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Introduction 

We are interested in luminescent materials that include 

lanthanide elements. One of them is Eu
3+

doped Y2O3, which is 

known to be a good red phosphor. Eu
3+

 doped Y2O3 phosphor is 

used for high-efficiency cathode ray tubes and high field-

emission displays [1]. Nowadays, high-definition display has 

been one of the most interesting topics in flat-panel display 

(FPD) industry. To increase the resolution of a screen, the pixel 

size of the screen has been continuously reduced. Recent 

advances in high-definition display have placed some 

requirements on the development of corresponding phosphors. 

For application in high-definition displays with small-sized 

pixels, phosphors with a small size and narrow size distribution 

are required. A uniform size for the phosphor particles helps to 

form a uniform thickness of a phosphor layer, and thus their 

luminescence distribution can be uniform on a whole phosphor 

screen [2,3]. In addition, phosphor particles should have a 

spherical shape and high luminescence efficiency. Phosphor 

particles with a spherical shape are capable of minimizing light 

scattering on their surfaces. Consequently, the efficiency of light 

emission and the brightness of a phosphor screen are expected to 

be improved [4,5] Another feature of spherical phosphor 

particles is they can be packed more densely than ones with a 

different shape so that a dense phosphor layer can be formed by 

using the spherical phosphor particles [6-8]. 

On the other hand, shape and size, and thus luminescent 

properties, of phosphor particles are strongly affected by the 

synthesis methods used. It is difficult to control the shape and 

size of phosphor particles with a conventional solid-state 

reaction method that requires a high-temperature firing process 

for a long time as well as mechanical milling processes. 

Commercially available Eu
3+

 doped Y2O3 phosphor particles are 

prepared by high-temperature solid-state reactions or 

precipitation methods, resulting in large particles and 

agglomerates in the size range of 3 - 10 µm without regular 

shapes and surface damage, which act as a nonradioactive 

transition center and cause a decrease of luminescence 

efficiently [8,9]. Because, phosphor particles with regular shapes 

are generally known to have the highest efficiencies [9]. 

Recently, a spray-pyrolysis method has been recommended as a 

promising method with which to prepare fine, spherically shaped 

phosphor particles. However, the sizes of the phosphor particles 

prepared with a spray-pyrolysis method are not uniform and 

have a hollow structure [10]. The hollow structure of the 

phosphor particles is harmful to mechanical stability and 

luminescence efficiency [10-11] .Recent progress in a flame 

spray-pyrolysis method made it possible to prepare solid and 

nano-sized phosphor particles [12]. 

In the present work, we synthesized nano-sized particles 

made of Y2O3:Eu
3+

 like spheres by using a simple process. In 

addition, because the Y2O3:Eu
3+

 phosphor is a well known, 

highly efficient red-emitting phosphor for use in low-pressure 

florescent lamps and FPDs such as plasma display panels and 

conventional cathode ray tubes, it is worthwhile to study the  

optical properties of as-synthesied Y2O3:Eu
3+

 nanoparticles [7-

12].  

Experimental  

The starting materials include Y2O3 and Eu2O3, were of 

commercial grades and used without further purification. The 

synthesis process of the product is shown in diagram1. An 

appreciated amount of Y2O3 and  Eu2O3  with  atomic ratio 8% 

Eu were dissolved in a definite amount of diluted nitric acid  and 

stirred for several minutes to obtain a transparent liquid. Next, 

2,3-dihyrosybutanedioic acid was fed on as chelating agent. 

Always, the transparent fluid under magnetic stirring, was  

heated at 80 
o
C on a hot magnetic plate to form a liquid-sol. In 

the process of heating at 105 
o
C, the condensation reaction 

occurred and led to the formation of water. Thus, the 

evaporation of water made the volume of the sol to be reduced 

quickly. When most of water was removed, the sol turned into a 

gel and then a viscous resin was formed. Finally, further heating 

caused the combustion of the gel and the precursor powder of a 

chocolate color was obtained, which is called dry gel.  

