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Abstract: Sr2CeO4 and Sr2VO4 phosphors were synthesized by the solid-state reaction method. 

Photoluminescence (PL) and Thermoluminescence (TL) techniques were performed to characterize these 

samples. The excitation spectrum of Sr2CeO4 phosphor monitored under 470nm wavelength was 

characterized by a broad band ranging from 220-430nm. The emission spectra of Sr2CeO4 phosphor under 

excitations at 260, 280 and 350nm exhibited a strong, intense peak at 470nm (blue) with FWHM (full width 

at half maximum) of 87nm. The excitation spectrum of Sr2VO4 phosphor monitored under 510nm 

wavelength was characterized by a broad band ranging from 225-375nm. The emission spectrum of Sr2VO4 

phosphor under excitations at 262nm exhibited emission peaks at 399nm (violet), 469nm (blue) and under 

335nm excitation a strong, intense well resolved peak at 510nm (green) with FWHM (full width at half 

maximum) of 114nm is observed. Commission international de l’eclairage (CIE) co-ordinates of samples 

revealed that these phosphors emit blue and green colour and could be used for the generation of white 

light in display and lamp devices. 
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1. INTRODUCTION 

In 1998, Danielson and co-workers reported unusual luminescence of the inorganic oxide 

compound Sr2CeO4 using combinatorial technique which exhibits the emission peak at 485 nm. In 

addition, it has been established that Sr2CeO4 exhibits photoluminescence under excitation with 

irradiation of ultraviolet rays.Sr2CeO4 phosphor has been widely studied because of its importance 

in the realization of a new generation of optoelectronic and displaying devices Subsequently, 

several studies of this luminescent material were conducted, and some different routes have been 

developed to prepare the Sr2CeO4 powders and films. 

Sr2CeO4 exhibits photoluminescence due to the charge transfer (CT) mechanism. The 

luminescence was suggested to originate from a ligand-to-metal Ce
4+ 

charge transfer. This 

phosphor exhibits blue luminescence efficiently under excitation with UV light, cathode ray or X-

ray. 

Strontium Vanadate, or Sr2VO4, is an interesting compound in the family of layered perovskites. 

A perovskite is a class of materials which generally form in a cubic structure and in most often 

contain oxygen as a major chemical component. Perovskite materials exhibit lot with V
0
. The 

system, SrO–V2O5, forms a series of compounds.The structure of many of interesting and 

intriguing properties both from theoretical point of view as well as in its applications. Some of 

these are colossal magnetoresistance, charge ordering, spin dependent transport, interplay of 

structural, as well as magnetic and transport properties.These compounds are used as catalyst 

electrodes in certain types of fuel cells and are candidates for memory devices and spintronics 

applications. The metal, Sr0, does not form any intermetallic compounds binary oxides can be 

predicted on the basis of the relative sizes of the metal and oxide ions and filling of holes in a 
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close packed oxide lattice. Such predictions of structure are more difficult for ternary phases. The 

combination of two or more metals in an oxide generates a wealth of structural possibilities 

dependent on the relative sizes of the two metal ions and the oxide ion. In addition the 

stoichiometry of the ternary oxide may be changed by varying the proportions of the two 

component oxides and, for transition and lanthanide elements, the oxidation state. For example, at 

least twenty ternary oxide phases are formed between strontium and vanadium including Sr2V2O5, 

(V-III) & (V-IV), SrVO3 (V
4+

), Sr2VO4 (V
4+

) and SrV2O6 (V
5+

). 

In this article, we have studied on the synthesis, photoluminescence (PL) and thermoluminescence 

(TL) of Sr2CeO4 and Sr2VO4 phosphors prepared by the solid state reaction method in air at 

1200
0
C for 3 h. PL and CIE co-ordinates of  Sr2CeO4 and Sr2VO4 phosphors reveals that the 

emission wavelengths 470nm(blue) and 510nm(green) could be used for the generation of white 

light for display and lamp devices 

2. EXPERIMENTAL METHODS 

Sr2CeO4, and Sr2VO4 phosphors were synthesized by the conventional solid state reaction 

method.The starting materials, Strontium Carbonate (SrCO3), Cerium Oxide (CeO2) and 

Vanadium Oxide (VO2) of purity (99.9%) were taken. For the production of  Sr2CeO4 phosphor, 

the compounds Strontium Carbonate, Cerium Oxide were weighed with 2:1 stoichiometric ratio. 

