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Abstract— The behaviour displayed by photoluminescence spectra of strontium yttrium oxide phosphor doped with
cerium at variable concentration of Ce’ (0.1 — 2.5mol %) ion. Phosphor was prepared by solid state reaction method
with calcination temperature 1000°C and sintering temperature 1350°C in air atmosphere. Photoluminescence spectra
of prepared phosphor shows the variation with cerium concentration and it shows well resolved peak at 406nm excited
with 396nm xenon lamp. The PL spectrum is due to transition of cerium ion in host matrix. PL intensity increases with
increasing the concentration of cerium and it maximum for 2mol% of Ce®" ion, after that PL intensity decreases due to
concentration quenching. Spectrophotometric determinations of peaks are evaluated by Commission Internationale de
I’Eclairage (CIE) technique. The prepared phosphor is useful for display devices applications for blue emission.

Keywords— Blue emission; CIE coordinate; strontium yttrium oxide phosphor

1. INTRODUCTION

In recent years, practical application in optical devices,
such as color display, optical data storage, biomedical
diagnostics and temperature sensors have been produced
on the basis of rare earth ion doped materials [1, 2].
Recently, the luminescence properties of rare earth ions in
SrY,0, have attracted much attention. SrY,0O4 belongs to
the ordered CaFe,0, structure, which is composed of a
(Ry04)2— (R = rare earth metal) framework of double
octahedral with rare earth ions residing within the
framework. Due to the thermal and chemical stability,
SrY,0, have been used in thermal barrier coating (TBC)
materials [3, 4]. It has been found that SrY,O,: Eu’’ is
one of promising red phosphors for Field Emission
Display (FED) application [5-9].

SrY,0, crystallizes in the CaFe,O4 structure, with two
non-equivalent Y sites [5]. Both Y sites are coordinated
by six oxygen atoms and both have Cs symmetry. The
Y(1) site is nearly octahedral, while the Y(2) site is in a
more distorted coordination environment. These sites are
shown in Fig. 1, and bond-length data are summarized in
Table 1. The Sr site in this host is eight-coordinate and
also has Cs symmetry [10-23].

1.1 Experimental

To prepare SrY,0O,4 with various concentrations of cerium
(0.1 mol% to 2.5 mol%), stoichiometric amounts of
reactant mixture is taken in alumina crucible and is fired
in air at 1000°C for 2 hour in a muffle furnace. The Ce**
activated SrY,Ogphosphor was prepared via high

* Corresponding author: Email: jsvikasdubey@gmail.com

temperature modified solid state diffusion. The starting
materials SrCO;, Y,03, Ce,03 and H3;BO; (as a flux) in
molar ratio (0.1% to 2.5% of Ce) were used to prepare the
phosphor. The mixture of reagents were grounded
together for 45minute to obtain a homogeneous powder.
Powder was transferred to alumina crucible, and then
heated in a muffle furnace at 1350 °C for 3 hr [16-30].
The phosphor materials were cooled to room temperature
naturally.

The  samples were  characterized by  using
Photoluminescence ~ (PL), and HRTEM. The
photoluminescence (PL) emission and excitation spectra
were recorded at room temperature by use of a Shimadzu
RF-5301 PC spectrofluorophotometer [30-33].

1.2 Results and Discussion

The images revealed that the Ce** doped SrY,O, powder
was a collection of nanorods 25-36 nm long and 1-2 nm
thick. The synthesised sample showed the nanorod
shapes, with no critical difference in morphology, this
pattern is quite similar recorded by FEGSEM image [38].
The nano-rod formation is responsible for the very good
PL spectra from prepared phosphor [38].

Under excitation wavelength of 396 nm (figure 2), the
emission spectrum of synthesized SrY,04Ce®" with
variable concentration of Ce*" (0.1 — 2.5mol%) phosphor
shows a broad emission band extending in blue region
from 406 nm (figure 3) with the maximum intensity at
406 nm, which is attributed to the electron transition from
the 5d lowest energy level of Ce** to the *Fsp to *Fpp
manifolds split by spin-orbit coupling [14, 15]. The
broadness of the emission peak is ascribed to emission
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from more than one energy level. In the PL spectra which
shows linear response with concentration up to 2mol% of
Ce’" after that concentration quenching occurs (figure 3)
and the luminescence intensity decreases with increasing
the Ce** concentration [16-17].
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Fig. 1. TEM image of prepared phosphor

‘— Excitation spectra of SrY,0, A:Ce3+
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Fig. 2. PL excitation spectra of SrY,0,:Ce** phosphor
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Fig. 3. PL emission spectra of SrY,0,:Ce** phosphor

The emission peak centred at ~406 nm (blue region) was
attributed to radiative recombination of photo-generated
hole with an electron occupying surface defects namely
the oxygen vacancies, F-centres (oxygen ion vacancy
occupied by two electrons)/F-centres (oxygen ion vacancy
occupied by single electrons)/surface states [18-20].

