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Abstract 

               We have synthesized red-emitting K2Sr (1-x)(MoO4)2 :xEu3+ (x=0.05) phosphor by combustion synthesis 
method and their photoluminescence characteristics were investigated. When the K2Sr(MoO4)2 system is doped with 
Eu3+ ions, energy transfer occurs from  MoO4

2- groups to Eu3+ ions. The results show that all samples can be 
efficiently excited by UV (393 nm) light.  A narrow emission spectra obtained shows intense red emission peaking at 
617 nm. The characteristic emission spectrum is due to the 5D0- 7 F2 transition of Eu3+.  The red-emitting 
K2Sr(MoO4)2:Eu3+ phosphor may be potential candidate in the fabrication of white light emitting diodes (LEDs). 
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1. INTRODUCTION 
 
Solid-state lighting (SSL) technology has 
revolutionized the lighting industry by introducing 
light-emitting diodes (LEDs). Unlike incandescent or 
fluorescent lamps which create light with filaments 
and gases encased in a glass bulb, the SSL consists of 
semiconductors that convert electricity into light. 
Generally, the LED chips are coated with phosphor 
materials to use them in general illumination. The 
phosphor materials used for this system are 
synthesized by different techniques like solid-state 
reaction [1, 2], sol–gel process [3, 4], hydrothermal 
method [5, 6], co-precipitation method [7], etc. 
However, these techniques need high temperatures 
and complex chemical reactions for their synthesis.  
The white light-emitting diodes (WLEDs) are 
promising for replacing conventional fluorescent and 
incandescent lamps. They are highly reliable, have a 
long lifetime with low energy consumption, and are 
environmentally friendly [8]. Their availability can 
result in exciting new applications as medical and 
architecture lighting, portable electronics backlights, 
etc. [9]. In the LEDS research fields, the red-emitting 
materials are always being focused on. The emission 
of Eu3+ ion consists usually of lines in the red spectral 
area, which are ascribed to the 5D0-7FJ (J=0, 1, 2, 3, 
4,5and 6) transitions. The red light emitting 
phosphors with  Eu3+ dopants have found important 
application in the lighting and displays. Eu3+ has 
effective and intrinsic absorption due to its 4f-4f 
transition of Eu3+ [10, 11]. Recently Eu3+ doped 
molybdates have been investigated as red phosphors, 
when excited by near-UV light.   
         Molybdates are believed to be good host 
materials for doping the rare-earth lanthanides and 
studying the luminescent properties due to their 
chemical and thermal stability. AMoO4 (A = Ca2+, 

Sr2+, Ba2+, Pb2+) is the general formula of alkaline 
earth molybdates. These molybdates have a scheelite-
type tetragonal structure with I41/a space group and 
C6

4h point symmetry. The wide scope of applications 
includes photoluminescence (PL) devices, electro-
optic devices, photo catalyst, acoustic-optic filters, 
Raman scattering materials, nuclear spin optical hole 
burning host and scintillators [12,13–14]. Rare earth 
doped solid-state molybdates and tungstates exhibit 
outstanding chemical stability and long wavelength 
emission. Among these, rare earth doped scheelite-
type (CaWO4) molybdates and tungstates have a 
large potential for use in WLEDs [14−19]. Recently a 
new application has emerged for these materials as 
thermo graphic phosphors, due to their capacity to 
accurately visualize temperature gradients with high 
spatial resolution [20] . Due to charge transfer from 
oxygen to metal, tungstate and molybdate phosphors 
have intense, broad absorption bands in the near-UV 
region. Some scheelite-type compounds, such as 
PbMoO4, KGd(WO4)2, NaBi(WO4)2 and MWO4 (M 
= Pb, Cd, Ca) are well-known,  while other 
MLn(BO4)2 (M = Li, Na, K, Ag; Ln = lanthanides, B 
= W, Mo) materials with Eu3+ ions are frequently 
suggested as red phosphors for WLEDs. For 
example, NaEu(WO4)2 and KGd0.75 Eu0.25(MoO4)2 
show strong, saturated red emission [21]  . 
               In this study, the red-emitting phosphor 
K2Sr(MoO4)2:Eu3+ has been successfully synthesized 
by a combustion method. Under  near-UV light 
excitation, K2Sr(MoO4)2:Eu3+ phosphor emitted  
intense red light 
 
2. EXPERIMENTAL  
             
All the raw chemical materials, KNO3 (A.R), 
Sr(NO3)2 (A.R), Eu2O3 (99.99%), 
(NH4)6Mo7O24.4H2O  (99.99%), NH2CH2COOH 
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(A.R), HNO3, were used without further purification. 
Eu(NO3)2 solutions were first obtained by dissolving 
Eu2O3 into diluted nitric acid, respectively. For these 
Stoichiometric compositions of the metal nitrates, 
oxidizers and urea (fuel) were calculated using the 
total oxidizing and reducing valencies of the 
components ,which serve as  a numerical coefficient 
so that the equivalence ratio is unity. In the synthesis 
a large heat is liberated during combustion. Weighted 
quantities of each   nitrates and urea are added to it 
and the mixture is crushed together for 1 hour to form 
thick paste. This paste is transferred into a vertical 
furnace maintained at 5500C. The process is highly 
exothermic continues and the liberated gases swell 
the mixture into large volume. The flame is observed. 
The final product obtained is in the fluffy form, 
which is used for further investigations. 
 
