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Abstract 

Sr2CeO4 is a blue white phosphor which has been recently identified by 

conventional solid state reaction technique and is proposed to be one of the 

potential candidates as a phosphor for use in lamps and field emission 

displays. There have been many reports on the preparation of Sr2CeO4 by 

various chemical methods in recent past. Here we report the effect of flux on 

sr2ceo4:Gd3+ (0.5mol %) phosphor prepared by solid state reaction method. X-

ray powder diffraction confirms the formation of pure Sr2CeO4 phase 

crystallizing in orthorhombic structure after annealing at 1200°C for 12 hrs 

without any trace of impurities. The crystallite size calculated by using 

Scherrer’s formula revealed the presence of formation of nano crystallites. 

Scanning Electron Microscope (SEM) images showed that the sample fired at 

12000C exhibits grain like morphology with different sizes and shape. Fourier 

Transform Infrared Spectroscopy (FTIR) determined the chemical bonds in a 

molecule and the particle size distribution histogram indicated the mean 

diameter of sample.Commission international de l’eclairage (CIE) co-

ordinates of samples revealed that the emission of blue colour.  The photo 

luminescence spectra confirmed the formation of Gd3+ (0.5mol %) doped 

Sr2CeO4 phosphor with maximum emission intensity for sample prepared at 

12000C at 470 nm. The present work shows that the phosphor can be prepared 

at relatively higher temperatures and can be used for many display 

applications.  

Keywords: conventional solid state reaction technique, Photoluminescence, 

X-Ray Diffraction, Scanning Electron Microscopy and Fourier Transform 

Infrared Spectroscopy. 
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1. INTRODUCTION 

Luminescent materials have been explored for a long time and are still one of the 

major fields of materials research leading to different applications such as displays 

and luminescent devices. A comprehensive summary of the progress in the field of 

phosphor materials has been reported by Chen et al [1]. Since oxide based phosphors 

are probably the best fitted materials under electron excitation, the development of 

Sr2CeO4 blue phosphor has opened a new frontier in this field. This blue white 

phosphor was first identified by Danielson et al. using combinatorial technique in the 

year 2000 [2].With an emission maximum at ~ 470 nm and long excited state lifetime, 

it is expected to be a potential candidate for field emission displays and lamps. The 

structure of Sr2CeO4 is an anisotropic structure which consists of one dimensional 

chain. These one dimensional chains are composed of edge sharing CeO6 octahedral 

separated by Sr atoms. These octahedral are run parallel to the [001] crystallographic 

direction. The distance between two adjacent octahedral is 3.597 Å. The origin of 

luminescence in Sr2CeO4 has been assigned to the ligand to metal Ce4+ charge transfer 

[2]. The synthesis of Sr2CeO4 has been tried in past by different chemical routes. 

These methods involve conventional solid-state method [3- 6], Pechini method [7], 

chemical co-precipitation technique [8-9], microwave calcinations and pulsed laser 

deposition [10], ultrasonic spray pyrolysis [11], carbonate-gel composite technique 

[12], and citrate-gel method [13].The effect of particle size [9,13] and substitution of 

rare earth ions such as Eu3+, Yb3+, Sm3+ etc has also been studied from the view point 

of increasing the emission intensity without affecting the excitation wavelength [14-

15]. One of the advantages of the conventional solid-state method is low particle size 

that it can enhance the packing density. Enhancement in the packing density then can 

lead to high flux density. In this method of synthesis offers distinct advantages are 

homogeneous mixing of metal ions at the molecular level, thereby leading to 

homogeneous powders; less reaction time leading to synthesis of fine particles. In this 

method, fuels like glycine, citric acid, urea, glycerol etc. are used along with oxidizing 

agents like metal nitrates. The conventional solid-state method process is a self-

sustainable process and the high temperatures are achieved due to the exothermic 

nature of the reaction ensuring the formation and crystallization of oxides. This 

method has been effectively used for synthesis of semiconducting and magnetic 

oxides [16-17].  

Rare earth doped phosphors have attracted much attention for their extensive 

applications such as, color display devices, energy saving fluorescent lamps, solid 

state lasers etc [18, 19]. Doping of trivalent rare earths into the host can help and 

modify the emission characteristics of any phosphor. Doping forms an integral part of 

any material to be synthesized or the core area, be it semiconductors used in display 

or insulators like phosphor for the display industry. Now a day, trivalent rare earths 

(RE3+) are used widely to prepare luminescent materials (phosphors) that can be 

excited using any kind of energy as the excitation source. These materials are 

prepared by incorporating the RE3+ ions as dopant in different host matrices [20-26]. 

