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Europium is amongst the most critical and expensive rare earths due to its luminescence properties for
red element in displays and lighting technology. As the market demand of Europium is now at scarce,
this paper tried minimize the use of Europium. In the mean time, Samarium (Sm3+) has been of inter-
ests as it can contribute in the red/orange emitting activator but researches of Sm3+ potentials in replac-
ing Eu3+ was hardly found. In this article, a series of red phosphors LiEu(0.55−x)Gd0.45(MoO4)2Smx

were synthesised using solid-state reaction and an XRD analysis conducted confirmed that the structure
of the compounds to remain as tetragonal scheelite structure. Results showed that 0.10 mol of Sm3+ can
increase the luminescence intensity and the overlaid patterns show that there are no additional peaks
occurred in the increasing of Sm3+ to the compound which confirm that the structure remained tetrag-
onal scheelite structure with space group I41/a. This finding has opened an opportunity for industries
and researchers to use Sm3+ in reducing the cost of consuming Eu3+ in lighting technologies.
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1. Introduction

On-going developments of white light emitting
diodes (WLEDs) has led to a renewed interest Eu-
ropium (III) Eu3+. The Eu3+has been used for its
interesting red element in the LEDs as it emits at
∼ 615 nm due to 5D0 →7F2 transition, and ex-
cited at 395 nm and 465 nm [1–2]. In protecting
the human visual system, various types of coatings
blocking UV radiation are used [3, 4]. A number of
researchers reported that phosphor-based lightings
has high absorption in the near-UV regions, but is
chemically instable to environment. However, this
aspect does not occur to molybdate based phosphor.
Recently, there is an increasing interest on molyb-
date based phosphoras host materials in produc-
ing red based emitting source [5–10]. This material
was reported to have excellent thermal and chemi-
cal stabilities with broad absorption bands near-UV
regions, referring to the charge transfer from oxy-
gen to the active centers of Eu3+ [2, 5–7, 9, 11–13].
In our previous report [8], LiEu(1−x)Gdx(MoO4)2
(x = 0 to 1) was synthesized using solid state re-
action method. One of the conclussion was that
the optimum amount of Eu3+ concentration that
can be employed in the lattice was 0.45 mol with

the luminous efficacy 143.77 lm/W at excitation
395 nm and 200.57 lm/W at excitation 465 nm.
Therefore, this finding opens a new initiative of de-
veloping more efficient red phosphor. In this work,
a maximum of 45% of Eu3+ will be introduced with
Samarium (III) Sm3+ with general equation for the
experiment LiEu(0.45−x)Gd0.55(MoO4)2Smx where
x = 0–0.45. The crystal structure, morphology and
the photoluminescence properties of the phosphor
were analysed.

2. Experimental

LiEu(0.45−x)Gd0.55(MoO4)2Smx was synthesized
using solid-state reaction where x = 0, 0.05, 0.10,
0.15, 0.20, 0.25, 0.30, 0.35, 0.40 and 0.45 mol.
The starting materials used are Lithium carbon-
ate 99.9%, gadolinium oxide 99.99%, molybde-
num oxide (VI) ≥99.5%, europium oxide (Eu2O3),
and samarium oxide (Sm2O3). The stoichiomet-
ric amount of the reactants were mixed and then
calcined for 3 h at 850◦ in open air. Finally,
the compounds were cooled at room temperature
and gently ground to remove the sample powder
from the crucible. The structural characteriza-
tion of the red phosphors are conducted by X-ray
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TABLE ILattice parameters and cell volumes of LiEu(0.45−x)Gd0.55(MoO4)2Smx.

Eu3+ Sm3+ A [Å] C [Å] Vol. [Å3] Rwp

0.45 0 5.196314 (68) 11.32450 (18) 305.7805 (94) 10.74
0.40 0.05 5.196648 (86) 11.32445 (23) 305.819 (12) 11.18
0.20 0.25 5.198871 (86) 11.33001 (24) 306.230 (12) 10.79
0 0.45 5.20268 (14) 11.34281 (39) 307.026 (20) 14.49

Powder Diffraction (XRPD), Bruker D2 Phaser
with CuKα radiation (λ = 1.54184 Å) in the range
of 2θ = 10◦–90◦. This characterization is impor-
tant because it allows to identify changes to crystal
structure [14]. The morphology of the samples were
observed using Hitachi TM3000 scanning electron
microscope (SEM). Photoluminescence properties
were measured from Perkin Elmer, LS 55 spectro-
meter. All the emission intensity were collected
at room temperature.

3. Results and discussions

The X-ray powder diffraction (XRPD) patterns
of LiEu(0.45−x)Gd0.55(MoO4)2Smx, where x = 0,
0.05, 0.25, and 0.45 are plotted in Fig. 1. The sam-
ples were observed to fit appropriately with the
standard PDF 01-080-7695 as reference model.
The overlaid patterns show that there are no ad-
ditional peaks occurred in the increasing of Sm3+

to the compound confirming that the structure re-
mained tetragonal scheelite structure with space
group I41/a. These findings also prove that
the phosphors did not undergo any phase transfor-
mation and Sm3+ has successfully substituted into
the host phosphor.

