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Abstractð Powder samples of rare earth (Dy
3+

) ion doped strontium cerium oxide (Sr2CeO4) were prepared by solid 

state reaction method. The samples fired at 1200
0
C for 3h were characterized by X-ray diffraction (XRD), scanning 

electron microscope (SEM), photoluminescence (PL) technique, Fourier Transform Infrared spectrometer (FTIR) 

technique and Laser diffraction particle size analysis. XRD patterns disclosed that the Sr2CeO4:Dy
3+

 phosphor 

exhibited an orthorhombic crystal structure. Room temperature photoluminescence (PL) analysis indicated that there 

were three excitation peaks located at around 250, 260 and 270nm, and all the samples showed intensely blue emission 

at 470nm and yellow emission at 575nm. SEM images showed that the sample fired at 1200
0
C was highly agglomerated 

with multi layered structure. FTIR determined the chemical bonds in a molecule and the particle size distribution 

histogram indicated the mean diameter of sample.Commission international de lôeclairage (CIE) co-ordinates of 

Sr2CeO4:Dy
3+

 revealed that the emission varies from blue to orange with increasing of dysprosium concentration.  

Keywordsð Sr2CeO4; Solid state reaction method; blue emission; yellow emission; particle size distribution 

histogram. 

1. INTRODUCTION 1 

The development of phosphors for the three primary 

colours attracts considerable interests in recent years due 

to their potential technological applications such as high-

performance fluorescent lights and high-resolution 

display devices [1-3]. In the recent years, research on the 

phosphors used for white LEDs has become a hot topic 

and gained maturity. When excited, the oxide-based 

phosphors convert absorbed energy into electromagnetic 

radiation in ultraviolet, visible, infrared regions, and the 

luminescence of rare earth based phosphors also permits 

the development of trichromatic luminescence lighting. In 

1998, a blue phosphor compound, Sr2CeO4, possessing 

one-dimensional chain of edge-sharing CeO6 octahedra, 

was identified by Danielson and his co-workers with 

combinatorial chemistry [4]. It exhibited a blueïwhite 

emission band that peaks at 485 nm under 254 nm 

excitation. The luminescence was suggested to originate 

from a ligand-to-metal Ce
4+ 

charge transfer. In addition, it 

has been established that Sr2CeO4 exhibits 

photoluminescence under excitation with irradiation of 

ultra violet rays [5, 6]. Sr2CeO4 phosphor has been widely 

studied because of its importance in the realization of a 

new generation of optoelectronic and displaying devices. 

Recently, some groups began using all kinds of methods 

to fabricate this promising material and research its 

luminescent properties [7-10].  

                                           
* Corresponding Author Email: atchyyuth@gmail.com 

In this research article, we have studied on the synthesis, 

size, morphology and photoluminescence properties of 

pure and Dy
3+

 ion doped Sr2CeO4 phosphors prepared by 

solid state reaction method in air at 1200
0
C. The prepared 

materials were characterized by XRD, FTIR, SEM, 

particle size distribution histograms and 

photoluminescence techniques. PL studies and CIE co-

ordinates of Dy
3+

(0.5mol %) doped Sr2CeO4 phosphor 

reveals that the emission colour varies from blue to 

yellow. This phosphor has a good potential for 

technological applications.  

2. EXPERIMENTAL METHODS   

Pure and dysprosium ion doped Sr2CeO4 were 

synthesized by the conventional solid state reaction 

method. The dopant concentration in Sr2CeO4:Dy
3+

 varied 

from 0.01-1.0 mol% range.Strontium Nitrate Sr(NO3)2 

assay(99.995%) Sigma-Aldrich Chemie, Inc,Germany, 

Cerium oxide (CeO2) assay (99.5%), Dysprosium oxide 

(Dy2O3) assay (99.9%), National Chemicals, Nutan 

Gujarat Industrial Estate, Vadodara, India, were used as 

starting materials to prepare pure and Dy
3+ 

doped Sr2CeO4 

phosphors. The stoichiometric mixture (Sr /Ce, 2:1) of 

these staring materials were thoroughly homogenized in 

an agate mortar and pestle for 1hr and then put into an 

alumina crucible. Different samples were obtained after 

subsequent thermal treatment at 1200
Ǔ
C for 3 h in muffle 

furnace in air with a heating rate of 5
Ǔ
C/min. Finally the 

samples were allowed to cool down to room temperature 
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for about 20h. All the samples were again ground into 

fine powder using agate mortar and pestle about an hour.  