Commission Internationale de I’Eclairage (CIE)
chromaticity coordinate for Ce’* doped SrY,0, phosphor
were calculated using the blue LED with the excitation at
396nm as shown in figure 4 and the values are found in
blue region. Their corresponding location has been
marked in figure 4with cross in blue region. This clearly
shows SrY,0,4 sample doped with cerium can be used for
blue light emitting applications and its chromaticity
coordinate is x = 0.164, y = 0.026.The results indicate
that SrY,04:Ce®” (2%) phosphors can be selected as a
potential candidate for LED (Light Emitting Diode)
application. However, the relative intensity of the
emission bandswhich provide the fundamental colours
balance for blue -light emission was achieved with the
2mol% sample with the spectrum (Figure 4) providing the
CIE 1931 chromaticity.
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Fig. 4. CIE 1931 coordinate for SrY,0,:Ce*" phosphor
(2mol% of cerium)

2. CONCLUSION

It is concluded from above study cerium doped sample for
variable concentration was prepared by solid state
reaction method more suitable for large scale production.
For the variable concentration of cerium PL emission was
observed and shows broad emission peak centered at
406nm (blue emission). Present phosphor can act as a host
for blue light emission in display devices. The CIE of
SrY,0,:Ce’" exhibit blue light, and its chromaticity
coordinate is x = 0.164 and y = 0.026. The chromaticity
point is in the deep blue region, indicating its high color
purity.

188



Vikas Dubey et. al. / Int. J. Luminescence and Applications, ISSN: 2277-6362, Vol. 5, No. 2, June 2015

ACKNOWLEDGEMENT

Authors are very thankful to Chhattisgarh council of
science and technology funding through mini research
project entitled as “Synthesis and Characterization of rare
earth doped MY,04 (M=Ba, Ca, Sr) phosphors” Endt no.
275 CCOST/MRP /2014 Dated 26/05/2014.

REFERENCES

[1] J.H. Yang, L.Y. Zhang, L. Wen, S.X. Dai, L.L. Hu,
Z.H. Jiang, J. Appl. Phys. 95 (2004) 3020-3026.

[2] S.F. Lim,R. Riehn,W.S. Ryu, N. Khanarian, C.K.
Tung, Nano Lett. 6 (2006) 169-174.

[3] K. Kurosaki, T. Tanaka, T. Mackawa, S. Yamanaka,
J. Alloys Compd. 395 (2005) 318-321.

[4] K. Kurosaki, T. Tanaka, T. Mackawa, S. Yamanaka,
J. Alloys Compd. 398 (2005) 304-308.

[5] V. Dubey, J. Kaur, S. Agrawal, Research on
Chemical Intermediates, 5 (39), 2013.

[6] Sadhana Agrawal, Vikas Dubey, Jour. Rad. Res.
Appl. Sci.7(4), 2014, 601-606.

[7] Vikas Dubey; Jagjeet Kaur; Sadhana Agrawal; Res.
Chem. Intermed. (2014), DOI 10.1007/s11164-014-

1563-3
[8] Vikas Dubey, Jagjeet Kaur, Sadhana Agrawal; N.S.
Suryanarayana, K.V.R.Murthy, Superlat.

Microstruc. 67 (2014) 156-171.

[9] J. Kaur, Y. Parganiha, V. Dubey, D. Singh, D.
Chandrakar, Superlattices and Microstructures 73
(2014) 38-53.

[10] V.Dubey, J.Kaur, S. Agrawal, N.S.Suryanarayana,
KVR Murthy, Optik — Int. J.Light Electron Opt.
(2013), doi 10.1016/j.ijle0.2013.03.153.

[11] V. Dubey, N. S. Suryanarayana, J. Kaur, Jour.
Miner. Mater. Charac. Engin., 9 (12), (2010) 1101-
1111.

[12] V. Dubey, J. Kaur, N.S. Suryanarayana,
K.V.R.Murthy, Res. Chem. Intermed. (2012) DOI:
10.1007/s11164-012-0872-7.