The rare earth doped phosphors is the most exciting field, which is attracting attention 

of the scientist and researchers all over the world. In this paper we present Effect of 
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flux on Sr2Ceo4:Gd3+ (0.5mol %) phosphor prepared by solid state reaction method 

and characterized by different techniques such as XRD, SEM, FTIR, and luminescent 

properties. 

 

2. MATERIALS AND METHOD  

Sr2CeO4 blue phosphor was synthesized by the solid state reaction method. Strontium 

Carbonate SrCO3, Cerium Oxide CeO2 and Gadolinium Oxide Gd2O3 of 99.5 % 

purity were used as starting materials to prepare Sr2CeO4 phosphor. A Stoichiometric 

mixture of these powders was thoroughly homogenized in agate mortar for 1hr. and 

then transferred to alumina crucibles. The homogenized mixture was heated in air at 

1200 ºC for 4h in a muffle furnace with heating rate of 300 ºC/hr. Finally cool down 

to room temperature by furnace shut off. All samples were prepared by same 

technique. The samples are prepared by doping Gd in the host material with change of 

concentrations as 0.1, 0.5, 1.0, 1.5, and 2.0 %.  

 

2.1 CHARACTERIZATION TECHNIQUES 

Powder X-ray diffraction (XRD) of compounds was recorded using Rigaku, D Max 

III VC, Japan. Scanning electron micrographs (SEM) were observed using with 

ZEISS resolution between EHT=15.00Kv to Mag=20.00Kx (WD=12.0 mm). The 

FTIR spectra of Sr2CeO4 were recorded on SHIMADZU IRAffinity-1 

spectrophotometer with KBr pellet method over the wave number range 400–4,000 

cm-1. The photoluminescence spectra were recorded at room temperature using 

Spectrofluorophotometer (SHIMADZU, RF–5301 PC) using Xenon lamp as 

excitation source. The CIE coordinates (x, y) of prepared materials was calculated 

with color calculator version2, software from Radiant Imaging [27].  

 

3. RESULTS AND DISCUSSION 

3.1 Crystal structure of pure and 0.5mol%Gd3+ doped Sr2CeO4 phosphor with 
different fluxes 
 The structure and the crystallite size were determined by means of X-ray diffraction 

technique. Fig. 1 shows XRD pattern of 0.5mol % Gd3+ doped Sr2CeO4 phosphor 

without and with different fluxes. All diffraction pattern were obtained using Cu Kα 

radiation (λ = 1.54051 A°). The current work in the X-ray tube was 40 mA: the 

voltage was 45 kV. The regular resolution in 2θ scan was 0.0170° over a 2θ range of 

20-70°. The crystallite size of samples was calculated from X-ray peak broadening of 

the diffraction using Scherer’s formula. The calculated average crystallite size of 

particles of the Sr2CeO4: 0.5mol % Gd3+ without flux phosphor is 26 nm. The 

structure of Sr2CeO4: 0.5mol% Gd3+ without flux phosphor is orthorhombic. Whereas 

other average crystallite size of particles of the Sr2CeO4: 0.5mol % Gd3+ with 

different fluxes phosphors were nearly around 26 nm. From the fig.1 XRD pattern of 

0.5mol % Gd3+ doped Sr2CeO4 phosphor without and with different fluxes observed 
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that no change in peak intensity and peak positions that it will be indicates purity and 

complete single phase. The computer program POWD (an interactive Powder 

diffraction Data Interpretation and Indexing Program, Version 2.2) was used to 

calculated hkl and d values were found to be in good agreement with the JCPDS data 

card No. 50-0115.  
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Figure 1: XRD pattern of Gd3+ (0.5mol %) doped Sr2CeO4 phosphor without and 

with different fluxes 

 
3.2 PL behaviour of pure and 0.5mol%Gd3+ doped Sr2CeO4 phosphor with different 
fluxes 
 PL excitation and emission spectrum of Gd (0.5mol %) doped Sr2CeO4 phosphors 

were prepared without and with fluxes are shows in figures.2.1-2.4.All the phosphors 

are prepared using standard solid state reaction method and heated at 1200oC for 2 hrs 

in alumina crucibles. The excitation spectra is broad spectra from 220 to 400 nm 

while monitoring at 470nm and centered located at 254nm. The broad band could be 

assigned to the legend to-metal charge transfer from O2- to Ce4+. The emission 

spectra recorded for 254, 267, 275 and 340nm for all the four phosphors. From the 

figures 2.1-2.4 PL excitation and emission spectrum of Gd (0.5mol%) doped Sr2CeO4 

phosphor prepared with and without fluxes it is observed that the all the phosphors 

were excited with 267 and 275nm, the emissions at 470nm is out range and at other 

excitations 254 and 340nm less emission intensities are found from figures, however 

without flux phosphor gives maximum intensity for all the excitations.  
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It is concluded that the affect of Gd where in 7 un-paired electrons in the outermost 

orbit of the Gd did not influence its own emission. However minor jittering emissions 

are overlapping of the Sr2CeO4 emission is observed. Therefore the role of Gd may 

not influence or affect on the basic Sr2CeO4 emission. 

