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Abstract

Sr2Ce04 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 Sr.CeOs4 by
various chemical methods in recent past. Here we report the effect of flux on
sroce04:Gd®* (0.5mol %) phosphor prepared by solid state reaction method. X-
ray powder diffraction confirms the formation of pure Sr.CeOs 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
1200°C 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 I’eclairage (CIE) co-
ordinates of samples revealed that the emission of blue colour. The photo
luminescence spectra confirmed the formation of Gd*" (0.5mol %) doped
Sr,CeO4 phosphor with maximum emission intensity for sample prepared at
1200°C 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
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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
Sr2Ce0O4 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 A. The origin of
luminescence in Sr2CeOy has been assigned to the ligand to metal Ce** 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 Eu®*, Yb®", Sm®" 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
(RE®") 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 Sr.Ceo4:Gd** (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

Sr2Ce04 blue phosphor was synthesized by the solid state reaction method. Strontium
Carbonate SrCOs, Cerium Oxide CeO2 and Gadolinium Oxide Gd.Oz of 99.5 %
purity were used as starting materials to prepare Sr.CeO4 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 °C for 4h in a muffle furnace with heating rate of 300 °C/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
11 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 Sr.CeOs were recorded on SHIMADZU IRAffinity-1
spectrophotometer with KBr pellet method over the wave number range 400—4,000
cm®. 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%Gd?* doped Sr2CeQ4 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 % Gd** doped Sr.CeO. phosphor
without and with different fluxes. All diffraction pattern were obtained using Cu Ka
radiation (A = 1.54051 A°). The current work in the X-ray tube was 40 mA: the
voltage was 45 kV. The regular resolution in 20 scan was 0.0170° over a 20 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 Sr.CeOa: 0.5mol % Gd** without flux phosphor is 26 nm. The
structure of Sr.CeOs: 0.5mol% Gd** without flux phosphor is orthorhombic. Whereas
other average crystallite size of particles of the Sr.CeOs: 0.5mol % Gd** with
different fluxes phosphors were nearly around 26 nm. From the fig.1 XRD pattern of
0.5mol % Gd** doped Sr.CeO4 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 Gd*" (0.5mol %) doped Sr.CeQ4 phosphor without and
with different fluxes

3.2 PL behaviour of pure and 0.5mol%Gd?* doped Sr2CeQ4 phosphor with different
fluxes

PL excitation and emission spectrum of Gd (0.5mol %) doped Sr.CeOs 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 1200°C 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 Sr.CeQO4
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 Sro,CeO4 emission is observed. Therefore the role of Gd may
not influence or affect on the basic Sr.CeO4 emission.

Table.1shows the emission intensities of Gd(0.5mol%) doped Sr.CeOs 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%) Sr.CeOs 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 Sr.CeO4 phosphor
without flux under different excitation wavelengths
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Fig. 2.2 Excitation and Emission spectrum of Gd(0.5mol%) doped Sr.CeO4 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 Sr.CeQO4 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 Sr.CeO4 phosphor
with Urea as flux under different excitation wavelengths

Table.1
S.No| Name of the Excitation Intensity of Emission wavelength
Sample Wavelength (nm) (470nm) arb. Units)
Without Citric | Glycin | Urea
flux Acid

1 | Gd (0.5mol%) 254 733 583 598 583
2 | doped Sr2CeOx4 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%Gd?* doped Sr2CeQy phosphor without and
with different fluxes

Morphology of 0.5mol%Gd?* doped Sr:CeQ4 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 Gd®*" (0.5mol %) doped Sr.CeOs 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.
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Figure 3: SEM images of Gd** (0.5mol %) doped Sr.CeQ4 phosphor without and
with different fluxes

3.4FTIR Analysis of pure and 0.5mol%Gd*" doped Sr2CeQ4 phosphor with different
fluxes