To identify the crystal phase, X-ray diffraction (XRD) 

analysis was carried out with a powder X-ray 

diffractometer (Indus beam line-II (ADXRD BL -12), 

RRCAT, Indore, India). The electron source size at this 

port is approximately 0.5mm (H) x 0.5 mm (v). The beam 

acceptance of the beam line is 2mrad (H) x 0.2mrad (V). 

The microstructures of the samples were studied using a 

scanning electron microscope (SEM) (XL 30 CP Philips). 

The scanning continues time is 10s, and 2ɗ range is from 

15 to 60
o
. The FTIR spectra were recorded in an FTIR 

spectrometer (IRAffinity -1) in the range from 500 to 4000 

cm 
-1
. The particle size analyses of the phosphors were in 

solid state method obtained at a laser based particle size 

analyzer (Malvern Instrument Ltd (U.K). The 

photoluminescence (PL) emission and excitation spectra 

were recorded with a spectrofluorophotometer 

(SHIMADZU, RF-5301 PC) equipped with a Xenon lamp 

as excitation source. All the spectra were recorded at 

room temperature. Emission and excitation spectra were 

recorded using a spectral slit width of 1.5 nm. The 

Commission International de lôEclairage(CIE) co-

ordinates were calculated by the spectrophotometric 

method using the spectral energy distribution. The 

chromatic coordinates (x, y) of prepared materials was 

calculated with colour calculator version 2, software from 

Radiant Imaging [11]. 

3. RESULTS AND DISCUSSION  

3.1 PL Behaviors of Pure and Dy
3+ 

(0.5 Mol %) 

Doped Sr2CeO4 Phosphor  

PL excitation and emission spectra of pure and Dy
3+

 

doped Sr2CeO4 phosphor as shown in fig.1. The excitation 

spectrum of pure Sr2CeO4 was characterized by a broad 

band ranging from 220-390nm with peaks at 250nm,260 

and 370nm.This band could be assigned to the transition 

t1gŸf, where f is the lowest excited charge transfer state 

of Ce
4+

 ion and t1g is the molecular orbital of the 

surrounding ligand in six fold oxygen coordination 

[6,12,13]. In Sr2CeO4, the Ce
4+

 ion is in the oxidation state 

and the 4f shell is empty. In Sr2CeO4, two kinds of Ce
4+

 

ions exist, that is, there are two different bond lengths of 

Ce
4+

- O
2-
 in the lattice [14]. Considering the edge shared 

octahedral (CeO6) structure, the strong excitation band at 

260nm is assigned to the charge transfer from the axial 

O
2-
 to the 

2
F5/2 of the Ce

4+
 ions, whereas the shoulder at 

370nm is ascribed to charge transfer from the equatorial 

O
2- 

to the same energy level of the Ce
4+

 ion. The 

luminescent characteristics of the particles depend on its 

size and other properties including the degree of 

crystallization, defects and the valence state of the doped 

activator ions.  

When excited with the radiation of wavelength 260nm, 

pure Sr2CeO4 phosphor emits a broad band in the blue 

region which extends from 350-650nm with a peak at 

470nm with the full width at half maximum (FWHM) 

value of 80nm. The emission band can be assigned to fŸ 

t1g transitions of Ce
4+

 ions. The Stokes shift is 8936cm
ï

1
determined from the difference between the first 

excitation maximum (250nm) and the emission maximum 

(470nm). From the literatures it has been known that a 

typical Stokes shift for a charge transfer (CT) transition 

on a rare earth ion ranges from 4000 cm
ï1

 (0.5 eV) up to 

17000 cm
ï1 

(2.1 eV) [15,16]. The FWHM of the charge 

transfer (CT) emission is typically between 3000cm
ï1

 