Table.1shows the emission intensities of Gd(0.5mol%) doped Sr2CeO4 phosphors 

prepared with and without fluxes for different excitations. From the table.1 it is to be 

observed that the intensities of various excitations are found well in Gd(0.5mol%) 

doped Sr2CeO4 Phosphor were prepared by using SSR method without and different 

fluxes intensities slightly changes. The doping of Gd(0.5mol%) Sr2CeO4 phosphor 

different fluxes did not show any change in PL properties of the phosphor except 

reduction in PL intensity of 470nm peak when excited with 254,567,275and 340 nm. 
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Fig. 2.1 Excitation and Emission spectrum of Gd(0.5mol%) doped Sr2CeO4 phosphor 

without flux under different excitation wavelengths 
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Fig. 2.2 Excitation and Emission spectrum of Gd(0.5mol%) doped Sr2CeO4 phosphor 

with citric acid as flux under different excitation wavelengths 
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Fig. 2.3 Excitation and Emission spectrum of Gd(0.5mol%) doped Sr2CeO4 phosphor 

with Glycin as flux under different excitation wavelengths 
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Fig. 2.4 Excitation and Emission spectrum of Gd(0.5mol%) doped Sr2CeO4 phosphor 

with Urea as flux under different excitation wavelengths 

 

Table.1 

S.No Name of the 

Sample 

Excitation 

Wavelength (nm) 

Intensity of Emission wavelength 

(470nm) arb. Units) 

Without 

flux 

Citric 

Acid 

Glycin Urea 

1 Gd (0.5mol%) 

doped Sr2CeO4 

254 733 583 598 583 

2 267 >1200 >1100 >1100 >1050 

3 275 >1200 >1100 >1100 >1050 

4 340 458 380 380 353 

 
3.3 Morphology and size of 0.5mol%Gd3+ doped Sr2CeO4 phosphor without and 
with different fluxes 
Morphology of 0.5mol%Gd3+ doped Sr2CeO4 phosphor without and with different 
fluxes was examined by using ZEISS SEM instrument at the department of Central 

Instrumentation Lab and Technology, Central University, Hyderabad. Fig 3: shows 

the SEM images of Gd3+ (0.5mol %) doped Sr2CeO4 phosphor without and with 

different fluxes. From the fig. 3 it was observed that they were loosely, tightly 
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agglomerated the size and shape morphology were some irregular shapes are also seen 

in the photograph. From the SEM images the morphology of the phosphors is 

changing according to the flux. In the case of without flux the crystals are highly 

agglomerated with irregular shape. As the fluxes were added, the agglomeration is 

decreased by keeping irregular shape.  

 

Sr2CeO4:0.5mol% Gd without flux 

 

 

Sr2CeO4:0.5mol% Gd with Urea as flux 
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Sr2CeO4:0.5mol% Gd with Glycin as flux 

 

 

Sr2CeO4:0.5mol% Gd with Citric acid as flux 

Figure 3: SEM images of Gd3+ (0.5mol %) doped Sr2CeO4 phosphor without and 

with different fluxes 

 
3.4FTIR Analysis of pure and 0.5mol%Gd3+ doped Sr2CeO4 phosphor with different 
fluxes 

FTIR analysis was carried out to determine the chemical bonds in a molecule. Fig.4 

shows the FTIR spectrum of Gd3+ (0.5mol %) doped Sr2CeO4 phosphor without and 

with different fluxes were heated at 12000C. From FTIR spectrum, it was observed 

that almost all peaks of Gd3+ (0.5mol %) doped Sr2CeO4 phosphor without and with 

different fluxes are same, with variation in intensity. The peak at 3670cm-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. Sometimes the 
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presence of H-O-H bond may be degrading the phosphor luminescence. The 

absorption peaks at 1765cm-1, 1431cm-1 were assigned to stretching characteristics of 

SrCO3. The peak at 578cm-1 is assigned to lattice water band with medium intensity. 

