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ABSTRACT: 
 
Many potential lighting applications have been proposed for Pr3+ and Sm3+ activated phosphor materials 
due to their emission (4f - 4f transitions). Pr3+ ions emit distinct radiation signatures depending on the 
host they are paired with. In the visible spectrum, Pr3+ ions emit radiation from the 1D2 level, 3P0 level, 
1S0 level, and UV level due to their 4f2 electronic arrangement (from the 4f - 5d state). Sm3+ ions glow 
intensely in the orange-red region of the visible spectrum due to their 4f5 electrical configuration. Both 
Li3Ba2Gd3(MoO4)8:xPr3+ (x = 0.01, 0.03, 0.05, 0.07, and 0.09 mol) and Li3Ba2Gd3(MoO4)8:xSm3+ (x = 0.01, 
0.03, 0.05, 0.07, and 0.09 mol) were synthesized and their luminescent characteristics are reported here 
using the microwave-assisted SSM technique. The produced samples' optical and structural properties 
were further investigated. 
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INTRODUCTION: 
The practical use of rare earth elements in 
catalysts, magnets, brilliant phosphors, and 
other beneficial technologies have led to an 
explosion in research into these elements in 
recent years. Recently, research has been done 
on phosphors, which emit light on their own. 
There are several uses for white light emitting 
diodes (w-LEDs), including electronic displays 
(such TVs and computers), radiation detectors, 
imaging live objects, and lasers in certain kinds 
of medical equipment [1-3]. The various 
advantages of W-LEDs over traditional light 

sources like incandescent bulbs and fluorescent 
tubes have led to their rapid rise in popularity in 
recent years. Doping host materials with rare 
earth ions for use in white LEDs has motivated 
research into their spectrum features [4-6]. The 
broad use of fluorescent lighting and other 
phosphor-related goods has resulted in 
substantial consumption of these resources by 
the lighting sector. The simplicity with which 
these phosphor-coated lamps may be 
manufactured is a major boon to the company. 
Methods based on the use of primary excitation 
energy to generate luminescence in inorganic 
host materials are often applied when 
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investigating the effectiveness of rare-earth 
luminescence. The energy is transferred from 
the excitation to the host lattice, then to the 
activator, then to the neighbors, and finally to 
the activator as light. [7]. 
Due to its peculiar energy level distribution, the 
Pr3+ ion in the [Xe] 4f2 structure is an 
uncommon activator for phosphors [8]. By 
bouncing between energy levels, the Pr3+ ion 
may be able to generate light spanning the 
visible to infrared spectrum [9]. Diverse host 
materials were used to create the different 
Pr3+doped phosphors, such as CaTiO3:Pr3+ [11], 
BaMoO4:Pr3+ [12] and LaMgAl11O19:Pr3+ [13]If 
the Pr3+ ion could be doped into a host material 
that can create green and red lights 
simultaneously, then exciting the blue light chip 
might yield pure white light. This might be quite 
useful when paired with w-LEDs [14]. 
The Pr3+ ion, in contrast to other rare earth ions, 
has a complex energy level scheme, allowing it 
to emit light throughout a broad spectrum, 
from the visible to the near-infrared [15]. Since 
the red phosphor CaTiO3:Pr3+was reported by 
Diallo [16] in 1997, a great deal of investigation 
has gone into Pr3+ activated phosphors, and 
other host lattices have demonstrated diverse 
emission colors for these materials. 
Gd2O2S:Pr3+is highly luminescent in the green 
region of the spectrum [17], while 
BaMoO4:Pr3+emits mostly red light. This means 
that by doping Pr3+ ions into suitable host 
materials, high-quality luminescent phosphor 
compounds may be produced. 

 
Herein, we provide a preliminary report on the 
fabrication of Pr3+-doped Li3Ba2Gd3(MoO4)8 by 
microwave metathesis. Metathesis reactions in 
solids are exceedingly rare. This microwave-
assisted synthesis procedure produces a 
crystalline product with diverse microstructures 
in a short period of time and leaves behind a 
byproduct that can be readily washed away 
with water. 
Experimentalprocess: 
A series of Li3Ba2Gd3(MoO4)8: xPr3+ (x = 0.01 and 
0.09 mol) and Li3Ba2Gd3(MoO4)8: x Sm3+ (x = 
0.01 and 0.09 mol) phosphors were prepared 
via microwave-assisted solid-state metathesis. 
Analytical-grade Lithium Nitrate-LiNO3, Barium 
Nitrate, Gd(NO3)3.6H2O, (NH4)6Mo7O24.24H2O 
and Pr2O3 used as starting materials for the 
preparation of Li3Ba2Gd3(MoO4)8:xPr3 They are 
combined in the right stoichiometric ratio in a 
mortar and pestle. First, a paste is prepared by 
crushing the sample using a mortar and pestle, 
and then it is added to a silica crucible. Next, we 
heated the powdered sample for 10 minutes in 
a microwave. Once the reaction was finished, 
the powder was washed with deionized water 
and ethanol before being dried in an oven at 90 
°C for a whole night. Once it reached room 
temperature, it was taken out. As soon as the 
sample has cooled, it is reground in an agate 
mortar and put to use in the laboratory. Lithium 
Nitrate-LiNO3, Barium Nitrate, Gd(NO3)3.6H2O, 
(NH4)6Mo7O24.24H2O and high-purity Sm2O3and 
all of them were of the analytical grade.     
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Structural analysis: 
The XRD patterns of a few of the samples we 
looked at are shown in Figure 1. 
Li3Ba2Gd3(MoO4)8experimental peaks are 
demonstrated to be in good agreement with 
the standard data (JCPDS. No. 77-0830). The 
XRD spectra show well defined peaks, indicating 
that a single crystalline phase of 
Li3Ba2Gd3(MoO4)8with space group C2/c has 
been successfully synthesized. The crystal 
structure of Li3Ba2Gd3(MoO4)8was reported by 
Klevtsova et al. at [19]. In Figure 1 we see an 
example of an a-axis unit cell (a). The crystal 
structure includes two separate molybdenum 