After then, the precursor powder (dry gel ) was placed in an 

alumina boat located in alumina tube, which was mounted in the 

traditional resistance-heated furnace in air condition at different 

reaction temperatures of 620 
o
C 850

 o
C and 1150

 o
C  in order to 

obtain  nanostructures  Y2O3: Eu phosphors. 
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Diagram 1: Shows the synthesis process of  Y2O3: Eu 

product 

The crystal structure and phase purity of the product were 

examined by means of X-ray diffraction (XRD, D/max-RB) 

analysis with Cu k radiation. The overview of the sample 

morphology was identified by scanning electron microscopy 

(SEM, JEOL JSM-6700F), equipped with the system of energy-

dispersive X-ray (EDX) analysis. Sample powder was also 

ultrasonically dispersed in ethanol solution and dropped onto a 

carbon coated copper grid for transmission electron microscopy 

(TEM, JEM-210F, JEOL), with a micro-analysis system of 

energy dispersive spectroscopy (EDS). Photoluminescence 

measurements were performed using a continuous wave He-Cd 

laser (325 nm) as excitation source                                                                                                                                          

Results and discussion 

Figure 1a shows the XRD patterns of as-synthesized 

Y2O3:Eu
3+

 samples. All diffraction peaks of the pattern obtained 

after heating the precursor powder at 620 ˚C for sample 1, 850 

˚C for sample 2 and 1150 ˚C for sample 3. As can be seen that 

the pattern for all the samples 1,2 and 3 (Fig. 1), can be well 

indexed to pure cubic Y2O3 corresponding to the JCPDS No. 65-

3178. Furthermore, no additional peaks were detected, 

indicating that the Eu
3+

 ions were effectively built into the host 

lattice. Interestingly, the stronger and much intense XRD peaks 

appeared for the sample calcined at 1150 ˚C, indicates 

enhancement in crystallinity when compared to samples calcined 

at 620 ˚C and 850˚C . This can be explained as a consequence of 

high temperature process. 

Table 1 lists the main peak (222) positions, the FWHMs 

(full widths at half maximum) of the (222) peaks of the samples. 

The intensities of the main peaks (222) of the samples prepared 

from precursor powder (sample 1 through sample 3) increased 

with increasing the calcinations temperature, whereas, the 

FWHM of the (222) peaks of the samples decreased with 

increasing reaction temperature (table 1). Depending on 

Scherrer's equation (1) ,[13], the FWHM of the (222) peak is 

inversely proportional to the lattice parameter. This means that 

the grain size of  the samples heated at low temperature is 

smaller than that heated at high temperature. 

   ………………….  (1) 

Where θ is the Bragg angle of diffraction lines, K is a shape 

factor taken as 0.89, λ is the wavelength of incident X-rays 

(λ=0.154056 nm), and β is the full-width at half maximum 

(FWHM). The average crystallite sizes obtained using Debye-

Scherrer‟s equation were ~25 nm for sample calcined  at 620 

˚C, whereas, 1150 ˚C calcined  sample shows ~40 nm. These 

computational results were found consistent with SEM and TEM 

observations (Fig. 2). 

Table 1: (222) peak positions and  the FWHMs of the XRD 

patterns for the studies samples. 

 

 
Figure 1: (a) shows XRD patterns  of  Y2O3:Eu

3+
  samples, 

calcined at 620 
o
C, 850 

o
C and 1150 

o
C for  sample 1 , 2 and 3 

respectively; (b) EDX spectra of Y2O3:Eu
3+

 nanoparticles for 

sample 3
 
. 

Figure 2 shows the low magnification SEM images of the 

Y2O3:Eu
3+

 nanoparticles calcined at (a) 620 ºC (b) 1150 ºC 

respectively. As can be seen , the SEM images confirmed that 

the as-synthesized  Y2O3:Eu
3+

 formed nanoparticles like- 

spheres. The average particle sizes were around ~25 nm for 

sample calcined at 620 ˚C; whereas, for sample calcined 1150 ºC 

shows an average size of about ~45 nm. These results are in 

good agreement with the particle sizes obtained by Scherrer's 

equation. Interestingly, the SEM morphology established the 

majority of the as-obtained Y2O3:Eu
3+

 nanoparticles are 

combined together in uniform shape like chains. The inset image 

2c in Fig. 2 b depicts the transmission electron microscope 

image (TEM) of as-synthesized Y2O3:Eu
3+

 nanoparticles 
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calcined at 1150 ˚C. The TEM morphology agree well with the 

SEM observations. Figure 1b  shows the representative EDX 

spectrum of Y2O3:Eu
3+

 nanoparticles calcined at 1150 ˚C. The 

Yttrium :Europium ratio found to be 79.8:19.09 weight %. ,this 

a clearly  evidence that almost all the europium ions were 

incorporated in the Y2O3:Eu
3+

  host. 

 
Figure 2: shows SEM images of the as-synthesized  

Y2O3:Eu
3+

 samples ; (a) SEM image for sample calcined at 

temperature  620 ˚C; (b) SEM image for sample calcined at 

temperature 1150 ˚C: The inset (c) shows the TEM image at 

1150 ˚C. 