The composite powders were grinded in an agate mortar and then placed in an alumina crucible 

with the lid closed. After the powders had been sintered at 1200
o
C for 3 hours in a muffle furnace 

and then cooled to room temperature. All the samples were again ground into fine powder using 

an agate mortar and pestle.   

The V
4+ 

containing compound Sr2VO4  was  prepared in air of the appropriate mixture of 

Strontium Carbonate (SrCO3) and Vanadium Oxide (VO2) of purity (99.9%) sintered at 1200
o
C 

for 3 hr in a muffle furnace and then cooled to room temperature. The sample was  grounded in an 

agate mortar with pestle. The resulting compound contains V
4+

 ions.  

The  chemical reaction for the production of  Sr2CeO4   and Sr2VO4  are 

2SrCO3 + CeO2 → Sr2CeO4 + 2CO2
↑
  

2SrCO3 + VO2 → Sr2VO4 + 2CO2
↑
 

The emission and the excitation spectra of the synthesized powders were characterized with a 

spectroflurophotometer (Shimadzu RF 5301 PC) with 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 1.5nm. Thermoluminescence of the phosphor powders were done by using 

Thermoluminescence Reader Type TL1009 (Nucleonix Systems) with a beta source as irradiation. 

The Commission International de l’Eclairage (CIE) co-ordinates were calculated by the 

spectrophotometric method using the spectral energy distribution. The chromatic coordinates (x, 

y) of prepared materials were calculated with colour calculator version 2, software from Radiant 

Imaging 

3. RESULTS AND DISCUSSIONS 

3.1. Photoluminescence behaviour of Sr2CeO4 and  Sr2VO4 phosphors 

Fig.1 exhibits the PL excitation spectra of Sr2CeO4 phosphor. In the excitation spectrum 

monitored under 470nm wavelength, the broadband ranging from 225-370nm with peaks at 260, 

280 and 350nm.This band could be assigned to the transition t1g→f, 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.  

Upon excitation at 260, 280 and 350nm, the emission spectrum of  Sr2CeO4 phosphor emits a 

broad band range from 250-360nm with peak at 470nm (blue) with the full width at half 

maximum (87nm) as shown in fig.2. The peaks at 470nm(2.60 eV)  is assigned to the f  t1g 

transition. The shape of the emission spectra and emission wavelength is independent on the 
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excitation wavelengths. This is mainly due to the charge transfer of the Ce
4+

– O
2-

 ligand as 

described by Danielson et al. The Stokes shift is 210nm(2.131eV), determined from the difference 

between the first excitation maximum (260nm) and the emission maximum (470nm). 

Fig.3 exhibits the PL excitation spectra of Sr2VO4 phosphor. In the excitation spectrum monitored 

under 510nm wavelength, the broadband ranging from 225-375nm with peaks at 262 and 335nm. 

Upon excitation at 262nm and 335nm, the emission spectrum of  Sr2VO4 phosphor emits a broad 

band range from 350-650nm shown in fig.4. The shape of the emission spectra and emission peak 

wavelength is independent of the excitation wavelengths.  

Table1. Parameters of Sr2CeO4 and Sr2VO4 phosphors 

S.No. Parameter Sr2CeO4 Sr2VO4 

1 Excitation Wavelength (nm) 260 280 350 262 335 

2 Emission Wavelength (nm) 
470 

(blue colour) 

399, 469 

(violet colour) 

510 

(cyan colour) 

3 Stokes shift (eV) 2.131 2.302 

4 FWHM (nm) 87 114 

5 Ionic radius (Å) Ce=1.01 V=0.92 

6 CIE co-ordinates x=0.152, y=0.181 x=0.235, y=0.399 
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Fig1. Excitation spectrum of Sr2CeO4              Fig2. Emission spectrum of Sr2CeO4  
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Fig3. Excitation spectrum of Sr2VO4                   Fig4. Emission spectrum of Sr2VO4 
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Fig5. CIE colour co-ordinates depicted on 1931 chart (A) Sr2CeO4 (B) Sr2VO4 phosphor 

Upon excitation at 262nm, emission spectrum of  Sr2VO4 phosphor emits two peaks at 399nm 

(3.1eV) (violet) and 469nm(2.6eV) (blue) respectively. Upon excitation at 335nm, emission 

spectrum of Sr2VO4 phosphor emit a peak at 510nm (2.4eV) (green) with the full width at half 

maximum (114nm). The Stokes shift is 248nm(2.3eV). Different parameters of Sr2CeO4 and  

Sr2VO4 phosphors are shown in Table 1. 