FTIR analysis was carried out to determine the chemical bonds in a molecule. Fig.4
shows the FTIR spectrum of Gd** (0.5mol %) doped Sr.CeOs phosphor without and
with different fluxes were heated at 1200°C. From FTIR spectrum, it was observed
that almost all peaks of Gd*" (0.5mol %) doped Sr.CeQ4 phosphor without and with
different fluxes are same, with variation in intensity. The peak at 3670cm 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™, 1431cm™ were assigned to stretching characteristics of
SrCOs. The peak at 578cm™ is assigned to lattice water band with medium intensity.
No peaks were in the range 350-50 cm™ shows any existence of SrO,. And it is
observed that there are no peaks in the range 470-90 cm™, it indicates no presence of
CeO [28-30].
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Figure 4: FTIR Spectra of Gd** (0.5mol %) doped Sr.CeO4 phosphor without and
with different fluxes

3.5CIE Coordinates 0.5mol%Gd** doped Sr2CeQ4 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
Gd** (0.5mol %) doped Sr.CeQ4 phosphor without and with different fluxes were
presented in CIE chromaticity diagram. The chromatic coordinates of (1931Chart) of
Gd** (0.5mol %) doped Sr,CeOs 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 Strong (x.y) Color
(nm) Emission Coordinate region

(nm)
Sr,Ce04: (0.5mol %) Gd** without flux 254 470 A.(0.145, 0.170) Blue
Sr,Ce04: (0.5mol %) Gd** with Urea as flux 254 470 B.(0.154, 0.164) Blue
Sr,Ce0q: (0.5mol %) Gd** with Glycin as flux 254 470 C.(0.160, 0.174) Blue
Sr,Ce04: (0.5mol %) Gd** with Citric acid as flux 254 470 D.(0.142, 0.156) Blue

CIE Coordinates of 1931 Chart

Sr2Ce04:(0.5mol%)Gd without &
with different fluxes

lo.a

0.2 ]

0.0 0.2 0.4 0.6 1

Figure 5: CIE Coordinates (1931Chart) of Gd** (0.5mol %) doped Sr.CeQ4 phosphor
without and with different fluxes

4. CONCLUSIONS

% Sr,Ce04:Gd**(0.5mol %) doped Sr.CeO4 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 Sr.CeO4:Gd*"(0.5mol%) doped Sr,CeQ4
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 tig—f, where f is the lowest excited charge transfer state of Ce*" ion
and tyg is the molecular orbital of the surrounding ligand in six fold oxygen
coordination. In Sr,CeOg4, two kinds of Ce** ions exist, that is, there are two
different bond lengths of Ce**- O in the lattice.

The emission spectra of Sr,CeQ4:Gd*" (0.5mol %) doped Sr.CeOs 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— tig transitions of Ce** ions.

The same broad PL spectrum of the host material Gd** (0.5mol %) doped
Sr,CeQ4 phosphor without flux was observed i.e., from 350nm to 650nm. But
the intensity decreases with different fluxes doping Gadolinium. It may be
Gd*" atom occupy the Ce atoms in the Sr.CeOs compound which decreases
the effect of Ce ion as a result the intensity was decreased.

The XRD study confirms that the Sr.CeO4:Gd*" (0.5mol %) doped Sr.CeOs
phosphor without and with different fluxes has orthorhombic structure at
1200°C temperature. The average crystallite size of Gd*" (0.5mol %) doped
Sr2Ce0O4 phosphor without and with different fluxes is almost 26 nm.

From the SEM images of Gd** (0.5mol %) doped Sr.CeQ4 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 Gd** (0.5mol %) doped Sr.CeQ4
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.

ACKNOWLEDGMENTS:

One of the authors (Dr.Ch. Atchyutha Rao) is grateful for the financial support from
the University Grant Commission (UGC), New Delhi, India, under Minor research
Project (MRP No0:4687/14-SERO/UGC). Also sincere thanks to Prof. K.V.R. Murthy
to providing lab facility.

REFERENCES:

[1].
[2].

Chen, R. and Lockwood, D, J. Electrochemical. Soc., 2002, 149, S69-S77

Danelson, E., Devenny, M., Giaquinta, D. M., Golden, J. H., Haushalter, Wu,
X. D Science, 1998, 279, 837-839.



Effect of Flux on Sr2CeQ4:Gd*>* (0.5mol %) Phosphor Prepared by Solid State... 63

[3].
[4].
[5].
[6].
[71.
[8].
[9].