Photoluminescence (PL) spectra of all the samples were 

recorded using an excitation wavelength of 325 nm. The 

emission spectra of the as-obtained Y2O3:Eu
3+

 nanoparticles 

calcined  at 850 ºC and 1150 ºC for 3.5 hours are depicted in 

Figure 3a and 3b respectively. The PL spectra consists of a 

number of broading  peaks ranging from 575 nm to 650 nm.  

The PL spectra consisted of the 
5
D0 → 

7
FJ line emissions (j = 

0,1,2,3) of the Eu
3+

 ions. As can be seen, the main emission peak 

located at a wavelength of 613 nm corresponds to the 
5
D0 → 

7
F2 

hypersensitive forced electric dipole transition, leading to the 

red/orange light. Whereas the other dominant broading peak 

positioned at 591 nm is due to the magnetic  dipole transition of 
5
D0

7
F1 , which leading to the orange light emitted by the as 

obtained Y2O3:Eu
3+

 nanoparticles. Actually, the magnetic dipole 

transition of 
5
D0 → 

7
F1 is permitted and the electric dipole 

transition of 
5
D0 → 

7
F2 is forbidden by the parity selection rule 

[14,15]. Also there are weak peaks recorded at 630 nm 

,corresponds to 
5
D0→

7
F3 transition and 600 nm peak was  due to 

5
D0 → 

7
F1 transition of Eu3+. However, in most cases, local 

environment of the Eu
3+

 ions does not have inversion symmetry, 

and the parity-forbidden transition is partially permitted. This 

relaxation of the selection rule occurs in non-inversion 

symmetry sites, occupied by the Eu
3+

 ions in Y2O3  [16].  When 

the Eu
3+

 ions occupy the inversion symmetry sites, such as S6 

sites in Y2O3, the 
5
D0 → 

7
F1 transition will appear relatively 

strong [14, 16 -18]. Because the crystallinity of the phosphor 

increased with an increase of the reaction temperature (Fig.1), 

the PL intensity also increased, indicating stronger luminescence 

for the reaction temperature of 1150 
0
C rather that 850 

0
C.  The 

relative PL intensity among the emission peaks depends on the 

temperature of the local environment of the Eu
3+

 activator ions, 

and it can be described in terms of Judd–Ofelt theory [14,17 ].  

 
Figure 3: Represents the emission spectra of the samples 

calcined at ; (a) 850˚C ; (b)  1150˚C . 

Conclusion 

In summary, spherical nanoparticles of Y2O3:Eu
3+

 with 

cubic phase has been synthesized by simple process, using 2,3-

dihyrosybutanedioic acid as chelating agent. The results from 

SEM and TEM revealed that the as-synthesized Y2O3:Eu
3+ 

samples were uniform nanoparticles like-spheres. Moreover, the 

1150 
o
C calcined sample yield intense red luminescence 

correspond to the 
5
D0 → 

7
F2 hypersensitive forced electric 

dipole transition, suggesting them to be one of the most possible 

candidate for red phosphor and grab great potential in flat panel 

displayed application, which underlying the important of the 

current work. 

References 

[1] Sergey A. Bukesov, Duk Y. Jeon and Burtrand I. Lee
,
, 

"Enhanced stability of light-emitting performances of phosphors 

under low energy electrons", Applied Phys.Let.,vol. 87, pp. 

253503-3, December 2005.                                                                                                                                            

[2] G.Y. Hong, B.S. Jeon, Y.K. Yoo, and J.S. Yoo, 

"Photoluminescence characteristics of spherical Y2O3:Eu 

phosphors by aerosol pyrolysis". J. Electrochem. Soc.,vol. 148, 

pp..H161-H163, September 2001. 

[3]  S.H. Cho, J.S. Yoo, and J.D. Lee, "A new synthetic method 

to prepare spherical phosphors for emissive screen applications", 

J. Electrochem. Soc.,vol. 145, pp.1017 -1019, October 998.                       

[4]  J.S. Yoo and J.D. Lee, "The effects of particle size and 

surface recombination rate on the brightness of low-voltage 

phosphor", J. Appl. Phys., vol. 81, pp.2810 -1813, March 1997. 

[5]  L.D. Vila, E.B. Stucchi, and M.R. Davolos, " Preparation 

and characterization of uniform, spherical particles of Y2O2S 

and Y2O2S",  Eur. J. Mater. Chem.,vol. 7, pp.2113-2116, March 

1997. 

