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1. Introduction 
 

 Nowadays, phosphors doped with rare earth ions 
have been widely used as luminescence materials for 
many photonic applications, such as lamp phosphors, 
cathode-ray tube phosphors, lasers, scintillators and 
light-emitting diodes, due to the intraconfigurational 
4f-4f transitions characteristic of rare earth ions [1-2]. 
White light emitting diodes (w-LEDs) are the 
promising technology to replace the conventional 
fluorescent lighting technology because of many 
advantages, such as more energy-saving, long life-
span, low-cost to prepare, more durability, lower 
melting temperature and better light quality (because 
of low ultraviolet and infrared radiation). White light 
emitting diodes generate white light by the 
combination of blue and yellow light from blue 
emitting LED chip and YAG:Ce3+ yellow emitting 
phosphor. However, this method has poor color 
rendering index (CRI) and high correlated color 
temperature (CCT) because of the lacking of red 
emitting component [3-6]. So, another method for 
generating white light is the combination of tricolor 
phosphors (red, green and blue). 
 Samarium ion (Sm3+) is one of the most 
interesting rare earth ions due to its interesting optical 

properties, such as good emission in orange color, high 
luminescence efficiency and sharp luminescence pattern, 
which is useful for photonic materials [7-9]. Sm3+ ions, 
that exhibit sharp and strong emission peak around 550-
700 nm, are suitable for using as the dopant for orange 
or orange-red emission phosphor used in w-LEDs 
applications [8-15]. 
 Molybdate is the important optical materials that 
can be used in many applications. Molybdate is also 
used as a host material for phosphor because Mo 
metal ion is coordinated by four O2- ions in 
tetrahedral symmetry that caused the MoO4

2- is 
relatively stable. Many researches indicated that 
calcium molybdate (CaMoO4) is one of the 
promising phosphor materials for using as photonic 
devices because CaMoO4 is easy to prepare with low 
synthesizing temperature. Furthermore, CaMoO4 exhibits 
good thermal and chemical stability and also has good 
luminescence properties [16-20]. 
 In this work, the CaMoO4 samples were synthesized 
with different melting temperature at 600, 700, 800 and 
900°C to investigate their phase structures. Then, the 
series of CaMoO4 phosphors doped with different 
concentration of Sm3+ with the composition of  
Ca1-xMoO4:Smx (where x = 0.005, 0.010, 0.015, 0.020, 
0.025 and 0.030) were synthesized to study their 
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absorption and luminescence properties. The 
appropriate melting temperature and the quenching 
effect of the Sm3+ concentration was studied in this 
work for determining the best synthesizing condition 
of the CaMoO4 phosphors. The luminescence 
properties were studied for indicating that the 
CaMoO4 phosphors fabricated in this work were 
suitable for using in the w-LEDs applications. 

 

2. Experimental 
 

 To determine the appropriate melting temperature of 

CaMoO4 phosphors, the CaMoO4 samples without 

doping Sm3+ were prepared by solid-state reaction 

method with different melting temperature (600, 700, 

800 and 900°C) for 5 hours. Then, the CaMoO4 doped 

with Sm3+ phosphors with the composition of                        

Ca1-xMoO4:Smx (where x = 0.005, 0.010, 0.015, 0.020, 

0.025 and 0.030) were prepared by solid-state reaction 

method. Appropriate amounts of calcium carbonate 

(CaCO3), molybdenum trioxide (MoO3), and samarium 

(III) oxide (Sm2O3) were mixed and ground in an agate 

mortar before pressed with 20 tons by the hydraulic 

press machine. The mixtures were then melted in an 

electric furnace with the appropriate melting 

temperature for 5 hours. The CaMoO4:Sm3+ phosphors 

were labelled with the names as shown in Table 1. 

 
Table 1. The phosphor samples. 

 

Phosphor samples Name 

Ca0.995MoO4:Sm0.005 

Ca0.99MoO4:Sm0.01 

Ca0.985MoO4:Sm0.015 

Ca0.98MoO4:Sm0.02 

Ca0.975MoO4:Sm0.025 

Ca0.97MoO4:Sm0.03 

CaMo:Sm05 

CaMo:Sm10 

CaMo:Sm15 

CaMo:Sm20 

CaMo:Sm25 

CaMo:Sm30 

 

 The crystalline structures of the phosphors were 

examined by X-ray diffractometer (Shimadzu, XRD-

6001) with CuK radiation (1.54 angstom). The data 

collected from 10 to 80 in 2 range with a 0.02 

scanning step. The absorption spectra were recorded in 

reflectance mode of UV-Vis-NIR spectrophotometer 

(Shimadzu, UV-3600). The luminescence spectra 

(excitation spectra, emission spectra and 

luminescence decay time) were measured by 

fluorescence spectrophotometer (Agilent, Cary 

Eclipse). The color of the emitted light was evaluated 

in the framework of the CIE 1931 chromaticity 

diagram. 