13] V.Dubey, J. Kaur, S. Agrawal, Res. Chem. Intermed.
y g
(2013) DOI 10.1007/s11164-013 1201-5

[14] D. W. Cooke, J.K. Lee, B.L. Bennett, J. R. Grovers,
L. G. Jacobsohn, Appl. Phy. Lett. 88 (2006) 103108

[15] Yan CF, Zhao GJ, Hang Y, Zhang LH, Xu J, Jour.
Cryst. Grow. 281(2005), 411

[16] Yu. Zorenko, V. Gorbenko, V. Savchyn, T.
Voznyak, V.V. Gorbenko, M. Nikl, J.A. Mares,O.
Sidletskiy, B. Grynyov, A. Fedorov, K. Fabisiak a,
K. Paprocki, Opt. Mater. 34 (2012) 1969-1974.

[17] Eugeniusz Zycha, Aleksander Zych, Jian Zhang,
Shiwei Wang, Journal of Alloys and Compounds
451 (2008) 286—289.

189

[18] Yogita Parganiha, Jagjeet Kaur, Vikas Dubey,
K.V.R. Murthy, Materials Science in Semiconductor
Processing 31 (2015) 715-719.

[19] Vikas Dubey, JagjeetKaur, SadhanaAgrawal,
Materials Science in Semiconductor Processing 31
(2015) 27-37

[20] Vikas Dubey, Sadhana Agrawal, Jagjeet Kaur, Optik
126 (2015) 1-5.

[21] C. Hu, H. Liu, W. Dong, Y. Zhang, G. Bao, C. Lao,
Z.L. Wang, Adv. Mater. 19 (2007) 470-474.

[22] Vikas Dubey, V.P. Dubey, Raunak Kumar
Tamrakar, Kanchan Upadhyay, Neha Tiwari,
Journal of Radiation Research and Applied Sciences,
Volume 8, Issue 1, January 2015, Pages 126-135.

[23] R Shrivastava, J Kaur, V Dubey, B Jaykumar, S
Loreti, Spectroscopy Letters 48 (3) 2014, 179-183.

[24] V Dubey, J Kaur, S Agrawal, Research on Chemical
Intermediates 41 (1) 2014, 401-408.

[25] V Dubey, R Tiwari, RK Tamrakar, GS Rathore, C
Sharma, N Tiwari, Infrared Physics & Technology
2014 67, 537-541.

[26] S Agrawal, V Dubey, 3rd international conference
on fundamental and applied sciences (icfas 2014):
Innovative Research in Applied Sciences for a
Sustainable Future, 1621, 560-564,
http://dx.doi.org/10.1063/1.4898522.

[27] J Kaur, Y Parganiha, V Dubey, D Singh, Research
on Chemical Intermediates 40 (8) 2014, 2837-2858.

[28] J Kaur, D Singh, V Dubey, NS Suryanarayana, Y
Parganiha, P Jha, Research on Chemical
Intermediates 2014 40 (8), 2737-2771.

[29] J Kaur, R Shrivastava, V Dubey, B Jaykumar,
Research on Chemical Intermediates 2014, 40 (8),
2599-2604.

[30] Jagjeet Kaur, DeepikaChandrakar, Vikas Dubey,
N.S. Suryanarayana, Advance Physics Letter. 2014,
1(1),19-21.

[31] R Shrivastava, J Kaur, V Dubey, B Jaykumar,
Bulletin of Materials Science 2014, 37 (4), 925-929.

[32] R Shrivastava, J Kaur, V Dubey, NS Suryanarayana,
B Jaykumar, Research on Chemical Intermediates
2014, 40 (2), 487-493.

[33] V Dubey, J Kaur, NS Suryanarayana, KVR Murthy,
Research on Chemical Intermediates 40 2015, (2),
531-536.

[34] J Kaur, V Dubey, NS Suryanarayana, Research
on Chemical Intermediates 2014, 39 (9),
4337-4349.

[35] R Tamrakar, V Dubey, NK Swamy, R Tiwari, SVN

Pammi, Research on Chemical 2013, Intermediates
39 (8), 3919-3923.



Vikas Dubey et. al. / Int. J. Luminescence and Applications, ISSN: 2277-6362, Vol. 5, No. 2, June 2015

[36] V Dubey, J Kaur, NS Suryanarayana, KVR Murthy,
Research on Chemical Intermediates 39 2013, (8),
3689-3697.

[37] Vikas Dubey; Thermoluminescence Study of
Semaria Limestone of C.G.Basin, LAP LAMBERT
Academic Publishing, (2012) ISBN 978-3-8473-
4210-6

[38] V Dubey, J Kaur, S Agrawal, Effect of europium

190

doping levels on  photoluminescence and
thermoluminescence of strontium yttrium oxide
phosphor, Materials Science in Semiconductor
Processing 31 (2015) 27-37.