From fig.2 and 4, It was observed that the shift of  blue (470nm) to green(510nm) is due to the 

inception of smaller ion (ionic radius=0.92Å) of vanadium(V
4+

) inplace of  bigger ion (ionic 

radius=1.01Å) of cerium (Ce
4+

), and the crystal field strength increases. As a result the emission 

shift to the longer wavelength side with increase of FWHM.  

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 colour of 

the emission of each sample in the CIE diagrams 1931, and the colour of each sample is directly 

dependent on the presence of the carbonate species. Fig.5 shows the CIE coordinates depicted on 

the 1931 chart of  Sr2CeO4 and Sr2VO4 phosphors. In the fig.4, the colour co-ordinates for 

Sr2CeO4 sample are x=0.152, y=0.181 indicates that blue colour(A) and Sr2VO4 sample are 

x=0.235, y=0.399 indicates green colour(B).  

3.2. Thermoluminescence Behaviour of Sr2CeO4 and  Sr2VO4 Phosphors 

Thermoluminescence (TL) of pure Sr2CeO4 and Sr2VO4 phosphor  powders  was studied with β 

dose of 10Gy. No Thermoluminescence emission was observed from  the irradiated powder 

phosphors due to formation of nano size paricles. 

4. CONCLUSIONS  

pure Sr2CeO4 and Sr2VO4 phosphor powders were successfully synthesized by the high 

temperature solid state reaction method. The prepared phosphor powders emit their characteristic 

lines. In a single host, Sr2VO4 phosphor has excellent colour tunability from violet to green under 

262 and 335nm excitations. The Stoke shift and the FWHM of the emission of  Sr2CeO4 were 

characteristic of a ligand-to-metal charge transfer(CT) emission. The Stoke shift of Sr2VO4 

phosphor is more than Stoke shift of Sr2CeO4 and observed that the emission intensity is less. The 

Commission International de 1’Eclairage [CIE] co-ordinates of pure Sr2CeO4 phosphor exhibit 

excellent blue colour, where as Sr2VO4 phosphor reveals that the emission colour varies from 

violet to green. These phosphors could be used for the generation of white light for display and 

lamp devices. 



Photoluminescent Properties of Sr2CeO4 and Sr2VO4 Phosphors 

 

International Journal of Advanced Research in Physical Science (IJARPS)                               Page | 25 

ACKNOWLEDGEMENTS 

The author (K.Suresh) is gratefully thanking the Unsiversity Grant Commission (UGC), 

New Delhi, India for financial assistance under Faculty Development Programme (FDP).  

REFERENCES 

[1]. E.Danielson, M. Devenney, D. M. Giaquinta, Science, 279 (1998) 837. 

[2]. R.Sankar & V.Subbha Rao, Journal of Electrochemical Society 147, 7 (2000) 2773-2779. 

[3]. Abanti Nag & T.R.N Kutty, Journal of Material Chem., 13 (2003) 370-376. 

[4]. T. Hirai, Y. Kawamura, J. Phys. Chem. B109 (2005) 5569 

[5]. T. Hirai, Y. Kawamura, J. Phys. Chem. B108 (2004) 12763 

[6]. E.Danielson et.al. J. Mol. Structure. 470 (1998) 229 

[7]. N. Perea -Lopez, J. A. Gonzalez-Ortega, G. A. Hirata, Optical Materials, 29 (2006) 43. 

[8]. S.J.Chen et al, Solid state commun 130 (2004) page 28 

[9]. Y.D.Jiang et. al., applied physics letters, volume 74, No.12, 22 March 1999. 

[10]. Serra et al, Journal of Alloys and compounds 323-324 (2001) p.667  

[11]. Y.Zhai et. al., Journal of rare earths, vol.24, issue3, June 2006, pages 281-284. 

[12]. K.Suresh, K.V.R. Murthy, Ch. AtchyuthaRao, N.V. Poornachandrarao,  B. SubbaRao,              

Journal of Luminescence, 133 (2013) 96-101. 