No peaks were in the range 350-50 cm-1
 shows any existence of SrO2. And it is 

observed that there are no peaks in the range 470-90 cm-1, it indicates no presence of 

CeO [28-30]. 
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Figure 4: FTIR Spectra of Gd3+ (0.5mol %) doped Sr2CeO4 phosphor without and 

with different fluxes 

 

3.5CIE Coordinates 0.5mol%Gd3+ doped Sr2CeO4 phosphor without and with 
different fluxes 
The CIE co-ordinates of (chart -1931) were calculated by the Spectrophotometric 

method using the spectral energy distribution. Based on the emission spectra, it was 

possible to see the color of the emission of each sample in the CIE diagrams 1931, 

and the color of each sample is directly dependent on the presence of the carbonate 

species. The chromatic coordinates (x, y), was calculated using the color calculator 

program radiant imaging [27]. Figure.5 shows the CIE Coordinates (1931Chart) of 

Gd3+ (0.5mol %) doped Sr2CeO4 phosphor without and with different fluxes   were 

presented in CIE chromaticity diagram. The chromatic coordinates of (1931Chart) of 

Gd3+ (0.5mol %) doped Sr2CeO4 phosphor without and with different fluxes 

phosphors at 254 nm excitation wavelength are summarized in the table 2.  From the 
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fig.5 it is observed that in completely blue color region it indicates A, B, C and D.  

 

Table 2: CIE coordinates of 1931 Chart 

Phosphor Excitation 

(nm) 

Strong 

Emission 

(nm) 

(x,y) 

Coordinate 

Color 

region 

Sr2CeO4: (0.5mol %) Gd3+  without flux 254 470 A.(0.145, 0.170) Blue 

Sr2CeO4: (0.5mol %) Gd3+   with Urea as flux 254 470 B.(0.154, 0.164) Blue 

Sr2CeO4: (0.5mol %) Gd3+   with Glycin as  flux 254 470 C.(0.160, 0.174) Blue 

Sr2CeO4: (0.5mol %) Gd3+  with Citric acid as flux 254 470 D.(0.142, 0.156) Blue 

 

 

Figure 5: CIE Coordinates (1931Chart) of Gd3+ (0.5mol %) doped Sr2CeO4 phosphor 

without and with different fluxes 

 

 

4. CONCLUSIONS  

 Sr2CeO4:Gd3+(0.5mol %) doped Sr2CeO4 phosphor without and with different 

fluxes phosphor have been synthesized by the high temperature solid state 

reaction method and characterized by powder XRD, FTIR, SEM, 

Photoluminescence (PL), CIE Coordinates studies.  
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  The excitation spectrum recorded for Sr2CeO4:Gd3+(0.5mol%) doped Sr2CeO4 

phosphor without and with different fluxes displays a broad band ranging from 

220-400nm with peaking at 254nm.This band could be assigned to the 

transition t1g→f, where f is the lowest excited charge transfer state of Ce4+ ion 

and t1g is the molecular orbital of the surrounding ligand in six fold oxygen 

coordination. In Sr2CeO4, two kinds of Ce4+ ions exist, that is, there are two 

different bond lengths of   Ce4+- O2- in the lattice.  

  The emission spectra of Sr2CeO4:Gd3+ (0.5mol %) doped Sr2CeO4 phosphor 

without and with different fluxes under 260nm excitation showed broad 

spectrum in the region 350–650nm with a peak around 470nm. The emission 

band can be assigned to f→ t1g transitions of Ce4+ ions.   

 The same broad PL spectrum of the host material Gd3+ (0.5mol %) doped 

Sr2CeO4 phosphor without flux was observed i.e., from 350nm to 650nm. But 

the intensity decreases with different fluxes doping Gadolinium. It may be 

Gd3+ atom occupy the Ce atoms in the Sr2CeO4 compound which decreases 

the effect of Ce ion as a result the intensity was decreased. 

 The XRD study confirms that the Sr2CeO4:Gd3+ (0.5mol %) doped Sr2CeO4 

phosphor without and with different fluxes has orthorhombic structure at 

1200OC temperature. The average crystallite size of Gd3+ (0.5mol %) doped 

Sr2CeO4 phosphor without and with different fluxes is almost 26 nm. 

  From the SEM images of Gd3+ (0.5mol %) doped Sr2CeO4 phosphor without 

and with different fluxes it was observed that they were loosely, tightly 

agglomerated the size and shape morphology were some irregular shapes are 

also seen in the photograph. 

  The chromatic coordinates of (1931Chart) of Gd3+ (0.5mol %) doped Sr2CeO4 

phosphor without and with different fluxes phosphors at 254 nm excitation 

wavelength are summarized in the table 2.  From the fig.5 it is observed that in 

completely blue color region it indicates A, B, C and D. 
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