ions, each of which is tetrahedrally coordinated. 
Figure 1(b) shows that the barium ion is at a 
special place on the 2-fold axis, coordinated by 
10 oxygen anions. More than two-thirds of the 
Li ions are in deformed octahedral coordination, 
while the rest of the ions are coordinatively 
close to Ba2+ and Gd3+ions in an 8-fold 
coordination scheme (c). 
By determining the size of the product's most 
intense peak, we may get a sense of its 
approximate crystallite size (131). Here is the 
formula for particle size according to the Debye-
Scherrer equation, 

𝐷 =  0.9 𝜆/ 𝛽 𝑐𝑜𝑠 𝜃   
where, D is denoted as the average grain size,  
represents CuKα wavelength 0.1542 nm and β 
indicates the FWHM of the peak at Bragg angle 
θ. The calculated average crystallite size is 

about 87 nm for Li3Ba2Gd3(MoO4)8:xPr3+ (x = 
0.01 and 0.09 mol) and is about 63 nm for 
Li3Ba2Gd3(MoO4)8:xSm3+ (x = 0.01 and 0.09 mol) 
respectively.”. 
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The powders of Li3Ba2Gd3(MoO4)8 and  
Li3Ba2Gd3(MoO4)8:0.09Pr3+were analyzed using 
scanning electron micrographs. The obtained 

scanning electron micrographs are shown in 
Figure 2(a) and (b) (b). Particles that are 3-5 mm 
in size and irregular in shape tend to aggregate, 
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and these larger particles are surrounding by 
smaller particles in the morphologies (about 
500 nm). Despite this, no noticeable alterations 
were seen in scanning electron micrographs of 
the materials at varying Pr3+ concentrations. 

Producing such large particles at such a low 
sintering temperature may be attributed to the 
high Li content in the structure, which fosters 
particle growth. 

 

 

 
Photoluminescence properties: 
Li3Ba2Gd3(MoO4)8:xPr3+ (x= 0.01, 0.03, 0.05, 0.07 
and 0.09 mol)phosphor excitation and emission 
spectra are shown in Figure 3. Excitation 
spectra are monitored at an emission 
wavelength of 645 nm for 
Li3Ba2Gd3(MoO4)8:xPr3+ (x= 0.01, 0.03, 0.05, 0.07 
and 0.09 mol)With a peak at 294 nm, the 
excitation spectrum is powerful and highly 
adjustable thanks to a charge transfer transition 

in the host. In addition to the CTB, a few thin 
absorption lines coming from 4f-4f shell 
transitions of Pr3+ ions may be seen in the 
spectral region about 450-500 nm. Maximum 
excitation occurs at a wavelength of 453 nm 
because Pr3+ ions undergo their typical f-f 
transitions., and the excitation bands consist of 
three primary peaks at (3H4 → 3P2), 474 nm (3H4 
→ 3P1+ 1 I6) and 487 nm ( 3H4 → 3P0)  
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At 594 nm ((3P0 → 3H5), 618 nm (3P0 → 3H6), 645 
nm (3P0 → 3 F2) and 680 nm (3P0 → 3 F3) the 
resultant emission spectrum displays four 
prominent emission peaks that correspond to 
the usual transitions of Pr3+ upon excitation at 
453 nm. Pr3+ emits mostly in the red spectrum, 
with a peak at 645 nm ( 3P0 → 3 F2) red emission 
is the characteristic emission of Pr3+). The PL 
spectra revealed that the phosphors' relative 
emission intensity rose with increasing doping 
concentration, peaking at x = 0.07 mol. 
Concentration quenching causes the phosphor's 
emission intensity to diminish when more Pr3+ is 
added. 
Figure 4 displays the excitation spectrum at the 
emission wavelength of 605 nm for phosphors 
Li3Ba2Gd3(MoO4)8:xSm3+ (x = 0.01, 0.03, 0.05, 