[13]. K.Suresh, K.V.R. Murthy, Ch. AtchyuthaRao, N.V. Poornachandrarao, ISRN Condensed           

Matter Physics, volume 2011, article ID 392917, 1(2) 

[14]. K.V.R. Murthy et. al., Journal of Luminescence, Vol.124, Issue 2, (2007), 217-220. 

[15]. K.V.R.Murthy et al., J of Radiation Measurements, Vol36 (1-6), June 2003, 483-485.   

[16]. R.Seema, K.NandaKumar, published by Applied Science Innovations Private Ltd, India 

[17]. Pallavi Page, Rahul Ghildiyal and K.V.R. Murthy, M. R.Bulletin, 43(2008) 353-360.  

[18]. H. D. Zhou, B. S. Conner, L. Balicas, C. R. Wiebe, Orbital Ordering in  Sr2VO4 Physical 

Review Letters (2007). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



K.Suresh et al. 

 

International Journal of Advanced Research in Physical Science (IJARPS)                               Page | 26 

AUTHORS’ BIOGRAPHY 

Kukkamalla Suresh graduated from Andhra Christian College Guntur during 

1995-98 and post graduated in Pure Physics with Solid State Physics as 

specialization from the Department of Physics, Acharya Nagarjuna University, 

Nagarjuna Nagar, Guntur Dt, A.P, India during 1998-2000. He joined in the 

service as Lecturer in Physics in C.S.R Sarma College, Ongole, Prakasam Dt, 

A.P, India on 25-02-2002. He is now discharging his duties as Senior Lecturer 

in the Department of Physics, The Bapatla College of Arts & Sciences, Bapatla, 

Guntur Dt, A.P, India from 25-05-2013. He joined in the year 2009 as a 

Research Scholar under Faculty Development Programme (FDP) of UGC XI plan, New Delhi, he 

worked on ‘Luminescent properties of Alkali earth sulfide phosphors doped with rare earth ions 

for white light emitting diodes (wLEDs)’. He obtained his Ph.D. degree in Physics from Acharya 

Nagarjuna University, Nagarjuna Nagar, Guntur, A.P, India. During his research carrier, he is 

involved in the broad area of specialization: Materials Science, Luminescence (For Lamps, 

Display devices and pc-LEDs). He has published many research papers in various 

International/National Journals. His current research interest is in the synthesis and 

characterization of green and red emitting phosphors for lamps, display and solid state lighting 

(pc-LEDs). He has participated and presented many oral/poster presentations in 

International/National Seminars/Conferences/Symposiums/Workshops. He got four best oral and 

three best poster awards. He is a life member of the Luminescence Society of India [LSI] and The 

Indian Physics Teacher’s Association (IAPT). 

Poornachandra Rao V. Nannapaneni obtained M.Sc. degree in Physics from 

Vikram University, Ujjain, India in 1976. He obtained his Ph.D. degree in 

1994 on Solid State Physics from Nagarjuna University, Nagarjunanagar, AP, 

India. Dr. Poornachandra Rao.N.V is presently working as Reader in 

Department of Physics, VSR & NVR College, Tenali, AP, India. During his 

research carrier, he is involved in the synthesis and characterization of solid 

state lighting materials and development of radiation dosimetry phosphors 

using Photoluminescence and thermoluminescence techniques. Dr. 

Poornachandra Rao, N.V. published several research papers in International journals on solid-

state lighting, LEDs, dielectric properties of binary mixtures. He is an executive member of 

Luminescence Society of India [LSI]. 

KVR Murthy obtained M.Sc. degree in Applied Physics from Govt. 

Engineering College, Jabalpur University, India in 1985. He obtained Ph.D. 

degree in Applied Physics from Faculty of Technology and Engineering, MS 

University of Baroda, Vaodara. Dr. Murthy, KVR is presently working as 

Professor in Applied Physics Department, Faculty of Technology and 

Engineering, MS University of Baroda, Vadodara, India. During his research 

carrier, he is involved in the broad area of specialization: Materials Science, 

Luminescence (For Lamps and Sources; Specific area of expertise: Lamp 

Phosphors, Irradiance Measurement, Nanaocrystals He has published many research papers in 

various journals. He is a Fellow of Luminescence Society of India. He is present President of 

Luminescence Society of India [LSI]. 


