer (CT) transitions in
cm ™. The particle size analyses of the phosphors were yghich the C& ions are involved.The shape of the
solid state method obtained ataser baed particle sizeé emission spectra and emission peak wavelength is
analyzer (Malvern Instrument Ltd (U.K). The independent of the excitation wavelengths. This is mainly
photoluminescence (PL) emission and excitation spectsae to the barge transfer of the ¢& O ligand as
were recorded with a pectrofluorophotometer described by Danielson et al [14].
(SHIMADZU, RF-5301 PC) equipped with a Xenon lamp

as excitation sourceAll the spectra wereecorded at 600 —

room temperatureEmission and excitation spectra were _gif'ctzgo";y‘fgg‘;‘/”)‘ 7

recorded using a spectral slit width of 1.5 nm. The  s00{  3s/ce0.Dy01% A76nm

Commi ssi on I nternational d e |—l4ddkoozni 1l aspe ( Gl E) co

—— 5 Sr,Ce0,:Dy(0.5%)
— 6 Sr,Ce0,:Dy(1.0%)
1~ 7 Sr,CeO,:Pure

300

ordinates were calculated by the spectrophotometric 4004
method using the spectral energy disition. The
chromatic coordinatesxy) of prepared materials was
calculated with colour calculator version 2, software from
Radiant Imaging [11].
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3. RESULTS AND DISCUSSION

100 4 Excitation Emission
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3.1 PL Behaviors of Pure and Dy" (0.5 Mol %)
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PL excitaion and emission spectra of pure and®Dy Wavelength(nm)

doped SsCeQ, phosphor as shown in fig.1. The excitation Fig. 1: Excitation and emission spectra of pure and DY
spectrum of pure $€eQ, was characterized by a broad doped S,CeO, phosphorheated at 1208 . [=260nm]
band ranging from 22890nm with peaks at 250nm,260
and 370nm.This band could be assigned to the transi A series of SiICeQ:Dy*" phosphors with wious Dy
t,Yf, where f is the | owe sconcegtsationst(®0d, 04,M0&r0peand 10mel §of were st
of Cé" ion and 1, is the molecular orbital of the prepared and the effect of Bigoncentration on the
surrounding ligand in six fold oxygen coordinationemission intensity was investigated. Fig.1 shows PL
[6,12,13]. In SsCeQ; the C&" ion is in the oxidation state excitation and emission spectra of Dyloped SiCeQ,
and the 4f shell is emptyn SrCeQ, two kinds of cé&" with different concentrationsngler 260nm excitation. The
ions exist, thats, there are two different bond lengths ofexcitation spectrum of Dy doped SiCeQ, was also
Cée"'- 0% in the lattice [14].Considering the edge sharedcharacterized by a broad band ranging from 220 to 390nm
octahedral (Ceg) structure, the strong excitation band awith peaks at 250nm, 260nm and 270nm. All samples
260nm is assigned to the charge transfer fromaxial showed two emission peaks. One peak is centered at
O? to the?Fs, of the C&" ions, whereas the shoulder at476nm (blue) and othepeak is at 575nm (yellow). They
370nm is ascribed to charge transfer from the equatorile assigned to the'Fo,Y *His, and “FonY *Higp
O% to the same energy level of the “tdon. The transitions in D9+ respectively. The result indicate the
luminescent characteristics of the particles depend on pgesence of energy transfer from the triplet excited state
size and other propées including the degree of of the metal to ligand charge transfer (MLCT) state for
crystallization, defects and the valence state of the dop8&CeQ (sensitizer) to DY (activator). The position of
activator ions. the emission peaks of If)*yioped SiICeQ, phosphor is
well resolved and but not influenced by Ty
When excited with the radiation of wavelength 260nmgoncentration and excitation wavelengths. But the
pure Sr,CeQ, phosphor emits a broad band in the bluemission intensity increases with increasing *Dy
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concentration and reaches the maximum at abottt calculate the lattice parametditse crystallographic
0.5mol% concentration. Quenching occurs, when th& Dyunit cell paameters of purér,CeQ, phosphorlisted in
concentration is above 0.5mol%. The excitation peak @@blel. The calculated lattice parameter of sample is less
260nm is away from UV excitation and it is used for solidvhen compared with cell constants of standard values.
state lighting in lamp industry. The etation spectrum in The reduction in unit cell volume was observed, showing
therange 22390 nm consi sts of tthe distoftion ¥f thé lattice impu@r,CdOj. on o f

the Dy** ion. Dy** electronic transitions ofFg,Y ®His)
and “Fo,Y ®Hys, around 476nm and 575nm are due to
magnetic dipole origin and electric dipole origin. 3501 1 Sr.Ce0,Pure

2 sr,CeO,:Dy

400

300 4
3.2 Crystal Structure, Morphology and Size of Pure = 250
and Dy3" DopedSr,CeQ,