[10].
[11].
[12].
[13].
[14].

[15].

[16].
[17].
[18].

[19].
[20].
[21].
[22].

[23].

Danelson, E., Devenny, M., Giaquinta, D. M., Golden, J. H., Haushalter, J.
Mol. Struct.,1998, 470, 229-235.

Park, C. H, Kim, C. H, Pyun, C. H. and Choy, C. H, “Luminescence of
Sr2Ce04”, J. Lumin. 2000, 89, 1062-1064.

Tiga, C. H., Masui, T, Imanaka, N and Adachi, G., Chem. Lett. , 2001, 30,
1246-1247.

Zambare, P. Z, Girase, K. D. , Murthy, K. V. R. and , Mahajan, O. H Adv.
Mater. Lett., 2013, 4, 577-581.

Serra, O. A., Severino, V. P., Calefi, P. S., and Cicillini, S .A, J. Alloys
Compd., 2001, 323-324, 667-669.

Jiyang, Y D., Zhang, F., summers, C. J., and Wang, Z. L., App. Phys. Lett.
1999, 74, 1677-1679.

Masui, T., ChigaT, Imanaka, N and Adachi, G., Mater. Res. Bull, Vol. 38,
2003, 1, 17-24.

Tang, Y, Guo,, H, Qin, Q, Solid State Commun., 2002, 121, 351-356.
Kang, .M. J, Choi, S.Y, J. Mater. Sci., 2002, 37, 2721-2729.

Nag, A, Kutty, T.R.N, J. Mater. Chem., 2003, 13, 370-376.

Yu, X, He, X, and Yang, S, Yang, X, Xu, X., Mater. Lett., 2003, 58, 48-50.

Rao, C. A., Suresh, K., Murthy, K.V.R. and Rao N.V.P, Der pharma chem.,
2011, 3, 174-181

Zhang, C., Shi, J., Yang, X,, Lu, L. and Wang, X., , J. Rare Earth, 2010, 28 ,
513-518.

Bhame, S. D., and Joy, P.A, Sens. Actuators, A, 2007, 137, 256-261.
Hwang, C.C. and Wu, T. Y., Mater. Sci. Eng., B, 2004, 111, 197-206.

U. Rambabu, N. R. Munirathnam, T. L. Prakash, S. Buddhuda, Mater.Chem.
Phys., 2003, 78, 160

U. Rambabu, K. Annapurna, T. Balaji, S. Buddhuda, Mater.lett., 1995, 23,
143.

S. Das, A. A. Reddy, S. Ahmad, R. Nagarjan, G. V. Prahash, Chemical
Physics Letters, 2011, 508, 117.

A. D. Deshmukh, S. J. Dhoble, N. S. Dhoble, Advanced Materials Letters,
2011, 2(1), 38.

B. K. Grandhe, V. R. Bandi, K. Jang, S. Ramaprabhu, S. Yi,J. Jeong,
Electronic Materials Letters, 2011, 7(2), 161.

M. Xie, T. Song, ECS Journal of Solid state Science and Technology, 2013,
2(1), R29.



64

[24].
[25].
[26].

[27].
[28].

[29].
[30].

Ch. Atchyutha Rao, Savali Ravi Kumar, K.V.R. Murthy, B. Subba Rao

S. J. Dhoble, K. N. Shinde, Advanced Materials Letters, 2011, 2(5), 349.
H. Guo, Y. Qiao, Applied Surface Science, 2008, 254, 1961.

H. Guo, Y. Li, D. Wang, W. Zhang, M. Yin, L. Lou, S. Xia, Journal of Alloys
and Compounds, 2004, 376, 23.

Color Calculator version 2, software from Radiant Imaging, Inc, 2007,

Toshiyuki Masui, Takanobu Chiga, Nobuhito Imanaka, Gin-ya Adachi,
Material Reseach Bulletin,38,17-24,(2003).

Li, L., Zhou, S.H., Zhang, S.Y., Chem. Phys. Lett. 453,283, (2008)

S. Ravi Kumar, Ch. Atchyutha Rao, K.V.R. Murthy, IJSR-Volume-7 | Issue-4
| April-2018 | ISSN No 2277 - 8179