0.07 and 0.09 mol) synthesized using the 
microwave aided SSM reaction technique. The 
charge transfer transition in the host causes a 
wide band in the excitation spectrum between 
225 and 330 nm, while intra - 4f transitions of 
Sm3+ cause strong peaks between 330 and 500 
nm. At 404 nm, the excitation wavelength, the 
emission spectrum is tracked. As a result of the 
4f-4f transitions of Sm3+, it displays three 
distinct lines at 570 nm ( 4G5/2 → 6H5/2), 605 nm 
(4G5/2 → 6H7/2) and 649 nm (4G5/2 → 6H9/2). The 
crisp lines have the strongest emission at 605 
nm (red). Other transitions between 530 nm 
and 750 nm are also faint. The greatest 
emission is seen at Li3Ba2Gd3(MoO4)8:xSm3+(x = 
0.01, 0.03, 0.05, 0.07 and 0.09 mol) 
concentration of 7 mol%.
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Scanning electron micrographs (SEM) of 
produced Li3Ba2Gd3 (MoO4)8:xSm3+(x = 0.09 
mol)are shown in Figure 4. (a). Granularity is 
formed by the aggregate of the surface's large 
and small particles. High-quality ceramics may 

need more pressure and/or sintering 
temperature, however. However, the limited 
range for the sintering temperature is a direct 
result of the material's low melting point. 

 

 
Li3Ba2Gd3 (MoO4)8:0.07 Pr3+, Li3Ba2Gd3 
(MoO4)8:0.07Sm3+ , CaMoO4:Eu3+ , Y2O2S:Eu3+ 
phosphors are (0.687, 0.303), (0.603, 0.395), 
(0.678, 0.322) and (0.662, 0.334) 
respectivelyphosphors are shown in Figure 4 

with their corresponding CIE chromaticity 
coordinates (x, y): (0.687, 0.303), (0.603, 0.395), 
(0.6 (b). The CIE diagram shows that when 

activated by a single wavelength (ex = 450 nm 

and ex = 404 nm), the phosphor materials 
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synthesized from Pr and Sm doped 
Li3Ba2Gd3(MoO4)8display strong red emissions. 
Results show that red-emitting 

Li3Ba2Gd3(MoO4)8:0.07Pr3+ and 
Li3Ba2Gd3(MoO4)8:0.07Sm3+phosphors have 
potential forusage in White LEDs 

 

.  

 
 
The photoluminescence decay curves for the 
Li3Ba2Gd3(MoO4)8:0.07Pr3+, 
Li3Ba2Gd3(MoO4)8:0.07Sm3+phosphors are 
shown in Figure 5(a) and Figure 6(a), 
respectively. The computed lifetimes of Pr3+ and 
Sm3+ are 0.321 ms and 0.310 ms, respectively, 
which may be fit by a single-exponential 

function as I = A exp (−t/τ) (τ is the life time of 
rare earth ion). In Figure 5(b) and Figure 6 we 
can see the typical particle size distribution of 
the optimized red-emitting phosphors (b). 
Particle size for Li3Ba2Gd3(MoO4)8:0.07Sm3+is 
about 80 nm, whereas for Li3Ba2Gd3 
(MoO4)8:0.07Pr3+it is around 60 nm. 
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The current study compares the results of the emission spectra of the traditional red phosphor 
(Y2O2S:Eu3+)  manufactured by high temperature solid state reaction technique to those of the emission 
spectra of the work in progress. As seen in Figure 7, the PL spectra of various red phosphors are shown. 
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Specifically, it shows that the red emission 
intensity of Li3Ba2Gd3(MoO4)8:0.07Pr3+ and 
Li3Ba2Gd3(MoO4)8:0.07Sm3+phosphors are on 
par with that of commercial (Y2O2S:Eu3+) red 
phosphor. As well as 
Li3Ba2Gd3(MoO4)8:0.07Pr3+is also present. An 
exciting new red-emitting material for WLEDs is 
07Sm3+ phosphors, which can be generated by 
the microwave-assisted SSM reaction pathway. 
 

CONCLUSION: 
A simple microwave-assisted SSM reaction 
approach was used to successfully 
manufactureLi3Ba2Gd3(MoO4)8:RE3+ (RE3+ = 
Pr3+,Sm3+) phosphors. At a blue wavelength of 
450 nm, Li3Ba2Gd3(MoO4)8undergoes excitation. 
With 0.07molPr3+ phosphor, a strong red 
emission was seen at 645 nm. We have found 
that 7mol% Pr3+ content in Li3Ba2Gd3(MoO4)8is 
the optimum doping concentration. When 
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activated by near-UV light, Li3Ba2Gd3(MoO4)8 
emits a luminous glow (404 nm). In particular, 
the 605 nm red emission lines were quite 
noticeable in 0.07mol Sm3+ phosphor. The 
optimum doping concentration of Sm3+ in 
Li3Ba2Gd3(MoO4)8is 8 mol% for which the red 
emission ofLi3Ba2Gd3(MoO4)8:0 is high intensity. 
The intensity of conventionalY2O2S:Eu3+and 
thePr3+,Sm3+ doped Li3Ba2Gd3(MoO4)8are 
comparable. According to all of the 
aforementioned findings, 
Li3Ba2Gd3(MoO4)8:0.07Pr3+ and 
Li3Ba2Gd3(MoO4)8:0.07Sm3+ phosphors are 
effective red emitting phosphors in near-
UV/blue light GaN based White LEDs. 
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