(0.37 eV) and 6000 cm
ï1

 (0.74 eV) [17]. In our 

experiment, the Stokes shift and the FWHM fall within 

the range expected for charge transfer (CT) transitions in 

which the Ce
4+

 ions are involved. The shape of the 

emission spectra and emission peak wavelength is 

independent of the excitation wavelengths. This is mainly 

due to the charge transfer of the Ce
4+
ï O

2-
 ligand as 

described by Danielson et al [14]. 
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Fig. 1: Excitation and emission spectra of pure and Dy3+ 

doped Sr2CeO4 phosphor heated at 12000c [ɚex=260nm]  

A series of Sr2CeO4:Dy
3+

 phosphors with various Dy
3+

 

concentrations (0.01, 0.1, 0.2, 0.5, and 1.0mol %) were 

prepared and the effect of Dy
3+

concentration on the 

emission intensity was investigated. Fig.1 shows PL 

excitation and emission spectra of Dy
3+

 doped Sr2CeO4 

with different concentrations under 260nm excitation. The 

excitation spectrum of Dy
3+

 doped Sr2CeO4 was also 

characterized by a broad band ranging from 220 to 390nm 

with peaks at 250nm, 260nm and 270nm. All samples 

showed two emission peaks. One peak is centered at 

476nm (blue) and other peak is at 575nm (yellow). They 

are assigned to the 
4
F9/2Ÿ

6
H15/2 and 

4
F9/2Ÿ

6
H13/2 

transitions in Dy
3+ 

respectively. The result indicate the 

presence of energy transfer from the triplet excited state 

of the metal to ligand charge transfer (MLCT) state for 

Sr2CeO4 (sensitizer) to Dy
3+

 (activator). The position of 

the emission peaks of Dy
3+

doped Sr2CeO4 phosphor is 

well resolved and but not influenced by Dy
3+

 

concentration and excitation wavelengths. But the 

emission intensity increases with increasing Dy
3+
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concentration and reaches the maximum at about 

0.5mol% concentration. Quenching occurs, when the Dy
3+

 

concentration is above 0.5mol%. The excitation peak at 

260nm is away from UV excitation and it is used for solid 

state lighting in lamp industry. The excitation spectrum in 

the range 220-390nm consists of the f Ÿ f transition of 

the Dy
3+

 ion. Dy
3+

 electronic transitions of 
4
F9/2Ÿ

6
H15/2 

and
 4

F9/2Ÿ
6
H13/2 around 476nm and 575nm are due to 

magnetic dipole origin and electric dipole origin. 

3.2 Crystal Structure, Morphology and Size of Pure 

and Dy3
+ 
Doped Sr2CeO4 

The crystal structure of pure and Dy
3+

doped 

Sr2CeO4phosphors were shown in fig.2. The compound 

possesses one-dimensional chain structure of edge-

sharing CeO6 octahedron. There are two molecules per 

unit cell. Each cerium atom is coordinated by six oxygen 

atoms. These octahedrons present two trans-terminal Ceï

O1 perpendiculars to the plane defined by four equatorial 

O2 atoms, while the CeïO1 bonds are about 0.1 Aę 

shorter than the CeïO2 bonds [18]. The luminescent 

mechanism of this phosphor is based on ligand-to-metal, 

charge-transfer (CT) transition, from O
2- 

to Ce
4 +

 and not 

arising from Ce
3+ 

defect centers. This charge transfer 

results in the lower coordination number terminal O 

atoms associated with the low-dimensional structure in 

combination with an adjacent Ce
4+ 

center. In Sr2CeO4, 

there are two different bond lengths Ce
4+ 
ï O

2-
 in the 

lattice. These results match with the structure of Sr2CeO4 

in solid state. 
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Fig. 2: The crystal structure of pure Sr2CeO4 (a) and 

Dy3+(0.5mol %) doped Sr2CeO4phosphor (b) 

The typical XRD patterns of pure and Dy
3+

 ion doped 

Sr2CeO4 phosphors were shown in fig.3.All the diffraction 

peaks were well indexed on the basis of International 

Centre for Diffraction Data (ICDD) database card 

numbers 50-0115, 89-5546. No other phase was observed 

in the XRD spectra, indicating that the prepared samples 

are single phase of orthorhombic structure and well 

crystallized [4, 6]. The XRDA 3.1 software has been used 

to calculate the lattice parameters.The crystallographic 

unit cell parameters of pure Sr2CeO4 phosphor listed in 

Table-1. The calculated lattice parameter of sample is less 

when compared with cell constants of standard values. 