[6]  A. Vecht, C. Gibbons, D. Davies, X. Jing, P. Marsh, T. 

Ireland, J. Silver, and A. Newport, "Engineering phosphors for 

field emission displays", J. Vac. Sci. Technol., vol. B 17, pp. 

750- 753, January 1999. 

[7]  X. Jing, T. Ireland, C. Gibbons, D.J. Barber, J. Silver, A. 

Vecht, and G. Fern, "Control of Y2O3:Eu spherical particle 

phosphor size, assembly properties, and performance for FED 

and HDTV", J. Electrochem. Soc.,vol. 146, pp. 4654-5658, 

February 1999. 

[8]  T. Hirai, T. Hiranoa, and I. Komasawa, "Preparation of 

Y2O3:Eu
3+

 phosphor fine particles using an emulsion liquid 

membrane system", J. Mater. Chem., vol. 10, 2306-2310, 

January 2000.    

http://scitation.aip.org/content/contributor/AU0355017;jsessionid=o2ptktpop6ar.x-aip-live-03
http://scitation.aip.org/content/contributor/AU0355018;jsessionid=o2ptktpop6ar.x-aip-live-03
http://scitation.aip.org/content/contributor/AU0360934;jsessionid=o2ptktpop6ar.x-aip-live-03


  E.M. Elssfah/ Elixir Nanotechnology 77 (2014) 29041-29044 
 

29044 

[9] G. Wakefield, E. Holland, P.J. Dobson, and J.L. Hutchison, 

"Luminescence properties of nanocrystalline Y2O3:Eu". Adv. 

Mater., vol. 13, pp. 1557- 1560, October 2001.                                        

[10] G.Y. Hong, K. Yoo, S.J. Moon, and J.S. Yoo, 

"Enhancement of luminous intensity of spherical Y2O3:Eu 

phosphors using flux during aerosol pyrolysis" J. Electrochem. 

Soc., vol. 150, pp. H67-H71, February 2003. 

[11] Y.C. Kang, H.S. Roh, and S.B. Park: Preparation of 

Y2O3:Eu phos[phor particles of filled morphology at high 

precursor concentrations by spray pyrolysis. Adv. Mater., vol. 

12, pp. 451-453, March 2000. 

[12] A. Camenzind, R. Strobel, and S.E. Pratsinis, "Cubic or 

monoclinic Y2O3:Eu
3+ 

nanoparticles by one step flame spray 

pyrolysis", Chem. Phys. Lett.,vol. 415, pp. 193-197, November 

2005.                      

[13] Q. Li, L. Gao and D. Yan, "Effects of grain size on 

wavelength of Y2O3:Eu
3+

 emission spectra" Nanostructured 

Materials, vol. 8, pp. 825-831, October 1997. 

[14]  B.R. Judd, "Optical absorption intensities of rare-earth 

ions"., Phys. Rev. , vol. 127, pp. 750-  August 1962. 

[15] XIAO Ying, GAO Zhi-yong, WU Da-peng, JIANG Yi, LIU 

Ning and JIANG Kai, "Synthesis and Photoluminescence 

Properties of Uniform Y2O3:Eu
3+

 Hollow Spheres with Tunable 

Shell Thickness", CHEM. RES. CHINESE UNIVERSITIES, 

vol. 27, pp. 919—923, April 2011.  

[16] Yonghwa Chung, Seongtae Park, HyoJin Seo, "Optical 

Properties and Crystal Structure of Eu3+-Doped Y2O3 Crystals 

Prepared under Die rent Conditions and with Di_erent 

Methods", Journal of the Korean Physical Society, Vol. 42, pp. 

543_548, April 2003. 

[17] G.S. Ofelt: Intensities of crystal spectra of rare-earth ions. 

J. Chem. Phys. vol. 37, pp. 511 -doi: 10.1063/1.1701366, 1962. 

[18]  Prof. Dr. G. Blasse,  Prof. Dr. B. C. Grabmaier A General 

Introduction to Luminescent Material,Luminescent Materials, 

Do1 10.1007/978-3-642-79017-1-1, pp. 1-9, 1994. 

 

http://www.sciencedirect.com/science/article/pii/S0965977398000063
http://www.sciencedirect.com/science/article/pii/S0965977398000063
http://link.springer.com/search?facet-author=%22Prof.+Dr.+G.+Blasse%22
http://link.springer.com/search?facet-author=%22Prof.+Dr.+B.+C.+Grabmaier%22