The cystal structure of pure and Dy'doped
SrCeQphosphors were shown in fig.Zhe compound

U

200 o

150 4

Intensity (arb
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possesses ofdimensional chain structure of edge 1

sharing Ce@ octahedron. There are two molecules per ]

unit cell. Each cerium atom is coordinated by six oxygen D
atoms.These octahedrons present two trgersinal Cé 2q

01 perpendiculgrs to the plane defined by four equatoriahg_ 3: X-ray powder diffraction pattern of pure and Dy®*

02 atoms, while the C®1 bonds are ab o utgsyh-oddoped§,Ce, phosphor

shorter than the C©2 bonds[18]. The luminescent

mechanism of this phosphor is based on ligaathetal, The crystallite size of thpure and DY’ (0.5mol%) doped
chargetransfer (CT) transitionfrom O? to Cé *and not Sr.CeQ, phosphomvere determined from the XRD pattern

arising from C& defect centers. This charge transfeparameters using Sahe er 6s equakebnd [ 19
results in the lower coordination number terminal @ o swhere R is the average crystallite size, k is the

atoms associated with the ledimensional structure in Sc h e rcroenrsétsa n t equal to 0.914, ¢
combination with an adjacer®e'* center. InSr,CeQ,, the Xray (0.85924), b i swidth fatehalffmaxima

there are two different bond lengths*Cé O in the (FWHM)andd i s the Bragg amwmfgle (d
lattice. These results match with the structureSefCeQ, the XRD peak The calculated average crystallite size of

in solid state. pure SyCeQ, and SCeQ;: Dy3+ (0.5mol %)are 9nm and

7.4nm respectivelyThis confirms the formation of nano
crystallite phosphors via solid state reaction method.

Scanning electron micrograph ages of the solidtate
derived pure and DY (0.5mol %) doped SiCeQ

phosphor heated at 1@ Fromfig.4 it is clearly shows
that good dispersion and small particle siagying from

609nm to 1.76ém for Sr,CeQ, phosphorand 875nm to
1.75¢ m Dy3"1(0.5 mol %)doped SiCeQ, phosphor.

The paricle size distribution histograms 8f,CeQ;: Dy**
phosphomwhich was synthesized using solid state reaction
method is illustrated in Fig.5.The mean diameter of the
particle of pure SE€eQ, phosphori s 26egm and
Sr,CeQ:Dy*"is3 2 ¢ m.

(b) FTIR analysis was carried out to determine the chemical
] bonds in a molecule. Fig.6 shows the FTIR spectrum of
Fig. 2: The crystal structure of pure S,Ce0Q, (a) and pure and D§/+ (0.5mol %) doped $EeQ, phosphor

3+
Dy™(0.5mol %) dopedSr.CeQ,phosphor (b) heated at 120@. From FTIR spectrum, it was observed

that almost all peak of pure and DY doped SiCeQ
phosphorare same, with variation in intensity. The peak
at 3558crit is assigned to HD-H stretching vibration of
Ocrystal water or lattice water with medium intensity. The
sample might have absorbed moisture from the

The typical XRD patterns of pure and Pyion doped
Sr,CeQ, phosphors were shown in fig.3.All the diffraction
peaks were well indexed on the basis lofernational
Centre for Diffraction Data (ICDD) database car
number3500115,89554_6 N.O otherphase was observed atmosyhere. The peak at 2969¢ns the stretching band
in the XRD spectra, indicating that the prepared samplta? the molecules of lattice water with medium intensity.

are single phasef orthorhombic structureand well The peaks at 1562¢h 1444crit, 1070crt, 860t are
crystallized [4, 6].The XRDA 3.1 software has been usedassigpned to stretching characte'ristics of é;CO
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Fig. 4: The SEM image of pure [a] [b] and Sr,CeO;;

Dy(0.5mol %) phosphor [c] [d]

@

(b)

Fig. 5: Particle size of pure and SyCeO, phosphor (a) and
Sr,CeO,: Dy phosphor (b)

Fig. 6: FTIR Spectrum of pure and Dy** (0.5mol %) doped
Sr,CeO, phospha

The CIE ceordinates of (chartl931) were calculated by
the Spectrophotometric method using the spectral energy
distribution of pure SCeQ, and D;?+ doped SiICeQ,
phosphor at different concentrations (0.01, 0.2, and
0.5mol %) shown in fig.7. The colao-ordinates fopure
Sr,CeQ, sample (A) are x = 0.208 and y = 0,2By**
doped SiCeQ, (0.01%) sampléB) are x = 0.428 and y =
0.496, Dy" doped SjCeQ (0.2%) sampleC) are x =
0.464 and y = 0.512, BY doped SiCeQ, (0.5%)
sampléD) are x = 0.479 and y 0.520. From theid.7, it

was observed that the emission varies from blue to yellow
and then to orange with increasing of thgsmgrosium
concentration [227].
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