The samples were then refined using TOPAS soft-
ware using LiEu(WO4)2 as the reference model
for fitting. The refinement analysis data shows
that the sample of LiEu(0.45−x)Gd0.55(MoO4)2Smx

closely fits to the reference model since the value of
Rwp are found to be a small value. The lattice’s vol-
ume calculated for LiEu(0.45−x)Gd0.55(MoO4)2Smx

are shown in Table I. One can indicate the best
value of Rwp = 10.74, and also the change of lat-
tice’s volume from 305.7805 Å3 to 307.026 Å3, as
the Sm3+ increases in the host lattice. This is due
to the ionic radius of Sm3+ (1.079) is larger than
the ionic radius of Eu3+ (1.066) (with eight coordi-
nation number).

Figure 2 shows the refined crystal structures of
Gd0.55(MoO4)2Sm0.45 which is tetragonal scheelite
structure with space group I41/a. One can noticed
that each Mo6+ is surrounded with four oxygen
making the tetrahedral shape in the lattice which is
in line with previous findings [6–8]. Since the struc-
tures can be seen remained as Sm3+ increases
in the host compound, it therefore indicates that
the structure remains as a tetragonal scheelite struc-
ture. Figure 3 shows the morphologies with 2k mag-
nification of the LiEu(0.45−x)Gd0.55(MoO4)2Smx

Fig. 1. The XRPD stack patterns of
LiEu(0.45−x)Gd0.55(MoO4)2Smx, where x = 0,
0.05, 0.25 and 0.45.

Fig. 2. Modelled crystal structure of compound
LiGd0.55(MoO4)2Sm0.45.

(x = 0, 0.05 and 0.45). The SEM images show
that the particle of the compound is sized rang-
ing between 1–6 µm. It also can be seen that
the particle shape remains the same with the ad-
ditional Sm3+ to the host compound. In this way,
the strong adherence can be seen on the phos-
phor LiEu0.40Gd0.55(MoO4)2Sm0.05 (in Fig. 3a)
and LiGd0.55(MoO4)2Sm0.45 (in Fig. 3b). In fact,
the LiEu0.45Gd0.55(MoO4)2 compound has less ad-
herence compared to both mentioned compounds.

The LiEu(0.45−x)Gd0.55(MoO4)2Smx emission
spectra is shown in Fig. 4, and it ranges from
550–750 nm as Sm3+ increases from 0 to 0.45.
The highest emission intensity is seen at 615 nm due
to the 5D0 →7 F2 transition which is in line with
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Fig. 3. Morphologies pictures obtained for
the samples: (a) LiEu0.45Gd0.55(MoO4)2,
(b) LiEu0.40Gd0.55(MoO4)2Sm0.05, and
(c) LiGd0.55(MoO4)2Sm0.45.

Fig. 4. Emission spectra of the red phosphor
LiEu(0.45−x)Gd0.55(MoO4)2Smx (where x = 0 un-
til 0.45) obtained in the range 550 nm–750 nm.

the previous reports [5, 6, 15–17]. Another emission
peaks are observed at 588–600 nm (5D0 →7F1 tran-
sition), 650–660 nm (5D0 →7 F3 transition) and
690–710 nm (5D0 →7 F4 transition).

As shown in Fig. 5, the emission intensity in-
creases and approaches the maximum intensity
at 0.10 mol Sm3+ concentration, and then gradually
drops remaining constant at 0.20 mol Sm3+. How-
ever, the lowest intensity has been collected since
the concentration Sm3+ at 0.45 mol which means
that the Sm3+ has taking all the emission of Eu3+
in the compound.

Figure 6 shows the normalized graph of
the LiEu(0.45−x)Gd0.55(MoO4)2Smx phosphor.
It clearly shows that there are the broadening
effects that occurr when Sm3+ increases.

These quenching effects prove that the Sm3+

ions has taking place of the emission of Eu3+ ions
in the host compound. With the best intensity,
the concentration of Eu3+ can be reduced up to
0.35 mol. This is connected to the fact that the

Fig. 5. Emission spectra of the red phosphor
LiEu0.45−xGd0.55(MoO4)2Smx (x = 0 until 0.45)
obtained in the range 605 nm–630 nm.

Fig. 6. Normalized graph of emission spectra of
the LiEu(0.45−x)Gd00.55(MoO4)2Smx (x = 0 until
0.45) in the range 605 nm–630 nm.

gap between Eu3+-Eu3+ becomes ideal when en-
hanced until 0.35 mol of Eu3+. However, when
the gap Eu3+-Eu3+ becomes further and further en-
hanced, the concentration is gradually dropped due
to the absence of more Eu3+.

4. Conclusion

In summary, a series of red emitting phosphor
LiEu(0.45−x)Gd0.55(MoO4)2Smx (x = 0, 0.05, 0,10,
0.15, 0.20, 0.25, 0.30, 0.35, 0.40, and 0.45) was suc-
cessfully synthesized using solid state reaction. The
XRPD results indicate that by introduced Sm3+

to the host lattice has no effect to the crystal
structure and remains as tetragonal scheelite struc-
ture with space group I41/a. The angular shaped
with particle sizes ranging between 1–6 µm were
observed for the morphology analysis. The high-
est emission intensity located at 615 nm corre-
sponding to 5D0 →7F2 transition. The opti-
mum amount of Sm3+ concentration that can be
employed in the LiEu(0.45−x)Gd0.55(MoO4)2Smx

is 0.10 mol. Hence, the current red phosphor
LiEu0.35Gd0.55(MoO4)2Sm0.10 has great potential
to be used as a red phosphor for near-UV-LED.
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