 

3. Results and discussion 
 

3.1 Structure characterization 
 

 In order to determine the appropriate melting 

temperature of CaMoO4 phosphors in this work, the 

CaMoO4 samples without doping Sm3+ were 

synthesized with different melting temperature (600, 

700, 800 and 900°C) for 5 hours. The XRD results 

(Figure 1) show that the phase structure of the 

phosphor synthesized at 600°C does not match the 

crystalline structure of CaMoO4 (JCPDS card No. 

No.29-0351). The characteristic peaks of CaMoO4 

phases appear when the melting temperature more 

than 700°C. The diffraction peaks with the strongest 

intensities appear at 800°C melting temperature. At 

800°C, the diffraction pattern of all peaks can be 

attributed to the tetragonal CaMoO4 phase and no 

other impurity peaks are indexed. The result shows 

that 800°C is the appropriate melting temperature for 

fabricating the CaMoO4 phosphors in this work. 

Figure 2 shows the XRD spectra of the Ca1-

xMoO4:Smx (where x = 0.005, 0.010, 0.015, 0.020, 

0.025 and 0.030) phosphors synthesized at 800°C for 

5 hours. The result shows that the crystalline 

structures of all samples show no significant change. 

This result implies that Sm3+ ions were completely 

doped into the CaMoO4 lattices without making a 

significant change to the crystalline structure [16,19]. 

 

 
 

Figure 1. The XRD spectra of the CaMoO4 phosphors 

synthesized at different temperatures. 

 

 
 

Figure 2. The XRD spectra of the CaMoO4:Sm3+ 

phosphors. 
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3.2 Absorption spectra 
 
 Figure 3 shows the absorption spectra recorded in 
reflectance mode of the CaMo:Sm30 phosphor in 
UV-Vis and NIR region. The absorption bands show 
the peaks at 405 and 465 nm in UV-Vis region 
corresponding to the 6H5/2→6P3/2 and 6H5/2→4I11/2 
transitions, respectively, and show the peaks at 952, 
1096, 1252, 1405, 1513, 1573, 1629 nm in NIR 
region corresponding to the 6H5/2→6F11/2, 6F9/2, 6F7/2, 
6F5/2, 6F3/2, 6H15/2 and 6H13/2 transitions, respectively 
[6-9]. The strongest absorption in UV-Vis region 
occurs at 405 nm (6H5/2→6P3/2 transition). 
 

 
 
Figure 3. The absorption spectra of the CaMo:Sm30 
phosphor in UV-Vis-NIR region. 

 

3.3 Luminescence properties 
 
 The excitation and emission spectra of the 
CaMoO4:Sm3+ phosphors are shown in Figure 4 and 
Figure 5, respectively. The excitation spectra, 
observed with 644 nm emission wavelength, show 
peaks centered at 364, 377, 405, 419, 440, 481, 530 
and 562 nm, corresponding to the 6H5/2→4D3/2, 6P7/2, 
6P3/2, 4P5/2, 4G9/2, 4I11/2, 4F3/2 and 4G5/2 transitions, 
respectively [7-8]. The highest peak belongs to the 
6H5/2→6P3/2 transition at 405 nm. The emission 
spectra, excited with 405 nm excitation wavelength, 
show the emission bands centered at 563, 605 and 
644 nm, corresponding to the 4G5/2→6H5/2, 6H7/2 and 
6H9/2 transitions, respectively [7-8]. The emission 
peak of the 4G5/2→6H7/2 transition is split into two 
peaks because of the crystal-field splitting [21]. The 
splitting of the 4G5/2→6H7/2 emission peak of 
phosphors doped with Sm3+ can also be found in 
many reports [17,22-23]. From the emission spectra, 
the 4G5/2→6H5/2 transition (563 nm) is corresponding 
to the magnetic dipole (MD) allowed transition that 
the intensity of the MD allowed transition is 
independent from crystal field effect. The 
4G5/2→6H7/2 transition (605 nm) is partly magnetic 
dipole (MD) and partly electric dipole (ED) allowed 
transition. And the 4G5/2→6H9/2 transition (644 nm) is 

purely electric dipole (ED) crystal field sensitive 
transition [4-5]. The intensity ratio of ED to MD can 
be used to determine the asymmetric nature of the 
sites around RE3+ ions, so the more ED/MD ratio 
indicates the more asymmetric nature sites around 
RE3+ ions. In this work, the ED/MD ratios are found 
to be 4.87, 5.53, 4.81, 4.50, 4.54 and 4.47 for the 
CaMo:Sm05, CaMo:Sm10, CaMo:Sm15, CaMo:Sm20, 
CaMo:Sm25 and CaMo:Sm30 phosphors, respectively. 
This result indicates that all the samples have high 
asymmetric sites occupied by Sm3+ ions. The x,y 
color coordinates of emitted light, evaluated in the 
framework of the CIE 1931 chromaticity diagram, of 
all samples are all located in orange region with the 
coordinate (0.61, 0.38). Figure 6 shows the location 
of x,y color coordinate of the samples on CIE 1931 
chromaticity diagram. 
 