The reduction in unit cell volume was observed, showing 

the distortion of the lattice in pure Sr2CeO4. 
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Fig. 3: X-ray powder diffraction pattern of pure and Dy3+ 

(0.5mol %) doped Sr2CeO4 phosphor 

The crystallite size of the pure and Dy
3+ 

(0.5mol%) doped 
Sr2CeO4 phosphor were determined from the XRD pattern 

parameters using Scherrerôs equation [19], Dc=kɚ / ɓ 
cosɗ, where Dc is the average crystallite size, k is the 
Scherrerôs constant equal to 0.94, ɚ is the wavelength of 
the X-ray (0.8592 Å), ɓ is the full-width at half maxima 

(FWHM) and ɗ is the Bragg angle (diffraction angle) of 
the XRD peak. The calculated average crystallite size of 
pure Sr2CeO4 and Sr2CeO4: Dy

3+ 
(0.5mol %) are 9nm and 

7.4nm respectively. This confirms the formation of nano 

crystallite phosphors via solid state reaction method. 

Scanning electron micrograph images of the solid-state 
derived pure and Dy

3+ 
(0.5mol %) doped Sr2CeO4 

phosphor heated at 1200
0
C. From fig.4 it is clearly shows 

that good dispersion and small particle size varying from 
609nm to 1.70ɛm for Sr2CeO4 phosphor and 875nm to 
1.75 ɛm for Dy

3+
 (0.5 mol %) doped Sr2CeO4 phosphor. 

The particle size distribution histograms of Sr2CeO4: Dy
3+

 
phosphor which was synthesized using solid state reaction 
method is illustrated in Fig.5.The mean diameter of the 
particle of pure Sr2CeO4 phosphor is 26ɛm and for 

Sr2CeO4:Dy
3+

 is 32ɛm. 

FTIR analysis was carried out to determine the chemical 

bonds in a molecule. Fig.6 shows the FTIR spectrum of 
pure and Dy

3+ 
(0.5mol %) doped Sr2CeO4 phosphor 

heated at 1200
0 

c. From FTIR spectrum, it was observed 
that almost all peaks of pure and Dy

3+ 
doped Sr2CeO4 

phosphor are same, with variation in intensity. The peak 

at 3558cm
-1
 is assigned to H-O-H stretching vibration of 

crystal water or lattice water with medium intensity. The 
sample might have absorbed moisture from the 
atmosphere. The peak at 2969cm

-1 
is the stretching band 

of the molecules of lattice water with medium intensity. 
The peaks at 1562cm

-1
, 1444cm

-1
, 1070cm

-1
, 860cm

-1
 are 

assigned to stretching characteristics of SrCO3. 
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(a) 

 
(b) 

 
(c) 

 

(d) 

Fig. 4: The SEM images of pure [a] [b] and Sr2CeO4: 

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

 

 
(a) 

 
(b) 

Fig. 5: Particle size of pure and Sr2CeO4 phosphor (a) and 

Sr2CeO4: Dy phosphor (b) 

 

Fig. 6: FTIR Spectrum of pure and Dy3+ (0.5mol %) doped 

Sr2CeO4 phosphor 

The CIE co-ordinates of (chart -1931) were calculated by 

the Spectrophotometric method using the spectral energy 

distribution of pure Sr2CeO4 and Dy
3+

 doped Sr2CeO4 

phosphor at different concentrations (0.01, 0.2, and 

0.5mol %) shown in fig.7. The color co-ordinates for pure 

Sr2CeO4 sample (A) are x = 0.208 and y = 0.28, Dy
3+

 

doped Sr2CeO4 (0.01%) sample (B) are x = 0.428 and y = 

0.496, Dy
3+

 doped Sr2CeO4 (0.2%) sample(C) are x = 

0.464 and y = 0.512, Dy
3+

 doped Sr2CeO4 (0.5%) 

sample(D) are x = 0.479 and y = 0.520. From the fig.7, it 

was observed that the emission varies from blue to yellow 

and then to orange with increasing of the dysprosium 

concentration [25-27].  

 

 