3. RESULT AND DISCUSSION 

 
Fig.[1]. Excitation spectrum (λem=617 nm) of  
K2Sr(MoO4)2 :Eu3+ phosphor 
 
  

          
Fig.[2] Emission spectrum (λex=393 nm ) of the 
synthesized K2Sr(MoO4)2  :Eu3+ phosphor . 
Eu3+ doped K2Sr(MoO4)2  show enhanced absorption 
in the NUV region due to the f-f transitions of Eu3+ 
(Fig.1) . The narrow  peak at 393 nm  observed in the 
excitation spectrum  is  attributed to the 7F0-5L6  
transitions of Eu3+. When monitored at 617 nm, it is 
clearly seen that the PLE spectrum consists of a 
broad band centered at 260 nm and several sharp 
peaks ranging from 300 to 500 nm. The former band 
excitation can be assigned to the charge transfer 
transition (CTB), resulting from an electron transfer 
from the ligand O2− (2p6) orbital to the empty state of 
4f6 in Eu3+ ion and the latter line peaks should relate 
to the characteristic 4f–4f transitions of Eu3+ ions, as 
depicted in Fig.(1)[22] .  Fig. 2 shows the emission 
spectra of K2Sr(MoO4)2  :0.05Eu3+ phosphors excited 

at 393 nm. Upon the excitation with 393 nm, the 
emission spectrum is dominated by the 
hypersensitive red emission transition 5D0-7F2 (617 
nm) accompanied by the presence of 5D0-7F1 (595 
nm) transitions. According to the Judd-Ofelt theory 
[23], if Eu3+ ions occupy an inversion symmetry site, a 
dominant orange emission will be obtained 
corresponding  to the magnetic dipole transition 5D0-
7F1. Conversely, an electric dipole transition 5D0-7F2 

will predominate in the emission spectra, when the 
site is symmetric. Therefore, the intensity ratio of 
5D0-7F2 to 5D0-7F1 is usually regarded as a measure of 
site symmetry around the Eu3+ ions. In this work, the 
dominant red emission of 617 nm is attributed to the 
electric dipole transition of 5D0-7F2, and the ratio of 
5D0-7F2 to 5D0-7F1 transitions is 2.25, which is quite 
large than that of commercial red phosphors, for 
instance YPO4:Eu3+ (0.978), GdPO4:Eu3+ (0.715) and 
is more closer to that of Y2O3:Eu3+ (3.8) [24-26] . 
The high ratio of 5D0-7F2 to 5D0-7F1 transitions 
indicates that the local symmetry around Eu3+ is not 
centrosymmetric and it is in agreement with the 
occupancy of Eu3+ ions in the distorted sites [27]. The 
large ratio is also beneficial to improve the color 
purity of the red phosphors. 
 FIG. 3 shows the CIE diagram indicating the color 
coordinates from emission spectrum (under 393 nm 
excitation) of K2Sr(MoO4)2 :Eu3+ phosphors and the 
NTSC standard value. It can be clearly seen that the 
color coordinates of K2Sr(MoO4)2 :Eu3+ phosphor is 
very close to the NTSC standard value. The intensity 
of the emission (under 393 nm excitation) of the as-
synthesized sample without Sr-ion existing is strong. 
Therefore, the as-synthesized KEu(MoO4)2 phosphor 
is a promising red phosphor for near UV InGaN chip-
based LED lamps. 
 

 
FIG. 4 CIE DIAGRAM INDICATING THE COLOR 
COORDINATES FROM EMISSION SPECTRUM 
(UNDER 393 nm EXCITATION) of 
K2Sr(MoO4)2:0.05Eu3+ PHOSPHORS and THE 
NTSC STANDARDVALUE. 
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4. CONCLUSION 
 
           In summary, we have prepared 
K2Sr(MoO4)2:0.05Eu3+ pure tetragonal scheelite 
structure phosphors by the combustion synthesis 
method. Under UV and low-voltage cathode ray 
excitation, K2Sr(MoO4)2:0.05Eu3+ phosphors exhibit 
bright red luminescence. The appropriate CIE 
chromaticity coordinates (x=0.668, y=0.328) close to 
the NTSC standard values (x=0.67, y=0.33), and it 
may be served as near UV InGaN chip-based red-
emitting LED phosphors. 
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