 
 
Figure 4. The excitation spectra of the CaMoO4:Sm3+ 
phosphors observed with 600 nm. 

 

 
 

Figure 5. The emission spectra of the CaMoO4:Sm3+ 

phosphors excited by 400 nm. 

 
 Figure 4 and Figure 5 show that the intensities of 
both excitation and emission peaks are increasing 
when the concentration of Sm3+ increases from 0.005 
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up to 0.010, then the intensities turn to decrease when 
Sm3+ more than 0.010 due to the concentration 
quenching effect. Thus, the optimized concentration 
of Sm3+ doped in the CaMoO4:Sm3+ phosphors in this 
work is 0.010. The concentration quenching effect 
occurs because the more Sm3+ ions contained in the 
phosphor, the more energy transfer process between 
Sm3+ ions occurs. With the increasing of Sm3+ 
concentrations, the energy stages of Sm3+ are close 
together to interact and the strong interaction between 
Sm3+ ions are able to transfer the non-radiative energy. 
And the more non-radiative energy process leads to 
the lower of luminescent intensity. So the 
Ca0.99MoO4:Sm0.01 phosphor gives the highest light 
yield [4-5]. 

 

 
 

Figure 6. The CIE 1931 diagram of the CaMoO4:Sm3+ 

phosphors. 

 
Table 2. The decay times for all emission peaks of the 

phosphor samples. 

 

Phosphor 

samples 

Decay time (ms) 
4G5/2→6H5/

2 

transition 

4G5/2→6H7/

2 

transition 

4G5/2→6H9/

2 

transition 

CaMo:Sm05 0.520 0.525 0.525 

CaMo:Sm10 0.510 0.514 0.515 

CaMo:Sm15 0.501 0.503 0.502 

CaMo:Sm20 0.486 0.488 0.485 

CaMo:Sm25 0.427 0.431 0.430 

CaMo:Sm30 0.422 0.422 0.425 

 
 The luminescence decay time had been measured 
by exciting the Sm3+ ions in phosphors to the 6P3/2 
level with 405 nm excitation wavelength, then 
observing the 4G5/2→6H5/2, 6H7/2 and 6H9/2 transitions 
with 563, 605 and 644 nm emission, respectively. The 
decay times for all emission peaks are reported in 
Table 2. The results show that the decay times for all 
emission peaks decrease when increasing the 

concentration of Sm3+ due to the increasing of energy 
transfer process between Sm3+ ions. The decay 
profile curves of the 4G5/2→6H9/2 transition emission 
are found to be single exponential for all samples, as 
shown in Figure 7. 

 

 
 

Figure 7. The decay curve of the CaMoO4:Sm3+ phosphors 

for the 4G5/2→6H9/2 transition. 

 

4. Conclusions 
 

 In this work, the CaMoO4:Sm3+ phosphors were 

prepared by solid-state reaction with their appropriate 

melting temperature at 800°C for 5 hours. The XRD 

spectra show that the crystalline structure has no 

significant changes when increasing the Sm3+ 

concentration. The result implies that Sm3+ ions were 

completely doped into the CaMoO4 lattices without 

making significant changes to the crystalline 

structure. The absorption spectra show the strongest 

absorption peak in UV-Vis region at 405 nm 

(corresponding to the 6H5/2→6P7/2 transition). The 

excitation spectra, observed with 644 nm emission 

wavelength, show peaks centered at 364, 377, 405, 

419, 440, 481, 530 and 562 nm. The highest 

excitation peak belongs to the 6H5/2→6P3/2 transition 

at 405 nm. The emission spectra show the emission 

bands at 563, 605 and 644 nm. The ED/MD ratios 

show that all the samples have high asymmetric sites 

occupied by Sm3+ ions. The x,y color coordinates of 

all samples are all located in orange region. The 

decay times for all emission peaks decrease when 

increasing the concentration of Sm3+ due to the 

increasing of energy transfer process between Sm3+ 

ions. The Ca0.99MoO4:Sm0.01 phosphor gives the 

highest emission light yield due to the concentration 

quenching effect. The results show that the 

CaMoO4:Sm3+ phosphors in this work are suitable for 

using in w-LEDs applications and also suitable for 

using as the orange photonic material. 
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